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A STUDY ON THE ETIOLOGY

of

Certain Affections of Obscure Nature

which may follow upon

TICK-BITE
in
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INTRODUCTORY .

Ticks: their association with Disease.

The Ixodoidea; Ticks; or Wood-lice as
they are sometimes termed, although the last
name is justified by their habits in but a
limited number of species; constitute one of
the divisions of the order Acari. They differ
from all other members of this order, however,
in being of much larger size, more esvecially
when in the engorged state.

During the life of the individual tick
several periods must be spent parasitically
upon the body of a land host, by preference s
bird or maemmal. But they are by no means
confined to such narrow choice, for they are
not infrequently found on reﬁtiles, and
occasionally even upon invertebrates. The
same species of ticks, in fact, may be found
upon various hosts in different places.

With few exceptions the separate species
have a very limited geographical distribution;
yet some, as for example Argas persicus, have &

widespread range of prevalence. This is
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probebly to be accounted for by the fact that
many migratory birds are suitable hosts. The
order as & whole, on the other hand, is dis-
tributed throughout all latitudes and on every
continent; but it is chiefly in tropical and
sub-tropical countries that its members are of
pathological interest.

Ticks have been known from very early times
as the cause of painful and occasionally
dangerous bites in the human subject, and as a
pest amongst domestic animals. They are
mentioned as far back as the period of classical
Greece by various suthors. Aristotle referred
to their being commonly found upon cattle,
sheep, and goats; to the immunity of the ass;
and to the infestation of dogs with the variety,
called "Cynoraistae'. Cato spoke of the
treatment of sheep, with removal of the ticks,
as producing more and better wool. Columells
referred to the removal of ticks from cattle
by the application of liquid tar, with a view
to the prevention of ulceration: whilst Varro
recommended inunction of the ears and toes of
dogs, because flies, ticks, and fleas, were

liable to cause sores on those parts.
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Until the later years of the nineteenth
century, however, the ticks remained without
any greatef significance than that of being
objects of annoyance and trouble to graziers;
and of disgust or semi-superstitious fear to
others. Only then was it that their enormous
economic importance to passtoralists, and to
dwellers in certain countries of warm climate,
became recognised.

Soon after the discovery by Laveran in
1880, of the blood parasite which is the effec-
tive cause of malarial fever, there arose &
suspicion that the mosquito was responsible for
the transmission of that disease, a view which
was discussed and urged by King so early as
1883. (22)

Out of this belief there arose a new
interest in, and there was lent an increased
suggestiveness to, the question of the réle
of blood-sucking parasites in the causation
of communicable disease.

Although it was not until nearly twenty

years later that Ross and others demonstrated
with certainty the part of the mosquito in

relation to malaria, the activity consequent

on this new interest hag been bearing
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fruits in the interval. One of the first of
these was the discovery by Kilborne in 1889 of
the sasgency of a tick - the Bodphilus annulatus -
in the spreading of one variety of haemoglobinuric
fever in cattle (Texas fever). (21) The way had
been prepared for this success by the demonstra-
tion shortly before, by Theobald Smith, of the
specific cause of the disease, namely, the
Piroplasma bigeminum. (55)

The co-extensiveness in distribution of
tick infestation and of this dread scourge of
the cattle ranches of America and other
countries had often been oBserved; but only
now was the conmmexion shown as a scientific
fact.

The next advance was the discovery by
Marchoux and Salimbeni of the nature of
spirillosis’in fowls, and of its transmission
by one of the Argasidae. (35) Our knowledge
of the significance of ticks in relation to
disease in man, in its turn, received great
accession; and that, chiefly through the

observations on African relapsing fever, by

Ross and Milne in Uganda. (52)
In consequence of these discoveries,

there has been of recent years, a great amount
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of attention devoted to the acquirement of
information regarding the ticks themselves,

and to the devising of means for their syste-
matic destruction. In spite of much labour,
however, our knowledge of many problems
associated with tick infestation is still

vague, more especially in relation to a number
of less frequent and very diverse minor
affections attributable to them, which have been
raported from time to time as occurring in man.

It is to such affections, and to certain
closely related oneg in animals, that I shall
direct my attention in this paper.

My notice was first attracted to the sub-
ject by an unusual case of tick-bite in a little
girl, that came under my observation; and
later by the analogy of cases in some 6f the
lower animals, which I have seen while

practising in Queensland, a country where

tick infestation is prevalent among cattle,

sheep, and domestic animals genersally.

This has induced me to make an enquiry
into the history and state of existing know-
ledge of those members of the sub-order
Ixodoidea which have been accredited with the

production of pathological conditions in man
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and other vertebrates.

The biological aspect of the subject has
been studied extensively by members of the
veterinary staffs of the various American and
Colonial Government Agricuitural Departments;
and to them we owe the greater part of our
knowledge of the ticks, and of the tick-borne
infective diseases of animals. Two diseases
in man have also attracted much attention,
namely, South African Relapsing fever and Rocky
Mountain Spotted fever; the former having been
fully worked out, whilst the latter is, in
regpect of its ultimate cause, still obscure.
Descriptions of the lesser affections, and more
particularly of those of infrequent occurrence,
are to be found, however, chiefly in disconnected
reports of cases scattered throughout the

periodical literature.
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CLASSIFICATTION.

In 1795 the name "Tiques" was first used
by Latreille in reference to the order Acari,
two of the genera of which he named, re-
spectively, Argas and Ixodes. In 1844 Von
Koch withdrew the ticks from inclusion under
the Acari, and constituted them a distinct
order with name "Ricini", and withiﬁ this he
included three genera:-  "Argasiden",
"Ixodiden", and "Rhipistomiden". His
classification, which was carried out with
much detail was, in its main parts at any
rate, in general use until 1896, when
Neumann of Toulouse reverted to the older
system and placed ticks as a family within
the order Acari, specifying two sub-
families:- "Argasinae", and "Ixodinse".
(39) In 1907 Warburton introduced the
classification which I give below in
tabular form. (62) It is one of the most
satisfactory that have been devised, but
complete uniformity of custom has not yet
been adopted. This is the system to

which my references will be made throughout.
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The difficulties of classification have
had relation chiefly to the grouping of the
Ixodidae, the genera of which form five-sixths
of those differentiated, and are in several
instances separated by featural differences
which are relative rather than absolute.

The two principal divisions, the Argasidae
and the Ixodidae, are readily distinguishable
by the absence, in the case of the former, of s
dorsal shield; and by the consequent conceal-
" ment, from above, of the capitulum or head-
piece, which is overhung by the soft and some-
what redundant covering of the upper surface
of the body. In the latter division a well
developed chitinous plate or shield obtains,
which,.in the male, almost wholly covers the
dorsal aspect of the body; while in the
female it is smaller, and extends over only
a portion of this aspect anteriorly. To
8 forward extension of this plate the
capitulum is articulated: it is thus
expogsed from above and forms a very striking
and characteristic feature.

The sub-family Argasidae is the more
important one from the point of view of

relative frequency of pathogenic effects
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in man; although, as we shall see, the
belief hitherto commonly held, and expressed
by Pocock, that probably ticks of this
division alone cause severe symptoms in the
human subject, is not only inaccurate but is
really much opposed to fact as viewed in
light of records which, extending back for
thirty years, have recently become consider-
ably more numerous.

The Argasidae do not increase greatly
in size from engorgement; and, with their
flattened sppearance in the un-gorged state,
they are not unlike bed-bugs, and they have
gimilar habits. For the most part they are
nocturnal in their activity and retire to
chinks in bed-steads, in wooden house-walls,
et cetera, in the day time. In facf, they
are often popularly mistaken for bugs.

They inhabit warm climates and their hosts
are most frequently birds; but they are
often found on bats, and, when opportunity
occurs, On man. They are divisible into
two genera:- Argas and Ornithodoros.

Genus 1. Argas has the body of oval
or somewhat rounded shape; it is flattened

® Article om Ticks;  Allbutt and R
’ 0ll 1
System of iMedicine. eston's
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superiorly; eand towerds the mqrgin the
integument is differentiated in resistance
from the general covering, in such a way
that & sharp border is formed, which is
not lost even at full distemsion.  The
members of this genus are without eyes.

Genus 2: Ornithodoros. The body

is somewhat pointed anteriorly, giving
more or less of a heart shape. It is
more greatly distensible than that of
Argas and is without the definite sharp
margin. Eyes may or may not be present.
In the sub-family Ixodidae an
important feature is a considerable degree
of sexual dimorphism, This is due to the
combined effects of two facts already
mentidned; that they engorge very much;
and that, while the males are almost
entirely covered over by the hard scutunm
and are thus incapable of so great disten-
sion, the females have but a small shield
which makes no interference with the often
enormous enlafgement of the body. Eyes
are not found in any of the geners of the

Ixodidse.
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This sub-family is divided by
Warburton (62) according to the disposi-
tion of the grooves on the ventral sur-
face, relatively to the position of the
anus, into Prostriata and Metastriata.
There is but one genus of Prostriata:-
Ixodes. The Metastriata are again sub-
divided asccording as they have short or
long capitulum; and each of these sub-
divisions is arranged into two groups, in
all ten genera of Ixodidae being recognized.

The number of diiferentiated species
of ticks is very great, and is continually
increasing; while the names of these are
8till more formidable in number than the
species themselves, for in different places
varying names are used. The following, |
however, are the chief varieties of patho-
logic importance:-

Argas persicus,
reflexus,
| brumpti,
savignyi,
Ornithodoros moubats,

n .
coriaceous,

" turicata,
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Ornithodores talajae,

" tholozani,

" megnini,
Ixodes ricinus,

" holocyclus,

"o pilosus,
Dermacentor venustus,

" reticulatus,
Haemaphysalis leaéhi,
Amblyomma hebraeum,
Rhipicephalus appendiculatus,

" decolaratus,

" bursa,
Bodphilus annulatus,

" sustralis.

I have included some species which
are pathogenie only to the extent of caus-
ing 10051 affections of an incidental
nature, and certain names have been
omitted because the species denoted are
but very questionsably, if at all, to be
differentiated respectively from one or
other of those mentioned: Arges ministus,
for exemple, - the bane of Australian

fowls -~ is but & variety of Argas persicus.
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The list 1s, however, by no means
exhaustive. To tabulate all the species
which mey indirectly cause symptoms of one
kind or another, would be to enumerate all
known ticks; for any paragite, which
penetrates the skin, has that potentiality
from the mere fact of its maeking an entrance

wound for micro-organisms.
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LIFE-HISTORY AND HABITS:

their bearing on pathogenic relationships.

The events of the life-history of any
individual species have an intimate bearing
upon the}chances of its members convejing
disease, quite apart from their specifiec
fitness as infecting or toxic agents. In
all varieties of ticks the life cycle con-
gists of three phases:- those of the larvs,
the nymph, and the adult. But whereas in
gome cases one host suffices for all stages,
in others two or more successive hosts are
necessary; and in at least one the first
period is completed before hatching of the
egg occurs.

The habits also, have a restricting in-
fluence. Some gpecies frequent places
where access to a human host is easy - such
as African natives' huts; whilé others
are to be found only in the open, either on
grass or upon shrubbery. The Argasidae
alone, are commonly to be found in houses.

As typical life histories representing
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two extremes in habits, those of Argas per-
sicus and Rhipicephslus appendiculatus are
good examples; and our knowledge of the
details of both is well established.

Argas persicus, as has been mentioned,
is widely distributed, owing probably to its
preference for an avian host. It is found
indifferently on birds whether in the wild
state or in captivity; it is one of the
worst pests of the domestic fowl in hot
countries, both on account of direct injury
and of the conveyance of disease
(spirochaetosis); and it attacks and in-
fects also geese (53) and turkeys.

These last I have seen rapidly killed
when brought into a yard beside infested
fowls, although the latter did not suffer
unless attacked by great numbers of the
ticks, for, having acquired immunity
against the spirochasetal infection, they
were injured only if the irritation or loss

of blood became excessive. When opportu-

nity avails the human subject is a readily

accepted host.

Typically of its genus, this Argas is
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nocturnal in habits; but the fact has often
been observed, as was first mentioned by Oken,
that it may occasionally attack man in the day
time.

The tick after having fed freely upon its
host retires to & crevice or chink, especially
in wood such as the walls of a fowl house or
of a hut, and there it digests its food. If
it be of immature stage, it remains in its
seclusion until metamorphosis occurs. It is
in such a.place as a rule that the eggs are
laid although they may, rarely, be laid upon
the body of the fowl. (6) The eggs are
deposited in numbers averaging from twenty to
a hundred and they take three weeks to hatch.

The larva is at first of a translucent,
colourless appearance; but soon it acquires
& chitinous covering, and with that the
ability to attach itself to a host. This
it does immediately an opportunity is avail-
able, and after four days to a week of feed-
ing it drops off and rests for about another
\ week, when partial metamorphosis takes place
and the nymph stage is reached. It again
feeds upon the host, but, in this instance

only for a few hours, and, after a further
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fortnight of inasctivity, it moults and
acquires a modified form, although not yet
passing from the nymphal phase. For a third
time the tick must now return to its host,
and, after feeding, it once more retires for
gsome weeks before achieving the adult form.
The female engorges more than does the male,
which remains of relatively smaller size.
Feeding now takes place at intervals of five
or six weeks, varying somewhat according to
climate.

Throughout the period of its life the
argas may never wander beyond the viecinity of
the fowl-house in which it was hatched. If,
however, its host should be & wild bird, it
will be carried long distances; but such in-
dividual ticks as come into relation to the
human subject are more likely to have been
confined to the very narrow limits above'men-
tioned, including probably the adjacent hut
of the owner of the fowls.

Quite another kind of existence is that
of Rhipicephalus appendiculatus which lives
in the open, and out of the reach of human
dwellings, When not upon its host it is to

be found in a state of apparent inactivity
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amongst the grass; or upon the branch of
some small bush where it awaits the acciden-
tal opportunity of gaining sttachment to a
passing animal. In such circumstances the
probability of its acquiring a human host is
obviously small, and indeed the chance of
its finding any host is precarious.

The eggs of this tick are laid in an un-
exposed situation amidst grass or other ground
foliage, and at the end of seven or eight
weeks the larvae are hatched.

After the integument has become suffi-
ciently chitinized and the larva has acquired
the power of locomotion, it climbs upon some
convenient shrub and there awaits the chance
approach of grazing cattle. Having found a
host it feeds for about two days and then drops
to the ground where it rests for approximately
& month, At the end of this time metamor-
phosis takes place, and the larva gives way to
the nymph, of which, in this case, there is
but one form.

The process of seeking a host is repesated,
and, if fortune favours and one is found, the
nymph remains attached for eight or ten days

and becomes engorged with blood. In its turn
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it falls and rests amid the herbage for a
period of about four weeks, when the second
metamorphosis occurs and maturity is reached.

It is upon the body of the host that the
sexes come together and soon thereafter the
male dies. The female engorges in the same
way as the immature forms and again drops on
to the grass, where the eggs are laid. The
number of those is several thousand; the
vastly greater ratio compared with Argas
persicus being in accordence with the circum-
stance that the developing young have to
take so many more hazards, each individual
having to procure successively three hosts,
under conditions that make the finding of
even one very doubtful.

This is & typical Ixodide life history,
but there are many minor modifications found
in other species: for example, one finds
that in some, all three stages are passed on
a single host; or two stages, larva and
nymph, may be'passed on one host and the
third on another, as in the case of Rhipi-
cephalus bursa. In Ornithodoros moubata
the larval stage is passed completely before
hatching occurs; and in Ornithodoros

megnini no feeding is necessary during the
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adult stage; that is, between the last
metamorphosis and the commencement of egg-
laying.

Speaking generally the life-cycle of
ticks is much slowed by adverse circumstances,
and where everything is favourable the cycle
is at its shortest. As the male dies after
coition and the female after egg-laying, it
follows that the longevity of the individusl
will be increased by anything which will
delay or prevent these incidents; in fact,
the life may be several years instead of a
few weeks or months, if only the conditions
are made hard enough.

These life histories illustrate a point
to which I wish particularly to call attention,
namely, that the chances. of an Ixodide carry-
ing an infective disease in the human subject
are, on the mere ground of mathematical im-
probebility, greatly less than are those of an
Argagide. Not only are the opportunities of
the former for gaining attachment to man re-
latively few, but the probability of their
gaining successive attachment to two human
hosts, and so being able to acquire and again

to transmit an infection, is further enormous-
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1y reduced. In the case of an Argaside on
the other hand, where it is but a matter of
living by night upon the sleeper and by day
in the nearest bed-post, probability is all
in the other direction. The rarity of cases
of Ixodides being concerned in the spreading
of transmissible disease in the human subject
is due, I have no doubt, to this cause.

Yet amother factor which influences the
pathogenic potentiality of particular species,
is that of their differing capability to
transmit infeetions relatively to their
own stage of development. Thus the larvae
hatched from the eggs of a female that has fed
on blood infected with one of the pyroplasmoses
may be capable of infecting, as in the case of
Bodphilus australis and in that of Bodphilus
annulatus; (55) or they and the nymph may
be innocuous and the new adult will transmit,
as 1s seen in Rhipicephalus bursa in relation
to Cargeag. (38) Haemaphysalis leachi if fed
as nymph will infect as adult, and if fed as
larva it will infect as nymph (49) The ticks
which carry the cattle fever of Rhodesia and
those that transmit "Heartwater" of sheep

behave in the same way. (44)

The possible longevity of an infection
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when harboured in the tick is also an element
of importance and this, which must naturally
be variable with the different infections,
has been shown to be sometimes many months
as in the case of spirochaetosis of fowls (351
This would sllow of the reappearance of
disease in & district that had been for a
period entirely free from infected animals.

It will be seen then that these various
factors in relation to the life history,
habits, and characteristics, of the ticks, may
account for many seeming anomalies. They may
have a determining influence upon the occur-
rence of an affection, such as might readily
incline one to an unfortunate preconception
regarding etiology. In the case of general
infective diseases they may lead to restric-
tion of incidence to certain species of
animals, although others might prove just as
susceptible if given circumstances permitting
of their becoming infected: and it will be
observed also that such incidental features
0f life history may deprive a particular
species of ticks of the opportunity of con-
veying an infection, which, in actuality, it
may be as capable of transmitting as is the

species which in fact does do so.
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The Diseases consequent upon Tick-bite

Historical and General Statement.

The affections associated with tick-bite
mey readily be divided for purposes of dis-
cussion into two classes: those known to be
due to & specificvorganismai infection, of
which the tick is but the carrier and temporary
host; and those of which the nature is ob-
secure. The latter comprise a variety cf con-
ditions which range in severity from local
itching of the skin to profound toxasemias which
may have fatal results. Records of observa-
tions of such cases have been accumulating for
many years; the first, of value, coming from
Persia early in the last century; end others,
from time to time since, from every part of the
tropical belt and the regions adjacent.

Some of the Persian reports are interest-
ing not salone in connexion with the present
subject, but as examples of early observations
of phenomena which have a bearing on such
matters as immunity, longevity of infections,
and other questions, which, although com-
praratively meaningless then, assume signifi-

cance in light of modern knowledge.
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Oken, who was probably the first to
refer to the sickness caused by Argas per-
sicus - the most notorious of the ticks that
affect man, -’wrote in 1818 of a death in the
hunman subjeot within twenty four hours after
the bite of a tick that had been kept in
isolation for twelve nontre.

Dupré in 1819 wrote of tick-bite being
followed by a "consumption" which it was
necessary to treat by abstinence from meats
and fermented drinks. Sugar was a specific.
The ticks were not found in new and well
lighted houses.

In the same year Kotzebue mentioned the
habits of ticks - Argas persicus - to be
like those of bed -bugs, the acari retiring
to crevices in wood about the huts, and emerg-
ing only at night when their visits to the
host were made. They avoided day-light but
were not restrained by that of lamps or
candles. He pointed out that natives
suffered %ery 1ittle from the effects of the
bite while foreigners were liable to be
severely affected.

Heller in 1858, gave a systematic

account of the anatomy of Argas persicus and
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mainteined that it did not possess poison
glands.

It is to Africa that we must turn for
the first observation of the relationship
of ticks to the distribution of any of that
series of diseases, since definitely known
to be of a specific infective nature. In
1857 Livingstone reported that human Relaps-
ing fever (African) was communicated by the
bite of a tick, and his discovery has since
been amply verified; but it was not until

half a century later that the nature and
details of the part played by this acarus -
the Ornithodoros moubata - were
demonstrated. {14, 24)

It is in connexion with such fevers that
ticks assume their greatest importance, which
may readily be conceived when one considers
the ever increasing list of those affections
that stand to their account, as the following

&
table will illustrate.
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T .
Disease. Species affected. Causative or. Tick transmitting Geographical distribution.
ganisnm,
f ‘
fri - . Spirochaets 3
South A¢rlcan Re van | pirochaets fornithodoro South Africa
lapsing fever , _duttoni _ moubata
Rocky Mountain i : Dermacentor venus- j Montana, Idaho, and adja-
Lan . unknown (a)
Spotted fever ; tus (=D. andersonii) cent states.
British Redwater ' ~ Piroplasma | Ixodes ricinus (25) ‘ Europe (North and Central)
Cattle 1 :
fever | _bovis |
Texas fever, Cattle - Firoplasma - Boéphilus annula-  America, Asia, Africa,
bigeminum tus, B. australis j Australia.

i Red- Piroplasma rhipicephalus : .
Rhodesian Red Catile irop 1 rhipicep | South and Central Africa
water fever rarvum __appendiculatus ‘

Equine piroplas- Horse, Ass, Piroplasma  Dermacentor reticu- é Germany, Italy, South
mosis | llule, Zebra. equi . latus and others i Africa, Madagascar, Venezuela.
Heartwater Ai Sheep, Goat. unknown (b) | imblyomma hebraeum | South Africa.
T ! ;
Cargeag E Sheep Piroplasma | Rhipicephalus - Lower Danube Valley (19)
% ovis . bursa 1 Italy, Prance.
| Ixodes reduvius .
Canine piroplas- Dog Piroplasma Dermacentor re- urope,
- ' ticulatus, Haema- South Africa.
mosis canis - | _physalis leachi ?
i |
Spirochaetosis  Domestic fowl, Spirochaeta Argas persicus f Brazil, South Africa,.
of fowls J Goose, Turkey. marchouxi | ! Australia. :h;;vaﬂ
a. Formerly believed to be due to supposed  "Piroplasma hominis". (63)

b. No organisms have been found in |
"Heartwater" but serous effusions
which are infective become sterile

after passing through a Chamberland
filter. (56)
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There remain beyond these, however, a
number of affections in which no organisms
have been found or very definitely Suspected;
cases commonly spoken of as being due to the
"bite"; an attitude of complacent acceptance
which I hold to be quite unjustified, and

which I shell later discuss.
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A Musculo-paralytic Case

in the Human Subject.

Within the category last-mentioned falls
a most interesting case in the human subject
which came under my observation. The follow-
ing description of it is taken, for the most
part verbally, from my report communicated to
the Queensland Branch of the British Medical
Association in March 1913. (15)

A female child, aged four and a half years,
was brought from a district on the upper part
of the Brisbane River, with a statement by her
father that she was paralysed from the bite of
a tick.

The patient had been in good health until
the preceding day, on the morning of which,
however, she took an unusually small break-
fast and declined food from then onward. In
the early part of the afternoon of that day
she became regstless, and about four o'eclock
it was noticed that she was unsteady on her
feet.

Having decided to put her to bed, the

mother undressed her, and in the course of
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doing so, discovered a tick on the back of the
right shoulder. Its presence had evidently
caused little or no discomfort, and was quite
unsuspected.  The body of the tick was ocut
off, leaving the penetrating parts embedded
within the skin,

The child's father, who was an intelligent
bushman, described the parasite as a "scrub
tick" such as was commonly found on dogs. He
said it was of a slate grey colour, and was
flatter than the cattle tick (Bodphilus
australis) and that the foremost pair of limbs
were much longer than those of the latter
species. The body was about three eighths
of an inch long and & guarter of an inch in
breadth, this being, he said, about the aver-
age size of this kind of tick at full develop-
ment . I was unable to get more precise in-
formation than this.

After the parasite was cut off the child
was given some infusion of senna, followed by
a little water.

About seven o'clock in the evening the
patient vomited, and for the ﬁext couple of

hours seemed more comfortable; but during the
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remginder of the night she was very restless,
and slept, in short troubled spells, a total

of only two hours. The bowels moved twice
during that night, the motions being of a brown
Acolour and semi-golid consistency.

Second day. In the morning the child
vomited again three or four times. It was
found now that she could not stand and she
appeared to the parents very ill. About mid-
day she was sent by sulk? to see me, the
journey of twenty two miles taking three hours.
Between two and three o'clock she drank a
few spoonfuls of milk which was the first sub-
stance she had swallowed for thirty hours,
excepting the senna and a wineglassful of water
on the previous afternoon. This abstinence
from fluids is the more remarkable in consider-
ation that the weather was very hot, that the
patient had made a long journey in an open
vehicle, and that she had vomited half s
dozen times in the period.

When I saw the child shortly after three
o'clock she was in a state bordering on
delirium, but was quite sufficiently con-
scious to be annoyed by exsmination. The

® A light gig.
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temperature was 101.4 degrees in the axilla,
and the pulse rate was 132. Systolic pressure,
measured in the arm, was between ninety and
ninety five millimetres, restlessness prevent-
ing greater exactitude of estimate; the
tension was well preserved in the diastole, but
this was not measured. The respirations
numbered thirty six per minute; they were
short, shallow, and jerky, and performed for
the most part by the muscles of forced breath-
ing. The skin was dry except for slight
perspiration of the scalp. The eyes were
‘gomewhat glazed. The lids drooped but were
not quite closed; the pupils were dilated and
were inactive to the stimulus of light. In
order to further investigate the inactivity of
the iris a one per cent solution of pilocarpin
was instiiled into the conjunctival sac, but

no reaction of the pupil was obtained. The
ocular tension was slightly low, and the eye-
balls were fixed in the position of rest.

The tongue was covered with a thin white fur,
and was only moderately dry. The muscles of
the legs and thighs were quite flaccid, and

the lower limbs were motionless save for such

movements as were made from the hip joints.
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The arm muscles could be moved with but very
1ittle force, and those of the forearms appear-
ed to be incapable of action. Knee-jerks
could not be obtained, nor could the wrist-
jerks, or the normal or other plantar reflexes.
Owihg to delirium the sensations could not be
estimated at this time, beyond that signs of
annoyance were evident when stimuli of pain or
of tickiing were applied to any part of the
trunk or limbs. Voice was not lost, but
articulation was very defective. Over the
lower part of the right scapula there was a
bright pink pateh of the size of & penny,
neither raised nor indurated, and in the centre
of this was a purplish-black spot about a
quarter of an inch in diameter. In the middle
of this spot was an aperture, somewhat less
than a pinshead in size, through which one
could see a greenish-grey body that was found
to grate with a stony hardness against the
point of a knife. A minute droplet of pus
was expressed from the aperture. The object
felt with the knife, evidently the head and
chitinous mouth-parts of the tick, could not

be removed without its being broken to
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fragments. It was scraped out ultimately
and the cavity, which was about the size of
an average matchhead, was cleaned with a
small curette, and cauterized with pure
carbolic acid. A sixtieth of a grain of
strychnine was given hypodermically. .

Third day. During the next twenty four
hours the bowels moved nine times, the motions
being liguid and bile-stained, and containing
a congiderable quantity of mucus.  There was
no evidence of sbdominal pain, however, and
there had been no more vomiting. Sleep had
been moderately good. By this time the tem-
perature had fallen to normal, breathing was
deeper and easier; the mental state had
cleared, although there was still undue irrit-
ability; . the appearance of the face was near-
ly normal,and the child now took drinks of milk
freely. There was no sign of return of
voluntary movement to the legs, but the muscles
were not S0 limp. The strength of the arms
had improved, and the fingers could be moved,
but even such an object as a bunch of keys
could not be held securely in the hands. The
pupils were still enlarged, but now reacted

feebly to pilocarpine, though not to light.
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The eyes had fully recovered freedom of move-
ment ; and subjective examination, which could
not be made on the previous day, revealed that
vision was of normal ascuteness but that
sccommodation was paralysed. A rough general
test was made of the senses of contact, tem-
perature, and pain, but no abnormality was
found. There was no notable feature in the
urine. |

Fourth day. By the next day, the fourth
since the onset of symptoms, the knee-jerks
were both obtainable, but deficiently. The
c¢hild could stand, and even walk a few sfeps
with support. The pupils were still inactive
to light but reacted well to pilocarpine.
Diarrhoea continued, but was less severe.

Fifth day. On the fifth day the patient
could walk without support, but the gait was
knock-kneed, so that each leg was brought more
directly under the weight of the body. In
walking the heel and sole were placed upon the
ground synchronously, and no attempt was made
to rise on to the ball of the foot; The
pupils now reacted to light but were still

somewhat dilated. The blood pressure was
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measured for the sake of comparison with the
former reading. It was 105 millimetres

(that is, systolic.) The pulse rate was
ninety six, and the temperature still normal.
The bowels had moved twice since the preceding
day. The discolouration around the bite-
mark had become reduced to about the size of a
shilling, and had faded to a duller red shade.
The cavity had not yet filled up, but was
healing well. This was the last time I saw
the patient, but I was informed that her pro-
gress to complete recovery within the next few
days was uninterrupted.

Ag there was not an opportunity of
examining the tick its identity must necessar-
ily remain to some extent a matter of infer-
ence, but the evidence points to its probably
having been a female specimen of Ixodes
holocyclus. The ticks prevailing in the
district are Argss persicus, BoOphilus
australis, and Ixodes holocyclus. The
differentiation of the first of these would be
unmistakable even to a casual observer. The
informant was familiar with the remaining two
and was quite certain of the distinction of the

tick he had removed, from that known there-
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abouts as the cattle-tick (B. sustralis). Of
the three species his description conforms
only with the one mentioned. The man's own
term "scrub tick" is the local popular name
for Ixodes holocyclus which, as I shall have
occasion to notice later, is known in New

South Wales as the "bottle tick”.
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Tick-bite Affections in

Medical Literature.

Regarding affections arising from tick-
bite,othef than those known to be due to
general organismal infection, a representative
work on Tropical Medicine - that of Castellani
and Chalmers, (2nd ed.1913) -~ says that the
" Ixodoidea or Ticks are well known to cause
severe symptoms by their "bite", eapart from
those due to the Basbesiae or Spirochaetae
which they may transmit. The following is
a short summary of those symptoms from that
source.

Argas persicus (in Persia) causes severe
pain, fever, lassitude, delifium, convulsions,
or even death in newcom%%; while natives are
immune.

Argas reflexus produces local pain and
swelling with sometimes an erythematous
eruption, and the site may be marked by a

cicatrix for years.

Ornithodoros moubata is represented as
causing severe itching and pain:  while Ixodes

ricinus is said occasionally to excite a severe
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dermatitis which may be followed by the for-
mation of pustules, by abscesses with oedema,
and by lymphangitis, 1ymphadenitis, and fever.

The foregoing I quote as representing the
types most commonly recognised: but there
exist records of many others, some of which are,
if less frequent, not less striking; yet it
must be said that in the vast majority of in-
stances the bites of ticks cause comparative-
ly little disturbance.

Dugés writing from lexico in 1876, of
Ornithodoros turicata, of which he gives the
earliest descriptions, says that it csauses
severe itching and the formation of an ulcer
which may not heal for several months.
Lymphangitis and dermatitis are common
accompaniments; bullae may form, and even
local gangrene may follow. On three occasions
he observed symptoms of a more general type.
O0f two such cases, in which veins had been
penetrated, one had difficulty in moving the
tongue, in speaking and in swallowing;
there was also a sensation of widespresad
swelling and numbness; and there was

vomiting and diarrhoesa; the intellectual
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faculties were intsct, but respiration was
anxious in character. The other case showed
the same symptoms but these disappeared within
an hour, when they gave place to profuse per-
gpiration with urticaria. Dugés observed that
symptoms were much more severe if when the tick
was removed the mouth parts were allowed to
remain in the skin. He believed that the

tick produced a specific venom but that there
was also a personal idiosyncrasy on the part

of the host.

Johanessen (Norway, 1885) describes the
case of a boy from whom the tick's body
(Ixodes ricinus) was removed but the capit-
ulum remained imbedded in the skin at the back
of the head. Swelling followed locally, with
headache, stiffness and crémp in the muscles
of one side of the body, partial loss of
memory, and polyuria. The pupils became
dilated. The boy made a slow recovery.

Dowson reports a case from Portuguese
East Africa in which, when seen within twenty
four hours after an alleged bite upon the
greaf toe, there was much pain in that part,

and also in the leg. The toe Was slightly
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swollen, The temperature was 104.2 and the
patient had vomited twice. Pocock who ex-~
amined specimens of the ticks from the hut in
which this case occurred says that they were
closely related to Argas savignyi. (50) Dowson
mentions that the Portuguese say they have
lost men from the bite of the carapato (tick).
They recognize the comparative immunity of
natives, and the great susceptibility of
newecomes. Fever and acute dysentry are said
by them to be the chief symptoms, I think it
may not be Jjustifiable, however, to assume
definitely, as Dowson does, that this case is
an example of the type prevalent in the dis-
trict, to which the Portuguese residents
referred. The latter is probably the affec-
tion from which Livingstone suffered (30) It
is due to Ornithodoros moubata (the "tampan")
and is endemic along the lower part of the
Zambesi valley. The typicsl bite of
Ornithodoros moubata has already been referred
to, but there is in addition in these cases
frequently a good deal of fever snd slso
tingling which, Livingstone said, affects the

legs and ascends as high as the abdomen when
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it causes vomiting and purging. In his case
the tingling remained for a week.

Bancroft describes a Queensland case, in
which a woman aged forty was bitten on the
external ear by a tick (not identified). She
complained of wesakness, and of a tendency to
fall when stooping, or when rising from the
stooping position. Her vision had so dimin-
ished that she could read half inch type only
with difficulty. The pupil reactions and
accommodation were normal, and there was no
pain or other evidence of inflammation in the
eye. The nervous symptoms cleared off within
a fortnight; and gradually the sight returned
to the normel standard, so that within a month
She could read newspaper print.

Dr. J.B. Cleland (9) records two cases
which were communicated to him from New South
Wales. In one of these, an infant of thirteen
months was bitten behind the ieft ear by a
"bottle tick", The parasite was not discovered
until a day after the illness had commenced snd
two days after the probable time of attachment.
During the first night of the sickness there

was merely restlessness but by morning the
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child was foo listless to stand. The con-
dition became gradually worse and when seen by
a doctor on the following day the state was as
follows.,. The temperature was 101.6 and the
pulse 140. The respirations were hurried and
shallow, there was coughing, and the patient
tried with difficulty to bring up mucus. He
appeared to be partially paralysed, and the
legs did not move during all the time of the
examination. At the situation of the bite
there was a circular pateh of redness one inch
in dismeter, with & small purplish spot in the
centre about one eighth of an inch in sigze.
Four hours later the child got better; the
temperature fell to 99, the pulse to 120, and
the respiration improved. Six hours after
that, however, the iﬁfant suddenly collapsed,
and, failing to cough up mucus which had
collected, died.

This case is particularly interesting in
the considerable degree of resemblance which
it shows to that which I have described. It
is noteworthy that both cases were from the
eastérn coastal region of Australia, and thst

both were probably due to the same species of

ticks.
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The other case mentioned by Cleland
is that of a man from whose body (trunk, arms,
and legs) two hundred ticks, of qnidentified
species, were removed. There was faintness
within one hour of attachment, and when, four
hours later, the man was seen by a doctor,
there was severe syncope with very feeble
heart action, No local irritation of the
skin ensued, despite so great an assault upon
it; but the patient remsined very ill with
symptoms of cardiac failure during the next
week, after which time the condition quickly
passed off.

Todd has recently collected, in reply to
enquiries, reports of thirteen cases in which
paralytic or convulsive symptoms have followed
upon tick-bite cccurring in British Columbia.
The records, which cover a period of many years,
are from the routine notes or memory of
Dr. Todd's correspondents, and give very little
clinical detail. The following information,
however, is availsble,

1. Two infants died of convulsions,

and wood-ticks® were found upon the necks of

B Dermacentor venustus, the transmitter of
Rocky Mountain Spotted fever.
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both.

2. A child aged four years, from the
back of whose neck a large wood-tick had been
taken some hours before, developed almqst
complete paralysis of the legs. A purgative
was administered, and after a few hours' rest
there was complete recovery.

3. A girl of four years gradually lost
the power of her legs during two or three days,
until she was unable to stand: a tick was re-
moved from the back of her neck and within
three days she was again well.,

4, A girl of five years was bitten on
the back of the head by a tick. She died in
convulsions which, it is said, were undoubtedly
different from the ordinary infantile variety.

5. A child of four years 0ld had complete
paralysis of the legs, and, to a lesser degree,
of the arms. A wood-tick was removed from the
back of the neck and rapid recovery followed.

6. A child aged three and a half years,
who was in perfect health until two hours be-
fore examination, was found to have both legs
completely paralysed. The temperature and

pulse were normal. She could not stand and
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the reflexes were gone. A tick was found on
the lower part of the neck, and within a day
and & half the use of the limbs had returned.

7. An sdult was known to have weakness
in the legs after the bite of a tick.

8. (a) A child died suddenly "with
gsymptoms of 'acute ascending
paralysis'". After death a large
tick was found on the neck.

(b) A child died after two days'
illness with the same symptoms as
"a";/ and a tick was found on the
right temple.

(¢c) A child was seen whose legs

+had become weaker for two days. A
tick was found on the neck, and
after its removal recovery proceeded
to completeness in two days.

9. A girl aged three years became
paralysed in the legs, with loss of reflexes.
There was also marked paresis in the arms.
Three ticks were found on the neck and after
their removal complete recovery took place.

10. A child of three or four years had
praralysis of the legs with absence of reflexes.

A tick was found upon the neck and removed,
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with resulting disappearance of symptoms.

These cases may be divided into two
groups: those with convulsions, three in
number, of which all were fatal; and the
remaining ten which had muscular paralysis or
paresis affecting the limbs. In none of the
cases has the time from attachment of the
tick until the omset of symptoms been ob-
served. The temperature and pulse were re-
corded normal in one case; and the absence
of any reference in the others would indicate
the probability that there was no marked dis-
turbance of that kind in them either. The
period of invasion varied from an hour to two
days, and recovery when it took place was in
all cases rapid.

Manson (Tropical Medicine, 1914) speaks
of the above cases and the one recorded by my—
self as being somewhat similar. Both, it is
true exhibit paralysis of the limbs but they
differ considérably in general type of illness,
the former being apparently of sn afebrile
character and unaccompanied by respiratory
difficulty, gastro-intestimal symptoms, et
cetera. Still more recently, however, another

series of cases from the almost adjacent state
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of Oregon have come to notice through an
article by Nuttall giving abstracts of a

paper published in 1912 at Portland (Ore.)

by Dr. I.U. Temple. Some of the latter cases
more closely resemble my own than do the fore-
going'ones.

There are thirteen cases in Temple's
records, four that he had observed personally
sndnine from correépondents. All of them
occurred in the mountain region of the State
of Oregon. The ticks were not identified but
again the Dermacentor venustus is believed to
be the most probable species. Some "of the
cases were in all respects like those from
British Columbisa, being without other symptoms
than those of transient paralysis of the lower
limbs with normal or even sub-normal tem-
perature and no general disturbance. The chief
divergences in other cases were that several
had high temperatures - between 104 and 105 =-
some showed involvement of the larynx and the
respiratory muscles, and others of the sphinec-
ters, while one topk six weeks to recover from
the paralytic condition and three cases were
fatal,

Notes of the individual cases in this
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gseries will be found in the article mentioned
(41) but one . case (number two) resembles my
own in so many respects that I shall give a
summary of it here. A female child aged six
who had been in normal health on the previous
evening was found one morning to be paralysed
up to the knees. There was "slight" tem-
perature, no pain, no interference with
sensation, but motor parslysis with loss of
reflexes. On the following day the arms
were involved ahd by night the throat, thorax,
and larynx, also. The patient was then un-
able to swallow liquids, breathing was laboured,
phonation was lost and only guttural sounds
could be made. Two ticks were found in the
gsuboccipital region and removed. There was
then gradual improvement and recovery within
a week.

Dr. Temple regards the condition as an
"sscending paralysis" but is satisfied that it
does not produce any changes in the brain or
cord, as in that case such rapid and complete

recoveries - one day in two of the cases =~

could not take place.
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Sickness in the Lower Animals

due to Tick-bite.

The cases mentioned under the preceding
headings comprise the chief types of tick-
bite affections that have been recorded as
oceurring in the human subject, but before
passing to a discussion of their causation I
must refer to & number of conditions in the
lower animals that come under the same cate-
gory in respect of the obscurity of their
etiology.

The first of those affects sheep. It
occurs in the dry belt of British Columbia and
%he symptoms are said by Hadwen to be similar
to those which are known to afflict man in the
same district (that is, to the condition in
the cases quoted from Todd). The illness is,
like the latter, unaccompanied by fever and it
is caused by the same species of ticks.

Hadwen (16) experimented on its communicability
making injections of mashed ticks, of cerebro-
spinal substance and fluid, and of defibrinated
blood, but all gave negative results. When
communicated by the tick-bite under observation

the "incubation" period was six to seven days.
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Some of his experiments were confirmed in
collaboration with Nuttall. They placed
one of the ticks upon a healthy dog, which
became parelysed in the limbs twelve days
later, the hind limbs being affected first
and more severely. Examination of the blood
gave negative results. The animal ultimate-
ly made a full recovery. The observation
was made that the disease is not communic-
able by innoculation, although it was pro-
duced experimentally through the agency of a
tick (17)

Another interesting affection of sheep,
which is described by Mally, occurs in the
higher lying districts of the Transvaal, and
is associated with the bite of the Ixodes
pilosus, The affected sheep develops a
paresis of the leg muscles, so that it hss
difficulty in rising to its feet; A Dbut if
driven on it may run a few steps and then
drop as if exhausted. Long grass and frosty
weather are said to be essential conditions
to the incidence of this disease. Ticks
have been found upon sheep that remained in
perfect health although located upon portions
of the veldt known to be at the time
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"dangerous". A sheep may be affected
repeatedly, but only after the lapse of an
interval between successive attacks. Young
lambs that have had no food except milk may
be affected, a fact which is noteworthy in
relation to the possibility of the cause
being that of ingestion of poisonous decom-
posing grass. "Dipping" the sheep- with
destruction of the ticks - prevents spread
in the flocks, while internsl administration
of the dip (as a control ageinst any pro-
tective action it might have after absorption)
does not protect.

Borthwick has since recorded the same con-
dition in Cape Colony. Infioculation ex-
periments were found by him to be negative.
The number of ticks did not appear to influence
the severity of the disease but their early
removal led to more rapid recovery, this being
often complete within twelve hours.

An affection of dogs which is not uncommon
in Queensland, is also characterized by muscu-

lar paralysis or paresis, but there is in

addition disturbance in other ways. It is
caused by Ixodes holocyclus, and some of the

cases appear to closely resemble that in the
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human subject which I have described: it
occurs in the same country and is due, so
far as evidence is available, to the same
parasite.

One of these cases came under my obser-
vation, the animal being a "sheep-dog" six
years old. Symptoms commenced with loss of
appetite, followed soon by unwillingness to
takeeven milk or water, and by & disinclina-
tion to move from one spot. After three
days from the first signs of illness there
developed inability to use the hind legs,
which rendered the dogz unable to rise on to
the feet. If disturbed he moved towards one
or other side by effort of the fore legs only,
but the hind ones were not dragged with the
full relaxation of complete atonic paralysis.
A tick (I. holocyclus) was found upon the skin
in front of the left shoulder and was removed
by the application of paraffin oil. The
respirations hsd now (the fourth day) become
more rapid and shallower, and the héart's
action was also increased in frequency. The
dog lay with the fore legs stretched forward
and with the head resting upon the ground be-
tween them. The tongue was not protruded and

the mouth retained its usual degree of
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moisture. The eyes were open during waking,
which, with the drooping of the head and
motionless state, gave an expression of help-
less appeal; but there was no effort to make
any sound, or to solicit attention.  After
eight days the condition of the muscles began
to improve; the appetite gradually returned;
and within three weeks there was complete re-
covery. Throughout the whole period the
fore-limbs had apparently not been affected.
There was obstinate constipation during the
first ten days, but after that time 6bserva-
tion was not kept.

Bancroft who observed many such cases,
both in dogs and cats, mentions that puppies
affected have seldom been known to reécover.
Delirium is frequent, and on attempting to
rise it is common for the animal to fall over
insensible, and in a few minutes again to re-
gain consciousness. In such attacks the
lips are found to be pale and the heart beat
almost impalpable, in short there is a state
of syncope. In one of these attacks ss a

rule the animal dies. Muscular paralysis is
usual and the muscles most remote from the

heart suffer first and the heart itself last.
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Retention of the detached mouth parts of the
tick leads to greater severity of the affection.
Animals in infected country become immune.
Bancroft expresses the opinion that death is
due chiefly to muscular paralysis.

Anderson-Stuart, who has heard of'many
cases from correspondents, says that the
average course of symptoms is: at first,
moping, ﬁith hot nose, and advancing muscular
weakness affecting in order the hind limbs,
fore limbs, and respiratory muscles. Con-
stipation is usual and there is often trouble
with retention. Death may result from
epileptiform attacks, or.from cardiac or
respiratory failure. In the last case
Cheyne-Stokes respiration may precede the end.
Peripheral nerve paralysis sometimes occurs
during convalescence. A single attack con-
fers immuﬁity.

Pastoralists in the coastal districts of
Gueensland inform me that it is not uncommon
for foals and calves affected by tick-bite to
have paralysis of the hind limbs, and that
occasionally those animgls are lost from this

cause.

Repeated examinations of the blood of
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dogs affected with this sickness have been made
at the laboratories of the C(ueensland Agricul-
tural Department but no organisms have been

found .%

& Communicated by Mr. C.J. Pound, Director
of Queensland Govt. Bacteriological
Laboratories.
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The Physiological Action of the Poison

as exhibited
in the

Author's case in the Human Subject.

The principal questions which srise in
connexion with the foregoing affections, all
of which exhibit evidence of an intoxication
of considerable severity, are: Whaet is the
nature of the poison? and What is its primary
source?

These two questions are intimstely cor-
related. An analysis of my case in a little
girl will be instructive, especially in re-
gard to the physiological action of the
poison. Apart from thet, however, both
questions will be considered at greater ad-
vantage from a comparative study of the
various groups.

The most outstanding feature in the case
mentioned was & severe intoxication affecting
in a selective way the activity of voluntary
muscle, while the mental faculties were only
moderately inhibited, and the perception of

sensory impulses was probably not restricted

at all,
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It is of much importance to localize the
site of the interference with muscular action.
It will have been observed that there was suffi-
cient consciousness for the exercise of volun-
tary movements; in fact the muscles of the
neck, and many of those of the trunk, were
still under control and were used quite freely.
The disability must therefore have had its
cause somewhere on the motor side.

Commencing with the highest of the motor
functions, it is hardly necesséry to adduce
proof that a disturbance of the (frontal)
centres for the conscious initiation of volun-
tary movements, is out of the question. For
the sake of system, however, it may be said
that the distribution was not restricted to
the muscles concerned in individual purposive
actions; and indeed there was included one
involﬁntary muscle -~ the sphincter iridis:
further, the condition was an actual paralysis;
whereas in such cases the difficulty is not to
produce'movements but to direct them intelli-
gently (apraxia). The lesion, then, must
necessarily have been in the pre-Rolandic

cortex, or in the muscles, or on the paths or

secondary centres intermediately.
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The manner of selection of the muscles in-
volved, will afford the information required
to differentiate between an affection of the
nerve mechanism and oney of the muscles them-
selves.

It is to be noted that those muscles which
are not dependent for their activity upon
ceretro-spinal nerve control, but upon their
own inherent irritability and muscle continu-~
ity, or upon the sympathetic system, - in a
word, the involuntary muscles - were not
affected. One involuntary muscle, as has
been mentioned, did however, lose its power,
namely the sphincter of the pupil. It is &
significant exception, for it is also an ex-
ception in being, unlike most involuntary
muscles, dependent for its contraction on
impulses received from a cerebro-spinal
motor nerve, the third cranial. The intest-
inal muscle, far from being pasralysed, was
actually in a state of over-activity; the
arterial muscle also must have been in good
tone; for the blood pressure was within
reasonable measure of its level after the
passing of the acute state; the heart too,

for the same reason, must have been little,
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if at all, interfered with.

A depressant acting directly on muscle
fibre would have affected all muscles indis-
criminately, as, for example, drugs such as
potassium in large doses, or antimony. The
heart when first observed was running at the
rate of 132, with a temperature of only 10l.4¢
That seems undue aecel#eration relatively to
the temperature if there were no cardiac de-
pression; but there is ample to account for
this independently, if we femember that the
respiration Waé greatly embarrassed, and that
there would be a resulting excessive venosity
of the blood.

The fact then that, consistently, the
muscles affected, whether striped or un-
’striped (as in the iris), were innervated by
cerebro-spinal nerves; and that, without ex-
ception, those not thus innerveted escaped, is
a sufficient evidence that the action was upon
the nerve control and not upon the muscle fibre
directly.

Turning now to the consideration of the
motor nerve mechanism, we have seen that all
the reflexes in the affected parts were abolish-

ed although the afferent tracts were intact.

Algo, there was complete loss of muscle tone.
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These facts exclude an upper neurone site as a
feasible explanation and point to the inter-
ference being situated in the lower neurone:
that is, in the cerebro-spinal nerves with their
cell-centres in the anterior horn of the cord
or the cranial nerve nuclei, together with the
nerve end-plates in the muscles. It is true
that gross lesions of the motor cortex may be
accompanied by more or less flaccid mono-
~plegias when the inhibiting centres in the
optic thalamus and their tracts in the inter-
nal capsule are not interfered with; - but as
g rule in such cases normal, or only some-
what diminished, reflexes remain. A toxie
influence acting upon the cortical cells
might very probably cause paralysis without
spasticity in a similar way; but such an
agent would not pick out the leg centres and,
sllowing the trunk to go free, cétch up those
of the arm, only tosgain withhold its action
from the lower part of the gyrus: Neither
would it destroy the reflexes. This
exception then forms no difficulty.

Suspension of activity of the lower
neurones centrally would account for some of

the phenomens; it would break the reflex arc,

/
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and it would ensure the muscular flaccidity;
but it would not afford an explanation com-
patible with the grouping of the muscles af-
fected, nor would it account for the behaviour
of the pupil. The intensity of the paralysis,
and the lateness of regaining function, follow=-
ed an order suggestive of #%eds= remoteness in
the blood-stream and certainly not that of
segmental level in the cerebro-spinal axis
(although the invasion generally was of
ascending type); thus the pupils were still
affected when the arms had recovered, and,
although these and some of the muscles of
articulate speech suffered,those of the trunk
such as the erectors of the spine were entire-
ly missed; nor did the selection have re-~
lation to proximity of centres, for of muscles
closely associated in the central nervous
system some were deeply affected and others
only lightly or not at all; as, for ex-
ample, those of the hip on the one hand,
which retained their function, and those be-
low the knee, on the other, which completely
lost theirs; although the centres for all

these are close together in the lower lumbar
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part of the cord.

The respiratory muscles which are certain-
1y not remote in the circulation were con-
siderably affected and are thus an exception.
To this I shall refer later.

Purther, if we take the case of the pupil;
a central (nuclear) paralysis although inter-
fering with the light-reflex would have left
the mechanism intact for contraction by pilo-
carpine, whose action is local; and this
would be equally true if the obstruction of
A the arc were in the axons.

A site in the lower centres or in the
nerve trunks will therefore not satisfy the
conditions, and interference with the activity
of the end-plates in the muscles, remains
as the actual cause of physiological discon-
tinuity of the motor paths. This does not
preclude the possibility of an accompanying
effect upon nerve trunks, although it indicates
that paralysis of the end organs was an essential
element.

In general it may be said that the resem-
blance of the symptoms to those of conine pois-

oning is very close: there was an intense
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paralysis of the motor nerve endings, with
consequent muscular flaccidity, dilstation of
the pupils and drooping of the eyelids;
there was a particular picking out of the
muscles of respiration, which in the case of
conine is believed to be due to a separate
action on the respiratory centre in the
medulla; a late and relatively slight in-
terference with mentality; gastro-intestin-
al irritation; et cetersa. In fact the only
marked point of difference from a typical hem-
lock case is that the onset of symptoms was
more prolonged. The onset was not only pro-
longed in its development, but it was delayed
in its commencement. The presence of fully
formed pus on the occasion of my first examina-
tion would indicate that the tick had attached
itself at least two deys prior to that time,
that is, not less than thirty hours before the
commencement of severe symptoms: although it
may have been longer. This point is of
importance, as the fact of there being a
latent period bears intimately upon the question

of the source of the toxin.
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The Possible sources of Toxins in

Tick-bite Affections.

In accounting for tick-bite "poisoning"
the most generally accepted view is that a
highly toxic saliva is introduced. Another
suggestion 1s one made by Nuttall, who con-
siders that there is some pfobability that
it may be due to disgorged decomposing food-
residue. (40) There are reasons, however,
as I shali demonstrate, which show that only
a minority of cases, and those chiefly of the
local or milder types, can be sccounted for
on the foregoing hypotheseés. v Regarding the
me jority of cases, I believe that a proportion
resultsfrom local elaboration of a toxin at
the seat of the bite, with subsequent ab-
sorption; and the remainder from a general
infection with micro-organisms. The last
named causation, having been obviously in-
applicable in certain cases where symptoms
have followed very early, has been too
lightly laid aside in regard to others.

At the outset, one might observe that

there ig no reason why one of these factors
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may not aveil in one group of cases, and
another in & different group; and thet while
some of the local symptoms of tick-bite are
beyond doubt due to salivary intoxication,
the coincidence of symptoms from this cause
does not contra-indicate the posgsibility of
the more severe symptoms, present at the
same time, being due to another agency.

Experiments made by Nuttall and Strick-
land have shown that the salivary secretion
of ticks contains a substance that inhibits
blood coagulation. (43) This of itself
would, in sufficient quantity, cause general
symptoms, and in any case would be lisble to
excite local disturbance, as in a case re-
ferred to by the above writers in which a
large patch of ecchymosis was produced
within a few minutes.

An interesting point in this connexion
is the occurrence, soon after the attachment
of a tick, of a peculiar tenderness by which
those who have experienced it can recognise
the identity of their assailant. (Bancroft)
_The incidence of this symptom without the

lapse of an interval of time also points to

the cause being the direct action of a pre-



formed poison.

On the other hand there is no doubt that
certain affections, chiefly local, are due to
the introduction of a bacterial infection;
and to this cause must be attributed many cases,
such as those where erysipelas, pustule for-
mation, ulceration, or local gangrene - as
has occurred in sheep, (51) and in man, (12) -
have supervened.

‘A group of cases recorded by Tonnel is
most instructive of this ability of ticks to
transmit bacterial infections - & factor which
I believe to have & much greater importance
than is on the surface apparent, for non-
pathogenic organisms may have an indirect yet
essential rdle in the causation of tick-bite
affections. The cases occurred in a house
that had been for four years unoccupied and
in which a previous tenant - & bird seller -
had kept pigeons and fowls. A family, con-
sisting of two parents and two children, of
which one member (the father) had but recent-

1y recovered from a widespread furunculosis,
came into residence. The man developed an

eruption showing papules, of about five

millimetres diameter, between the old
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furunculous elements. A similar state short-
ly was exhibited in one of his children,
accompanied in this cese with oedema which
developed into an actual phlegmonous condition
with numerous abscesses. Soon the other child
became affected in the same way. The family
left the house, however, because it was in-
fested with parasites resembling little

spiders (petites araignées’). Two days later

a second family came into occupation,and the
pafents and one of their children developed

the same affection as their predecessors, com-
plicated in the case of the child with broncho-
pneumonis. The place was now thoroughly dis-
infected and no further trouble arose. The
house, it was found, had been infested, not
with spiders, but with Argas reflexus.

Such cases, however, are of interest
chiefly in their bearing upon others, for they
are of & more or less obvious nature and are
not specific results of tick-bite, but might
probably be caused by many other biting
creatures.

The cases under consideration are those
where the tick is - or may be - a specific

or necessary agent., but excluding of course
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those cases due to known infections such as
the various piroplasmoses. The latter,
however, will afford some analogies that will
be useful for comparison.

The former category is exemplified in the
following groups of cases that have already
been detailed, and which are now tabulated

and numbered for more convenient reference.
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. ) ) . ) writer re-
Condition Subject affected Prevalence _1.Species of ticks. Geographical incidence cording
: ) ; B
1. Pain, fever, de- | ; ) _ . Oken, Dupre
lirium, comvul- ian frequent /| Argas persicus Persia and others.
sions. ; D
2. Swelling, numb- ; Man several /| Ornithodoros Mexico Dugés
ness, vomiting, : o : turicata
ete., j ; e
3. Itching, ting- Man ; frequent i Ornithodoros : Livingstone
ling, pain, : : | moubata S. & E. Africa | and
fever., | X others
_ | ; . ? .
4., Pain, swelling, Man | one case ; Orn}thoqorqs East Africa Dowson
vomiting, fever | . __savignyi? ;
1 : : JONET-
5. Cramp, loss of Man ' one case Ixodes § _ Horway essen
memory, polyurisa ' i . ricinus ; -
6.° Cardiac failure Man E one case 4;‘ unidentified j N.S.Wales Cleland
7. Amblyopia and Man | one case unidentified Queensland Bancroft
vertigo ;
T ;
8. Iuscular paresis, t. Ixodes holo- i
fever, respirat- Man one case ;- eyclus? § N.S.Wales Cleland
ory difficulty . :
; |8 : |
9. Muscular paral- 3 E- ; %
ysis fever, absti- Man E i Ixodes holo- Queensland ' Present
nence from fluids . one case -1 cyclus? . writer
etc. i . A"r ' K
10. Muscular paraly- Man several { Dermacentor ; British Columbia Todd
sis. ' venustbus? : Oregon Temple
11. Muscular paraly- Sheep ...... . frequent i Dermacentor . British Columbia Hadwen
sis. - DOE  .v.... . by experiment |..vonustus i-
i o , 5 Bancroiv,
12. Muscular paresis, | Ixodes holo- 5 @.S.Wales Anderson-
- respiratory Dog, Cat frequent |- cyeclus , Queensland tuart
embarrassment. ’ _i;’Others? i gggggg?
13. Muscular asthe- ig”Ixodes pilo~ _ )
nis : Sheep frequent i) sus i Transvsal Mally

-
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It is not to be assumed that this is a
complete 1list of the class. Ornithodoros
talajae, for example, may cause Severs
symptoms; and so may many others. But these
contribute no interest, or data for enquiry,
which is not comprehended in the above groups;
and their inclusion would merely encumber
discussion.

In regard to sicknesses of the types in
question, the supprosition of simple selivary
intoxication has been, as I have mentioned,
very generally accepted. But for the most
part this has probably been on no better ground
than that it was the readiest explanstion to
hand, and thet it seemed to fit. It is en
assurption which, for the reasons that follow,
I consider wholly untenable in reference to
most of the affections cited:- A

Bites of ticks, and of the regpective
verieties known to csuse the several effecte
ions, are muéh more common then are cases of
resulting sickness. The bite is certeinly
often hermless. Loundsbury and Davidson who
eilowee themselves to be vitter by Lrges persi-

cus in vouth Africu, found in both cases that
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there was no inconvenience beyond slight itch-
ing and a small sore which quickly healed. (32)
This tick, in Persia, very frequently produces
an affection which is well recognised and de-
fined; but in Australia it is harmless, and
apparently so it may be in South Africa also.

Mally, who experimented with sheep in
South Africa, frequently found that animals
subjected to the bite of Ixodes pilosus might
fail to develop symptoms. (33).

Ixodes ricinus, abundant though it is over
Europe, seldom is s source of more than slight
annoyance; but as we have seen it may occas-
ionally excite very severe symptoms. In
short, there is no species of ticks, so far
as is known, of which the bite is always
poisonous.

The incidence of types of sickness among
" the cases is also very inconstant for any
one species of ticks; I should say that it is
really more nearly constant for any one dis-
trict!

That such anomalies may be due to vari-
ation of the degree and type of toxicity of a

physiological secretion produced by ticks of
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one species is hardly credible. It is true
that individual susceptibility and idiosyn-
crasy on the part of the host might account
for some inconstancy, and so also might the
condition of the tick in regard to stage of
food digestion, but these factors could not
account for the prevalence that is found in
one region and for the complete absence of
cases in another,although ticks of the same
species should be equally abundant in both.

Lastly a latent period of from one to
several days would not be found if the poison
were pre-formed, and this obtains in most of
the groups.

The second hypothesis, that of poisoning
of the wound with disgorged food-~-residue, would
afford a better explanation of the efratic
incidencs. It might also account for the
varistion of symptoms caused by an individual
species of ticks in'different districts,
on the assumption that diverse types of hosts
- were available, and therefore that differences
in the nature of the food-residue existed in
consequence. But such variation of hosts is
not actually found, at all events in most of

the cases on which the question at present has
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a bearing; for example, Argas persicus,
which is very, inconstant in its effects, has
the same host in all countries, namely the
domestic fowl - that is, the individual
specimens which by circumstances have access
to human dwellings and human hosts are almost
always bred upon domestic fowls.

Another evidence which disfavours this
suggestion in relation to certain cases is the
fact of the occurrence of typical intoxications
after prolonged periods of isolation and starva-
tiop of the tick as in the case mentioned by
Oken.

Again, the fact of symptoms not superven-
ing until the lapse of a latent period calls
for some other explanation.

Both of these theories which may be class-

ed together under the heading of direct intoxi-

cation lesve essential points unexplained. As
regards many cases they are not even compatible
with the facts found.

One of the cases which I have cited may,
however, be due to such a cause, but it is a
very unusual case, namely that in which two
hundred ticks were found upon the body. In

that instance the symptoms commenced within




77.

one hour, and quickly reached their @aximum.
ALfter removal of the ticks improvement was re-
gularly progressive until recovery had taken
prlace, a course which would be expected if the
cause were & toxic saliva. This case is ex-
ceptional, however, in that the number of bites
was so great that a salivary intoxication,
ordinarily too slight to cause marked symptoms,
might here readily be of serious consequence.
As opposed to direct introduction of a
toxin I suggest two other possibilities: that

which I shall term local elaboration, and

secondly general organismal infection. By
local elaboration I mean that the formation of
a'poison, which is afterwards absorbed from the
eres, may result from the chemical interaction
of the salivary secretions of the tick, the
tissues of the host, the imbedded mouth-parts
of the tick, and the products of miéro-organ—
isms which, having been introduced in-
cidentally, propagate in the wound.

Such a means of intoxication would account
for the considerable period that generally
elapses between the time of attachment of a
tick and the commencement of sickness; and it

would permit of variability of types of illuess,
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and of a sporadic incidence in spite of great

prevalence of the ticks. The same, however,

might be true of a specific general infection;
but this would not lead to the occurrence of
the cases in such a peculiarly isolated way,
and it would not account for the fact first
noticed by Dugés and many times confirmed
since, that the severity of certain of these
affections is much incréased, and the duration
prolonged, by the retention of the mouth-parts
within the skin after removal of the tick's
body. |

Regarding genersl drganismal infection, we
know that ticks do transmit a number of in-
fective diseases of man and of the lower
animals, of which the pathology is well under-

stood; and it will be instructive to notice a

number of facts pertaining to those, as follow,

for their analogies afford useful suggestions:-

1. There is necessarily in all a latent
period during incubation.

2. TFor the most part they affect only closely
8llied species; as, for example, the
horse and the ass in the case of Equine
piroplasmosis, or the sheep and the goat

in that of "Heartwater™. While this
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limitation may be due to the specific
micro-organism being infective only to
certain species it is not necessarily so.
We have seen that the ticks may be re-
stricted in their agency, owiﬂg to their
habits or to disability to infect during
one or another phase of the life cyele.
Such, in fact, is the position in the case
of South African Relapsing fever which
normally is found only in man, but which
has been reproduced experimentally in
rats, mice, and mbnkeys. (37) This
point then is of value only if combined
with evidence that under similar con-
ditions the tick is parasitic on other
species also.
The majority of such affections are of
very limited geographical distribution,as,
for example, Rhodesian fever of Cattle,
or Piroplasmosis of Sheep (Cargeag) which
is almost confined to the low lying parts
of the Danube Valley. (19) |
Immunity, relative or absolute, after re-
covery is the rule; and in some cases
animals reared in infected country are

immune without having apparently con-




BU,

tracted the disease.

This last is seen in the case of Texas

fever of Cattle.

5. None of those affections have & sporadic
incidence.

6. As would be expected, removal of the ticks
does not alter the course of the disease
when once established, although as Nuttall
and. Hindle (42) have shown it will prevent
its onset in the case of Hast Coast
(Rhodesian) fever if the ticks are removed
within two days of their attachment, which,
however, is quite another matter.

7. These diseases although commonly carried
by‘but one species of ticks may in unusual
circumstances be conveyed by others; thus
Schellack proved experimentally that the
Spifoohaeta marchouxi (of fowls) which is
ordinarily disseminéted only by Argas
persicus can be transmitted also by Arges
reflexus.

The phenomena of any particular affection
viewed in relation to these features of known
infective general diseases will afford s certain
amount of presumptive evidence regarding its

being of an analogous nature or otherwise.
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The Case resembling Conine Poisoning.

as
an example of

Locgl formation of a Toxin:

Other Groups of Cases in relation to this
Hypothesis.

The affection of the child whose symptoms
have alresdy been discussed in detail,was
due, I believe, to a poison formed by "local
elaboration™; and its further counsideration
may now be entered upon with advantage, as it
will also serve the purpose of illustrating
this principle. ’

It has been shown how closely the physiolo-
gical action of the toxin resembled that of the
alksloid conine. Quite apart from the particf
ular similiarity to the symptoms of poisoning
by that substance, the condition was more
typicel of simple chemical poisoning than of
general bacterial or protozoal infection.

The child was perfeétly well immediately
upon recovery Ifrom the paralytic symptoms:
there was no period of convalescence: and
while one system - or part of a system -

was severely affected, there was relatively
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slight disturbance of other organs or of the
general state. Yet all the objections that
I have raised against the acceptance of the
introduction of a pre-formed poison as a
sufficient explanation, hold in this instance:
and apart from those there are other factors,'
special to this case, that are contra-indi-
cative of such a causation; to them I shall
refer later.

I 4o not recall any case of an infective
disease, in which these features are found, at
any rate in so marked & degree, with the one
exception of tetanus.

In this malady the general or non-
specific symptoms, except in so far as they
are consequent on the special ones, are, even
in acute cases, insignificant; and recovery
when occasionally it does take place is rapid-
ly completed. But tetanus differs from typical
infective diseases in that the toxins are
formed locally in the wound; mnot only so, but
the principal and pathologically essential
element of the product of the bacillus tetani,
unlike those of most pathogenic bacteria, is
a comparatively simple basic substance closely

related to the ptomaines. The condition is
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tperefore almost analogous to a simple alkal-~
oidal poisoning, and is in fact not unlike
the means of intoxication of which I at present
speak.

There is of course this difference, that
tetanine is a cbnstant and specific product
of the bacillus tetani irrespective of its
surroundings: whereas what I suggest here is
a toxin which, although formed through chemi-
cal interchanges involving the presence of
bacteria, may yet not be a specific or even a
direet product of them, and which will there-
fore be variable according to the incidental
circumstances of tissue environment:; 1in a
word, a ptomaine or other body formed in an
ahalogous way.

More particularly, I think that the poison
may have been a ptomaine closely related to
conine itself. We know that conine is one
of the easiest of the vegetable alkaloids to
reproduce synthetically, and also that com-
pounds very closely resembling it have been
separated from decoﬁposing animal matter.
Pannum'in 1856 foupd in septic fluids a toxic
substance having anaction resembling that of

curare, a substance which was not destroyed by
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boiling. (The wound in the case under con-
gsideration was a suppurating cavity.) Ten
years later, lMarquardt recovered from similar
sources an alkaloidal body which has been
named septicine, and which gave chemicallre-
actions similar to those of conine. The
constitution of septicine is still unknown,
however, for it has never been obtained in a
pure condition. {58)

The production of ptomaines requires a
certain time, as a rule not less than two .
days; it requires suitable tissues; and it
requires bacterial growth of a particular
kind. It is a familisr fact that in circum-
stances so alike as to be apparently quite
similar, differing ptomaines may be formed;
and, indeed under the same actual conditions
various ptomaines may be produced successively,
eech in its turn being reduced to one of a
simpler form. (58)

There 18 here a probable explanation of
the erratic incidence and variable type of
affections of this sort, althougﬁ tick-
bites even by the same species should be very
common, for the accessory bacterial fsctor

would naturally be inconstant.
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It will be remembered that in this case
the tick's body was cut off and that the
mouth-parts were left in situ. WYith this, the
salivary flow must of necessity have ceased,
and likewise any hypothetical disgorgement of
food, yet the symptoms continued to increase in
severity. On the other hand the cleaning out
of the wound and removal of the retained
structures led directly to recession of the
symptons. These phenomena are an additional
evidence against direct intoxication, such as
by seliva or food-residue, beyond those enum-
erated in the general discussion of poisoning
by those means. Again, if the factor were an
infection that had been introduced, that is s
blood infection, the illness would not have
been influenced in this marked way by local
treatment of the wound after the disease had
been established.

Most probably the continuing presence of
the biting-parts has a chemical significance,
for they form a source of readily &ccessible
nitrogen through the breaking down of chitin,

No information upon the question of sc-
gueirved dmmundty is svailable ian the circum-

stance that the case is an isolated one, but
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this important point will arise in regard to

some of the other groups mentioned.

The cases gquoted from British Columbia
and from Oregon resemble the above case in
having the same dominating symptom -
muscular paralysis. Temple uses in regard
to the condition the term "acute ascending
paralysis". Clinically several of the cases
certainly resembled that most characteristic
of the diseases to which this title is
applied, namely, Lendry's paralysis. In my
case, howéver, the order of muscles affected
was not guite so systematically "ascending”
as it is in typical examples of that disease.

Huttall (17) considers that the evidence
afforded by the production of the comdition
by experimental attachment of the tick proves
it-to be a "definite affection", although as
yet of unknown nature. The records of a
number, now considerable,of very similar cases
from one region would also suggest that they
constitute a separately definable affection -
v pathological entity. But, as we have seen,

very variable types of nervous symptoms occur




after tick-bites, such as cramps, amblyopia
and vertigo, paraesthesiae, and convulsions;
and in some other groups of cases symptoms
referable to the nervous system are absent

or subsidiary. Are these affections quite
separate from the paralytic ones? and are
they of different etiology? I do not think
the available evidence points to that as being
80. Yet, while it is sufficiently obvious
that there must be a common cause for certain
of the paretic cases, it would seem highly
improbable, until one examines further,

that such heterogeneous groups ought to be
identified with them.

In an earlier chapter I said that tick-
bite affections showed rather more constaney
for districts than for tick species, but still
there is throughout something curiously errsatic
in the types. This is to be accounted for,

I believe, in our having to deal not with a
definite disease or & number of definite .dis-
eases; but simply with an intoxication into
which there enters an initial factor - the
tick and its secretions - which is more or
less constant, and a bacterial factor which

is variable; thus accounting for local
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similarity of cases, for the many varieties
in differing circumstences and places, and
for the commonest phenomenon of all - harm-
lessness of the bite. This would explain
also the fairly frequent ability of suitably
selected ticks to excite symptoms, although
80 very small & proportion of tick-bites are
toxic on a general average of even repubed
dangerous species. The tick with which
Nuttall succeeded in‘producing paralysis in
a dog was procured directly from one of the
regions where that form of tick-bite affec-
tion is found. (17) In this connexion the
probability of such a tick harbouring the
appropriate bacteria has an important signi-
ficance for it gives the conditions required
for the mode of poisoning that I have
suggested, and we have seen (Tonnel's cases)
how good an agent for such harbouring the tick
may be.

In regard to the question of poisons,
that may not be chemically alike, causing para-
lysis of a more or lesssimilar type to that under
consideration it is interesting to note some
of the varieties of circumstances in which this

¢linical picture may occur. "Many of the




89.

common pathogenic organisms may, especially
in patients debilitated by disease, give rise
to syﬁptoms of acute ascending paralysis.
Thus, the typhoid bacillus may produce
clinically an acute ascending paralysis".
(Osler) It is one of the forms which acute
anterior poliomyelitis may take. We know
also that several vegetable poisons produce
symptoms of the conine type; which are
practically those of Landry's paralysis with
hours substituted for days! It would seem
therefore that poisons of a wide range are
capable of setting up paralysis of this form.
To one or another poison formed within the
wound under certain fortuitous conditions I
aﬁtribute the occurrence of most of those
groups of transient though severe tick-bite
affections; and, if in this I am correct,
the clinical differences even although sa
wide, are to be regarded as merely incidental.
The paralysis which may follow the bite
of Ixodes pilosus in South African lambs re-
quires the coincidence of long grass and
frosty weather. (Mally) In British Col-
umbia the affection of sheep occurs only in

the early spring months (16), a fact which
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I think indicates the necessity of some
coincidental circumstance in this eése also.
Hadwen, who believes that the causation is
probably direct poisoning (16) suggests as an
explanation of the period of incubation, that
the tick does not produce its poisoﬁ until

it approaches the end of its term of feeding -
five or six days. This, it is said (17)
would account also for the bites being often
harmless, as the tick must in many cases be
rubbed off at an earlier time. On the other
hand such an hypothesis would not explain the
restriction of incidence in accordance with
the satisfaction or otherwise of certain
required conditions, as has Jjust been noted
in regard to two of the affections; | or the
continuance of severity after removal of. the
tick's body for so long as the mouth parts
should be left in situ, as has so often been
‘observed (Dugés, Bancroft, etc.) and as was
evident inAmy case in man.

The remaining alternative of an infective
causation is also contra;indicated alike by
Hadwen's experiments on communicability and
by Borthwick's observation, of the Cape

Colony affection, that early removal of the
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ticks leads to more rapid recovery.
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Analysis of Groups in relation to

Etiology.

Having considered the characteristics and,
consequent potentialities and restrictions of
the various etiological theories that I have
submitted, I shall now review in relation to
them the several groups of cases described or
quoted. This will be done most conveniently
by applying in each case a series of gquestions
embodyiﬁg various differentiating factors as
follow: -

1. Is there any considerable latent period?
2. Does early removal of the tick affect the
course of the disease?

3. Does any prejudicial effect upon the
course of the disease result from permitting

the mouth-parts to remain in situ after re-

movel of the tick's body?

4, Do ticks of the same species fail in‘bther
districts to cause the particular affection,
although repeatedly causing it locally?

5. 1Is the affection which results from the
bite of the individual species of ticks con-

stant in incidence and type under similar con-

ditions?
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é. Is there;any considerable degree of immunity
conferred by a single attack?
7. Is the affection confined to the limits
of a single or of a few closely allied species?
and that although the same species of ticks, in
the same place and circumstances, are parasitic
also on other hosts?
8. May a tick that has been starved for a
prolbngéd period cause the affection?

I shall comment upon the significance of
these questions seriatim, and then exhibit
their application to the various groups of
cases in tabular form.

1. The existence of a considerable latent
period, between the time of attachment of the
tick and that of the appearaﬁce of symptoms,
ig essential if the cause be blood infection
or the effect of a locally formed poison:
immediate onset of symptoms, therefore, would
preclude both of these, and would point to one
of the two direct means of poisoning. The |
converse is not quite so definitely to be
relied upon, for, even after absorption, a
simple ehemical substance may have a delayed
action, as in the case of digitalin; bdbut a

latency of from one to several days after the
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introduction of a toxin beneath the skin,
particularly as the local circulation is in no
sense diminished but rather increased, could
hardly be explained in this way.
2. If early removal of the tick lessens the
severity, or otherwise modifies the course of
the illness, blood infection may be excluded;
for in that case the disease would run its
normal course, having once been established.
A negative reply to this guestion while not
necessarily excluding the other etiological
agencies, points strongly against them. In
each of these cases fhe gource of intoxication
would be rémoved, and a consequent arrestment
of the sickness would probably follow. The
last point must be gualified, however, to the
extent of the possibility of continuing ab-
gorption from an imperfectly cleaned wound,
or of retention within the body of a toxin
that were only very slowly eliminated.
3. If the effect of removal of the tick's
body and leaving the mouth-parts in situ differs
from that of complete removal, the presence of
these parts as dead material must have an in-
fluence in maintaining the supply of toxin,
This it would not have in the case of blood

infection or of salivary intoxication, It is
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conceivable, however, that food-residue ad-
hering to the parﬁs might be left in place,
which otherwise would be removed. As a
factor in the produétion of a poison locally
the presence of the mouth parts would have,

a3 has been pointed out, an important réle.

An affirmative answer to this question would,
then, contra-indicate salivary intoxication
and general infection, but would be compatible
with either of the other two causes.

4. If ticks of a particular species repeatedly
cause an affection in one district, but never
do so in another, there must be a local factor
which has a bearing on the action. This would
not be so in the case of salivary poisoning
ﬁor, as I have shown, would it occur in the
case of poisoning by food residue; both of
these ﬁould therefore be negatived.

5. If under similar conditions the results

of the bite of any one species be markedly
variable in type, or if the bite be as a

rule harmless but occasionally highly danger-
ous, salivary intoxication may practically

be excluded.

6. Should a single attack confer any consid-

erable degree of immunity analogy would favour
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general organismal infection. Toleration of
certain alkaloids can be acquired to a
remarkable extent, and the continuing presence
in the blood of some chemical substances is
known to lead to the production of "antibodies".
We should expect therefore that repeated
attacks of an affection caused by the intro-
duction of a poison, whether formed in the
wound or by the tick, might possibly confer
partial or even full immunity; but it is not
probable that a single attack would give com-
plete protection as is the case with many in-
fective diseases. The latter (so far as the
extra-cellular toxins are concerned) may be
compared to the frequently repeated administra-
tion of a chemical poison in doses, individually
non-lethal, which are not discontinued until
-the protection has reached an effective degree
or until the subject succumbs. It is this
continuance until immunization is completed
that renders fullprotection - permanent or
otherwise - probable in the case of a general
infection; whereas in that of transient chem-
ical poisoning, or of absorption from a local-
ized source, the process, even if commenced,

ig likely to remain unfinished. Thus, we do
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not find that s person recovered from snake-
bite has developed a protective quantity of
antivenine; nor should we advise one who has
survived an attack of tetanus to be any the
less vigilant in the event of a subsequent
wound.

7. The confinement of the incidence of an
affection to the most closely related species,
although the associated ticks should be pre-
valent also on other hosts, would disfavour
direct intoxication; for, according to avail-
able analogies, a pre-formed poison wouid not
show this limitation of range in its toxicity
towards various animals. In the case of a
locally elaborated poison such a restriction
might take place; and in that of blood in-
fection it would be even more surely expected.
8. If a tick that has been isolated and
starved for a prolonged veriod may produce
the.affection typically, poisoning by decom-
posing food-residue may be ruled out. In
these circumstances such a product would have
disappeared from the anterior part of the
glimentary tract of the tiek: and even if
not so, it would almost certainly have been

reduced to & simpler and less toxic type.
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In the table which follows the questions
are applied to each of the groups of cases |
‘set out on page 782, the numbers on the left
having the same reference. The numbers along
the top refer to the test questions enumerated
on pages 92 and 93. In the last column the
conclusion deduced is entered. Whefe two
letters appear both are compatible with the
conditions, and if probability is égainst an
entry, which cannot however be definitely
excluded, the letter is enclosed in brackets.

A. represents poisoning by a toxic

secretion of the tick.

B. represents poisoning by food-residue.

C. " 1 " Joecal
elaboration.

D. " " "  general
infection.

It will be observed that in each case only
& minority of the questions are answered, owing
either to the essential nature of the condi-
tions or to the absence of records, making
answer impossible in regard to the remainder.
Affirmative and negative replies to the various
questions are represented by the signs<4 and =

respectively.
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species of

Guestions. 99.

Condition subject affected Ticks
| 2
l. Peain, fever, de- ‘ Argas
- lirium, convul- : Man : persicus
gsions. J i
; )
: |
2. BSwelling, numb- ' i Ornithodoros
ness, vomiting, Man ! turicata
etc.
3. 'Itching, ting- fan i Ornithodoros
ling pain, fever ! moubata
4. Pain, swelling, ifan Ornithodoros
vomiting, fever savienyi® ;
5. Cramp, loss of Man Ixodes
memory, polyuria ricinus
6. Cardiac failure an unidentified
7. Amblyopia and ‘ Ilan unidentified f
vertigo ‘ |
8. Muscular pares- Man Ixodes
is, fever, re- holocyclus
spiratory aiffi- |
culty |
1
9. . Muscular paraly- Ixodes
sis, fever, ab- Man holocyclus
stinence from ; i '
fluids, etec. § ‘
10. Muscular para- Man Dermacéntor
lysis venustus
11. Muscular para- S%eep, Dermacentor
. 0g
lysis venustus
12. Muscular paresis Ixodes holo-
respiratory em- Dog, Cat cyclus; Others?
barrassment . i ,
13. Muscular as-— Ixodes
thenia Sheep pilosus

® Hadwen's experiments (16), as already referred
to, contra~indicate "D" in this case.

1 2 3 4 5 6 7 8 Conclusion
' —
T D.
bl e e s
MR
AR
S i C.
o b
+ =i+ (¢),D.
= ; c,D.
i + :
5 + - | B,C.
" J; ;
.-“+‘1 w ; k ji A,Bo
‘? S
. R
+ AR ¢,D.
o c.
+ o+ -
N c.
| S »
+ B e = C.
— —
Lo o c.
+ + |+ - +2
| | ¢, D.
- 4+
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Of the thirteen groups examined the analysis
indicates the probability of the causation
being:- |

Salivary intoxieatidn or food-residue poison-
ing | in 1 group(s)
Food-residue or 100&11& pro-

duced poison » - "
~Food-residue, local pro- |
‘duction, or general infect-.

ion "1 "

Local production or general

infection "4 "

Local production ' | "5 "

General infection 1"
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CONCLUSION.

The result of the analysis is Surprising
when it is remembered that such affections
have been generslly regarded as due to simple
gsalivary poisoning. It is of course only by
the demonstration of specific organisms on
the one hand, or by the exact working out of
the chemical processés involved on the other,
that these conclusions may be actually es-
tablished.

Where the cause is a specific infective
one there is every probability that, sooner
or later, such evidence will be obtained.

In the case of local elaboration of a
toxin the difficulties are greater, at all
events in the human subject. The cases are
few and they occur at unexpected times and in
out of the way places, so that facility fof
delicate and‘complex chemical investiga-
tions is not likely %o be available at the
moment when it is requisite. Organisms may
be found in the wounds made by the ticks -
they are probably present in all such lesions,

a very important fact, but if, as my con-
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tention is; the bacteria involved are non-
specific in type, the mere demonstration of
their presence can give, in ordinary cases,
little assistance. The careful recording
of cases clinically promises more in these
circumstances; and altkough it is not easy
to get affirmative evidence of a conclusive
kind by this means alone, one can at all
events often find proofs on the side of
negation from which points of affirmation
may be deduced.

As the affections of sheep occurring
in British Columbia and in South Africa
have been repr&ﬁuced under control, the
prospect of an exact etiology being worked ~
6ut in regard to them is much enhanced.
Many of the experiments prove ineffective'
and bacteriological comparisons of the
wounds of successful with those of un-
successful experiments might be of much
value.
of cases cited as many in man weremaagmto
Ixodides as to Argasidés, although the
former have customarily been supposed to

be innocuous to the human subject. One
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element that has contributed towards

this mistske is the fact which I have
vrointed out, that the life habits‘of the
Ixodidae enormously reduce their opportuni-
ties of affecting man, and thus the cases
are extremely few - only one of each in
many of the types recorded. The variety
of the cases caused by them is on the
other hand even gréater, and the severity
in some instances also greater, than that
of the cases due to Argasides.

The fundamental error, however, that
has made the foregoing misconception
possible has been the assumption that
toxic symptoms were due to simple salivary¢
poisoning. The natural conclusion follow-
ing from this has been, that if ticks of
any one species were known commonly to
bite and to cause no symptoms they were
agsumed to be consistently innocuous.

Anothef error arising from the same
gource is that of attributing to each
particular species of ticks a definite and
uniform set of symptoms. Because in one
region a tick has been found to produce an

affection of a certain type it has been
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supposed that it would do so in all, while
in fact the symptoms may vary with the
locality and other coincident circumstances.
That this should be so is but to be expected
ﬁhen a broadér view of the possible etiolog-
ical factors is taken. Such variations
then become much more intelligible.

In the case in the human subject that
came under my own care the conditioﬁs in-
dicate that the cause was not direct intoxica-
tion, either by saliva, or by food or other
residue; and was not general infection.
The evidence is convincing that the toxin,
of whatever chemical nature, was produced
locally within the wound; and that the
detached and embedded mouth-parts of the
tick had some r6le in the reaction.  That
the poison may have been an animal alkaloid
and a homologue of conine is an interesting
possibility: the degree of similarity in
physiologiéal action was certainly remark-
able, and the known fact that such a sub-
stance méy be formed in septic products
still further suggests it. Regarding the
British Columbian and Oregon cases the

information available is more limited, but
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the conditions appear to be so similar as
to point to a closely analogous means of
causation. In some of the other groups
examined the factor appears to have been
probably blood infection: and in one case
only, a case that stands apart from all the
others in having an enormous number of ticks
attached, does salivary poisoning prove a
satisfactory explanation.

In tropical countries it is common to
find that local popular opinion dreads the
bite of some particular arthropod which may
be known to have but feeble toxic power or
perhaps no poison glands at all, and we are
apt to be sceptical. In one district it is
é "harmless" variety of tarantula, in another
an equally innocent species of centipede, or
again it may be a very ordinary type of spider:
yet there -is no doubt that these Eeliefs are
often founded upon a real, if exceptional,
case that has occurred in the vieinity.

I think that possibly in regard also to
bites other than those of ticks, we might do
well to look further than merely to the physi-
ological secretions of the offender and the

specific general infections it may convey, if
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we would seek an explanation of some of
those erratic and apparently anomalous

cases.
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