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In 1902 hcemoglobinuria of cattle due to the
presence ©of the pyroplasma bigeminum = made
its appearance in plains cattle at the Bareill}']
Laboratory after the subcutaneous inoculation

°f rinderpest blood. In the jpjected cattle,
the symptoms of the second disease followed

before those of the primary one had disappeared_
The injected blood was found to be free from
the parasite, and no Other cattle out of some
DO inoculated showed gymptoms ©f any disease
but rinderpest. It was therefore pointed out
that the organism is able to lie dormant in the
si*stem Of some of the plaing cattle of this
province,
power present in the blood has been modified,
when it again assumes an active

until such time as the yegtraining

or removed,
state.  Further, the reduction or entire removal
of the hereditary o= acquj_red resistance to the
pyroplasina bigeminum may, Iin some cases, be
materially hastened by such animal pagsing
through an attack of any other febrile disease,
which brings about depressing conditions.
Whether the years 1902-1903 were exceptional
ones in the plains of India we are not as 37et in
= position te say,but 3l animals which have come
under observation of whatever species, with
the exception ©f bovines and buffaloes received
from the Himalayan regions at Muktisar, and
these at times pa} perhaps Pe carriers of the
have exception respectively
exhibited pyroplasmata ' their red corpuscles
and free also 1in the plasma. Further, all
Himalayan animals, bovines and puffaloes, after
coming across the Bhabar and Terai regions,
belts of land tying between the foot of the outer
Himalayas and the Bareilly district, have ex-
The
are not confined

same, without

hibited the same organisms.
these

presence ©f
pyroplasmata to the
Bareilly district, but are more or less scattered
over a large area of North India; the fOllOWing
facts indicate :-=

Shamsher and Kilogarth, an Arab and a T.

B. English stallion regpective®, brought the
organisms in their blood from the North Punjab.
Three mares, direct  to Kathgodam

from Hapur Remount Depot in May 1903,
exhibited the organisms in their circulations

railed

" The gpelling ©f the word, piroplasma °F pyroplasma, is
uncertain and should be agreed upon.?Ed., I. M. G.
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a few days after their arrival at
Donkeys taken to the Hill pahoratory in
July 1903 exhibited the  same parasites in
their blood shortly after their arrival. Speci-
mens Of blood from broo,d mares Suffering from
surra, and guinea_pigs inoculated with blood
from affected animals in the Maindot gtate,
Punjab, all exhibited the same form of organism
! . .
in their respective circulations. (Jp to date the
following animals have been found to be the

Muktisar.

subjects? of spontaneous pyroplasmosis in
Bareilly ==

1.  Bovines, plains and hills animals.

2. Buffaloes >

3. Equines, English,  Australian  Arabs,

" tatoos"

country-bred horses, and donkeys.

4. Elephants.
Camels.

Goats and kids (latter = few weeks old).
Sheep, from Bareilly district.

Dogs, English @nd pariahs.
9. Cats, tame and wild.

10.  Monkeys.

11. Several species

12. British breeds of fowls.

White rabbits, guinea-pigs and rats (m.g.)
have been inoculated With™ the nyroplasmata.
The blood of an gighth month foal born dead, the
mother a hill popy exhibited all the different
forms of the asexual variety ©f the pyroplasma
in the red corpuscles 2°d Plood plasma, in
addition the blood of = donkey foetus, about
the fifth month, contained the
that the parasite is capable of passing from the

the foetal 3 : the
maternal to the c]e{gulatlon through
walls of the placental vess .

It would appear probable
animals alike in certain seasons, may 2ll present
the same species of pyroplasma, but modifications
in the gpecific Characters of hcematozoon are
through the

® 9 o

of deer.

organism. SO

that man and

developed during th® passage
different animals.

Smith and Kilbourne proved that ticks are
the carriers of the pyroplasma bj_gemj_num from
one season to the fOllOWing, and young
hatched out from the eggs were cgpable ©f
conveying the disease t©any gsusceptible cattle
they attach themselves to: Koch has shown that
youner ticks placed on blades of grass o= the
veld are but little influenced by the exposure
to wind and weather, the young omes huddle
together at the extremity aRd under-surface of
the blades of grass, ready tO' trlamsfer. themselves
to gny animal which comes 1n immediate contact
with them, and further the same breed of boviueo
incapable Of contracting the pyro-
plasma by the inoculation of infected blood,

readily took the disease gpontaneously it =
severe form when exposed to the bites of infected
ticks on the veldt.

Here then we have one ygy explained as to
the means by which the pyroplasma 18 cfarrled
over from season to another in animals.
But man is not infected with ticks except under

ones

which were

one
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exceptional circumstances, and therefore it be-
comes pecessary to search for some other species
of carrier. our attention was naturally turned
to the culicidse and the biting forms of the
diptera, but in the cold season but few if any
of the latter species are to be found. .

As before mentioned culices were present 11
force during January and February f°oF they
began to hatch out inDecember, and C. Fatigans
andC. Annulatus were very numerous, especially
the former variety.

On examination of stagnant and dirty water
from puddles which were left, dried up after the
pucca menseoon and also those after the winter
rains, the parasitical elements of the disease

were found in J]ayge numbers, although they

were not pregent in recently fallen °r running
water, but in pyddles which dried yp and later
re-formed after a further fall of rains, the ele-

ments of disease were nearly always forth-
coming, =° that neither cold nox dessication
destroys the parasitical elements.

Further in the eggs, larva pupa and C. Mos-

quitces, obtained from dirty water puddles, the
parasites iR one form ox another were frequently
demonstrated. The larva took in other low forms
of life as food, and contracted the parasites from
them or are carried over to them in the eggs,
as in the case of the tick. The paragites *vere
also found in anopheles mosquitoes, but too
late to act as the intermediate hosts, for they were
not present in January and February and were
only hatched out in the middle of March and
then oply in small numbers, the first paing
discovered this year on the 15th of March.

The guestion as to CUleX cayging this
disease in man has been gradually forced upon
us, fOT WO yearg aco, out Of a  population of
2,500 souls at Jeast?],800 during January and
February were the gubjects ©f fever, not of a
severe type, but quite suffici:’:!nt to make the
patients feel miserable and unflt them for work.
During the presence of this feverﬂ anopheles
mosquitoes the = Dodo" in
Bareilly, and ajthough diligently searched for
and relatively 1arge rewards offered for them
none were forthcoming. At this period of the
year CuléX were gyarming, 37d 2 quinine had =o
effect ypon the course of the disease other means
had to be found and employed_ What checked
the epidemic was purning ~ Uplas 3¢ night and
causing a dense smoke which drove the culex
away. This year test experiments wewre insti-
tuted, and in those rooms Where  yplas
burnt, the proportion of cases attacked :
extremely small in number as compared With
those which gccurred in rooms wWhere the "uplas"
were not burnt.

Further in February 1903 = Gwalla, = Pahari,
suffered at Bareilly (during the prevalence of
Texas fever in cattle with hemoglobinuria
as a marked symptom) benign tertian, asso-

ciated with the pyroplasma, during which
serious gymptoms of a remittent type of fever

were as rare as

were

were
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were developed, together with intermittent
attacks of hemoglobinuria lasting for eves

three weeks in all.

Symptc;ms in man.?The disease appears to
come on 1l an insidious manner; = patient in
apparently good health, within a perjod of seme
months, may present = sodden and pasty con-
dition of the skin and an appearance of marked
anaemia and cachexia. 1In ordinary ecases the
patient complains ©f headache, frequently
hemicrania, the temperature ¢ sometimes normal
or subnormal in the morning, while in the evening
it ma}7 rise to 99? or 100? F. as a maximum, a
general feeling of malaise and gweating on the
slightest exertion. At times some yellowness
of the conjunctivae may be noted, while the
urine in exhibits on occasions a
and red Corpuscles are found on
microscopical examination o hemoglobinuria
alone is present. In advanced cases granular
and hyaline casts have been observed. In the
which have come under observation the
spleen and liver have been found to be normal
in size, or only wvery slightly exceeding the
normal proportions. Further no pigmentation
of the skin of the cheeks or extremities has been

severe cases

smoke tint,

cases

noted, and the organisms invading the red cor-
puscles of the blood are devoid of pigment. One
marked feature the temperature charts exhibit,
is the presence of undulating curves at intervals
with normal or subnormal temperatures inter-
vening. . .

Symptoms in animals.?The great majority
of mammals in this country MUSt poggess moxre or
less protection against this form o forms of pyyo.
plasmosis, for up to the pregent »e animals have
been obtained either in Bareilly or from other
districts in whose blood pyroplasmata in some
form or another have been found absent. It is
somewhat difficult to g5, What stages, if an)7, the
animal passes through in the first ipgtance, if
born free from the parasite. '

When apparently healthy animals have their
temperatures taken and recorded porpjing and
eveninor, but glight variations are pnoted, whereas
bovines injected subcutaneously with acute rin-
derpest serum, or with virulent ripderpest blood,

may eitherl develop a se.vere form of pyrgplas_
mosis and in course Of time gyccumb, or in the

event Of a modified form Occurring’ the tempera_
ture curve shows undulations at intervals with no
other gymptoms. Equines presenting pyroplas-
mata in their blood for long periods may show
no variations from the normal temperature, then

suddenly == undulating <urve lasting from 5 to
8 days is observed, even when horses and don-
keys With pyroplasmata * small numbers in
their circulations are inoculated with either the
bovine or the Surra Trypanosoma respectively.

The former organism would gppear to produce
but a glight effect on the health of the inoculated

animal’ certainly during the course of the concur-

rent diseases, symptoms may Pecome manifest,
and it is at times most difficult to know to which
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parasite the changes are referable. In FEuropean
breeds of fowls introduced into this country,
the pyroplasma would appear to bring about
attacks of marked fever, for during the period
of the oreatest invasion of the organism the
foil owing symptoms 2re present:?anorexia, heald
hanging down, drowsiness, comb purpligh %
colour instead of pright red =s in health, droop-
ing ©of the feathers, malaise and general indis-
position.

Lizard (Common Indian yariety.)?During
the cold season and later the blood of lizards
caught in the bungalow were found to be free
from the pyroplagma, Put when the mosquitoes
appeared in large numbers, lizards caught o=
the verandah outside the house presented the
Porganism i# their circulations, and after the
mosquitoes had entered the building the blood
of the lizards caught inside the building wewre
also found to be invaded.

Inoculation of = lizard nhose blood was free
from tiie parasite.?The larva of an infected culex
fatigans in which both micro- and macro-gametes
were pregent if large numbers, was mashed yp and
triturated in sterile distilled yater, and five
minhnsof the mixedfiuid injectedsubcutaneously
into a lizard free from the paragite. In 34-hours
after inoculation, the red corpuscles were found
to be free from microgametes. The female cells
were either replete with elements or had already
Cells containing the
the walls of which
had given way, observed. The latter
exhibited masses of gelatinous material from
which the dumb-belled bodies wexre wriggling
and ]iberating themselves in the plagma,

In 4-8§ hours some red corpuscles contained

evacuated their contents.

male elements, and others,
were

the elements of one sex only, while others
exhibited both male and female elements.
Further several cells containing ver}' small

pyroplasmata were noted in an early gstage ©f
development. The different grageq observed in
the latter wexre (i) two small black dots
rounded by = halo , (ii) the dots 1ying rather
further gpart; (iii) dots glightly turned ypwards;
(iy) semi-lunar in form with enlarged ends ,
(v) still larger in size ; (vi) the pyroplasma 10
paj_rs connected probably by their bases.

In 72 hours the pyi'oplasmata had become
developed within the red cells, while large mum-
bers of others were seen free in the plasma.

The female elements in the red corpuscles had
Male and female elements

sur-

increased in size.
were free in the plagma, and pregent in the cells
in considerable numbers.

During the second cycle of 72 hours, between
the 4th and 6th days inclusive in stained speci-

mens (Modified Romanowsky's method), in ad-
dition to the changes noted above certain others

were observed. () Small bodies invaded the red
corpuscles between the nucleus and its outer

margin ; they stained = reddish-purple in colour
and gradually increased in dimensions until

they ruptured the red corpuscles in which they
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were gityated, they then developed what . _
peared to be vacuoles in their interiors, ar]?d
later the content':s of tlhe cellls escaped, but the
mother cell still maintained itg position in
proximity to the red . iugele, although =
slight space between the cell” and the red —cor-
puscle could be detected. The ]iperated elements
appeared to be micro-gametes. (g) Other red
corpuscles were invaded by cells which stained
= purplish red, which, when paryre, pregented
somewhat the gppearance ©F mulberries.
considered probable Pt these cells contained
micro-gametes, [c] & third form of cell ge-
veloped within the red corpuscles; these stained
a dark red were somewhat circular in the Ffirst
instance, but later increased and zggumed irrequ-
lar form's, moxe or 1e88 globular . before leav:?n
the red COIpUSCleS and escaping into the bloocgi
plasma they developed vacuoles in their in-
teriors, which at first could be only just made

It was

out, but which later increased in size yntil the
became a marked feature. (g Large mono¥
nuclear with nucleus gstained

lymphocytes,
purple and pody ©f cell = Tight blue, contained
numerous bright red-coloured bodies in then-
interiors the gregter PMUMPEX in the ,ioroplagn
of the cel], although 2 few were obgerved in the
interior of the nucleus. These yed-coloured
elements resemble micro- and macro- gametes, for
. ’
some are circular, While others pregent qumb-
bell forms. These elements would appear to
have been taken yp as forej_gn bodies, the
cell for some reason haVing taken on the duties
of = phagocyte.

Mosquitoes and Ticks.-lhe gameteg are ot
two sexes : the male element, or microgamete
appears to consist of a dumb-bell shaped bOdY'
supplied with cilia, for when two male elements
come together, the extremities do not come into
opposition, but appear t° be geparated by =
kind of halo, which surrounds the extremities.
It . is . endowed Witll;l movemenlt, twisting, and
twirling  When i? the horizontal plane it
presents two beaded extremities, with a short
connecting rod, whereas Wheén in the perpendi-
cular plane but ene globular extremity is visible,
and can be seen as a black speck. The female
element, or macrogamete, presents a circular
form, 1is translucent, considerably larger
than the male. No nucleus or gther structure
can be observed. In fresh specimens the body
is endowed with movement, and therefore

ilia also pros
bably possesses c1lia :

When the male and iemale glements are tree
in vitro, prolonged observation under the
microscope will reveal the male, executing .
series of movements round the fapale :

: : . + evidently
with view to discover 2 means of entrance in
the female element. The may
; ) ) occu
in some instances a congsiderable period exceeEc)i¥
ing an hour, in others, but a few pinutes. when
the object of the search has peen discovered
the male makes a sudden dart gnd would
to enter the female by

search

appear
means of an exigting
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duct or passage, for instantly the male is seen
within the female element and as suddenly all
movement ceases, and the male element becomes

stationary. In this . the zygote I formed.

From this point the description ™ust diverge
according to the changes which have Dbeen

observed in the y3140te  whether for the deyelop-

ment of the micro- or macro- gamete

Macrogcimete.?A small pody I observed in
the lower segment of the zygote somewhat semi-
lunar in form, but with rounded extremities;
this  body gradually increases in length and
general dimensions, until it occupies f and
| of the circumference of the cell, the centre
remaining free. At this period ©f the develop-
mental stage certain podieg, somewhat circular in
form, are first observed in the annular pody,
which later become well defined and complete
the ring, while still the centre remains free.
Still later the small circular bodies become free
within the cell and occupy all parts of 1;, includ-
ing the central portign, The cell now distended,
gives way, @nd the contained bodies leave the
cell in a mass of gelatinous material, and free
themselves in the plasma. These are the macro-

gametes.

Microgametes.?The development ©f the male
elements from the zygote would gppear some-
what gnalogous te that of the macrogamete.
As the zygote increases in size 1t
contain a small central
clear protoplasm, while a narrow band round
the inside of the circumference ©Of the cell

AS develop-
ment proceeds the central mass gradually increas-
es in gize, until it presses and encroaches yop
the external ring containing tPe fif granular
material. At this period the central mass jpnears
to be made up of short bodies endowed with
When mature the cell bursts and
sets free dumb-bell shaped elements which are
at first entangled in = gelatinous mass, wrig-
gling hither and thither until they liberate them-
selves and become free in the plasma.
Ticks.?The mode of development ©f the
parasite it the tick gppears t© P analogous to
that in the mosquito. A female tick, distend-
ed with blood, was removed from the ecar of -
pariah dog, and allowed to reémain in a small
sterile bottle for a number of weeks, until it
had become quite dry, shrivelled and dead. On
dissection, and when’a small drop °©t sterile water
was placed upon the internal organs, left for
half an hour, well covered, @nd gubsequently
examined pjcroscopically it then exmzlted the
an

appears t°

mass, surrounded by

con-

tains a very fine granular material.

movement .

presence ©f innumerable micro-
gametes. Further ticks taken from Hill bovines
in January 1903, which latter had been brought
from the mountains across the Bhibar and
Terai in December 1903, deposited eggs in
sterile test-tubes. The eggs 2fter = period of
over 60 daysl when crushed and triturated in

sterile salt solution and left for seme pminutes,
revealed the on microscopica

macro-

also presence,

[May, 1904.

examination, of micro- and macro-

some numbers.

gametes in

In man. ?IN mammals, including man, the
development of the pyroplasma ' of the asexual
variety. Both male and female elements enter

the red corpuscles, the after changes being more
or less of the same character. The female cell,

presents, i7" the early stage ©f development, =
small curved body in its lower segment, which
by successive stages, extends and occypies some
|thS of the circumference of the cell. Ultimately
the annular body forms a complete ring and
presents 2 number of circular bodies situated in
regular order round the circumference of the cell;
when mature the mother cell bursts and liberates
= protoplasmic mass, containing small cells cir-
cular in form. As each individual cell leaves-
the mass an excavature, or bay, is left in it,
corresponding to' the size of the cell jygt re-
leased. Further, each of the liberated rou%qd
cells commences to develop and gradually 10~
crease 1in size until they become fully matured,
burst and set free sma.ll round transparent cells,
which axe the pacprogametes.

Shortly after the male element obtains an
entrance into the red corpuscle, the terminal
enlargements grow further apart se ‘that the
connecting bar petween the dumb-bell is length-
ened. The poleg then exhibit indications of turn-
. ; Dad Az :
ing up, this condition gradual increases until
fully developed pyroplasmata are formed. Next
the pyroplasma becomes liberated from the blood
cell, and later the nucleus, or karyosome, is shed
by the mature parasite, It 18 conjectured that
the karyosomes, when free in the plagma, gradu-
ally increase in dimensions until when ripe, they
in their turn, burst and set free the pjcrogam-
etes.

In the lizard it would appear that both forms
of development, viz., the sexual and asexual,

proceed concurrently, While 1 mosquitoes the
sexual form is present, and in man and in warm-

blooded animals the asexual only.
This preliminary statement ©of the inyegtiga-
tiOHS, as Observed up to the present, 1s simply

being put on record, as ome of ws is proceeding
on leave.

The observers, however, reserve to themselves
the right °f adding to, °* withdrawing, any
views which have been expressed, and which
may later be found tobear a different interpreta-
tion when further researches have been conclud-
ed. It is thoroughly recognised that only the
threshold of this enquiry has been entered and
that much remains to be confirmed of what has
been observed, whilst innumerable mnew
remain untouched. The unification, or differen-
tiation, ©of the Organism observed in wvarious
animals must ¢ngaqe attention in the near fyture,
while questions with regard t° the symptoms
produced by the pyroplasma it men in different

parts ©f this country are of primary importance,
with a view to determine if diseases like kala-

facts

azar and other cachexias, the intimate gtiplogy
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of which are now but little understood, may ®°t
he in some way connected with this or some

modified organism belonging to the same genus.
Explanation of Illustrations.

Magnification of all red corpyscles 1000
diameters.

Plate TI.?Red blood corpuscles of wvarious
animals showing the early and mature forms
of pyroplasinata within the aells.

No. 1. Human red blood corpuscles, 2. Pony.
3. Donkey . 4, Plains bovine. 5. Hills bovine.
6. Buffalo. 7. Camel. 8 Goat." 9. Kid. fo.
Dog. If- Guinea-pig. 2 Monkey. 13. Ele-
phant. 14. The lizard.

The first corpuscles ' ©ach line pegpectively,
show the male elements 1n the red corpuscles,
depicted as small dots, <me pole only observed,
surrounded in each instance by = halo.

The second corpusoles Showing two small dots,
with a connecting bar between, which is moxre
or less invisible, the horizontal position of the
former also presenting a halo.

The fifth Corpuscle of No. 4, Plains bovine,
depicts what appears ©° be the veritable pyrig-
plasma bigemnium.

The fourth corpus(:le of No. 5, Hill bOVine,
shows the pacillary form ©f the pyroplasma, so
frequently observed in the blood of plains cattle
in these provinces.

In the other Corpuscles of various animals
depicted, it will be obseryed that the pyroplas-
inata have taken a blue stain with the karyosome
or nucleus red in the early stages of development,
but as the organisms 3t*3% larger proportions
or are more advanced 1 zge and development,
but o faint blue colour is retained, although in
most instance the karyosome stains red.

In the red Corpugc]_es of the lizard, different
forms of organism have been depicted, both
developmental and mature forms of the pyro-
plasma.

Microgametocytes?7 37d 6 of line 2 and 11
10 of line 1.

Macrogametocytes?11 ©f line 5 with red ele-

ments.
Y



