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Dog 15. Pup-admitted 22nd October 19os.- No piroplasma. 
28th 1905. Scanty p1roplasma, 
29th Oetober 1905. Many large round forms • . 
5th November 1905. Moderate infection with pear-shaped forms. 

Developed a mild infection. 
Dog 7. Pup-admitted 23rd October 1905. Moderate if any ticks. In good condi-

tion. No piroplasma. 
28th October 1905. Dog in good health. 
30th October 1905, Quiet and off colour. A moderate number of large 

round forms seen. 
31st October 1905. Many parasites. 
1st November 1905. Large forms plentiful. Dog quiet but not very ill. 

e1Dog 13. Pup-admitted 12th November 1905. Blood examination negative. 
18th November 1905. Scanty piroplasma. 

Dog 14. Pup in good condition and free from ticks. No piroplasma. Admitted 
18th November 1905. 

29th November 1905. Very ill; piroplasma abundant. 
Dog 17. Pup in good condition. Admitted 21st November 1905. No piroplasma. 

30th November 1905. Slightly iadisposed. Piroplasma scanty. 
Dog 18. Pup-admitted 19th November 1905. Extremely numerous nymphs and 

No piroplasma. 
26th November 1905. Abundant piroplasmata . 

Probably infected from nymphs picked up a few days 
before admission. 

Dogs 24, 25, 20, 27 and others kept protected from ticks preparatory to feeding experi­
ments did not develop infection, nor in later experi­
ments did healthy young pups of this class develop 
infection when kept under protective conditions in the 
laboratory. 

The general progress of the disease has been indicated; but the exact 
-relationship of the parasite to the disease requires further discussion. Nocard 

• .and Motas note febrile periods characterised by the presence of numerous 
·parasites which exhibit sign of amreboid activity and multiplication, and a 
subsequent period in which parasites are scanty and do not show amreboid 

movements. . 
They also speak of a hcemoglobinuric crisis. Other authors .have paid little 

attention to periodicity in the disease, it being generally taken for granted that 
development of the parasite is irregular and devoid of periodicity. 

During 'the examination of different cases it was often observed that imme­
-diately following an outburst of parasites there was a time during which parasites 
almost disappeared from the blood and that there followed, usually at an interval 

-<>f about twenty-four hours, another outburst of parasites; and later observations 
have shown that there is in canine piroplasmosis a condition r.bsely resembling 
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the periodicity of malaria in man. 1 If examinations ' be made every few· 
hours there will be found as a rule at the same time of 1tlie 'llay, 6sually in the · 
morning, a period during which parasites are very numerous, red cells infected 
with four, eight or sixteen forms and groups of free forms being conspicuons •. 
Following such a period there occurs in the great majority of cases a time 
when parasites ·are few or even in some cases apparently absent from the 
peripheral circulation and when multiple forms .are . difficult to find. This 
gives place again to an increased number of parasites and the occurrence of · 
another attack. As a rule the interval between two such attacks is, as previously 
stated, about 24 hours, but it is not infrequent to find what appears to beJ a double 
infection present, one attack taking place in the mornmg and another some time 
in the evening . In severe cases the periods of attack may run into one another 
giving rise to more or less continuous infection ; but especially towards the . " 
beginning and end of the initial outbreak the cycles are short and separated by 
well-marked intervals during which parasites are scanty. In the chronic disease. 0 

short attacks lasting a few hours occur, parasites in the intervals being extremely 

0 

It was thought at first that the periods represented a cyclical development of 
the parasit e and that the formation of eight and sixteen forms was analogous to''. 
sporulation of the malarial parasite. But the result of counts of parasites already 
given showed that this view required considerable modification, especially when 
it was observed that at the critical period , when free forms became a conspicuous 
feature, these were deri1ed not only from corpuscies containing large numbers of 
parasites, but ·also from corpuscles containing two and four forms . 

The natu re of the process seemed therefore to demand careful observation, 
and a number of cases were followed very closely t hroughout several days to 
determ ine what changes ac tually took place. T hat the number of parasites 
undergoes a great increase at the time of att ack has already been noted, and the 
charts at the end of this memoir demonstrate its extent. It was also found tha t, , 
though the relative freGuency of the different forms remained in the main un- ·• 
altered, there was at the time of crisis a distinct increase in t he percentag e of 
corpllscles containing four and more forms ; th is also will be apparent from the 
charts . In the case of the single and double forms dist inct alterat ions in their 
proportions also took place, there being times when the single forms preponder­
ated very greatly over the double forms, and other times when the lat ter equalled 
or even excelled the former in frequency . Unfortunate ly in the case vf the single 
and double forms it has not been possible to demonstrate accurat ely the relation 
of the changes to the atta ck. On the whole a distinct impression was obtained 
that a large increase in th e relative frequency of single forms togeth er with an 
absolute increase of total parasi tes was usuall)' the first sign of a coming att ack, 
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. ..and that as the attack progressec double forms became more frequent, often 
to yield, shortly crisis, to a relative increase in the single forms. 

During the early periods of an attack free forms if present are rare, but at the 
.crisis free forms !ying in groups of two, four, eight or more are a striking feature. 

At this time, therefore, one would expect that there would be a greater de­
struction of red cells than Rt other times, but my observations have . as yet been 
too few to enable me to determine this. 

With the course of infection changes in the blood both as regards the red 
and white corpuscles are . considerable. The reduction in the red cells has 
already referred to: some interest attaches, however, to the time at which 
destruction is greatest. This is undoubtedly during the first few days when 

._attac.k after attack occurs and when for days together swarms of parasites occur 
in the blood. Very often the number of parasites is out of all proportion larger 
in one attack than in the others, and at such times parasites may number more 
chan the red cells. 

Changes in the leucocytes are also considerable. N ocard and Motas de­
. scribe . an increase in their number reaching in one dog to 54,0:::>0 per c. m. 
which they say i's mainly due to an increase in the polymorphonuclear cells. 
J. A. Wright also notes that the number of leucocytes is usually greatly increased 

om the time parasites occur in the blood, the number in one of his dogs reach­
ing 60,000. But in one case he notes a reduction. 

An increase in the leucocytes has been observed by me in all the cases in 
which these ' cells have been counted; in addition there are changes in the 

·1eucocyte values. This consists of a marked increase in the large mononuclear 
elements and often in the transitional cells, extremely large cells being then 
present. The percentage of mononuclears is usually raised to 10-15 per cent. 
in place of the normal value of two per cent., but has reached in one count 

26 per cent. The greatest increase is as a rule seen immediately before and 
.at the crisis of free forms. At this period also phagocytosis is most intense and 
loucocytes are seen packed with more or less altered parasites. 

· To summarise; the course of a typical infection the result of subcutaneous 
inoculation-of infective blood or the bite of pathogenic ticks is as follows :-

At a variable period after infection a· few large forms are seen. A day later 
parasites are generally numerous, and about this time the temperature is raised; 
·but the dog is not ill nor does it show any sign of anremia. During the next 
two or three parasites increase in numbers, being especially numerous dur­
ing periods of variable duration characterised by an increased percentage of 

ultiple-infected cells, the presence of numerous free forms, a mononuclear 
and an intense phagocytosis. Young or very seve.ely infected dogs 

m 11'' die at about the third access, which is usually the most severe, very often usua / 
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Fz"gure J6.-Shewing two parasites, one elongated and the othn romded in form in the 
sa e cell and the arrange of the chromatin. 

Figures 37-40.-Free forms. 
Figure 37.-Free form. Similar chromatin arrangement to figure 32. 
Fz'gure J8.-Free form with chromatin not yet shewing signs of activity. 
F£gure 39 -Free form in a stage heralding fission. This is a common type. 
Figure 40.-Free form (early invasion type) suggesting a more direct mP.thod of fr:ssPn. 
Ft'gure 41.-Parasites from heart blood after death. Note the peculi oange to s
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staining round forms such as are sometimes figure· ·mp. equi. x 2000. 

Fz'gure 42.-A parasite from the heart post mortem shewing extrusion and appa.rent separ-
ation of processes. x 2000. 

Figures 43& 44.-Forms seen in culture but also under certain conu1tions in vi"vo 
Figure 45.-Culture form lying in corpuscle. x 2000, 

Fzgure 46.-Culture forms free. x 2000. 

Figure 47.-Large culture forms with processes. x 2000. 

.2000. 
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Fz'gure 48,-F orms from the gut of the tick with processes. The position of the chromatin 
mass on the periphery or even projecting from the parasite common. 
Such forms are not invariably seen. x 2000. 

Figures 49&50.-Peculiar forms, stages in the production of the club-shaped bodies. As 
the plate was prepared before the true nature of these bodies was appa­
rent, the forms are not well selected to shew formation of the clubs 
(see figure in text). X 2000. 

Fz'gzere 51.-0val and club•shaped forms from the gut of adult tick. x 2500. 

Fz'gttre 5a.-Double form with achromatic lines, early stage of so· called "copulation " 
x 2000. 

Fz'gure 53.-A group of developing parasites in the gut of adult tick. Such forms develop 
each into a single or more rarely a double club-shaped body. x 1000. 

Ft'gure 54.-Bo .iies result:ng from separatiun of the so-called "copulation" forms. In two 
the chromatin is seen, sending out a process probably the rudiment of 
the disc (see Plate II, figures 10 and 11). x 2000. 

Figure 55.-Double form so-called "copulation" bodies but apparently merely the result 
of development of a parasite which was on the point of di,·ision when 
taken into the tick, (see figure 52, also figure on page 57). x 2000. 

Figure 56.-The same but shewing an elongated form. x 2000. 

F igure 57.-A developing club-shaped body. x 2000. 

Figure 58.-Club-shaped bodies soon after their formation . x :iooo. 
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PLATE II. 

/ all of oviduct, two spermatozoa (sp.) and three club-shaped bcdies (p.) Fre sh 
preparation 1/6 objecti ve . 

. Club-shaued bodies from the ovary . Fresh preparation. The upper figures 
mature disc-bearing forms, the lower are leech-like forms shewing 

euglenoid movements . x 2000 . 
]uh-shap ed bodies without discs. x 2000. 

5.-Club-shaped bodies with cusp-bearmg discs. x 2000. 
..::tub-shaped body with disc seen on the flat. x 2000. 
:::lub-shaped body with disc seen on the flat and the body folded upon itself. 

x 2000. 
Figu re 8.-A club-shaped body shewing vacuol es and diffuse reddish staining of anterior 

portion. x 2000. 
F igure 9.-Club-shap ed bodies similar to those seen in the lower part of figure 2 . x 2ooo. 
Figure 10.-Club-shaped body sh ewing proces s of chromatin passing forwards to form 

disc. x 2000. 
Fz'gure 11.-Later stage in the disc formation . >< 2000 • 
Figur e 12.-Later development of a double form in which the component parts have not 

yet separated. x 2000. 
Figure 13.-Thr ee of four forms seen in close connection . x 2000. 
Figure 14.-Small club -shaped body. x 2000. 
Figure 15.-Double club-shaped body resulting from fission of large fat club forms,-a com. 

mon appearanc e but th e signific ance of which is not known. x 2ooo. 
Fzgure 16.-Unusual form of club-shaped body. x 2000. 
Figure 17.-Club-shap ed body app a rently with dou ble chromatin mass, but there are 

really two club-shaped bodies as in figure 15. x 2000. 
Figure 18.- Club-shap ed body in ye lk in process of changing into a zygot e. Note the 

presen('e of the ''t ail" and the dark are a on the periphery correspond­
ing to the disc. X 2000. 

Figure 19.-F urther stage than above but still shewing situation of the "tail " and disc. 

Figure 

Fz"gures 

Figure 

Not e also the ste llat e charac te r of the chromati n seen also in figure 8. 
x 2000. 

20 ,-A young zygote in an embryoni c cell. Note the commencing extension of the 
chromatin and the more dark ly sta ining natu re of the protoplasm. See 
also figure 7, Plate III. x 2000. 

21.23.-Growing: zygotes. Note the peculiar processes of the chromatin, of which, 
owing to their delicacy and complexity , the uncoloured figures give an 
imperfect idea. x 2000. 

24.-A zygote up as to give rise to the appearan ce of a " sporulating" 
body. In this as m the next figure the pale blue protoplasm and the 
charact eristic chromatin are poorly shewn. Specimen fro.n embryonic 
tissue . x 2000. 

F((fure 25.-A mass of imp erfectly divid.ed "sporoblasts" which have replaced the proto­
plasm of an embryonic cell the nucleus of which is Compare 
figures 26 and 27 which is the ultimate product of such a condition . 
x 2000. 
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Piroplasma canis and its life cycle rn tlie tick 
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