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U. S. Army Chemical Corps Research e£nd Development Command 43k
U. 8, ARMY BIOLOGICAL WARFAHRE LABORATORIES
FYort Detrick, Frederick, Maryland

Identification of Piroplasma of Doge, of the Type Piroplasma canis.
Transmiseion of the French Strain by the South African Tick, Haema-
phyesalis leachi. Doubtful Value of the Proofs of Crossed Immurnity
¥ith the FPiroplasmnses,

by E. Brumpt,

s

Ann Parasitol 16:2:97-116, 1938.

The transmiseion of canine piroplasmosis by the acarids, natural vec-
tora, and vicarious experimental vectors, which I began to study in 1910, is
a subject which required numerous breedings of new and infected ticke, which
are both d1fficult to obtain and d1fficult to maintain (1). That is why I
could only make known my first endeavors in this area in 1919 and 1922,

From this time, thanks to helpful assistance from the Rockefeller Foundation,
then frox ths Ccnseil Supfrieur de la Eecherche Scientific, which assigned
to me a technical assistant, it has been possidble for me to organise, with
better method, a certain number of findinge concerning the transmission of
piroplasmosis in Aifferent domestic animale: dogs, sheep, oxen.

Canine piroplasmosis, besides its practical importance, Bince it causes
the death of a great number of animales exported into regions whers it is en-
demic, presents, from the scientific viewpoint, a considerable interest,
especially in arproaching the various problems invclved in the identifica-
tion of species, active acquired immunity, the conditions determining the
virulence of the germs, and finally the action of the vector hostr on the
differences in infection power and virulence of the parasites.

The base upon which to establish the species mcrphologically identi-
fied in Frotosonlogy are often quite uncertain, The study of Pircplaszae
of the type P. canis points up the difficulty of identifying germs grouped
under this term which have certaln different antigenic properties. Thess
last make it difficult tc interpret the proofs of artificial crossed im-
munity by inoculations of btlood or natural tick bites, because the observed
facts can not bde explained simply by a variation of virulence in the sirains,

Caertain authors, it is true, would seem to hold that thers are several
strains within the type P. canle, perhaps even several specise which have
arisen dus to the action of the different host vectors to which they have
becone adapted over the centuries. 1 can not bring myself to accept this
opinion, beceuse, 8s 1 montioned in 1934 and 1937, certain spirochates, for
example the §. duttoni, have retained the same biological properties, al-
though transmitted in nature by two very different ornithodoroses ( O.
moubata and O, erraticus) (2), and also becauss, to give an opposite example,
the virus of Rocky Mountain miliary fever trensmitted by the same speciee
of tick (Dergepentor andersoni), preseat, according to region, a quite vari-
able virulence. Other similar examples could be'cited. particularly with
the pathogsnic trypanosomae and their host vectors (Brumpt, 1925),
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The studies which ] have undertairen on the Aifferent piroplasmoses of
domestic animals telng tar from complete, and in danger of being interrupted
for ssveral reasons, ] thought it well to publish here and now the fragmen~-
tary results that are available 80 these findings could be more rapidly
placed at the scrutiny of other suthors.

I, Tranemissicn of the French Strain hy the South African Tick,
Hsemaphvealis lsachi.

Canine piroplasmosis from P, canis can be transmitted naturally beyond
doudbt by threa speclies of ticks, and experimentally by a fourth specles,

In South Africa, Loundsbury (1901-1904) established experimentally the
role of H. leachi; Christophers (1907}, Brumpt (1919), then James, cited by
¥enyon, and thie last author (1926), have shown that 4in the Indies and in
Tunisiz, Rhipicerhalus sanguireur the normel vector of the canine in-
fection. In 1919, the transmissicu of pilroplesmosis around Paris ty Der-
macentor reticulatus was demonstrated by my experiments; finally the vica-
rious role of Dermacentor anderscni was discovered in studies which 1 made
with my student F, larrouse.

Identification of strains. Artificilal crossed immunity. -- The 4if-
ferent strains transmitted naturally by the three species of ticks mentioned
above, have been studied, as to the immunity confered by one strain against
another, by inoculaticn of bdlood by several authors,

laveran and Nattan-Larrier (1913), using Professor Huttal's South
African virus, conserved at Cambridge since 1904 by passage in dogse, and
similarly a French virus from around Paris isolated lester, showsd that
out of seven dogs which had acquired the imwunity against the French virus,

‘84x died ar witnesses, Inversely, two dogs immunized azgainst the South

African virus, and inoculated with the French virus contracted light in-~
faztions &nd were cured,

Other authore' exparimente consequently established that the two
straine seem distinct. In effect, 4f the African virus simply belongs to
& =¢re active strain than the French virus, the experiments with crossed
immunity would be otherwise: the doge having lmmunity for the Trench virus
would have been irfected with the South African strain but would have pre-
sented attenunted infectiont, contrary to what was the case; on the cther
hand the dog having acquired immunity against the strongar South African
virus would have had a completes immunity against the French virus, which
was not the case. Also lavaran and Nattan~larrier were led to conclude
that the African canine piroplasmosin (Cambridge stredin, 1904) consti-
tutes, 4f not a species, »t least a variety quite distinct from the ¥rench
canine pirorlasmosis around Paris,

Likevise 1in 1913, Cluca shoved that a dog cured of piroplasmosis ori-
gimating in Tonkin (3) but which was no longer in a state of presmnition,
for his blood was no longer infectious, succumbed to an inoculation of the
S. A. virus (Cambridge strain, 1904) iven 28 z=orths after the first infec-
tion.
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In 1919, in the “communication" where I noted the conditions under
vhich the Tunisian canine piroplasmosis is tranemitte: by the tick Bh,
sanguineus, I published the case of a young dog (B.47, 1I), incéulated -
with the blood of another dog (B.46, II), Infected vith the Tunisian strain
after being bitten by the Rh, sanguineus, ¢n 6 June 1911, and which, inocu-
lated with the virus fron Tonkin, on 21 October, when he was in perfect
health and apparantly in a state of premunition (4), diel eight days iater
with numerous parasites, This case is particularly interesting for it seems
to shcv that, for the two viruses tranemitted by the same species of tick,
i1t 1is poseible to have & dsadly super-infection, by inoculsticn of tlood,;
in certain cases at least,

The following observation shows that an animal, cured for several days
of a patural infection of P. canis of Moroccan origin, could die follewing
incculation of blood containing Piroplasmme of the South A’rican strain.

Dog 267/XX11. -~ Age, several months. Feb. 2, 1937, app. 50 Rh. san-
guineus adults (No, 181/XXI) fixed themeelves on him. The sleventh day,
FPiroplasmae appearei in the blocd and reachsd a maximum of 20 parasited
erythrocytes at the extremity of the smears cz the 13th day, the date the
temperature rose to 40°, Parasites were present vp to the 29th day. The
Jlst day, the animal, clinically cured for 15 days, was inoculated with 1
cc. of blood from s subJject (556/IXII) infected with the Bouth African
strein. The dog died on the 8th day, after having presented on the 7th day,
around 60 parasited erythrocytes per field and strong hemoglobinuria.

The first infection with the Moroccan piroplesmosis, thus had not given
any premunition.

11, Is & partial immunity acquired by animals being successively
in a state of premunition against the three strains: French,
Moroccan, and South African, as transmitted by their normal
vectors?

History. ~- Before continuing wvith my experiments on this subJject, let
me point out that the first facte, dealing with the study of a part of this
problem, were published by Reichanaw {1935) who, in csusing = d5g {whils pre-
senting a chronic infection of P. canis, from the Far East, transmitted by
Bh. sangaineus) to be bitten by Dermacentor reticulatus adults carrying a
French piroplasmosis, caused & new infection stronger than the first. It is
true that the same muthor notes in his conclusions, that he has succeeded in
transmitting three times to the same dog (5) the same strain of canine piro-
plasmoeis by Rh. eanguineus at intervals of a fev weeks. Let '18 note that thise
dog had been treated with acaprine (= sothelons), after the first and second
infection and that he was perhaps no longer in a state of presunition. I must
add, nonetheless that, according to my experiments, following a single dose of
acaprine, the animals are clinically cured, but remain in a state of premunition.
Thue 1t wae that dog 186/XXIV, treated the 10th day after the start of the ex-
periment, presented & parasitic and feverous (40°) relapse on the 18th day, and
that the blood of a dog (228/XXIV), cured by sothelone tur.3 out to be infec-
tious thirty days later for dog 497/XXIV.

Personal Observations. -- Dog 66/XXIV. ~- Age app. 4 monthe, Fed. 5, 1938,




this animal 18 placed in a sack with app. 42 adult Rh. sanguineu=, taken from a
sixth generation of ticks always raised on a stubborn host, the hedgehog, but
having retained, nonetheless, their infectiocus power. The acarids fixed them-
selves on vorious parts of the body. Jan. 14, three first females of Bh.'e drep
off and the next day the Piroplasmae appear in the blood, Jan. 17, since the
animal had about 10 parasites per fisld, he received an injection of sothelone
which cured him., Jan. 25, this dog whose temperaturs is normal is replaced in
& sack with 20 females of D, reticulatus (exp. 185/XX1V). The ticka fix them~
selves rapidly and from 1-b, 2-9, 9 half-gorged females (6) fall off and are
coilected from the panel rlacel under the cage. This dog, instead of presep-
ting as he did the first time a fever of LU-UO.40, hes a temperature of ogly
39.4°9. TFeb. 3, 9 days after the start of this second experiment, Piroplasmae
appear in the tlood and ars found until the 24th day. with a maximum of 2 or

3 infected erthrocytes per field on the 10th day.

This animal not having been clinically sick during the course of this sec-
ond experiment &nd no longer presenting parasites dy Airect examination of the

blood, 18 submitted to a third trial and on Febd. 23, about 50 Haemaphysalis
leachi, infected by the South African strain {exp. 371/XXIV) are placed on him.

His temperature, taken each day, rises from the 5th day to 40.4°, which is
causeld not by Piroplasmae which appsar on the Bth day only, dbut to an infection
by & rev sanguicolous spirochete, transmitted by the tick H. leachi, the 1deati-
fication of wvhich I will soon publish with my technical associate M, Marcohad.

Prom the Bth to the 13th day, the Piroplasmae, many of whick ars phagocyted
by the large mononucleused of the peripheric blood increase and reach the point
of infecting 15 erythrocytes per field on the 13th day, vhen the temperature
rose to 40.0° C. 24 gorged female Haemaphysalis are collected from the 8th to
the 16th day, The 17th day tezperature is normal, but the 18th day, it drops to
35 C,, ant this same day, Sunday March 13th, the dog died between 1430 hours
and 150C hours. He was placed immediately in the refrigerator and the autopsy
made the next day revealed hemoglobinuria and an extremely intense infection of
ths organs. In the kidney, in particular, the infezted erythrccytes reached the
level of 90 out of 100,

411 during the infection detsrmined ty the Hasmaphysalis, the parasites are
always very numoroun in the blood without causing the roappoarunco of tho spiro-
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This experiment shows that the two anterior infe:tions with the Moroccan and
French strains have not given any rremunition against the last infection, during
whiich the Piroplasmae vere particularly abundant. I will point out, nonetheless,
that this third infection, which ended in death has lacsted 18 days after the pla-
cing of the infectiocus ticks rather than 12 to 15 days, a® is most frequently the

cass,

Dog 186/XX1V, =-- Hew subject app, 12 months old, cortrol for the preceeding
dog for the infection by the D. reticulatus females. Jan 25, 1938, this animal is
Placed in a sack with 20 female ticks; hs
13th 4ay and, on the 1luth day, there are observed sevean parasited erythrocytes in
100 microscoric fislde, The later examination were nez~tive. Temperature rarely
exceeded 390 C.; the infection was milder than that of 65/XXIV, although this last
had already had an attack of Tunisian piroplasmosis, 4 half-gorged ticks were
collected the 17th and 19th days.

presanted parasites the first time on the
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Feb. 25, 1638, this dog was again placed in & sacy with abcut SO Haema-
physalis leachi, transmitting the Bouth African piroplasmosis {exp. blb?!ll').
Although the dog 114 not have any fever, the Scuth African Piroplasmae ap-
peared from the 7th day, but always less nuwerous; their maximum: 1-~3 per
field, only attained on the 10th 4ay, when the temperature rose to 39.4 C.

The animal recieved then a Gose of zothelone and the Pirorlasmae disappearcd
the second day following, but the 18th day = feverous relapse occurred, the
temperature rose to 40°, and the parasites appeared quite nurerocus in the
erythrocytes.

25 gorge! female ticks were collected between the 7th and 14th days,

In a fev days, this dog will be titten by the Rh, sanguineus infected
with the Moriroccan str=ir of canine piroplasmosis, to complete the experi-
ments with arrinfection published in this work,

Do~ 437/XXIV. — App. 1 year oid. Contro. for Aoge 66/XXIV and 186/IXIV.
March %, 1938, SO adult B. lea bl of infectious breeding 63/XX1V are placed on
this animal and ha presented Piroplasmse on the 9th day. with a temperature of
40,2°, The South African piroplasmosis followed its normal course and the
animal 41ed from this infection on the 16th day.

111, Transmission by ticks of new breedings (the habditual vector
of other strains) c¢f strains of canine piroplasmosis adapted
to & particular vector, .
The first experiment which seems tc have been attempted on this point is
the following, which I published in 1919(b):

1) The South African virus and BRh, Sanguineus. —— About 60 adult R4 san~
gaineus, obtained from nev nymphes gorged on & dog infected with a strain of
South African piroplasmosis (Cemdbridge strain, 1904), preserved through pasea-
ges through several years, are placed on a dog (274/111) and did not give him
any 4infection. The reason for this is perhape that the virus, passed on arii-

ficially from dog to dog for 10 years, had lost the property of evolving among
ticks.

2) Prench virus from the vicinity of Paris and Rh., sanguineus. Ia
1931, Nieschulz ani Vawo-Roentos 4id several experiments ueing a French

virus sent to thes by Kikuth (7) and a nev breeding of Rh, sanguineus,
originating from Jave,

After having nourished some new adult ticks on dogs infacted with
piroplaszosis, they placed several thousand larvae 0On & splenectomized

dog (156), then more than 100 Bhipicephalus adult sons on dog 157, also
splenectomised, without result.

A second series of experiments, in which 300-400 nymphes coming from
32 females nourished on a very infected dog, vere placed on dog 195,
equally gave only negative results,

Tinally, the ainlte coming from 120 nev nvmphes nourished on a para-
sited dog, placed on dog 207, 41d not cause any infecticn (8),
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The HollanA authors attribute their sucessive failures to the fact that
the caaine pircplasmosis studied by them was conserved from dog to dog for too
long & time,

In 1232, Regenianz ani Reichenov confirmed the observations of Nieschults
an? Wavo-Roentoe ani, in addition obtainel negaiiva results in using the same
troeding of Rh. sanguineus and a French strain vhich haprened to be tranemitted
to & dog vhen bitten by a D, reticulatus. bBut these new rhipicephales were
abla to be infected with Reichenow's strain of canine piroplesmosis from the
Far East, which establishes their apptitude to tranemit normally certain ca-
nine Piroplasmae.

in conclusion of his varfous oxperimenvs, Reichenow (1935) conjecturss
that the Piroplasmae trapsmitied by the tick Eh. sanguineus, should be sepa-
rated from the classical P. cenis and be ccnsidered as a species differsnt
from the one he calls Babesia major.

3) The French virus from arcund Paris and Haemaphysalis leachi. =- I have
succeeded in transmitting the French pirerlasmosis with some adult B, leachi,
infertad in the nymph stage on & dog having a natural infection detormined by
the D, reticulatus. Thice we ihe détalln,

a) Geneology of the non-infectious breesding of H, leachi. ~- The larvae
of nev ticks (lots 361, 352 and 363,IX11) sent from Pretoria by Du Tout, Direc-
tor of the Institut 4'Onderstepocrt, were placed March 5, 1937, on dog 575/XX11,
age around 3 months, and he was not infected. The nymphs coming from theso
larvae. placed the 20th of April following, on two new doge 1269/XXII and
885/XX1I, 414 not infect them. It is in gaining numerous larvae, enclosed in
egge 2aid by gorged females on these last two dogs, that I have gained a very
important nev bdreeding which I have used for varjous experiments,

b) Infection of the new ticks with various Iiroplasmae. —- Some larvae
(719/31X11), placed on a hedgehog, allowed us to obtain scme nev nymphs which
were divided into two lots. The first was placed on a dog {1167/XXIII) having
a strong infection of P, gibeoni of Chinese origin: after they became adults,
they were placed on m dog (188/XX1V), on Jan. 25, 1938, and had not caused any
infection & days later (5). On the other hand, this dog, in not precenting any
{infection of P, canis, can thus be considersd as the control for the following
experimpente:

The second lot of nymphs (24/XXIV), was placed, Dec 28, 1937, on & yound dog
(1122/XX111), bitten previously on Dec. 20 by some D. reticulatus adults ($4/
IXI1), which had transmitted to him the Freanch piroplasmosis from the vicinity
of Paris (10) (Strain 274/XVII).

c¢) Infection of new dogs, -- The adult ticks coming from the nymphe of this
second lot were placed half and balf on the two dogs 287 and 288/XX1V.

Dog 287/XX1V, =~ Animal around 3 or & moaths old. App. 200 H, leachi, balf
of lot 24/XXIV, attached themselvet on him betwean Jan. -8 and Jan 9, 1938, The
ticks gorged themselves normally, the dog died on the 5th day, after the normal
incubation period for piroplassosis. All of the Hasmaphysalis collected after
the death of this animal as well at those, partially gorged, which wvere removed

A )




from the body of dog 288/XXIV, were placed in a sack with 4‘Hév A6z T117XX1Y,
on whor they fixzed themselves rapidly.

j t Dog 2B8/XXIV, — Animal about & months cld. Yeb. 8, the other half of
: E’ lot 24/XXIV of H, leachl fixed themselves on him, Feb. 15, the first gorged
§ female droped off and to prevent the dog's death from exhaustion all the ex-
bedded ticks are romoved and thansplanted in part ontoc dog 311/XIXIV, Feb,
17, the examination of the blood 1s positive and the temperature reaches 39Y.
In order not to let the dog have too strong an infection of piroplas-
moais, he received an injection of zothelone. FYedb. 18, the animal, already
quite weak when the treatment was given was found dead, The autopsy revealed
& strong renal infection (11),

Dog 311/XXIV. — Animal app, one year old., Feb. 14, 1938, all the H.
leachi dropped or removed from dogs 287 and 265/XY 1V were placed with this
animal in a sack and for the most part they fixed themselves on the dog.
Starting Fed. 16, the gorged females begar to drop off, The examination of
the blood is negative from the 6th up to the 16th day. Iumediately there-
arter, Irom MuIcu <, ..-- . _.pvaTity o Pl Ll pilivpieewGu.s, Whlcn the dog
vould be able to contréct by the transplantation of H. leachi, is tested by
the application on its body of 50 infectious D. reticulati (443/XXIV). Mar,
9, on the 7th day, the Piroplasmae appeared and the temrerature reached 41%.,
and the pumber of infected erythrocytes was 2 vo 3 per fileld; the 9th day,
the numbar was up to 2 to 5 inficted erythrocytes per field; the dog was not
treated with sothelone and the {llnes: folloved its course, This last con-
trol experiment shows that the transplantation of ticks hsd not given any
infection to thie animal (12),

Once cured, this dog will finally be infected sucessively by the Rhipi-
cephalus and the Hasmaphysalis.

4) Attempted infection by daughter-ticks, uncertailn vectors, bred from
females nourished vn a dog taken by French pliroplasmosis.

Dog 368/IXIV, == Mongrel about ons year old., On Peb. 22, 1938, taie
animal vas placed in a sack with daughter-ticks of H. leachi, bred from
ticks nourishel on dcg 458/XXIII, infected by the bite of D. reticulatus
763/XX11, and died on July 14, 1¥y37. The larvae and nywphes bred of these
fenales had been nourished on ground-hogs.

The blood of this dog exapmined up to Mar. 10, remained pegative. Om
this last day some infectious Dermacentor's (753/XXI11) were placed on him
(exp. 504/XXIY), and seven days later tho first Piroplasmae appeared ia the
periphoric dleod., This positive result established the receptivity of the
dog to the strain of French piroplesmosis, although the ticks used on Feb,
22, had pot transmitted it to hia.

e) Transuission from stage to etage. —- The expuripente to transmit the
Pronch canine piroplasmosis by adult H, leachi, infected during the nysphal
stage are eiapecially interesting to report since Loundsbury has had negative
results with nvmphes of the sames spucies, infected Lereditarily by the South
African canine strain.
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Cn the other hand, I bave noted, (b my aide, 4n the publication (1919a)
in which I established the roll of the tick, D. reticulstus in the natural
tranemission cf canine piroplasmosie arocund Paris, only negative results.
will briefly outline the unfruitful attempts to transmit from stage to stage
wvhich I uniertook:

a) The following experiments show that the new larvae of D. reticulatue
nourished cn virulent blood (Paris strain, 109/V), were unable to traosmit
the sicknees, neither during the nymphal nor the adult stage.

Bxperiment 122/V, -- Hexapode larvae, bred from 18 uninfected females
{63/V) wore placed Mar. 25, 1919, o:c a greatly parasited dog (110/V), The
200 nymrhes placed on a youag dog (exp. 142/V), on 4pril 11, 4id nct infect
kim. The 15 adults of these nymphs #till eurviving on Oct. B, wers placed
on & dog (exp, 463/V); the d>g was not infected. Inmoculated 10 daye later,
wvith btlood from dog 462/V (¥recch strain 109,%), he took sick on the fifth
day ani died on the seventh.

b) The folloving experiment shows that the new nymphs of L. reticulatus
nour ished on virulent blood, d41d nnt tranemit the lafection when they reached
wne aqult estage.

Xxperiment 145/V. -~- New nymphs , coming from different breedings were
placed, Merch 2%, on virulently infected dog (110/¥) April 2, the 5 adunlts
{3 males 221 2 females), coming from this breeding fixed themselves on a
young dog (141/V) and did nov iufsct him. Due to the small number of adults
availadle, this experiment is hardly demonstratiwe,

It followe from these fiundings that the canine pircplasmostis finds a
favorable environment for 1ts evcluticn only in the adult tick.

In 1935, Shortt, in an important work which he publisi.ed on the evolu-
tion of P. canis, pointed out according tc hie experiments that the trans-
missicn from stage to stege does exiet., larvae or nymphp 4nfected on dogs
can tranemit the piroplasmosis to the next stage. Hcwever, given thess fantsg
which | have established (1937, 1938) concerning the conservation of the virus

for & Zeneraticons 4n wninicephald ralsed on chetinnts Bosts 252 $he lack of 3s-

tails furnished by Shortt and ‘ven nor*o by Chrietophers, on the geneaoligy
cof ticks considered nev, which these authors used, a differer’ interpretation
from theire is here proposed.

Toward comrjleting the facts exposed in this article, I delieve it would
be good to give below the experiments published up to this time.
1) on the infecticus stages of Ixodidae, natural vectors of
caaipe piroplasmosis,
2) on the vicarious experimental hosts of Adifferent strains of
. canis,

UL e
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IV, INFECTIOUS STAGES (OF TICKS BHED FROM FEMALES NUURISHED ON DOCT
PRESXNT JSGC PIRCFLASMAE 1N THXIR BLOWD.

Relating to the infectious stage of different Ixedidae, natural wectors
of canine pirorlasmceie, the result of loundsbury's experiments (19(G1-1504)
4s that the larvae aud nymphe coming from infected femule H, leachi are un-
able to transmit piroplasmosis tc the dog, which only could be dene by the
dsughter-ticks.

In the Indies, CLristophers (1907) working with the tick kh. eansulnaus,
has shown that if the larvae coming from infected femalee dc not transmit the

disease, it 15 s-metimes n result of the bite - -;mphs. GSuurie (1y_.) coOn-
firned theee facts.

My experiments with them same sjeoclies of Ixpodidue, & certain number of
which hai been infected with a Tunislen strain of ypiro;lasmosis were sent
from Tunis by L. Blaizot, in 1910, have allcwed xe 0 estavilsh the exclu-
sive roll of the adult daugbter~ticks. As ]I wrote in 1919:

"About SC female adulte taken from a dog (475/1), whose blood was viru-
leat, gave thousande of larvae. Theee larvae, placed on threo doges (48U/I,
481/1, 483/1), 4i& not give them tne desease. The nymphs bred from the pre-
ceding larvae were placed on five dcgs (482/1, 483/1, 492/I, and ¥4/1), on
which were collected reepectively about 2,200, 60C, 60C, 125, and 125 nymphs
gorged with blood; none of the doge was infected. The adults, coming from
the pre;eeding nymphs, approximately six weeke hatched, &nd placed on dog
482/1, in December, refused to attach themeelves, which is normal for thie
hibernating species. ln May these same adults, placed on dogs BUE/II and
Bu4B/11, gave to the first a mortal infection (35C femsles collected), to
the eecond a mild infection.

*The hexapod larvae, born c¢f thie new generation of adult daughters
having infected the two #--~ BLS/II and B4B/II, were ratsed on the two doge
B78/11 anA B79/11 which 414 not show any infection. The numercus ticks to
which these lervae gave birth, placed on the twe dogs BE4 aud 585 did not
infect then sny further, and we are forced thie time again to the adult
ticke to be able to give the disease to dog 180/1I.

*Concerning the infectlious etage of the tick D. reticulatus, the follow-
ing experiments show that the larvae coming from infected females do not
transmit the pircplasmosis, a fact already demonstrated by the observations
of Kocard and Motas (1902),

*Saperimeat 191/IV, ~-- May 19, 1919, app. 80,000 larvae, collected during
the middle of Novemter 1918, bred from 40 females infected with the French
virus (109/V of March 18, 1919) (Exp. 111/V), placed on the young dng (1&1/V),
di4d not infect him, alibough more than 400 gorged larvae had been collected,

*Because none were avallable, no dog was bittes by the pymphe (13)
coming from the infected females.

"The adult daughter-ticks, coming from females nourished on & parasited
dog, transmitted the disemse. {exp, L62/V).

9
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"From the cbservations, it is concluded that the Piroplasmae can oaly
take their yet unknown infectious metacyclic form, in the adult daughter-
tick. The larvae and nymphs wust harbor evolutional elements of & morpholo~
gical and physiological nature incapable of developing in the dog.*

V. VICARIOMS EXPERIMENTAL HOSTS OF DIFFBRENT STRAINS OF Pircplasma canis.

The firet experiments on this subject were those ¢f Loundsbury who, in
1904, wae unsucessful in transmitting the South African miroplasmosia with
the tick, Amblyomms hebraeum, &nd with the Crnithodcrus savignyi, and with the
lice found on doge Pules serraticeps.

later Christophers (1907) wae unabls to transmit Indian piroplasmosis to
two dogd with the larvae of female Rhipiceptalus bursa, nourished on infected
dogw, nor was he sucessful with two other doge bitten by adult daughter-ticks,
from the sams source.

In 1919, in my twe articles {a and b) I made various attempts with
several strains of canine piroplasmesie. It turned out that 34 Ixodes rici-
nus nymphe and 387 Haemaphysalis concinna, coming from females gorged wit!
virulent bleod were unsole to transmit the infection to a dog. This was not

surrrising eince Rh. sanguineus and D. reticulatus aympha had alsc produced
nsgetive results,

In 1922, 1 established, with F. Larousse, the possibility of transmltting'

a Paris strain of canine riroplasmosis from daughter-ticks of D. andersoni
{i.e., D. venustus) coming from four females gorged on & d0g infected by ino-
culation of bYlcod from a chronic animal carrier of the germs. Experiments
with larvae and nymras have not been undertaken,

VI. DISCUSSIOR

The erperimente covered irL this article shov how - aried the resulte have
been with different authors studying the transmission of canine piroplasmosis
by vicarious or naturai vectors, This fact should meke us wary of generali-
zing from thc small body of experimental resulta, which we actualiy roesess

. on this subject.

Do the resvlts obtained by the anthors prove that certain strains of
canine piroplasmosis are able to present infectious metacyclic forms among
nymphs and certain Ixedidme? Contrariwice, do these Iindings prove an apti-
tude on the part of nymphs aud differeat breedinges of Ixodidae to permit a
complete evolution of Piroplasmae of any strain and an orientation of infe. -
tisus forme toward thetr sal‘vary glands according to & specinl attraction?
Further experimentation, beyond doudbt, will bring elucidation on these prob-
loms,

On the other hand, in the cass of infecticnes from stage to stage, 1
think it useful to raiee the pLadibility of unsusnected hersditary infections
among the Ixodidse considersd as "nev", and as a result, the necessity ot

-~
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establishing the exact genealogy of the ticks used (just ms for t.c control
experiments done on new dogs) in order to make sure that the ticks used are
without aay infection.

In the case of bonine theileriaesis, where parasitic relupses are observed
spontaneously without any possible artificial or natural reinfection {Brumpt,
1942), a honologous strain may, by an inoculation of blood, give a new in~
fection, generally attenuated, in » large percentage of cases, With hete-
rologons viruses, also transmitted by incculation of blood, the percentage
i8 much higher and mortalities are far from rare., (Adler and Bllenbogen,
1935)., However the results are quite different when the animals infected
by a particular virues are expcsed to the natural virus transmitted by the
tickes, The most important determinations on this subject have been furnished
by Ed. Sergent and his associates (1935). who have established that for
14,000 Algerian cows vaccinated with a very weak virus (Kouba virus), the
breeders and the veterinarian only registered 61 deaths (14), which is
.43 percent. It can be affirmed that these animals, distriduted through~
out North Africa, were certainly bitten by ticks carrying germs belonging to
perhaps very pathogenic strains,

It would be interesting to 4o research, on a large number of spontane-
ously parasited animals in an endemic scne, to find out the percentage of
deaths from theileriasis when they are transfered into other zones equally
infected with theileriasis, It 1s true that this percentage could be de-
bated, since it is known that relapses are often observed in this disease
E durings long changes in beasts osuffering from an iasufficient diet.

w

On the subJject of crossed immunity by the hetertlogous infections, I
have an exact and private experimental document. A Salers heifer was in-~
fected June 16, 1937, at Faris, with adult Hyalomna mauritanicum (15) raised
from the larvae and numphal stage on another Salers animal (96&7XXII). pre-~
senting theileriasis (T, snnulata) from Iran, this strain having been sent
to me by M, Delpy. This heifer (150/XXIII1) presented & fever from the 13th
to the 24th day and a sufficiently intense infection of the blood. On July
10, 1937, when the a-imal was clinically cured, but still presenting para- . 1
sites, quite rare though, in the peripheric vlcud, a control experiment
(477/7X111) was done with 42 adulte of Hyalomns mauritanicum infected with
North African theileriasis (16).

Lo

T

At no time did this heifer have any particular parasitic or thermal : ]
reac .ion and it seemed surely that the strain from Iran had confered a per- 1
fect immunity against the Algerian strain, which entitles us to coaglider’
them as identicai.

As I mentiored im 1913, concerning Trypancsoma cruzl, the experiments
done with metacyclic forms of invertebrate vectors and those done wiih san-
guicolous forms, give quite different results. That 1s why, in spite of the
c¢linical and experimental observations of M. Carpano (1930) and various
authors, with infection of the dlood, we do not belisve, at least as far as -
the bovines are concerned, in the poseibility of a superinfsction under
natural conditions. Orten the mortal infections observed, can be attributed [
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to relapses, determined by factors sometimes known and very often unknown.

)

Vi11. CONCLUSIONS

From the proofs of crossed artificial immunity, by inoculation of viru-
lent hlood, and natural crossed immunity, by the host vectsors themselves, it
4s found that the strains of canine piroplasmosis seem to possess different
antigenic properties, sven vhen the morphology of the parasites which cause
then 48 identical and when their host vectors are the same, "This fact has led
various authors to admit the existence of 4different races or even different

species.

One certain fact is that the canine Piroplasmae behave differently from
the bovine Piroplarmée and Anaplasmae which asecording-te mp mumerous experi-
meats belong to a group which confers a solld immunity against homologous or
heternlogous viruses, which are transmitted to them either by inoculation of
blood or from the bites of ticks, The bovines hardly ever, after atrong doses
of a heterologous virus, present even a light feverous or parasitic infection,
Futhermore this strong premunition is the basis for the wvaccination used by
breeders of bovines destined for export into places where the various Piro-
plasmae cause more or less conslderable damage.

ABSTRACT

L == Since the study of canine piroplasmosis has, besides its practical
impoptance, 2 great sclentific interest in that it concerns - particularly
the problem of the identificaticn of species morphologicall .ontified with
the protozoon, acquired active imrunity, conditions determ . iug the virulence
of infectious germs, and finally the action of host vectors on the wvirulence

,.'"of parasites, I have thought it useful to summarize the experiments done on

this subject.

2, == It is possible to transmit from the nymphal to the adult stage, the
Trench piroplasmosies from around Paris, by the South Africean tick Heemaphysalis

lsachi,

3. ~~ This same tick wvas not able under the same conditions to transmit

. the P, gidsoni.-

4, «- Haemaphysalis leachi adult daughter-ticks, coming from females
rour ished on & dog having French piroplasmosis from the Paris locality, were

not able to infect a nev animal.

5. == Proofa of artificial crossed immunity by inoculations of bdlood
establish the different antigenic properties of several strains of P, canis.

6., == Proofs of natural crossed immunity by bites of ticks infected with

the Piroplasses which they transmit naturally, show the pcssibility of new
infections, sometimes lees severe than among the new controls, These rein-
fections establish the absence of premunitiomn against heterologous strains,

which cen lead to death,
12
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from those which have been established in the case of bovine piroplasmoses -
and anaplasmoses, where a solid polyvalent immunity by inoculation of viru-

lent blood, or after being bitten by mumerous ticks infected with known

viruses, is observed among the 2nimals in a state of natural premunition or
artificial premunition by vaccinstion.

plasmosis, brings it into harmony with that which is observed in the bovine
theileriasis caused by Theileria annulata, more or less as concerns the

roofs of artificial crossed immunity by inoculation of blood. On the cther
hand, this theileriasis is distinguished from canine piroplasmosie by the
fact that the vaccination of bovines with a weak virus confers a very strong
immunity to animals exposed to the bites of ticks, harboring more or less
virulent heterolcgous strains of T, annulata., This observation ie comfirmed
by the sncceses of vaccinations in North Africa and in Palestine.

established by my own experiment mentioned in this article; it was done with -
a cow infected by ticks with a strain of T. annulata from lran and not '

having reacted to the bites of other ticks which were infected with an Al-
&erian strain of the same species of Theileria,

a firm position on the existence of several different spascies, presently
grouped under the name Piroplssma canis,
Adler, S., and Eller ogen, V. ~- Ubwervations on theileriosie in Palest!ne.

Brumpt, B, -- Immunité partielle dans les infections a Trypanosoma crusi,

7+ =~ These facts are all vhe more curiocus since they differ completely

8. =~ The absence of polyvalent immunity , in the caee of canine piro-

The polyvalent immunity in the case of Theileria annulata is further

9. -- The experimente published in this work do nct permit us to take -
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REPSDERCES

(1) For a year I turned over the breeding of the ticks at my laboratory
to M, Marchaud, who was studying in the natural sciences.

(2) ¥We again polut to the immunity confered by the species of Plasmodi-
um from paludism againat the heterologlcal strains from different parts of
the world where the germs mre nonetheless transmitted by about seventy species
of anopheles divided into several different genuees and living in the most
varied climates,

(3) Studied by Mathis and Leger, and very probably transmitted by the

. tick Bh. senguineus, which is common on the dog throughout the tempsrate and
tropical Par Bast, thie Tonkinsn piroplasmosis was sent in May 1909 to the
laboratory of P, Meenil at the Institut Pasteur de Paris, where it has been
preserved by passages in dogs by several writers (lesboeuf, Ringenbach, Cuica,
etc.) In 1911, it bad reached the 43rd passsge.
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(4) To be adle to prove the existence of a state of premnition, a new
dog should be infected with the blood of this animal, which has not been done.
Kccording to my observations, in cases with the French strain of piroplasmosis,
the blood sometimes loses its infectious power in three or four months.

(5) Here are the details of the experiment, The dog was 4 weeks 0ld
when the first applicacion of ticks was made, and 8 weeks 0ld for the second
experiment, The third infection by the rhipicuphales was when the animal
was 14 weeks old. fThe resulting infection was progressively weaker and =~
during the third parasitic reaction, the number of Piroplasmae was much less
higher than a control dog of the eame age.

(6) The unfertile females gorge themselves incompletoly and much more
slowly than the fertile ones. Dog 65/XXIV, as dog 186/XXIV which served as
a control for this experiment, had been infected with some females, for the
arpose of cbserving the partheno-tropical diapause which I have studied for
a long time among the ixodines.

(7) This strain came from Paris, It was sent to Profesaor Mayer by
Professor Mesnil, to whom I always furnishad the strains of canine pircples-
mosis for the courses in bacterioclogy at the Institut Pasteur. Since, in
1928, I had a strain from a epontansous case sent from Alfort by Professor
Panisset, isolated Nov. S, 1927 and lost in August 1529, 4t is prodable that
i1t s this virus which has been used by the Hollard authors and which is still
preserved by Professor Kikuth at Elberfeld.,

(8) it is impossible to admit that the rhipicephales of Java were in-
capable of transmitting the Piroplasmas since Regendans and Reichenow (1932)
using ticks of the same bresding, have ludbeded in transmitting a canine
Piroplasmosis of the Far East, determined probadly in nature by the tick

Rh, sanguineuns

(9) As, according to the work of Swaminath and Shortt (1937), the in-
cubation of the infection of P, gibsoni, transmitted in the Ipdies from stage
to stage and hereditarily, dy the tick Haema alis bispinosa, requires 12-
18 days, our experiment can be considered negative.

Discovered Sept. 26, 1934, at Hangchow (near Shanghei, Chima) dy Pr. G.
———Rose on a mongrel (whose number was 3,679), thie Chinese virus was inocu-
lated into another dog (4,226) entrusted later to Dr. Vogel, who returned to
Hamburg. After two passages made during the trip, the strais vas maintained
at the Institut des Maladies Tropicales, where, since 1934, it has boen
transmitted from dog to dog. It 1s thus possible that it has lost its
power to accomplish a cyclic evolution among ticks.

¥We thank Profewaors Mihlens and Reichsnow, who willingly supplied us
with this virus.

(10) This strain ieoclated in 1934, imparted by four D. reticulatus
females, and obtained dy Mlle., Martin from a dog having canine piroplasmo-~
eois, i alwvays conservsd at my laboratory in ticks. The perceatage of in-
fected nymphs, male or female, is nearly 100%,
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(11) Since Loundsbury, in the fundamental studies that he has made ou
the South African canine piroplasmosis, notes that neither the larvae nor the
nymphes of E, leac nourished on the sick animals, have contreacted the in-~
fection, we havo ltuted some sxperiments (520/XXIV) with nev nympn$ of this
species and the South African virus conserved in ticke at my laboratory, which
vill be published late:r.

(12) This negative experiment, refixing the ticke, certain ones of which
have more or less transmitted Fremch piroplasmosis to dog 288/XX1V, did not
surprise us, Loundsbury (190%4) has published four negative ezperiments with ;
s South African strain in transplanting respectively 10, 50, 60, and 50 mules i
to four new dogs. The only positive result was obtained in t-:z.splanting 20 !
males bred from iunfected tick-mothers, Ioundsbury notes elsevhere that the : :
smallest number of ticks which gave a dog an infection was 10,

The H, leachi seem in other respects, according to my experiments apd ;
histolcgical studies, to be less effective vectores than the Bh. sangnineus i
and especially the D, reticulatus, which in certain lots are infected 100 :
out of 100 cases. In the short article which I devoted to the study of the
svolution of P. canis (1937), I pointed out that it bad been impoesible to
ob-orvo evolving forms nf this neregitc Skoug vhe vichs B. leachi and Rh.

ineus, Vsry recently, however, I had the good fortune to observe a
toulo of the lattor species (which I have inoculated with a tick coelomic
trypancsome) strongly parasited by all the evolutional stages of P, canis
(Morroccan strain).

{13) In using another strain of Prench canine piroplasmoais from the
Zast of Prance, which I firally i1solated in working with D. reticulmtus
(strain 832/XI of May 7, 1930), Regendan:z and Reichenow (1932), to whom 1
sent this virus, were not suoceesful in infecting a dog by bites of larvae
coming from mfected female ticks, but they 4id obtain infections vith the
nyephs coming from these larvae,

(14) Puthermore certain of these deaths might be attributed to relapses.

(15) Graciously collected at wy request by M, Velu from bovines in Mo- 1
roceo.

(16) These ticks, for which I am ¢bliged to B4, Sergent, were infected
in the larwvae and nywphal stage in December 1936, on calf L.45 at the lmstitut
Pasteur d'Algérie.
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U. 8. Army Chemical Corps Research and Development Command
U. 8, ARNY BIOLOGICAL VARFARB LABORATORIXS
Fort Detrick, Frederick, Maryland
Item from the Fews Noteos on the Culture of Piroplasma canis,

by H. Ziemann,

Bull 8oc Pathol Bxot 6:140-~141, 1913,

"Our colleague, Professor H. ZiemAnn, sends to the society some gnlley
proofs of two workes on the culture of malarial parasites, and he announces
that he has been successful in cultivating this parasite in & case of
malignant tertian fever in Cameron.

M. Ziemann aleo announces that he has obtained cultures of second
gbuestiicn Divarlasen canis. The teclaigue used is similar to the ons ex~
tolled by Bass, Zieman offers the following considerations: lst, that the
optimum temperature for this culture ie 37°; 2nd4, that, for the subcultures,
1t 1s good to varm the dog serum for one hour at 45°, to iza~tivate 1it;
that one should add to the inactivated and dextrosed serum (O co, ) of a
50 § dextrose solution, for 8 cc. of bdlood with Piroplassae) some physio-
logicel water, citrated to 2 %, in the proportion of O cc., 3 to O cc.,

L, for 10 cc. of inactivated dog serum, The elimination of the leucocytes
-by centrifugation is done according to Bass's method. One odtains in

thies manner, in the culture liquid, eome fine forms of multiplication,

with 14 malarial varasites or better, as is never or almost never seen in
the peripherial bloocd. The cultures kept at 40°, and thoss kept at labo-
ratory temperature give slightly less, but equally fine resulte. The growth
of the cultures stops after about 48 hcurs; if the cultures are kept at

40°, the grovth 1s very rapid, but the Adegeneration is equally rapid.
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