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Lortributlon to the mode of Lransmission of Babesia canis by tick
by F. degendanz and 8. Heichenow. B
Zentraldbiatt f£. Dast. I. Orig. 124: w-us (1933). -
Lounsboury as the "1rst to succesd i the experime entel Sransmi sszorx R
of Babesia canis througn the ag;e:zc,f of ticks. He showed Lhav naemomy &iis
leachi

transinits canine piroplasmosis in 3outh africa, meiding the iwporteant
d1='0'\ve27 thet the tick's infeciion is inherited by its progeny ana that

tne next generaticn omj berones infectious in »ne JJ?.?."O stage, while its —_

iarvae and nymphs do not transmit the {)d.z‘u.)luEa tall vas then -able to
con.;.lrm thet this tick snecies is the vector of Ba-;es.;a canis; ae gz.ceeeded

in 1h.i‘evans a doz in .Jngl.«na with this type of tick senfi from South & rica. _

in France; fnocard 2nd ¥olas, as esrly as 1902 had suspecteu another
Dermacentor retizulaius, as carrier of canine piroplasxosis; they were
uncble, howsver, to present experimental p*'oof“ thereof since they had made
tests only with larvae from an infected mother tick. The uvcoﬁ of the
theory that Dermzcanior reticuleins carries diseasg in France wer . -
presented in 1919 by Brumot, He established that in 'tm_ls tick species - -
ine infection is alsc inherited. Only une ..c:ul':m.c&.: of the new genegs~
tion, not the larvae and nymohs; were szsid fo be infectic %e iurther
showed that larvee or nymphs of ron-infested wother t2 eks, rxmspd with
piroplasmic blosd, do noi carry ‘the infectizn to ihe -;'.m‘“ stage of thése
Ticks; thus negating infection from one stzge to another ol the same.
zeneration. In addition, Bruzpt and Iarrsusse noted that Dermoceitor
vemstus, tick not indigenous i« the 014 World, also mav transiit canine
pirovlasuosis by passing the inlzction t0 the rext zsneration Lma"oes}.
Cnr:.szophers had ¢i scovered earlier that iz India andbher tick species,
Rhipicephzlus sanguineus, is ths vector of Bahssia ganis. EHere lce dis-
ease is transferred to dogs not only by the aduli progs q:f of iudected ul"x{S,
Lut alre2dy by he nymons. Jhether this is irue also of Jarvas canne‘ ve
decduced with ceriainiy from nis %esis. CarisStophers also velicues on the
basis of his observ.iions of tae parasitels ueve.;.o?.z.:en{. even though he
was unable o so demonsirate experiment2lly, that a 3ick becoies :.ni‘scta.ous
also when it uas received m.roolas.ﬁ..c bleoa during its ny"sm}. stage.
’l‘hese test resulis are coniradic.ed by those of Zruset, whiie made further
ves.,_§ ations with Zdpicephalus zarguinsus in Tunis ( 19.1.‘ ). In conirast
Chriscophers, ne Jouna thed although Bebesiz canis is irueed innerited
this tick, only the imegoss of the J_c.}.‘o wing »emfawa“ are able fo
a*gszvu. *'he infeciicn to dogs,. and that tigks “}camuzg n;“oalasmc vlood
e :m:.ral stage are neh infectious as a‘x:soe' &t She r”“ i‘eedms.
t"ze sake of completerness it should be ms zmepbionad hede . James .
Znglarnd with soipdcs
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lle_fa&fre con czuctea nu*xerous transmissive exveriments in the last few
vea.rs which werd aimsd Ommarlly at the cluri fic.xt* on of the development
oi‘ 7&‘>esn canis in the carrasr. Ve have reported on their resulis
elsevnera {srch. f. -‘o*clsuenlmnue, 1932). _ Since the transiissive ex-

perimenis led to giverse Conclusions thdat compliement the experiences

-~ listed abcve in several Aspeccs, unev w31l ve summerized here.

T - ur in,.x._.e.l ests were ainmed al the tremsmzission of canine piro-

sleemosis through the tick ihipicephalus sanguineus. The ticks utiliszud
(.amc frow Jova (1), the ?1*‘0:)..asm. strain from the Fasteur Instifute at
Parls, iade available to our institute in l92n. Since tThen it had been
E 'nalr'tan.nea ‘Un dogs, ‘yruly here ang parily at the I.G.-Farten sorks at
.;loemelu, without the interoolation .of o tick .,assa.zc. The strain is
. fa.l"“ly" virulent, decgs mthou., spleens as a mile succuzd to the infechion
ﬂ8—-10 deys (on the. a,ve*'aoe) after super-inoculation of pironiasmic biocod,

~1"111e tre infection often lukes a mhe*‘ course in olner-do; zs with spleens,

but"a'lv.ujs 2¢zcmpanied by copions parasites in the bluoag. In young dogs
~with- spleens “be infecticn is more severe, ireaquentl with a fatal out-
come, e 1sed primarily splenectomized dogs, since .iafections could not
be ove*f‘luo{ea under tqebe clrcumstmces.

> : - Testk series I.

A sulecy 1°ss <:1c>o was -'me%eu muh 2 large numonr of m.ale ard ;e:rﬂ-

[ j days later the f.rsb m‘&sﬁ.es appeared in its n'lood t.rxe mfe\ ulOI_l
orogressed rapidly and the animal died on the 8th day &fter injection.

 1 r.J‘. ‘Gf the femile ticks had a.lreaay fallen o...i‘ in a saturated state.

motner splenectomized. og was. sml_.rlj subjeched to ticks and a2n in-
—Age-tlon of pireplasmic blood on the 3rd day. The course of infection was
’G...-zvlud.l to that orf the first dog, a large numter of 4icks satieted with

at & himdd temperatuve of 2)~25°G rodustion of ezgs began aiter
“anaronma.uely 5 uaya. Thc escaping Zlarre and, Jater, the nymphs wer
atoac sed to gtuz:ee. pigs for feeding, oe.ng maintained at the indicated
"&emoe:ature in the xfeam:.me, The. szIe was done wi-th the imzgoes. Thne
fcillomno experimnts. were: co.’;ductzd vith this material: .

_ =7 a} in emulsion in 'aner SGILT 5‘ w2s produced from part of the egg-

crop of one tick (about 4;0 €zis) and é,n;ec‘:.ea intraperitonecally into 2

_"spienectonized aog. The dog 1 “ema:.recé h eartny. It was injecied with pira-

nkss;c alosd afier 3 monubs -and :ed of thé resulting infection. .

o ), - &n emulsion of about. 500 eggs of another tz.cr Jrr.rapeutoneall"

1ntc another snlenecto.g.,zoa dog. - The animal sv_.y ed haaluhj. - .

_’/\5}'\ Ls'n.\a.ss.on of larvae of, another ek (several rurw*ed) intr, raperi-~
ailf'._utc anotner snlaenfecs de Fo-inf ecfa.on. S

"~ 4 dez v.mtﬁ spleen 2rd cne .»n.ti\fuu wers infested with a large
. (= - >

T larvas xz’om otiier ticks of tnls gréup., Fart of these lJarvas

rap.:.asm:.c plodd was vbtainieC. These were then mzintained singly in jars
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fell off sati

ated arter a few days:

o infection.

e) 4n emulsion of 4 nymphs emariting from still another tick was

injected into

svlenectomy.

2 splenectomized dog:

No infection, not even

after

Seven weeks later the dog was inoculated with o:.roolasmc
blood and aied of the infection.

£) adule ticks coming from dif "e rent mother ticks were attached to

éogs.

ne snlen ctormized dog rezeived

2 rale

and 1 femaie ticks, another

splsenless dog got male and female ticks (25 and 23); in addition, 4 dogs
with spleens (oi‘ wnich 2 were later splenectomized) received 20 m, 27 f:

22 n, 30 f;3 &m, 11 £f; 50 m, 50 £ ticks.
these dogs.

in any of

ADDrOXLm

ately 60 adult ticks were attached to a dog

Test series II.

;ollom.ng day it received an injection of oiroplasmic o_Lood.

later Piroplaswae appeared in its blood, becorring somewhat
The satiated Iemale ticks fell off,
7 days after the appearance of Piroplasmee in the blood of

in the next few days.

ticks were stored as in test I.

- a) A splensciomi
2az crop of 'o‘x‘le

tick:

The following experiments
trxe xrater.m;. obtainea fror these tm-cs'

Pirovlasmae could not be found

On the

Five days

more nNuLerous
the last one
+this dog.
were made with

The

dob was :mgectea with ..he emulsion of the entire

}.‘M a.:nu.a1 ¥=2s not J.nxeco sd. -

b) Different dogs received injections of egg ex.rmls:.ons oi the ezgg

*3posits of several ticks:

Ho infection resulted.

¢) 4 dog was infested with 101 ferale and 105 rale ticks from 5

giffzrent mother ticks.
infected.

w25 not

d) 23 %

infe

.

afte

icks from 2 other mother ticks fed on ancther dog.
ction with piroplasma failed.

80 ticks dropped off after saturation:

The dog

Again,

thesz tests, ac well as those of Nieschulz which are alrezg

kmown, had estavlished that no further development of the Babesia camis
strain used by us tzkes place in dm.plceona.l.us sanguinsus, and that it is
no%t inherited oy tane proveﬁy even if the ticks and thelr oprogeny are
virether this strain-
is treéfsmissible at 211 t'xrouc,a tnis tick species, if perhaps a special

maintained at nmigher

-

race oi Babasiu canis mdy be involved here, or whethsr the utilized strain
nad lost bhe ability Lo develop in the

.Lv 1° truz that &.Cxl observaiions do not exist for baoesn.a, out

tempera

uares, the question arose

tick owing to iis meintenance for
3<’¢rs 'solely on dogs, without the interpolation of tick passages (2).

they have

oeen mads in connection with other perasitic protozoa, the pathogenic
Tre eatlier ub,sez'\.fatlons of .1el"be2101"

Try0anosones.,

by Buke of Trypaaosoma garbiense show that ¢
in its naituvrz2l carrier, Glossira palpalis,

3

znd more recent ones

he development of ihis parasite
is absent or rudimentary if the
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Trypanosomes rema2in in the human or ih animal passages without the inter-
polation of a Glossina passage.

-ie had another strain from a tick passage {Dermacentor reticulatus)
with which to clarify this question (3). Infected adult ticks of this
species were attached to a non-splenectomized dog. Firovlasmze were
present in its blood after 7 days, the infection increased rapidly «nd
the animal succumbed to the infection 10 days after being subjected to
these ticks. iie infected another dog from this one; Babesiae were found
in its blood 3 days later. Next we attached o number of ticks of the
species whipicephalus sanguineus to it. Seven deys later it died of the
infection. Five saturated female ticks separated Ifrom the dead dog; thne
others, not yet satiated, were asttached to. ancther dog whicn had been
infected with the blood of the second dog a few days earlier and which
now showed severe piroplasmosis. Of the ticks fed on it, 2 re-attached
themselves and fell off on the third day. Thus the ticks of this species
had also absorbed copious quantities of Babesize. ZIepeated transmissive
tests were made with the prcgeny of these 7 ticks, this time only with the
nymphs and imagoes issuing from them, after these ticks had been main-
tained at a higher iempercture (22-23°C) throughout their entire
development..

Test series III.

A splenectomized dog was infeésted with about 100 nymohs issuing from
these & ticks. They attached themselves well and a large part separated
from the dog 5-7 days later., %Fhe dog was not infected. In the last test
with Hnipicephalus sanguineus the imagoes of this generation were atiached
to a splenectomized dog, a total of 100 female and mele specimens. 32
Temsle ticks dropped off satiated 7-12 days later. The dog was not in-
fected.

It was shown thus that Rhivicephalus sanguineus does not even
transmit 2 strain of Babesia canis which shortly before had been irans-—
ferred to the g by ticks; while the same strain is very easily irans-
mitted by Dermacentor reticulatus, as vill be shown below. Since other
investigators (Christophers, Brumpt, ifenyon, James) have esiablished that
Rhipicepnalus sanguineus is the vector of canine piroplasmosis in India
and the Mediterranean area, this contradiction with our test results may
pe explained only by the assumption that there are races or varieties of
Eabesia caais wrich cannot be differentiated morphologically in the dog's
blood, and which deviate only by devoioping in different tick species.

Mest series IV.

The following tests were desisned to establish the stage in which
the vrogeny of Dermacentor reticulatus becomes infectious, ii imagoes have
absorved pircplesmic blood. «s evidenced Dy the test described above,
adult ticks of this species had transmitied Eabesia canis to a dog. ve
had attacned 12 female and 12 mzle specimens in this experiment. after
7 days, the first Babesiae were found in the blood of tais dog, multiplying

b
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rapidly in the next few days, so that the dog diasd 9 days after being
sudjected to the ticks. Six ticxs dropped off, and 4 otners, not yet
fully scturated, were atiacned to anoiner dog that had been inoculzted
with the blood of tne first dog on the previons Zay.. Parasited appeared
in its plood two days after thc zitachment of ticks, reproducing rapidly
ana causin: tne de.tn of this ron-splenecinmized dog afier =g acdiiic

_zn auditiconal

7 days. Of the Zast L ticks, 3 dropped oif after 3-4 days, the last tick
aiver & days of feeding, so that all had absorbed copious quantities of
parasites with the blood. The ticks were stored singly in jers 2t a
nurid average temverzture of 23°C. The following experimenis were made
with the orczeny of theze ticks: ’

2} A splenectomized deg was inoculzted wi.th ths emulsion of part of
the ezg crop (avout 500 egzs) of the tick that had fed the longest on the

second dog and which, as shovn by microscopic examinaiion, was infected
with Piroplasmae (see our report on the developmer.t of Babesia canis in
the tick). Since no Bzbesiae were found in the dog's blood, it received
an injection of the entire egg deposit of another tick. This action -
causad tick paralysis with the typical symptoms recently described in
detail by -legendanz ant .ieichenow in connection with tick paralysis
produced by the eggs of ‘thipicephalus sanguineus. The animal recovered
iror the paralysis within a few days. Ko Piroplasmae were found in its
blood.

b) inother splenectomized dog was injected with an emulsion of more
then 100 larvae originatingz with 5 difierent infecied sicks. Again the
infection failed.

c) Numerous lurvae were attached to 2 splenectomized dog, of Wwhich
three felil off satiated after 4 days. Tne dog was not infected. These
larvae belonged to another series (see IV £, V).

d) Ilater about 20 nymphs from A4 different infected ticks were
attached to another splenectomized dog. Of these, & dropped from tne dog
afier a few days. Seven days after the attachment its blood revealed
Pavesiae; they multiplied rapidly and the animal died after 2 additicnal
days.

e) The last exverimeni was repezted inmediately by attaching about
L0 mmevhs to another spleenless dog, all emanating from another tick.

Of these, 12 specimeas dropped off saturated after a few days. Six days
after the atizchment of nymohs this dog also showed Babesiae in the blood,
increasing rapidly and causing the death of this animal 9 days after the
attachment of nymohs.

f) 1In addiiion, nymphs Irom other motner ticks were fed on splenecto-~
mized dogs in two tests; the nymoas came from ticks thai h2d lived through
the winter afier absorbing piroplasmic blood {sse below). These nymphs
were reluctent to feed on the dog, only one specimen in ore fest was found
o have fed to satiation; tnedog involved was not infected.

. e a——— o A
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Thus the tests have revealed, in contrast to the results of Brumpt,
“tnat nymohs of Der:m acentor reticulatus from ticks fed on dogs 1niect,ed
" with Piroplasmae are capable of transmitting p:.ronlasrnosn.s. The result
agrees with the nndln&,s of Christophers in connection with .hipiceohalus
" “sanguineus; with the res~cvation that his exveriments were conducted in a
country where canine viroplasmosis is endemic and sources of error could
not be entirely excluded.

Test series V.

e Iastly, we determined the percentage of adult Dermacentor reticulatus
~being infected.

4? : ' a) A spleenless cog was subjecied to 3 male and 6 female adult ticks

;- descended frox inrected mother ticks. Of these, oniy one male and one

o —fomaie attached themselves and dropped off afiter severzl days. Nine days
after attachment the dog's blood evidenced Piroplasmae, increasing rapidly
and causing its death after 3 additional days.

b) Anotner splenectomized dog was subjected to 3 m2le and 3 femile
-~ ticks as in test V a. Of these, only one female remained atiached,
drooping off after 10 days. The Tfirst Piroplasmae appeared in the dog's
viscd afzer B8 days: they rmltinlied in the following days and caused tne
animal's deatn 16 days after attachment.
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c, we also succeeded in infecting a young, non-splenectomized dog
vith piroplasmosis by attaching 4 femaie and 3 male ticks from the same .
. : series as in tests V a and. V b. In this cese the parasites appeared in the

= : ) blood 7 days after subjection to ticks. The am.mal died after 5 additiomal
¢ : days.

Ak

20

L
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F 3 3 . In evaluating the results of this test series it must be borne in
E . 3 . mind that not only females are involved as vectors of the infection

' ] (easily determined by means of satiated specimens), but undoubtedly the
: males also, although this cannot be established in the same manner. For
g : 4 our findings reported elsewhere have showm that the development of Babesiae . i

E: in the salivery glands occurs in the males in the same manner as in the

E k females. 5till, it follows from the small number oi ticks used in each

L infective test that nearly all progeny of a mother tick in possession of |
Babesial viood become infecticus. The successful infections carried out
by Brumpt and Larrousse with 2 females and 1 mele of Dermacentor venusius
tend to supvort thnis opinion. In could be concluded Irom our negative
result with one aymph (test IV f) that the infection of the progeny is not
100%; however, microscopic examination of the sal:.vary glands revealed
that vinile not all nymphs are infectious, all imagoes de."lm.tely are.

RN —

] - In the case of Dermacentor reticulatus, the depositing of =ggs
‘begins in spring and summer, 2-3 days after abandoning the host animal.
In our =bttempts o ‘breed this tick species the ..a.ﬂn&, of eggs started
. : . cons:.aeraoly iater, in some ‘cases after 60 days, in others ss,:.ll Jater or .

Aot at all., The ticks of this series had absorbed piroplasmic blood in
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Septenber ard were rzintained at a humid teaperature of about 23-259¢. .
then in tne foliowing year ticks that had fed in September had not started
to la_/ eggs & aazys after dropoing off, we assumed that this species of
tick might benefil fron the 1noerpolatlon of the winter season. ile
tnerefore stiered tne ticks for 2 months in a cool room in wahich the
temperature in the months of lovenber and December dropped to about £9°C.
b the end of Jecember these ticks were returned to a warmer temperature
(about 239C), wnich was followed by tne deposit of ezgs in large amounts_
a few Goys later. The ticks! furtner developient proceeded normaily.

Subseaquenily, ticks oyr this series were used for a few transmissive
tests, the Tirst of which were conductea wita njiohs and have already
been listed under TV f. ..cult ticks of this series were aitached to a young,
non-spleaeciomized dog in February, a total of 12 femsies and 10 mzles.
The dog's blood showea Piroplasmae after 7 days, which increased in the
next few days and then decreased a few days later. In was demonsirated
thereby that the Zabesial infection of the tick and the eggs, respectively,
had not been eliminated by wintering for the indicated pericd and
temparatures dropoing to £9°C.

Swanary.

The transmission of carine piroplasmosis through the agency of the
tick Rnipicephalus sanguineus failed.

Two strains of Piroplasm2 were used in these tests, one having been
vassed on for years from dog to dog, while the other had Jjust been trans-
mitted to the dog by Dermzcentor reticulatus.

On the other hend, transmission of Babesia canis by Dermacentor
reticuliatus always succeeded without difficnliy.

Since other investigators had previously succeeded in transmitting
canine piroplasmosis oy means of fhipicephalus sanguineus, it is assumed
that there are races of Babesia canis which differ only in their
suitability to different vectors (tick species).

The hLevesial infection of Durmacentor reticulatus is inherited by
its orogeny. .e did not succeed in producing piroplasmosis in the dog by
injecting infected eggs and larvae or by the attachment of larvae, On the
other hand, nymphs do transmii canine piroplasmosis during feeding, jusu
ag the adult ticks.

B Dersacentor reticulatus passes the Zavbesial in:ection to almosit the
entire vrogeny. Tne male ticks are also capable of infecting, since itheir
salivary glands are infected with Bebesiae in the seme mznner as the
£
ferales,

The Babesial infecticn is not extinguished by the wintering of female
ticks {cooling to #9°C) after absorption ofi p_.roolasmc blood and prior to
egg laying. ’ —
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; - NOTES.
P Y 5 =i DR (1) This tick strain was mde available to us by Dr. Mieschulz-
i & - : " " Utrecht. It is the same material as used by Nieschulz and our tests
i 4 - § T ‘were conducted at approximately the same time.
N s ; . . : e
o 3 1 (2) The latter is also beinz assumed by nieschulz as an answer to
5 4 his negative resuliis.
+ 5 . - i
P ZEIR ] . . s e oo . . . . . a3
4 & : . (3) +e received it from Dr. Brumpt-Paris, who sent us ticks of this
B - W ; species infected with Babesia canis.
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