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UotIu-o oteroeo rn.msino ae-acnsb ~ks

by F Ae~rsdaz an S. elchnow

L Izt-*1t . at.1 rg 24 42-1 1ý)

lar~ae ad n,-.,,.do not trnsi the~ f 01ante Naoel cars the -al j

by ifeoU aegcdoAnz alnd %.; ~iih tin tpoowic.en

L r.cjNsbcary: an Htaas thafirt lt sucee 190 ha upclaathe eormet r& nsiick
Deraceti, trans-itst a arir canine pirpospoi n othJia, aodin they were. v
discvery thoavet toe ticesen iectioena is oo ihrtheeof byincs pro e hVadl m4

ueatsaenlnd nth 1bs do notrtranmitfethed mothertick. Thitta Drs of a the
theoiry that this catick sreties is tectoris toe diseasein. can esuced

thn infection i als i 1nherithd this tyoe aatVjc! of t hce sent fr gSoene.?-.ra
xionc, no-te, l~arda and nyrutas, as erly sasd 19o bed suectictaz 'anote 1--rh

shormaedtoh eiuat us aaveo v~s corie nofcanineze ?iZ-hrotnlasmsis theyL idr -

un~,~ieaorrey toth ersn exe eta proof thc ,iereofb 1 since the tha sae
tests tnhus fiegth tran oma inf' to rmete sothge tick -nthe ro 'of the sae

preseted n 191by ru zat. ane esaliysh enoed that -ie thi tck ori

~ ioenutnot thck narva andi nohs, wer-e s0id tird lo my infeciti3 caninter

piroplaswmic byod do snocag r the infectio n to the l-c ga'etio ktilofm'spes.

icks, thaus seatngaineuish ec kon ro ofe stabes goanote 0f the tile a
ease 1tratin. erne aition do.-Is-nt only barrouse nmtpmeyo f ieted tha ekseito

alresads tic nthe nympenos, t4 ther ~ isd tcrl, alsao: mlary taw, canint 'e
dird-acdowith by ~asintg troe in.s ects. t Githe nert -eealion (inages)o. thI Chr~-bais ofpheis had cicvere s~rix thtioz~a nte.tokseis?.hiicehalsesr-gies is th4..ze vecitero ~hsi de anisrv. Heren tiloe i'h-
vase isa1 toanso e.red o dst nott e~oaranlyb ly, the : tickt b~eny otf infectdticks,

~talsowencit byta reeiednnos -phether tio isoo tuiueg itso noK111 Strag a~ne.
dhedued iths resultsare fonrom c~a by~ e ts. hriseofhr lobhvso h

i-nvestigations -with -4iioiceph-ahs saguineas in ý%is-rlql) 1h con7,trast -

to C!hrisýophers, he fo~uia -.hat althatsgh; Ebesia cars is Lrweed inherited
btiý tick,- Pril the i "roe-s of the foh'ding -4ý c realet

-'ans~ the irdee~cien to dogs,- anca that -ticks isceýVI i nr-opolaspic blood
ip -the myjqohai ste- are not infectiu 4a ~ges~ ~.5~ dn.-

Fdr the ia~ke of co-maleteriess it-hol be m-entioned er va JamIes -

sucesded n infactiZ dos JulLngl nids sý-gaineus ima-succ~el,~ -- Teix, anctnd; :ahr.d sui -1,* Ath ti c:-rs pf ;ie same so00cles -

~±r~oo S -iecUlz and a ec(9 Aoth.>- qterl haznd.,-eote
~jwr naet !asia labo :5to4 s-ram; -of :e.- cbanis through

tri-e aq~enýy af Rninicepohanus -a- -Sr
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We ~&econuc~ednu~ero5 ,~asmisie exoerinients in the last few
eaýw ich Arr msa or-ipril -at the clurif.c.Lation o ftedveo en

of abesia cLni~s intte ca-e.W aerpred on, t~heir resilt S
ele'Wherft (a'rch. F. i'oite1ne 12) Since the transisv x
pp-ieir. t~s led to jive- se oi~ui tha~t covmlernent the exoeriences

albcd ~ve_ in sevara]. ;Izeckls, they ,&ll ae stamm~arized here.
-~ -Gi~r initial tests varxe aimedl at -,he rnssioofcieul-I

-~ 1 3moa-z is th-mu&I the tick i,-h~piceplialus saanaineu3. .'21ne `ioks utiliz~.id
dazier~z Java (1,the ?iroplasma sain l.'rom theý i;asteur Institute at

Pa~~,nueavd alet u institut e in 192A. Siince shen it had -been
fl..taine ind os ratl heead partly at. the I.G.-F'arbtan iiorks at

~lber wld withbut he inýerool=tion -of tick passage. The strain is
f~.. .jy viiru.Left, d~cs wihout s~plens as a ruAle succum no t e iecion.

~-O~ (0on- the-avera e) -after super-inocu.-lation of ep'po'lasmic blood,
i'nl tre ifeiztion oten takes a milder e-ourse in o:r~er- dogs -Ath sp eens,

buit-`always _ao~cpanied by coiu p it e, in t e b! uod. In young dogs
-W#th :5Ol16tns tkAe infection is more seveare, frequently -witlh a ftal outb-

cofe Ua-sdbi-rl paetae o since .infections could not

- - - Test series I.

sD~e~U/~s ug wa ~.festd wth -a arge number of maa. and fen=.a6
[ icks,; -at th amet:me the animal trsinjected wirt-h irpam dog' b~lod..

.. f~days later the first pazasi-tes apdieared in. its blood, thxe infe',ti-ion
- ~ ~ ~ ~ ~ ~ ~ ~ fa - "rg~ae rolyadte:xiaIied on the Sth day after injectiLon.

Fa. f the fema;- e -icshad al-- dy fallen- off in a saturated state. i
_.another, splenecto miized. do7g w-as sindllady sub-etdt ticks and an in-
--jec-tion of iý pami lodo the 3rd day. -The course, of in ectin wzas

-S4 ic Ca to that of -the first dog., a large noumbec of -ticks satiated with

4 At -a ud te-Mperature oft 23.25oCU. Prd1to 1.Z6 egnafe
anoro93i~imatel.Y 5 daya. Thc. escaping 3arv'ie and, l31atter, the nymiphs here
attaLc'ed: to guinea' pg-foir feedingý, b -Ing minti4ain d at the i~ndica64ed

tefoedur ntý. neeantiihý t~he saume asdone iit~h the imagoes. The
ful-ldoiang experi t-s-were- do.-ducttd- w*ith thkis material,;

a) n eulson n i.ner Xou ~n-was p0roduced fr-om Dart of the egg-
crip of one tick (about 20er) and, ý,niected intraperitoneally, into a.

splenectomized dog. 14ne ýiog repairne - h~e-_tpy. -It was injected with pirCJ- S

nlasniL:c bodafter 3 mo4t4bsand~a~ed 6~f the: rasuiting- .1f zci
inito -,ohrs-olenectoiniz-ec dog.. The -anirall stay Ie, ha!~~

E) ~siorL of larvae of- another ti.ck (seve:a -rhunied)int ~i
-tupka I __- ne another spleeniess- dog; - No -infection.- --

d-- 4' db- QOýwUh spleim a-:Ad r-no -A thout 1r-f~t d wth a- 3large
huxnb_ of lirvaG Irl-'oz oth~er. ik5 o- ths i6p. Part ofteeavc

ga,
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fell off satiated aiter a few days: No infection.

e) An emulsion of 4 nymphs emar,.ting from still another tick was
injected into a splenectormized dog: No infection, not even after
splenectomy. Seven weeks later the dog was inoculated zith piroolasmic
blood and died of the infection.

f) .4duit tic~ks corien., from different nother tcks were attached to
dogs. Une splene6tomized dog received 3 rale and 1 fe-ale ticks, another

_ spleenless dog -ot male and female ticks (25 and 23); in addition, 4 dogs
with spleens (of which 2 were later splenectomized) received 20 m, 27 f.•
22 m, 30 f; S m, 11 f; 50 m, 50 f ticks. Piroolasmae could not be found
in any of these dogs.

Test series II.

I iAproximtely 60 adult ticks were attached to a dog. On the
following day it received an injection of oiroplasinic blood. Five days
later Piroplasmae appeared in its blood, becoming somewhat more numerous
in the next few dayys. The satiated female ticks fell off, the last one
7 days after the appearance of Piroplasmae in the blood of this dog. The I
ticks were stored as- in test 1. The follouing experiments were made wizhthe- material obtained froz these ticks:

i a) A spie.•ctonzed dog was injected wvith 'hemulsion of the entire
e -Cg crop of one tick; Th-3 a-nimal i-ias not infected.

"b) Different dogs received injections of egg emulsions of the egg
;posits of several ticks: No infection resulted.

c) A dog -was infested ith 101 female and 106 male ticks froL 5different mother ticki. 80 ticks dropped off after saturation: The dog

w -as n ot4 infected.
d) 23 ticks from 2 other mother ticks fed on another dog. Again,S - inf.ection with piroplasma failed.

-- • i sifter thes3 tests, as well as those of Nieschulz which are already

laio•m, had established that no farther development of the Babesia canis
strain used by us takes place in Rhipicephalus sanguineus, and that it is

-- - not inherited by the progeny even if the ticks and their progeny are
maintained at higher temperatures, the question arose ..hether this strain 1 1"
is trahsissible at all through this tick species, if perhaps a special

- race of -ab.sia cahis may be involved here, or -hether the utilized strainhad !ost -'he aiiyt eeo nte""-
o h ability to develo in the tick owing to its maintenance for

years solely on dogs, without the interpolation of tick passages (2).
- it is true that sich observations do not exist for Babesia, but they.havebeen made in connection with other Larasitic protozoa, the pathogeQc>

T-ypanosomes. Me. ea-tlier observations of .ieichenow and more recent ones
* by auke of TrypaxisOma gazibiense show that the developm-Lnt of ;-,s parasite

irc, its natural carrier, Glossira palpalis, is absent or rudimentary if the

* ,*
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• Typaosoes emin in the h~mrn or inanima-l pagsages without the inter-
B polation of a Glossina_ passage.

-We had another strain from a tick passage (Dermacentor reticulatus)
S: i.dth vfnich to clarify this question (3). infected adult ticks of this

• species were attached to a non-splenectomiazed dog. Piroplasmae were
present in its blood afte 7 as h neto nreased rapidly ýnd
the animal succumbed to the infection 10 days after being subjected to
these ticks. We infected another dog from this one; Babesiae were found

in its blood 3 days later. Next. we attached a number of ticks of the
species -Uipicephalus sanguineus to it. Seven days later it died of the
infection. Five saturated fem.ale ticks separated fro, U'he dead dog; the
othes not yet satiated, were attached to. another dog whnich had been

infected with the blood of the second dog a few days earlier and u-tich
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 absorlbed copious quantities of Babesiae. R•epeated transmissive
tests were made -zith the progeny of these 7 ticks, this time only w•ith the

S~nymphs and imagoes issuing from them, after these ticks had been main-
i ! •tained at a lbighrer temperature (22-230C) throughout their entire

i devel:ýpment .

S~Test series III.

O~~~-r Aslecozddgws infested u.lth about 100 nrmhs Jissuing froma

1 these 0 ticks. They attached themselves well and a large part separated

f from, the do g 5-7 days later. "Lne dog wa•s not infected. In the last test
!"w.ith 1-di_-icephalus sanguineus the imagoes of this generatiLon were attached
Sto a splenectomized do-, a total of 100 female and mal1e specimens. 32A

-• female ticks dropped off satiated 7-12 days later. The dog was not in-
! fected.

I

I ~It was shownm thus that FRhipicephalus sanguineus does not even
i transmit a strain of Babesia canis which shortly before had been trans-

i ferred ~to whho b iks"•ile the same strain is very easily trans-

Smitted by Dermacentor reticulatus, as ývll be shov•a below. Since other
S~investigators (Chr-_stophers, Brumpt, Uenyon, James) have established thati Rhipicephalus sanguineus is the vector of canine piroplasmosis in Indiar-

and the to fediterranean area, tges contradiction with our test results may.
be e--lained anoy by the assumption that there are races or varieties of
witbesia cahds tlich cftisot be differentiated mod ahologically in the dog's

iblood, and wh~ich deviate onlýy by dev•--oping in different tiJck species.

s The followe ing tests were a enn-sp ed to estadli gsh ihe stage in I

the progeny of Detboacentor re7acuatus becomes infectious if imaioes have
tabsorbed piroplasmic blood. ins evidenced by the test described above,

adult ticks of this spectes had transmidofoted Babesia canis to a dog. f
had attached 12 female and 12 male s specimens in this exheriment. dgfter

int7 days, the first Babesiae were found in the blood of t shis dog, multiplying

naf

4 thmevsadfl f ntetid a.Tu h ik fti oce
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rapidly in th~e ne-xt few days, so that the dog diad 9 days after beingI V
oujected to the ticks. Six ticks dropped off, and 4 others, not. yet

fully saturated, were attached to anotner dog th:Lt had b -een inocu.2?.ted
i-ith the blood o1f trne first do- on the -orevions la. ara-sited appeared
in its blood, tio days after tcalttachmprit of ticks, reproducing rapidly

ana causin: 'the de-th o-f this non-snlenectoinidzed do gatznadtoa

a4fter 0- days of feediing, so 'that all had abosorbed co-oiou.s quantities o f
parasites -Aith the blood. Th~e t;icks were stored singly in jars at aj
lya!.id average temperature of 230 C. The fo~llowing experiments were made

writh the orogreny of theze ticks:

a) A splenectomiized dog w-as inoculated with the emulsion of part of 1
the eg-g crop (about 500 eggIs) of the tick that had fed the longest on the

seconD do n wih as sho,,zi by milcroscopic examn.--ation, was i-nfec ted
with Piroplasrnae (see our report on the developmnart of BZabesia canis in
the tick). Since no Babesiae were found in the dog'ls blood, it received
an injection of the entire egg deposit of anotther tick. This action
caused tick paralysis width t~he typical s.ympk-tomas recently described in
detail by ;Aegendanz am, cceichenowe in connection with tick paralysis
poroduced by the e-1s of -Uhipice-phalus san,-;ineus. The animal recovered
from the paralysis within a fwdy.No Piroplasmae were found in its
blood.

tha b)Another splenectomized dog was injected with an emulsion of more

thn100 larvae origi~natini- with 5 different infected `.Lcks. Again 'the
infection failed.

a ) Numerous larvae -were attached to a splenectomized dog, of *thich
thr-ee fell off satiated after 4 days. The dog wras not infected. theseI
larvae belonged to another -series (see IV f, V).

d) later about 20 nyniphs from 4 different infected ticks were
attached to another splenectomized dog. Of these, 8 dropped from the dog,
after a few days. Seven days after the attachment its blood revealed

Babesiae; they multiplied rapidly and the animal died after 2 additicnal

e" The last ex.Deriment 'was repeated inz-ediately by attaching about I~
40 n.-m-phs to anoth'er spleenless dog, all emanating from another tick.
Of these, 12 specimeais dropped off saturated after a few days. Six days
after the a't'tachrment of%. nymphs this dog also showed Pabesiae in the blood,
increasing rapidly and causing the death of this anima.l 9ays after the

attachment of n~yi.kps.

n *ed ogsintw*tess; henymphs came from ticks that hlad lived through I
thewiner fte aborbngpiroplasmic blood (see below). These nympns

tor reu t~aZt:ofed2 n heog other other t~eims inere fedt on s fouendc:
tohv e osti-'o;teo ivle a o infected.

5



••-'-;• • i•'i•• Thus the tests he-¢e revealed, in contrast to the results of Brumpt,
J • that n•phs of Dermacentor reticulatus from ticks fed on dogs infected

• i " • v•th P£•nla•ae are caoable o-" transmittin• oironlasmosis. The •esult
• • •I : a•ees with the findings of Christophers in connection :•th ,hhipicephalus

Ssinguineus• with the res.-r•a•ion that his exoe• .mants were conducted in a
• • • country •%ere canine Diroola•_mosis is endemic and sources of error could
i • •---•I -• not •e entirei'y excluded.

__ Test series g.

•'• -- • Lastly, we determined the percautage of adult Dermacentor reticulatus

•I be• infected.

• • • a) A spleenless dog was subjected to 3 male •d 6 female adult ticks
I I descended fro- infected mothe• ticks. Of these, only one male and one
q • 1 ......... fam•le attached th•w•elves and dropped off after several days. Nine days

S •.• : after attachm•n• the dog's blood e•_denced Piroplasmae, increasing rapidly
i and Causing its death after 3 addi•&onal days.

b) Another splenectomized dog •s subjected to 3 male and 3 female
ticks as in test V a. Of these, only one female remained attached,

B 1 ! dropping off after lO days. The first Pirop!asmae appeared in the dog' s
blood af-er 8 days- they •_!•t•_n!ied in the following days and caused the

i• ! 1 anim•l's death 16 days after attec.hment.

i • "• €) We also succeeded in infecting a young, non-sp!enectomized dog

i•] •h piroplasmosis by attaching • female and 3 male ticks from the same

• Series as in, tests F a and V b. in this case the parasites appeared in the
•. blood 7 days after subjection to ticks. The animal died after 5 additional !

- !

In evaluatin== the results of t.•s test series it must be borne in
• mind that not only females are involved as vector• of the infection

(early determined by means of satiated specimens), but undoubtedly the !
:j males also, although this canndt be established in the same •anner. For i

SOur findings reported elsewhere have shm:• that the development of Babesiae .1 'in the salivar•j glands occurs in the males in the same manner as in the
females. Still, it follows from the small number of ticks used in each

!I infective test that nearly all progeny of a m•ther tick in possession of !
Babesial blood become infectious. •ne successful infections carried out
by Bru•no• and Larrousse •-&th 2 fe-•ales and 1 male of Dermacenton venustus

I tend to support this opinion. In could be concluded from our negative

Sresult •ith one nymph (test IV f) that the infection of the progeny is not
! 100%; however, microscopic examination of the salivary glands revealed !

that while not all rQTmphs are i•ectious, all imagoes definite?.y are.I "
in the case of Dermacentor reticulatus• the deposit•g of •.•s

" - :begins in spring alqd • r, 2-3 days after abandoning the host a•i=•l, i

in our _•.ttempts to breed this tick species the laying of eggs started
c0nsider•oly ]•Ater, in some •cases after 60 days, in others still later or

)" PA .not at all. The ticks of this series .had ab•rbed oiroplasmic blood in
S•./
S6
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Se. embr ad .. ere=%itaind a a umi temeraureof aout2j-504

111hen in the Loll owx~yezr ticks that had fed in Seoternber had not started
to lay eggs 8 aays after dropping off, vie assumed that this species of

t Ga::::: enfi fo t hec ite:pl:tin:: the i-inter season. We

th n 'Decem'ber these ticks were returned toaarertxeatr
(about- 2300),x which was fol-e ytedeoosit of egg-s in large- amounts
a few days la-ter-. The ticks' further developm~ent proceeded normally.

Subsequently, tik fti eiseeeused for a few transmissive
tets the first of which aere conductea with nyiaphs and have already

been listed under U' f. .Adult ticks of this series were at ached to a young,I
non-splenectordzed dog in i~ebruary, a total of 12 females an~d 10 males.
The dog'Is blood s~ho-.,ea Piroplasmape atr7days, which increased in the
next few days and tien decreased a few days later. in was demonstrated
thereby that the B2abesial -infection 0fth tick, n the eggs, respectively,

ha ot been eliminated by wneigfor the indicated pericd and
te.-aoratures dropping to /900c.

S wcia ry .

t 'N -h traniisno caieQrplasmosis through the agency of the

asseon sthein ofFr-lsi were used -in these tests, one having been
passd onfor years from dog to dog, whiile thne other had just been tranls-

M~ttd t th do byDernacentor reticulatus.

On the other hand, transmission of Ba-besia canis by Derinacentor
retticulatus always succeeded without difficulty.

Since other inv.estigators had previously succeeded in transmitting
canine D ixoplasmosis by maeans of ilbipicephalus sanguineus, it is assu'med
th.1-4at there are races of Banbesia canis which differ only in their
suitability to different vectors (tick species).

The ?,abesial infection of D~xmaacentor reticulatLus is inherited by
its progeny. ..e did not succeed in producing piro-plasm~osis in the dog by
injectind infected eggs and larvae or by the attach;me-nt of larvae. On the
other hand, ny~rrphs do tcransmit canine Diroplasinosis during feediing, just
as the adult t~icks.

Dermacentor reticulatus -nasses thre Babesia2. infection to almost the

entire progeny. The male ticks are also capable of infecting, since their
salivarýy glands are infected with Babesiae in the same =nanner as the
fe-iles.

The Babesial infection is not exiti~npaished by- the wintering of female
ticks (cooling to /900) after absorption of piroplasmcbodadpirt

K) egg laying.'

7
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N 0YNOTS.

- (1) This tick strain u-as r-vde available to us by Dr. Nieschulz-

-Utrecht. it is the same ralterial as used by Nieschulz and our tests
wore conducted at app roird,•tely the same timm.

-(2) The latter is also being assumed by Aieschulz as an answer to
his negative results.

-(3) e received it from Dr. Brumpt-Paris, -Mho sent us ticks of ths
species infected with Babesia cards.

, I
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