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I N July, 193a, a preliminm·y report \Ya,; published on the transmission 
of Louping Ill to sheep by H. appendicu lat us n.nnpha e that had 
picked up the virus infection by fee(ling ou a Teacting sh eep in the 
previous lan :al st age . 'l'he::;e initial r esults prompted a fairly 
extensive studY of the mode of transmission of t h is Yiru s hv the brown 
tick . The out rome of this work is publi sh ecl in the hope t ha t it may 
be of some Yalue to "·orkers in those areas wher e the disease is kno\Yll 
to occur, in a(l dition to being useful, shou ld the disease he (hagnosed 
in this country at some futu re elate . In this ('(mn edion it must be 
pointed out th~t a thorough Jm O\\·leclge of the infectiYity of t he various 
stages of a species of t i('k, af ter feecling on a Yar·iety of h ost,; , is not 
only of academic in terest, bu t is of extreme practical importance 
because this knowledge must serve as a basis for t he promulgation of 
t hose prophylactic measu res \Yhich aim at the er:)(li cation of t he 
disease hy eliminatior, of the infective arthropod vector. Bearing this 
in mind it became eo;sential t o determine the susceptibility of some 
domestic animals, other than sh e-ep, " ·h ich might sene as h osts and 
potential r eserYoin; of infection for t he ticks. Th erefore, while the 
tick breecling- work was in progr ess, st eps \Yere taken to (l etermine the 
su sceptibility of (·attl e and of hOl'se~ to Loupi ng Ill . 

THE SUSCEPTIBILITY OF CATT LE T O lOUPINC I LL. 

On 7th October, un:!, a calf (45:~5 ) \\'US iujectecl in trni h ecall,Y 
"·i th 2 c.c. of t he t urbid supernatant fluid obta ined h om centrifuging 
a 1 per cent . saline emulsion of desiccated in fective mou se br a in . The 
operation was perform ed with full asept ic precautions lJDcl eJ· <·hloral 
h ydrate an aesth esia by in serting a long fin e irocat and canub between 
t he atlas and axis into t h e spinal canal. 

On th e aftern oon of t h e third clay after injection t he temperature 
rose abruptly to 105 · 3° , hut no clinical symptoms could he detected. 
The following morning the temperature 1vas 105 · 6°, there was com­
plete inappetence, t he abdomen \HI S m arkedly tucked u p an d there 
were signs of profuse \Y ater-y diarrhoea . SaliYation was faid:y pro­
n ouHce<l , r espiratim1s huniecl an <l shallo'" an<l the animal either 
wandered aimlessly in an arch round the hox, or ;;tood in a semi stupor 
with wild, staring eyes and t witching m uscles . During the course 

15 



TIL\X~:\LJ~SJOX 0 1' LOl T l:\"(; JLL BY TICJ\ S . 

of the 1la ,. se1 l' ral Yiol ent fits, l'ltar:H teri zt>1l b y ,,·ild t·hargi11g 1·outul 
t h e box, .occuned. To11·arcls eYrnin g t hr,;e fits bel'allle nnwh more 
hel[Uent ('2-:~ 11e1· hom ) anrl cuulcl lH=' initiated ]JI- o·iYino· the m1imal 
a fright say l1y ~culdenly ~houting or dapping the. h~nd :;.

0 

Y ision 11·as 
llOII' m m·ke rll \ · i lllp:J irefl :;iJJCe t h e cuJf 11·oultl eh:IJ'g-e, h('llowing, IYitb 
it,; head clo,,·n into t he 11·:ills or thP manQ<'J'. I t 11·ould coulinu1· it .~ 
m ad ~bmpecle for .-;e,·enil minu t es b ef01·p ' +:illiJ Jg to the grounrl com­
p\ p(ely Px hauc;(ed i 11 a ~emi comato~P collllition . Aft e r son te tinJP l\ 

11·oultl J't'l'OYeJ· c>ufliciently to ,;tflgger to it,; feet :1ml nftPr -taring i11 tu 
~pnl'e wit h a 1·:Jcan t exp n'""ion 11oul cl r-omJ neJJr-e :lllot hPr '"ild charge . 
..-\.. 11 _,- atiPmpt at co 11 l rol 11·a,; qu i le i m pos~ihl e and ~f'Yl'l'e abra sion~ of 
the h ead, t h P :;Up1·:101·hi!nl crr~i and th e lwrn~ 11·en• ~nsta iuecl as :l 
rr:·~ u\ ( o l c n !'hing int o t h(' , ,·a ll :;. l ~:der in t hr 1' 1·eni11g- a paresi~ of 
l h1· il i ndq u :nLe 1·s <len>l opl•li ~o 1 lt:lt ihe 11 i \(1 t·h:n ) . .!,·ing- lwunne ]p,,; 
, ·ig-oro u ,; . TIH· follo11·ing lliOJ n ing th e body lempen1tu re had fa ll en t() 
10'!·(i <J JJd ih P an im al 11·a ,; Tmnble io 1·ai~P itfl h indqu:nte r:; off lit e 
g mun rl . Par:Jl ysis progrb:ie ll rapiclh· from behintl l'J'ani.all.\· so tha t 
h_,. mid -d ay c•1·en a sternal po~ii- ion could not he m:1inl·a ined. The 
a nimal 1'(-' lil:l in e tl on i ts ~icle h ut retai11 e(l full concionsness a,; 
e1·id enl'Pd by fl icking of the P<ll'-i to chase a1Y:1y flip :; antl obYiou,; 
l'Pcog-ui lion of t h e :1ppro:wh of an at tenllflnt. D eat h occurrerl tli P 
,;aJII P aftPJ' JJ OoJ J p re;-;u nw h \\· as <I re,;uli of p<na]:.,·.-;i:; o± iliP di :1plu :1glll . 

P oc;L-morlmn exam i nation J'el·ea l.Pll no marked allllonna lity ot her 
t h a H thP :;eYPH' abr asion,; flue to traumata . Tl1e m eningeal Yesseh 
sh o11·ed ,;ligh t en gorg-emen t but ther e >~·as no e1·icl ence of a p cnulent 
meningitis o1· ahcessa tion of t h e h rain. 

T llP brain 11·as remoYPtl >Yith asepti1· precuut ions <Ill(] sto.red ovrr­
nig- h t i n th e free;~, i ng· ck unbPr of an Pledril' 1·ehigerator. Kext 
morning t h e s urfal'P of one cerebral hemi6phere was wash ed " ·i th 
sterile sa lin e awl a s mall portio 11 abou t 1 UJL sq uare excised from th e 
d e pth of t h e brain suh~ta n ce. .\. 1 p e1· (·pnt. sal ine e 111Ulsim1 of thi,; 
ma(Prial \\·as injectPcl i n tr:1cm·e b1·all)- in U-0:3 c .r ·. amounts into ea ch 
of t hree micf'; a ll t h e m it·f' di e rl on t h e 6th (la:'i- a fter showing typical 
sym ptom s of Loupin g Ill . Thi s indicat es t!J:1t n consid Prable penetra­
tion illlt \ p roh :JlJl ;,- a ('01l :S idPrable m uJ.t[pJi r-aiion of' the Y l.l'U S ha d taken 
p l:v ·e . Th e di:1 gno~ i ;; of Loupin g Il l 11·:.1;; r-onfirnwd by in j ed ing 1 c .c. 
of a 0·'2 per <·l·n t. emulsion of l h e brains of the mice c;ubcu taneou~l~­
into h 1·o s u :;cPpi ible ~ heep. Hoil1 "h PPJl :;uct'llllllH•t l to lypical Louping­
lll. 

[u :111 a tlP illp t to cOJJfiP rm t he ,-; u6ceplibi l ii .\ of t·;dile to t he clis ­
ea :'l' HU JJJe ro u:; H. ''Jif !Cndintlutu.\ JJ\'l ll ph <IP fnJJJJ a h:dch (1'297 1\.C) 
k nmo1 to lJe in ferte tl 11·it.h Loupiug· Lll ,-inb 11-(• re h·d on t hP em·s 
of <I nin r- m ont l1s olfl l'alf (6:2:YL). T he tiek~ ni.1:1l'hed on 0.11.0:\ awl 
a ll !tad e ng-m·gl'fl a]l(1 rleh!C'hed !J_,- 17.1 L. 3:). Co1d rar;;· io expectal Jons 
tlw animn l sho ii·Pr1no febrile OJ' cl inil'al rr-al'l ion, a nd :d' ter :1 11 inten·al 
of l7 da .vs alJout 200 n:'icm p h ae of tl1e samp br1tch IH'l'e fp ,] on t1Je 
same calf . ~o r eaction follmn•(l. T her efore , a s an immunity te~t 
42 rl ay;.; late r a sulwutaneou s in jer-i ion of o (·.c. of a 1 per cl'nt 
emub ion of in fPrti ,-p mou,;e lll'n in \I';Js given; r1t thP snm e lime hYo 
sh eep antl <~H :lflditio nal calf (0412) were g·i,·en a simi.Ln· injPcti.on to 
sen ·e a~ l'Onh·o ls. B oth ,; heep l'l=' a cted typif'ally a n d recoverf'(l. R oth 
cahes f:lilPrl to exl1i h it fln\· rrad ion. T1Yo month~ la ter t h r orip:i 11al 
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calf (5251) and an additional heifer (5410) " -ere given an intrathecal 
infection of 3 c. c. of a 1: 300 saline emulsion of fresh infectiYe mouse 
brain. 'rhe :first !'alf showed no reaction . 1'he temperature reconl of 
t he control j;; shown in ngme I. 
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s lntrt heca lly 1; 300 sal ine emuls. L ou pi ng l t! Vs _ Mouse brain. 

* Defibrinated blood di luted 1 3 injected i.e. i nto 6 m ice. Neg ative. 

l' 1g. J. 

It will be uotell that a dipbasic febrile 1·eactiou oecurTell. During 
t he first febrile period no symptoms of any kind 1Yere observed. 
During the second exace1·hation the animal appeared some"·ha t 
excitable and nerYous. There was spasmodic twitching of the musd es 
of the thighs, shoulders and n eck. The ears continually hYitched 
and there was a peculiar nodding of the h ead. These symptoms were 
noticed for about three days after which t h e habitu s 1·eh nn ecl to 
normal . 

An attempt was made to demon~trate t he presenee of circulating 
virus in t h e blood on 28.3.34 an<l 5 and 6.4.34, i.e . at t he h eight of 
each feb1·ile reac tion , by the injection of defibrinated blood intra­
cerebr:dly into mice (0·03 c.c. ) and su bcutaneosly into sheep (5 !' .C. 
subcut.). X o Yirus could be detect ell. 

DUI·ing the course of the above experiments serum h ad been 
collected from the animals as follo'n :-

A. ;)201 on 2a.3.34, i.e. aft-er the tick feeding and sub('ut aneous 
injection but prior to th e intrath ecal injection. 

B. 5412 on 24.3.34, i. e. G6 days after the subcutaneous injec­
tion. 

C. 5410 on 19.4.34, i.e. 30 days after the intrathecal inj ection . 

In addition ser um was obtaine<l from a normal heifer, from a 
norma l sh eep ancl from a sh eep \Yhi.ch h ad recently recovered from 
an attack of Louping Ill ini t iated by a subcu taneous injection of 
YlrUS. 

17 



TRAKS"MISSIO:K OI-' LOUPING I LL BY T I CIUL 

In Yitn J neutralization tesb \Yere ;:;et u p with tl;tese ser.a u sing th e 
following teclmi<1u e. To earh of a series of agglutination tuhes 1 c.c. 
of five-fold dilutions of a stock emulsion of in fectiYe brain in 1 / 10 
horse-serum-saline \Yas i1 c1<1ed, the dilution" Yarying- from 1/5 to 
1: 5u . The sera to be t esterl fm neutralising antihodie:s " ·ere dilu ted 
1: 3 in ;:;aline and added to th e respectiYe x-irus <lilutions i11 1 c.c. 
amounts. After incubation at 37° for b 1·o hours and overnight 
fixation in tb e ice box mice were inj ect ed \Yith the foll<min g resu lts. 

Sera d iluted. 
l : :1 in sali ne. 

= A . . . . ... . 
= 

Calf 5251 
541:! 
5410 

Xormal sh 
X orm al ca 
Imm une sl 

B . . . . . . . . 
= C . . .. .. . .. 
eep .. .... . . . 
If. .. .... . ... 
l('ep . .... . . . 

Five-fold dilutions of stock virus emulsion in 1 / lO 
horsc-i<crum -saline. 

I 

1-l : ~ 1 : 5' 11 : 53 II 1 : 54 I l : ;)5 I 1 : 56 11 : 5 7 
\ 1 : 58 I l : 5" 

I ' 

I 

7 ; 8 7 ; 7 7 ; 0 0 , 0 
6 7 8 ; 9 5 : 8 0 ; 0 
7 ; 7 9 ; 0 9 ; 0 0 ;0 
(i ; 6 6 fi (i ; 6 6 ; 7 

I 

() ; fi 6 , 6 (j (i fi ; 6 
7 : 7 0 :0 0 : 0 0 ; () 

I 

0 ; 0 0 ; 0 
0 ; 0 0 ; 0 
0 ; 0 0 ; 0 
6 ; 6 7 : 8 
6 7 7 8 
0 ; () (I : () 

I 
-

0 0 
0 ; 0 
0 ; 0 
0 , 0 
7 :0 
0 : 0 

--

0 
0 
0 
0 

I 0 
0 

I 

; 
; 
; 
; 
; 
: 

0 0; 0 
0 () ; 0 
0 (); 0 
() 0; 0 
0 0: 0 
() 0 ; 0 

NoT E.- The numera l denotes the n umber of days a.fter injection on which t he inject ed mouse 
died. 0 indicated mouse still a live 14 days after inject ion. Two mice used for 
each solu tion and 0 · 05 c. c. injected intracerebrally, thus 7 ; 8 means two mice in­
jected of which one d ied on day 7 and one on day 8. 

A consideration of t he table i1u1icate::; that afte1· contact with 
normal calf or sh eep seru m the stock virus emulsion used " ·as in fective 
for mice in doses of 0 · 05 c .c . in a dilution of 1 : 56

• After 
neutralization in vitro b .r t he sera of the bovines being tested the 
same viru ,.; was infective in a dilution of 1 : !J2 or 1 : 5" . This indicates 
t he presence of virucidal antibodies in t h e sera in a fairl~- high con­
centration th ough not so high as encountered in the serum of an 
immune sheep use cl as a con trol. 

Conclusions .- From t h is series of exper iments it must be con­
cludecl that the intrathecal injection of the Yiru s of Louping Ill into 
bovines is followerl bv a febrile reaction ''"hich mav or may not be 
accompaniPcl hy dinrcal s.nnptoms of varying seve~'ity ancf may or 
mav not be fatal. ·with recovery Yiru cicbl antibodies make their 
appearaure in the serum. After sc{bcu taneous in.i er-hon of virus or the 
fee ding of iufediYe tic ks no demonstrable rf'adion is to be expected 
but immune hocli es i1re developed. 

It is realized that a considerable amount of additional work is 
necessary to a,;certain the full susceptibil ity of bm·in es and to deter­
mine wheth er there is a multiplication and circulation of virus in 
the blood stream after injection, but it is not unreasonable to believe 
that cattle ma .v serve as a pote11 tial resen oir of infection for ticks 
in t h e field. 
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T HE SUSCEPTIBILITY OF T HE HORSE. 

On :Jlst October, 19:12, a hm·se (20:iQH) "a ~ infP~tell 011 thP e ;Hc; 

with numerous H. rtppendicnlatus :nymphae 11·hich had i t' ll on a react­
mg sheep C~4ll5) as larYal" an<l rerwe,;eutell part o£ a batch (1138 A c) 
which wt're lmom1 to bl" infected \Yith the Yirus of Louping Ill. 
The ticks nttached readib· anrl engorged well . A" soon as they com­
mence(] to drop three imliYiduab "·e1·e emul sified in 0 c.c . of saline 
and injected subcutaueously in to oue sheep n4 Ull ) . This sheep 
deYeloped typical Louping Ill and \Y<b llestro.n)rl in Pxtremi:> . The 
horse lhd n ot ~hmY any clepar ture fnnn norma l hea H h and after an 
intenal of 18 clny.s '"a" ginn an iiJtrathecal injectio n of 2 c .c. of a 
0·5 per ceni. emulsion of infecti.Ye mouse hraiu. 'Jlhree l·ontr·olmice 
injected intnu:erelwalh ,,·jth 0·00 <' .c. of t he sam e ernulcion died on 
the ;)th and Gth daY. "'l'l1e horse ,;ho\\·ed uo febrile reaction hut after 
an interYal of 14 (fays rl l"Yeloperl a slight posi.erim paresis wl1 ich per­
sisted for seYeJ·al wet'ks. At no time \Yas it pos,;ible to associat e the 
condition with Lou ping Ill since hloocl dra wn on Yariou,; occasions 
hom the l th rla,v nfter injection '"as constantl:v non-i nfective fm 
mice. On lith )ImTh, l9:ia, t he hOTse '"as again infestell on the ear.~ 
11·it l! nnmpbae ];Jtol\·n lo conrai11 Yi rus , bu t no l'Oll ~ l ih1tional 
di,;turbanct" was proll uce<l iu t he ho~1 <1 fle1· engorg t'ment. 

The resnlt~ obtained hom thi~ one hor,;e \Yere ~o in<"onclusi Ye t h at 
a second hor:<e (2U:37JI\\asinfeste<lon thPl"nr;-; \\·ith R . appendl(·ulatus 
nymphae which lwd feel as larYae on a ::;heep 0 1412) durin g a L ouping 
Ill 1·eachon pro<lnce<l by subcutaneous injection nt mouse Yirus . On 
t he 5th rlay afier infestat-ion there occune<l n .~light ri ,-p in tem­
penthue to 102·2°, \\·h ich persisted for ;~(j homs. On the l th llay 
the ten11wrature J·ost" abruptly to 104° and persisted at or ahoYe this 
leYel fm :) day" nfter "·hich it retm·11ed to normal b.,~ crisis. D uring 
this time the hor,;e ,,~as markedly tucked up and shcmed a cyanotic, 
dirty mucous membrane ; the respirations were hurried and shallmY, 
the pulse exceerlingly weak, rapid and threarly ; t h ere \Yas complete 
inappett'nl't" and a profuse (]iarrhoef\. Her-oYery "·as uuinte.nnp(erl 
and therl" were no nenous complications. Dai.ly examination of hloorl 
smear~ ,;!-ainl"tl h\ \f:n ·-Chi.ineiYalrl-Gil"msa f aile(l to rewal the 
prei:\ence of a.uy pa.rasites, but a morlerate monocytosis "·a ~ app;n eut. 
Difihriuatetl blood llra11·n on the 8th lla~· after tick infPstation , i.e. 
at the height of the secoud feb1·ile exacerbation p1·oduce<l typi(:al 
Lou1Ji11g Ill in f mn mice all of \Yhich died on the 6th da:'> after 
inhacerPbra1 inj ection. In :t<llli1 ion 5 c.c. of the same blood injedl"<l 
subcutanl"ousl~' into a sht'ep producer] fatal Tjouping Ill, rleath 
occurring 011 thP 8th clay . 'l'he presence of Yirus could not be demon­
~hated in blood dra\\·n t " ·o days l aier, either b~~ intracerebral injection 
of mice or the "uhcutaueon,; injection of a sheep in 2·5 c.c . ammmt. 

On 7th December, 19:~:~ an (l 21Rt Mm·ch, 19=~4, i.P . Yl and 140 
<lays Jw;pectiTely after tick infestation Mool1 was with<lrawn hom the 
horse ancl sub~equentl:v in vitro neutrali:mtion tests '"ere carriecl out 
with i:he serum. at the same time as tho~e cited for the boYines above . 
rl'he result,; obtained are giYen in Table I I. 
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TIL~~SUISSIOK OF LO"CPIXG I LJ. HY TICKS. 

'l'AllLE II. 

In uitl'o ?U'utroli:zation of Lou ping 171 T"irus by Serum of 
H orse 20374. 

Sera diluted 
l : 3 in saline. 

Fi,·c fold dilutions of stock virus emubion in l / 10 
horse-serum-saline. 

l :53 ! l : 54 \ 1 : 5' 11 : 56 11 : 5' 1 1 : 58 11 :59 

Serum of 7/ 12/ 33 ... I 7 ; 8 1 7 ; 9 7 ;0 
I 

I o: o 

I 0 ; ~ 
0; 0 o.o l o:o l o,o Jo:o 

0;0 0,0 , 0;0 1 0;0 

7;8 0;0 1 0 ; 0 0;0 

Serum of 21 / :lj :H . . . I 6 : 7 

Serum of normal sheep I 6 ; G 

7;8 

(j: 6 

ll : ll 

6; G 

0;0 

I 6; I 6 :G 

- - --

It will be seen that Yirucidal antibodies to a fairl;i- high titre had 
developed. Most unfortunately serum had not been collectecl from 
th e first hon;e (20008) for inclusion in the test and in the meantime 
the animal h ad been destroyed . 

Conclusions .- From this single positiYe case it may be concluded 
that the horse is :msceptible to L ouping Ill , and that after engorge­
ment of infectiYe ticks there is a multiplication of Yirus whose 
presence ma;i· be (lemoustrated in t he blood stream . 

~ o adequate explanation can he advanced for the failure of the 
first hor:;;e to react to the infestation of known infective ticks. It is 
suggested , how eYer, that an , infection ina pparau te " actually did 
occur, and that this produced an immunity sufficient to with stand the 
intrathecal inj ection of virulent brain emulsion . 

Attention must be directed to the general similarity of the 
results obtained '"ith the attempted infection of horses and cattle. 
No effort ha ::; been made to work out the course and nature of the 
disease in these species of animals, since the simple demonstration of 
susceptibility and the production of immune bodies in the serum was 
adequate for our purpose. 

TICK TRANSMISSION. 

A. TECH~IQUE. 

For the sake of completeness it is considered 11ecessary to giYe a 
short r esume of the m ethods employed r1t this I nstit.ution for rou tine 
tick hreerling " ·orl,;:. 

During the summer months unclipped cattle running on the farm 
Kaalplaas are inspect ed pe1·ioclically and fully engorged female t icks 
are remove(] carefull;i-. After identification they are placed in test 
t ubes ligh tly stoppen~d with cotton wool. 1'he t ubes, suitably 
labelled, are placecl in cylindrical glass jars about 22 c.m. high and 
14 c .m. in diameter, in the bottom of each of which t here is a small 
quantit~· of clean sand abou t 1 c.m. deep, kept moistened "-ith a 
saturate(] solution of common salt in water. The jars are placecl on · 
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t he sh eht>,; of a cupbuanl in a ruom " ·Lti c h hap pen s t o be fairly cool 
m summer and 11·ana in ,,·inte1·. All t h e jars of t icb are inspeded 
t-wi ce or three times w ee ki:'•· Tubes CO JJ t a ining Jtll lnber,; of d ead 
i nd iY icl uals oYerg-rmYn wit h moulds are cli sca rclecl. .\s soon a:; oYi­
posi\ ion , hatch ing or m oult ing hom one ~\ a ge to th e next is noticed 
the elate is reconlecl. H i.-; found un nece.-;c-:ary to c:han ge ticks +rom 
one t ube lo anoi he1· eYen l houglt the nulllher in rt tu lle, particu larly 
in thr ca:-;e of larYat>, apprar to he excessiYe. 

LarYae <ll'P not f ed until tht>Y ha1·e been hatl' h Pd a 11·eek an<l 
Hub:-;ec[ut>nt s trtg· t~,; an• not ft>tl u nt·i"l JO-l-t da_\·s a fter nwullin g. For 
feedi ng purpo~<·s the tick -; are -; hah•n out of thP hth<· i n io a slout 
c·ali ro bag fi t tPd ,,· i\h n rllllllillg noo-;e ;d tlw mo ut h antl h <11·in g 
Rewn1l leng·lh,; of Llpe aiLJl'he <l to bl'iliiat e t~ in g lo i he host . 'L' hr 
bag-; ar t> t·on,·e lliPllll\· fil lc•d on> r a i ra.\· pla cecl in a large -;ink con ­
t aining di s infr!'i~wl, so t hat an y li ck:-; '"hit·h rsrapr mfl.v be cap t urecl 
or d t>siroy <'tl. LarY<\P <tre pi ckr<l up l1y n lP< IIh of <l C"fllll el h;tir hru-;h 
and n.n11 1Jha P <llltl <ldttlts a t·r lt a ndl e<l l'< l ~ i J,, · 11·iih foH·r p-;. 

' I' hP h<l g'S .<liT t h Pll pLH·e<l OI'Pl' t h !' P<IJ'~ ot · ~notlttll llf t It P -;e Jed ed 
h ost. Sheep Rhould ha YP the area t·otul(l i he Pars di ppPd shod to 
mi11 imize i he ri s l, of e:-;ca p t' of t ich <<nd i h t> bag·s sl10ul<l he tierl on 
fair]~" tightly -;int'e th e pfl,;siY e hn1era e mi n i.nduC" Pcl set> m s to fac il itate 
e ngo rg·emPnt. l•'or ilt P fi rst 4t-l hour . ..; th r ba g~ are ldt 111Hli. iih l rhe rl. 
Afkr that tim e the bags <li'P e ha ngecl da ily: tir l, s whir·h h ave fa ilt> d 
\o attach ;11·e <l P.-;troyecl: Pngo rged t ic-ks tltat ha Ye <hop1w cl to i.he 
hotiom of \h e ktg arP colleded and placr<l in t ubes ;1:-; 1wf ore, a bout 
100 e ngorged l<trn1e , ;)0 <·ngorg·erl Jl_nnph :tP an<l a ..;i n p:le engorgecl 
fem al e pe1· tulw. 

E xcep t on rare occa..;ions heymH1 t h r scop e of this arti cle no 
difliculty ha s ht •<)n e :~qJerir 11 c·ed i11 f ee<ling anrl ln·recl in g t i cks b .v this 
m elhml a ntl in ihe Cl:'t? of R !tipircplwlu s apJwndirulatus u-;Prl in i.hesr 
PXp e rimenb t hr ]H'Ot· e thur 1\'a :i l1ighl.1" ..;ali-;htctnr.Y. 

()n 0ls t . \u gu:;t, 19:f2 , i) r·. r . of a l j;)O() sf! lill<' rmubion of 
,]p..;i t"C"ated infrr·ti 1·r ,; hee p h rni tl 11·as inj et"tf'd s llh c· ldaneou :d \ · in to a 
-;het-p (8-:1:115) . ( )n lite ihir<l <Ia~· , i mmetl iatel ~- th e fir~t ti..;e in th e 
febrile te mperalu rf' curY P ,,·a-; noti rrtl, <lbout 1 / 4 o f t l1 e prop;e n~­
of OliP clean H. llfJ]JCII d ic ulo t us fpnwlr \l'f' l'<' pb <·f' d 0 11 Pf!Cit t>fll' . Tht> 
brY <I P fe rl ,,.e ll and <I hou t t-1 00 en go l'f?.P <I -;pet' i men~ 11·en• 1·oll Pr; t e•l 
hebn )e' il ih e 8 t It f! Jl d th e l2t lt rhv . 1'h r b t·1·;1 e connne llt"ed th ei r 
m m tl t iu nnnplwr on 29.!J.:l:Z . " 

On 7th Ot· tober. HJT2 . :1 ~ lt Pep (:~2241) w:1~ infestecl nn onf' ea r 
11·i i-h a toi<ll of ahou\ 80 of tlw~e n~· m ph ae. rl' lw nnn ph:te attal'he cl 
re:1cl ily hut the rate of engorg·em eni ,,·a..; ,-,ui<thle :;o lhai- engo rgml 
n y mphae l'ontinuf'cl io drop fr om 141o 24.Hl.82. On ihe 5tll cla~- after 
tick infesiation t he tPtHpPr<ti ure of tl1P -;lwPprose abruptly io .l06° F. 
The sheep Rhowecl no n enous symptom s of Louping- Ill b u t the 
diph:1 .-;ic i.em1wrahne cune 'IYas t~·pical <mel hloocl dra'IYll on the 
secontl clay of f<·,·er prowd h i gl1l~- i n fecti H' for mice. 
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Tl1is espe1·illle1Lt 1\'a ~ repe<d etl Oll tluee ot · as~io n~ 11·itlt JL.)'lllp hae 
from th e :;am e batch (12:)8 A). Une ;:; heep (:14781 ) infested on 
l!:i .lU. T2 coJHJHPII C:t>ll to r eact ou t he 4th thy and dit•rl on th e 10th 
tlay after sh owin g t:q1ica l nervous symptom;;:. a ,;pcond ~heep (04894) 
infestecl :2fi.l.:~:\ sh O\nrl a Yen· mil<l 1·ea<:tiou from the .jth tbv and 
1·eco1·ere<1 ; a t l, inl s heep (2CiG41) intt>st etl on :)J).:{:l collllllel~cetl a 
:>Pver e reaction on the 4th day. ancl afi.er shmYing slig h t nerYou s 
symptoms reco,·erecl. The.~e hYo s heep 11·ere gixen i1ll immun it .\· test 
consisting of the ,;ubcutaneous ill jechon of :j c . t·. ot a 1 ]Jer cent . 
eumLion of i 11 fecti.Ye mouse brain and c1 i d not t·e8 d, "·h t•J·en,; t\Yo 
('Ord r ol sheep 1·eade<l seYere 1.,. hut rer·m·eretl . 

To confirm this transn1 iss ion fJ:om lan·a e to n.nnvhae the eut·ire 
e.xyeriment wa ,; .L'epeated . ~ \ -; lwep (:3 7 412) \\';1 s in feste tl ou t lw en rs 
w1th numerous dean larn1P (ball'll 1:291) 011 2:2ntl .Jul,,·, 1!):):·{. '1\HJ 
clays later a subcutan eou,; injection of :) r.('. of a 1 ]Wl' cent. clilutiou 
of infectiYe mouse b·ain 11·as g-i ,·en. ~~ se,·ere l'Padion, to whi c·h the 
~hePp en•tlt uall.\· .-mecum berl, cummencecl a He1· 48 lwul'~ and du ring­
the t>ntl1·e febrile reaction numerous engo rged lan·;w t·ouii.n u Pc1 t o 
chop. The'e lan·ae commenced their moul t t o n~·mphae on -Hh 
Sepl.emher, l9:.n. ~\bout 8U of the~e nymphae Wt>l'P h•tl on ihe ear~ 
of ;t su~ceptihle sl1eep (ai?JS:) ) on 28th Sept ember, 1!):1:). The ticks 
attache<l immerlial.el_\· an<l protln cecl a m iltl attn<'k of Lo uping Ill 
from the third to the eig-hth tla;-·. After rer·oYeJ·\· the sh et>p \\'aS 
soli ell;-· immune to t h e subcutaneous iujed ion of <1 mas::;iYe tlose of 
mouse ,·inJ:;, t lw iufer:tiY.ity being controlled b~· ~uhcubmeous m ­
jection .i nto two l'Olthols ;nHl into 1uice. 

('onr-!ltsiou. - Hh ipit·eJ!lwlus atlfll'llrlicu/11 111., bn·;Je l:pt·omP iu­
fectetl 11·ith the ,·irns of l .oup ing Lll ;l ftt>r engorg-ing· on an aHimal 
undergoing a 1·encti.on. The l'8Su H ing ll.nnphae '"ill pas,; on t hi s 
infection " ·hen feed ing on <I susceptible animul. 

U. 'l'ruS.'i'USSIOs F W Dr NnlPITAF TO Al>rr:rs . 

The u.nnphat> usetl to pick np t lLe inft>dio11 in lhi~ esperiment 
" ·ere ohta.i11ec1 hom lanae '"h il' h had been ferl on 011t> of thP sw;­
t·ephble cahes u spc] 8~ r outine tick feedeJ·s. .\t 110 time hacl tht> te 
been auy possible asso('i;Jtiou with Loupiug 111. 

About 00 n_\·mphae wert> pl8cerl ou oue ear of a sheep (:~2:241 ) i!S 

/loon all t l1 e first ri.~e in temper8 ture occmTetl fl.fter in fecti ,.e ll_\'lll.pha e 
harl been fed on the othPr ear . T h e tick;; altachecl 1·eatlih· tmcl '"ere 
('ollected f ull.\· eJ tgo rged hom th e Gt h to the lOth rla y . .\ t the t inw 
th e ticks <·omme JH·etl to feed the pre.-;ellt'P of Yint~ i11 the pE>ripht>r 8l 
blood 11·as cleuwn -;hnterl lJy the in tr8('en•lmd injedion of mice. D.,. 
the time engOl'gem en t. " ·a t; r·ompleie Yirn~ coulrl not 1w rletedec1 but 
specific immune hod ie:s 11·er e tlemo n ~tr8 hl e b.,. in Yi tro 11 eutra li;~,a'liml 
of mouse virus. 

On 14th NoYemher, l !J::\2 , t h e nymphae conunence<l tlleir moult 
to 8 llults and eleYen cbys la ter L) 8 du lts 11·ere p l acecl on the ear~ 
of a su:;ceptible. sheep (04b()0) . F01· some reason all the ti('],~ except 
a sing-le male refusecl to attach 81Hl eYentuall,\· rliecl in t l1 e par b8gs . 
t h e sh eep sh owin g no clni8tion from normal h ealth. 
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Subselluentl_,., on 11th Jan uary, 19:\1, the :samP sheep " ·as infe::>ted 
'"ith ten adults hom the same batch . On this oc·c·asion attachment 
:mel engorg-ement "·ere rapicl . ,\. typical, seYere febrile rea ction com­
m enced on the 4th chy ancl !fisted for :-;ix clays. ThP sheep rec-oYered 
and :fiye \Yeek,· later \Yas found to be immune to the :mbcutaneous 
injection of a teRt dose of Yirus '"hich proYed fatal to hl·o conhols. 

Conclusiun .- H . llf!fJi'llrlit·lllrdus nyn1phne are ('apahle of picking 
up th e Yirus of Louping Ill " ·hile feeding on a reacting sheep, and of 
tran:>mitting it to a su scephble :;heep during engorgement as aclults. 

D. 'l'RAXS~IT SSIOK FRO~.! AJJCr:rs TITHOL' GH TI-lE EGG TO LXHY\E OF TJIE 

X YXT GEXEH.-ITLO:'\. 

It is u nnecPssary to <leta il all the attempts that h aYe been made 
to determine the possibility of trm1sn1.i;,sion of t h e Yirus of Louping Ill 
through t h e egg from one generation to t he next since eYer.v experi­
ment has ;.·ielclecl negatiYe resultR. Adults \Yhieh had proclucecl 
Louping Ill nfi-f'1· pic·king- up t h e infedi011 as n;.-mph:w, and had en ­
gorged on a reacting host ,,·hile free Yirus could be clemonstratecl in 
the periphPral hloorl , la id eggs which were found to be cleYoid of 
virus, and the larYae after hatch ing failed to transmit the clisease. 
Similarly cl-ean aclultii were f eel on a reacting host and were shown to 
haYe ingestefl viru s since an emulsion of a few engorged incliYi clua ls 
\\'ere full)- Yi.ntlf'nt, but no h-ac·e of Yinu; eoulcl be found in either t he 
egg,; or t he lnn-a e after hatc·hing. 

Concltts ion. - 'l'he eggs laid by H. appendiculatus adults 
harbouring the YiruR of Louping ill are non-infectiYe. LaiTae 
hatched from t hese eggs clo not tran smit the disease . It is conclurlecl 
that the virus ir; incapable of passing throug·h t h e egg from on-e 
generation of tick to the next. 

E. Tu.-1:\ SMISSlOX 1 .-H o~ r 1 •. 1HV.\E n n wrc:n XY~IrPHXE TO .\DrJ.TS. 

In prPYious experiments 1·eporre<l aboYe. a c·ollec·tion \Yas madP 
o± numerou,; engorged n:-'mphae IYhich hacl prodnc·ecl L ouping Ill i11 
the sheep upon ~~-hieh they hnd fed. 'l'h e::;e tic·k~ were usecl fm t h P 
seri e::; of Pxperi.ments to bP flpscri.bed under this hearling. li'm· 
i.nsta nee, rm e hateh of nymphae (1218 Ac. ) 1\'f'l'e feel on a sheep (34787) 
ancl produced n fa,t n] c·ase of thf' clisease. 'J'hf' follrmi ng in jf'dionR ruul 
infestations " -er·f' c·aJTiecl out ,,·ith the;;e nymphae o1· thP r·esulting­
ncl ults. 

] . 24th Odober, 1 9:~2. Rheep :)487-1- injec1ed subcutaneousl)· 
\l'it.h an emubion of three Pug-orgecl nym.phae, '"hi ch 
deta ched priOl' to the r_;ommencement of thf' febrile reaction 
in the host ; in_jPdion cnrrierl out ou t he rla;.- th e tic·ks 
dn>]lpecl. 

H e.wZt.- Sewr f' reaction; sheep cliecl 6th :X OYembe1· , 
1!.):-\2. Defore death blood infec·tiYe for mice. 
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:2 . :26th October, UU2. Sheep 31051 inj ected subcutaneousl.v 
with an em ulsiou of t hree engorged nymphae ". hieh 
detached after t h e febrile r eaction in the h o6t had com­
menced . Inj ection carried out on the cla~· the ticks 
dropped. 

H es ult. - SeYere re;lction; sh eep died Gth X o1·ember, 
HH2. Before death bloocl infeetiYe for mice . 

3. 'Jt h December, 19:32 . Sheep iJ3970 infested on ears with 
adu lts deriYe<l from engorged nymphae which det ached 
after the cmmuenr·ement of the f.ehrile r eaction in the host. 

Result .- SeYere reaction ; sh eep died on 24th Decem­
her, 1!332. 

4. B th .Jamuny, 19::l3. Sheep :34202 inj ected subcutaneousl.v 
with an emu Lion of two adults deriYecl hom nymphae 
which cletached during the febrile reaction in the host. 

Rcndt.- SeYere reaction; sheep <lied 2:)th Janu ary, 
1933. 

5. 13th January, 193;:l. Sheep 34358 infested on ears with 
adults which detached as nymphae during the febril e 
reaction in the host . 

ResuZt.-Severe prolonged r eaction. 
and \Yas immune to a test dose 
subcutaneously :~8 day~ later. 

Sheep recovered 
of Yi.ru:< given 

l•'rom t hi.s series of experiment~ it " ·oul<l appear that R . appen­
lliculntms " ·hich pick up an infection a;; larYae r·etain t h at infection 
through the nymphal to the adult stage after engorging on n sus­
ceptible sheep. 'l\vo series of confirmatory experiment,; were carried 
nut ou similar lines except that only the moulted adults were fed or 
Pnmlsi:6erl ancl injected. Of fh·e sheep "·hich wm·e illjected \\·ith an 
Plll\tb iou of adults none r·eade<l an<l subsequently all were found to 
be fully su sceptible to a test dose of m ou se Yirus. Of six sheep on 
whic h a<l ults were fell (in each case ::;ix adult::; 11·ere place<l on one ear) 
four did not react and bvo underwent mild reactions and rec-oYered. 
On immunity test the non-reactors were found to be fully suscppti.ble, 
th e reactors solirlly immune. 

Th e significance of thes·e results is cl iscu ssed after consi <1 ering t h e 
resu lts obtained with a<lults cleriYecl from nymphae which ferl on an 
1mmune sh ePp. 

2. iVymzJhat' /eedin.q on an 1·mmu.ne sheep. 

The immune sheep (34497) u sed in this experiment hacl survived 
a typical Louping Ill reaction set up by tick infestation and had been 
shown to be immune to the subcu taneou,.; injectiou of a nwssiYe dose 
of mouse brain Yiru,;. 

On l :Hh .Tanuary, l!l31 , numerou s R. oz;penrlic·ulatus 11.nnphae 
belonging to the sam e batch of infecti 1·e ticks "·hich had pro<l uced 
the disease in experiments ci ted above were placed in a bag oYer t he 
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right ear. Tht- ticks engorge(l readily :mel detach ed on the Gt.h , 7th, 
and 8th days . Ko nmdion was produced in the sheep. The nymphae 
commencea tlwir moult to adults on 17 F ebruary, Hn:l, and ' '"ith th e 
imagines the follo"·ing experiments \Ter e carried out: -

1. 21st :Jiarch, 19!13. Sheep 35019 in jected ,.;ubcutaneousl~­
'"ith an emulsion of tluee adults. 

Rrsult.- X o renct.ion ana six " ·eeh later the sh eep 
readed to an immunit~· test of mouse brain virus . 

. 2. 21st }larch, 190:1. Sheep :35024 infested on ear ;; wi th six 
adult~:>. 

H e.mZt .- :Febrile reaction commencea on the :)t h claY 
anc1 ;;ix \Yeeks la ter the sheep rt>sisted a test close of mous'~ 
hrai u Yiru s. 

:~ . 1~Hh .\pri l , 19:l!l . Sheev 0:U]0 injt>ded subcutaneou~h· \Yith 
an emubion of three adults . 

Resu Zt. - 'l'here " ·f're t>~·o rise" in temperature to 
10(i·2° and 10G·4° F. 011 t he aftemoon of the third and 
tlw fifth Jay re,pectiTel.\·_ On immuni.t)· te"t six "·eeks 
late1· th e sh et>p SllCCUlll bed to l~·pical Lou ping Ill. 

4. 19th . \.pril , 190:~. Sh eep 0!111() infestt>cl on ear~ \Yith s1:s: 
adults. 

77 esvlt .-'1'.\·pi cal febrile n•nction comm encing on the 
thi1·(l clay anrl six wet>ks later the sheep r esistea a test dose 
of Yinl s. 

To confirm Ll1 e"e n:•sult::; rht- entire e::.,;_pel·im PuL \\·a.-; H'IJP<ded ut 
a later elate. .\ proved immune slwep " ·as 11Sf' (1 as a host for feeding 
a rlifferent batch of nymphne whose infect ivity was cont r olled b.\' the 
procluction of Louping- Il1 in a ;;usreptible sht>ep upo11 which a sample 
waf' feel. 'l'\nl ~h et-p " ·e1·e injecte(l with :1n emnLi on of three aclults. 
the emulsions ht>ing prepared about t"·o month~ clfter t h e ticks h ad 
moulted. X o reHctiou " ·as produced, an(l t h t- ,.;heep subsequen t!~· 
proYea to be full~~ su sceptible. On t"·o sh eep numerous adults were 
fed : t h e one (l en•lopecl a mil(l r eaction follo\\-e(l b~' solid immunity, 
but the other cl id not react and was fouml sul1sec tuent1 .\- to be sus­
ceptible. 

Conrlvsio?/s.-The r f''mlts ohtai.ned hom this seTi e;; of experi­
ment;; ou feecling infecti1·e nympl1ae on suscf'ptible and immune sh eep 
are not perft>ctl:v r lear cut but it is ju:;t ifiahlP to clirt>d :1tlen tion to 
th e following points. 

l. ~ymphn t> '' hich picked up th eir infection as lanae ~till c·on ­
tain vinJs after the completion of engorgement 011 :1 susc·eptih1P sh eep. 
and before moulting to nclult,;. 

:2. 'l'he majority of aclults (1eri ,·ec1 h om infed iYe u:ymphaP which 
eugorged on a su,.;ceptihle sheep, are infeetiYe, hut it i" not d ear 
whether the nymphae eli a not. d ean themsehes nml th en lJf'COm f' l·e­
inff'rted b)- feeding at a t ime wh en free Yirus h arl made its nppea rallf'f' 
in the peri pher:1 l hlnocl of t h e host . 
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:3. The majorit.1· of adults der i ,·ed hom infective nymphae which 
fed on immun e shee]J ;n·e capable of tnm,;mi.tting the di;:;ease . Since 
the sub('utaueou;:; .inj ect ion of ::111 emulsi011 ,;uch a.oult;; usually does 
not set up the lli~ea ,;e, either the vint;; ti.he is Yer)' lo\\· or t he ingestion 
of b loorl i s ll ecessury to "adi.vute '' lhe v iru s contai.n·ed. 

1. .\' !JIIlfllilll' j cedin.l) O i l 1/ s11 Sr'Cjlti fJf e h orse . 

On :)1,.;[ October , 1!):)2, a horse (20:-lOH) wn ,; infe,;ted m1 t h e ears 
11·.it h numerous inff'ded n:nnph<l f' "·hic·h t f' preseu tell 110l'tion of a 
batch ( t2:18) \\·hi('ll hHrl p l·cHlll('ed L ouping lll .in su sceptible s heep 
regularly .'" 'l'he t ic·k,; attacltell rendi. l ~- Hllcl rommencecl t o drop full:v 
engorgecl on :)ul :\o,·emhf'r, UJ:l'2. Th e 1uonlt to allults c:ommen cecl 
on 30tlJ Sovember , 1932. '!'he follo11·i.ng feecliJig' nnd i11 jection experi­
ments wt>re l'<nric•ll out \Yith these tic·b. 

l. i)th N owmlwr, 19:12. Shee11 34H!::l;) i nj ected subcu tan eou sly 
wii h Hn E>mnkiou of t ln t>e en gorgNluymphn e, i h e i njedion 
l1e ing mncle h n) lbys after clnliJpi ng . 

Nesll lt.- SevPI'e Louping Ill rend im1 , the sh eep hei n~or 
ll Pslro.n•rl ill extremis. 

'2 . n t h .Ja H Ut\.1',\'' 19:n. Sh eep =l+1UJ i nj Pdecl sulwutaneously 
,,·ith an emnlsioll of th1·f'e a clults . 

H l's ult .- ;\,o re<1dirm. Ou imun lllit v ie.-; !'. a f i el' ;iS 
lb ,\'S thP shPPp j)l'OH'c] SUS('epi]ble <lllcl cli e;l Oil jjh ~fan·h , 
1~)3: 1 , after ~ b owing ll Pl'\'ous symptom s of ],oupi ng Ill . 

3. l:!t h Dect>mher , l~J:l2. S hePp ;14-fi:):j infested on bot h Pars 
\Y.it h nuntf' l'Olls adults. 

R esu lt. .-'!.\ o l'f'nction. AfiPl' 10 cb:-·s ih e ,;h eep was 
RlbCepiiblt• to <I test dose of lliOUse Y l l'U S. 

Tlwse r esult ;; indiC'ate tha t ncluli s de1·iYerl hom ll,nnph ae wh ich 
fed on a suscPphhl t> horse lo,;e (·h ei r .infe<·t ion eYPll thou gh t h e 
presen ce of Yi rus nw~· haYe heeu <lf'te('(ed in the nnnphae after en­
gorgement. 

l<'l·om i'l1e poi nt of Yi e" of the (·onLro l of t·h e di sP<b e in praf' tiC'e 
t his fiu lling is of s u('h importmH·f' thai. il 1\'f'l-; cl PC' i. ll e<l t o r epeat the 
experimPnt on a morP roJllpl·r heJJsii·P s<·ale . 

A hai<· h of laJTHe (12HI ), portion of th e pl'OgeJJ.\' of cl .-;in g le femal P 
,,·e1·e feel OH a read ing sheep (:)141:! ) hmu '2'2nd io :21th .1ul,,-. 1~)3:) . 
These latTae comm e nl·ed t heir mou lt t o nympha P ou 4th SeptPmher, 
1£):):1 . Un 11th October , 1~) :1 :1 , about :)0 uy1nplw e \\·erP place!l 011 Pach 
ear o£ a hOJ'se (20:)74) \\·hich cle\·elop E> rl a febr ile react ion , clurinp: 
" ·hil'h thP presen ce of Yirns in t h e p er ipheral blood was rlemon shated 
h:v t he intra-c·erebral i.nj ection of mice allll th e subcu taneous inj ection 
of sheep. '' 

·• l'j f. Ln clPr !wallin g; "suscept ihili t \ ol the horse" ahovP . 
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The follO\Ying feeding .and inj ection experilllentc; ''"ere carried out 
with th ese ticks . 

1. 14th October, 19;-1:). Sheep 37391 injected :suhrut:meo11sly 
\Y ith an emulsion ·of six partially engorged nym phae 
forcibl)· remoYed after feeding for t ln eP days . 

ReS1tlt.- K o reaction. On immunity test after 46 
day,; sheep rleYeloped a seYPre r eaction but recoYered . 

2. 16th October , 1933. Sheep %540 injected subcutaneously 
with an emulsion of six engorged nymphae which had just 
detached, i.e . before the febrile reaction in the horse com­
Jn.en<"ecl. 

R es11lt.- No ren etirn1. 0 n immunity test after 46 
rlays sh eep developed a ~evere reartion and recoYerecl. 

3. 1st No1·ember, 1933. Sheep 36818 in jecterl subcutaneously 
wit11 an emulsion of 8ix nymphae which had detached 
hefr)l'e the commencement of t h e febrile reaction in the 
hor~e. 

H esult.- No 1 ·e;-~ dion . On immunitY test. after 46 
clays rl eYeloperl :1 severe 1·eadiou aud reCOVererl. 

4 . 27th October, 19:~3. Sheep 3685() injected subcutaneously 
IYith an emulsion of .~ix n)·m ph ae IYhich harl detached 
ancl IYere collected on the day on which the febrile reaction 
in the h orse commenced . · 

l?esvlt. - Ko reaction. On immunity test after 46 
rla~·s t he ~b eep clewlope<l <l mild febril e ; ear·tlo11 an rl r e­
coYered. 

5. 24th October, 1933. Sheep 35582 injected subcutaneously 
IYith six engorged nymphae \Yhich dropped dte1· commence­
ment {Jf the fpbrile react ion in the horse . 

R e.wlt .- Sewre reaction; diPrl 9th K oYem ber, 1933. 

6. L;t 1\'"oYember, I9 :J::l. Sheep aW)35 in jeded subcutaneously 
"·i.t h six eugorgerl I l .YlllP h ae " ·h ir h detachecl afte1 th e com­
men('ement of the febrile reaction in the horse. 

Res1dt.-SeYere reaction. On immunity test after 46 
clays t he sh eep was immune. 

The remainde1· of t he nymph ae comm enced their moul! to adults 
on 28rd ::\' oYember, 183:~ , and subsequentlY the follo'>Yi ng- experiments 
were carried out. · 

1. l Gth ,Jnuu m·:r, 19!34. Sh eep 38204 infe~tecl on each ear with 
five adults '"hich dropped as nymphae befm·e the com­
men<"ement of the reaction in the horse. 

Re.wlt.- Ko reaction. 

2. 18th ,Tamw1y, 1934. Sheep 38215 infested on each ear with 
five adults which clropped as nymphaP after the reaction 
in t he hon;e hnd co.1mnenr·ed. 

ReMdt.-SeYere febri le 1·eact.ion hom which the sheep 
recovered . 
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Conclusions.- 'l'he results obtained hom this ser ie,; of experi­
ment~ incl icah-' t hat m o5t i nfectin~ H. rtJ!J!CIIrlirulotus nn1 1phae whi le 
feed in g on <I :;usceptible horse clean themsehes, providecl that 
engmgem ent is complet ed b efore t h e febri le reactiou in the h ost com­
meHcP:-;, i .<". befme t h e appearance of cin:ub ting virus in the peri­
phe ral hlooJ. stream. Some nymphae, after rapid engmgement in thi,~ 
IYa_v, co ntain Yirus IYhen t hey flei.ach but in the limited nnn1her of 
tests conduderl this virus " ·as n ot can ied forward through the moul t 
to t h e adult ~t.age. 

Nymphae \l·hich have not completed t h eir feed by the time t h " 
febrile reartion commen ces naturally r eacquire in fection whi ch is 
t rausmitterl to the S1lcceerling arluHs . 

'2 . . Yymplwe feedin.IJ 011 an ·rmmune lwrse. 

On l 7th ::\Ia rch , 19;Vl , numerou,; i nfectecl nymphae \I'Pl·e pbC'erl 
on t h e ears of a h orse (20308) \\·hieh had survived an in t n1 Lh ecal 
injectioJJ of 5 c: .c. of a 2 p er cent. emuls ion of illfectiYe m ou se brain. 
B11 gmg eJ. nymphae com meneecl to rlrop on 22ncl :M:a r c h, 1UT1, and t h e 
moult to adults star ted on 29lh April , l!J:n. 

The following injection experim ents \l·e1·e carried ou t ll'i t h the.~e 
tie;ks. 

1. :24th ::\IarelJ , 198=~. Sh eep :)4610 inj edPrl sulwntan eousl;;· 
\Yi t h an emuhion of thrPe f' np:orged n~·mphae . 

Result.-Se ,·eJ·e reaction. On imlll1lni( v te"t altPr 40 
<lay<> sheep 11·as 1mmuue. · 

2. 1st Aprli , 19:18. ShPep :-12001 injected :-;ul;cu(;meously with 
an emul sion of t h ree engorgerl n;;·mphae. 

He.w7t .- - SPnre l'Padio n. D ied JGth ~-\pri l , 1933. 
J:.,ouping I ll . 

:3. 22ncl ~\.v ril , 19:3=) . Sheep 34297 in jecte<l suhcnLm eously with 
an emulsion of t hree n ylllphne j ust prior to m oulting. 

R es ult .-Se1·ere 1·eadion . D ied Louping- Ill 1st ::\Iay, 
1!):1:~. 

-1:. 27th .\ pt·i l , l !J:-I:l. Sheep :Q!h1 injeded subcuLn1eou sl .1· 11·ith 
<Ill eumbim1 of three a(l nl b 11·hieh had just m oulted. 

Hesu ft .- ;>io r eaction. On immuni!v tf'st after 40 clays 
tlu-' sheep was fullY su sceptible . ~ 

A feetling Pxperimeu L witl1 the ie11· 
attempted hut t lw tirks refuse<l to attaeh . 
because t h e results were so ill h'restiu g the 
repeated in the follo11·ing· 11·ay :-

renwi n i11g a tlult:; was 
For (his Teason and 

f'n t in "' t>xper iment was 

On 21 th F eh ruar_'l·, l !J ~H, num erou ::; infected n_,·mphae \vere 
placPd on t he ear of an iumlllllf' h orse (:20:H4) an(l a ;; useeptihle sheep 
(37G1tl). Th e t icks r eadi ly a ttach P<l and engorg-e<l 11·ell on hoth 
animals. The sh ee]J sh o11·ecl a t.'I· ]Jirall.'l- severe r eae(ion a nd was 
clestroyecl in e.vtre?m·s on the 14th fb.v, t hus demoustrating the 
infect iYi(y of t he bat('h of ticks u se<l . 'l'h e horse showed u o (lepar t11re 
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from normal health. The folJo,Ying- in.ieetion anrl feeding experimen ts 
were carried ou t with the ti cks obtained from the horse, t h e ticks 
commencing t heir moult on 28th :Yiarch , 1934. 

1. Gth March, 1934. Sheep % 881 injected ,;ubcutaneously with 
an emubion of six n ymph ae, emulsification and injection 
being canied out on the day on which the t icks <letached. 

Resv lt. - A Yerv mild reaction followed and on 
immunity test after ~m intern1l of 5R da _vs the sh eep \Yas 
solidl;.· immune to mouse Yirus . 

2. 10th )Lnch, 19:14 . Sheep 388'/:l [n jed ecl subr ut aneously 
with an emuhion of six n ymph ae, emulsification and in ­
jecti on heing caniecl out eight days af ter detaehment of 
t he ticks. 

R esult. - Ko react ion . On im munitv test t he sheep 
\Yas found to he full~· sus<"eptible. " 

3. nth Ap ril , Hl34. Sheep :JSE\89 infe::d ed on ea T~ 1rith ad ults . 

H as1tlt .- SeYere r en<"hon to which the sh eep succumbed 
on the 13th day. 

4 . 22nd Septembm·, 1D34. Sheep :~8885 i11jed Pd subcu t aneously 
\\·it.h an emubion of three adults . 

R esult. - K o reaction . On immnnit~· t ed after 2:) 
days sh eep 1·eactecl severely. 

5. 4t h June, 1934, 27th June, 1934, 28th Aup;u.~t, l !J:l4 . Sh eep 
\Yere infested on em·s with nume1·ous adult,; . 

Hesult .-On no occa ,;ion "·as any reaction produced 
though subsequent immunit y t ec;t showe(l the sh eep to be 
fully ;:;usceptible. 

Conclusion .- F rom this ~eries of experiments it m.ust be con ­
cluded that infective uymphae after engor gem en t on an immune 
horse, still contain Yir us when t he.v llebch and drop from th e host. 
The great maj ority of ticks loose this infection (lur ing aucl after th e 
moult to adults, hut an odd indiY idual .appear ,; to r etain su ffi cient 
virus to tr-ansmit i nfeetion clurin p; engorg'ement as an adult. This 
conclusion is based u pon the finding t h at on onl_v OIJe out of four 
attempts did aflults transmit infection during feeding , and though 
emulsions of engorged and moultin g nymp hae ''"er e sho\YH to contain 
virus on tn·o occasions the inj ection of emulsified adnlt" pn )(lu cecl no 
r eaction. 

G. 'l'R .-\NS~IIS SJOJ\ YR0)[ L.\ leVA E THl{OlJGI-I 1\"Y'I!PIIAE TO AllU L T S . 

1. Nymphae feeding on su scfpt ible cattle . 

2. Nymphae feeding on immune eattle . 

This series of exper imen ts was conduct ed in the sam e manner as 
t hose detailed for t h e corresponding work on h orses and sh eep . 
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Xymphne, whose infectiYity ,,·a:; controllell by tbe production 
of the typica l disease afte1· feeding on a susceptible sheep, were placed 
on the ear~ of : -

l. ~\. calf 5251 \Yhich h ad been reared UJHler tick free concli­
tions ancl could not haYe come into contact with the 
!lisease. 

2. 'Che same calf after it h arl surTiTecl feed illg e:xperimenb h:-· 
11·hieh time spe(;ifi e Yin.t e; idnl antiborliP~ hncl made t heir 
e1ppenrance in the serum (see aboYe). 

"\Vith the engorged n)·mphae alHl the resulting adult:; t he folloll·­
lllg' injection anrl feeding f':xperiment,; 11·ere carr ied out. 

(a) J;;n.r;orgement on susceptible t·alf. 

l. 27th Februar1·, Hl04. Sheep :)1590 inj ected snbcuta neously 
11·ith an emulsion of three arlults . 

R esult.-No reaction. On imnnm ih· te;-;t after :24 
rln-'·" sheep reactPrl sevPrP ly anrl \Yas c1estr~yer1 in e:xtre1nis 
on the llth day. 

:2. 27th l <'ebrum·y, 1934 . Sheep 07518 infested on the ears with 
numerous ad ults. 

R cwlt. - Xo reaction. On immunity test after 24 
(la.v~ sh eep e1·enhwll:r rer-o1·ered from a seYere rea ction. 

:~. Dth April , .1!)04. Sheep :l894:J injedecl subcutaneously 11·ith 
e1nulsiou of three adult,;. 

R esult. - No reaction. On immunity tt-st after 23 daYs 
sl1eep reaetf' rl seYerely u11<l recoYerec1. " · 

4. !Jth April, 1904. Sheep :189~-n infP·dt>(l on f'al·., '"i th 
:nmnerou~ adults. 

R esult .- K o readiou. On imnnmitv test Dftt>r 20 
rb~-~ ;;heep reacte cl seYei·ely and dierl on the 13th cla:-·. 

Concl~lsion .- Adults derived from infective nym.phae that en­
gorged on a susceytible ho1·in e riel themselves of i nfection. 

(/1) En .IJOI'!JP IIICJd on an imnWJie ro lf. 

l. 27t·h Februan, .1934. Sheep 02G7!i injeder1 :;ubcutaneou sly 
with an emulsion of three adults . 

RPs'ult. - K o reaction . On immunih test aft er 24 
rla.'·s seYere reac-tion . · 

2 . 21t h Febniar_\·, 1934. Sheep 0762G in fested on ear~ "ith 
numerous adults. 

R e:sv lt.- SeYere reaction f.ollo1n (l h.'· re!'OYery. On 
immunity test after 24 rlays no readion. 

0 . l.l tl1 April. 19:-14. Sheep 339:37 injPdt-rl ~u l H'ntaneou sh· '"iih 
an rmubion of three adults . 

R esult .- K o reaction . On immunity te:>t after :23 
clay::; seYere reaction . 
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4. 11th April, 19:14. Sheep 388=~5 .infestPd on ears \Tith 
numerous adult~. 

R Psult .-;Jo reaction . On imunmity iest afte1· 2:·{ 
llays seYere 1·eaction. 

Con.cZusioH .- IufectiYe nymphae after engorg-euwut 011 an 
immune bm·ine m.:ly or nw_,- not carry t h e infection t hrough the 
moult to the adult ~tage. This result i ,; in h•epi.ng- with !host> obtainP<l 
from fee ding on sheep all(l hor,;es an <l is c1iscus6ecl belo11·. 

}l. THE IKFFCTTVl'l'Y O:F AJJU/J.' S FlW~l '' CLl::A:X " KY~I l'HAL 1\'l-IICH 

:EKGOllGFD O:X .-\J\" DI ~JC\Jo: SHEEP S UI 'C'J.T.-1:\FO'l'SJ.Y \YlTH 1.\.1:'1-:CTEJJ 

XYSLPHAE. 

On 10th -Tanua1·~· . UJ;):), Jmmerous R.. appendiculatus n~·mphat> 
which had been ft>tl as larTae on one of the 1·outi.ne tick feeding cahe:; 
\\·ere plaf'e<l 011 the ldt ear of an immune shePp (044!l"i ). At t l1P snme 
time Jmmn1 iuft>ded nymph ae WPI'e placed on the right Par. Both 
sets of ticks <dtadJ etl an<l eng-org-ecl '"ell aucl ,.;ubse< tnentl~- <h·oppecl ai 
approximate]_,. the sam e time. The clean tirks commPJH'erl their 
moult to a<lnlt,.; on 17th Ft>hrum·_,. , 19:\:3, aftt>l' "·hid1 tht> follmYing­
experiment;; '"ere carrie<l out. 

:22ncl }Iarch. 19:):). Bhet>p :]:)008 in.iederl ,;ubcutalleousl_,. " ·ith 
au em nbiou of fin' a <1 nlts. 

Result .-X o reaction. 
:!'2nd }far<·h, lD:):l. Sheep :ji)()()j i1liestt>d 0.11 boi h P;n·,; " ·itl1 

a <lnlt:;. 

H.es11lt.-Xo react ion. 
:!Gth "\.pril, 19:]:). SlJPt>p TllOO injected ~ubcnta J H•ou,;ly "· iH 

an em uhion of fiye adults . 
l?Ps 11lt.-X o re.:lction. 

:2b1h .:-\wil , ]9:):-J. Slwep TlO!JS inft>stPd ou hoth e;n,; \l· ith 
a<lult~. 

RPsult.-X o reaction. 

Subsequentl_,. the fonr sheep \Yere subj ected to an irnmunit Y test 
by the suheutan eou,.; injection of mouse YJrus. ~Ul rt>aded an~l one 
died after showing t_Ypical s~·1nptoms . 

Conclusion.-Fnnn the aboYe single :;eries of expel'i ments it may 
not be j ustifi :1ble to conclude t hat t icks a re iuc-apnhle of p-i(·king up 
infec·tion while fee <li ng on an immune sh eep tog-et lwr " ·ith infective 
ticks. But "·hen it is remembered that the autibocl ,. c·outent of t he 
serum of an immunt> ,.;hePp is high, therP appears li.ttlt> likelihood of 
t he engorg-ing- ticks being- able to take up free Yirus. Cousequeutly 
it is lwlieYe<l that th e immuJlP animal is of no importance ai; a 
reservoir of infec-ti.on. 

D ISCUSS ION. 

The p1·imary ohjt>ct of the st>ries of experiments described wa:> to 
augmt>nt the p1·eliminary report on t h e transmission of Louping Ill 
by Rh'i[iicPp f,al11S apywndiculatus (Alexander an d '\'t>it z, 1903), by 
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·working OUt in detai l the role of the Yarious stages -of the tick. 'l'he 
work has shown conclusively that larvae are c:apable of picking up 
infediou and transmitting it a::: nymphae, and that nymphae ma:-· 
acquire infeetion for transmission as adults, but eYery attempt to 
demonstrate the pas;;age of Yirus beyond the acluH stage has failed. 

Consequently 11·ith these investigations an attempt IYas made to 
obtain some information upon the tenaeity of virus infection in the 
tiel;: population by determining· the effect upon the Yirus of engorge­
ment upon susceptible and immune sheep. \Vhen the 11·ork was 
planned it was intended to carr.v out supplementar.\· inYestigations 
to determine the effect upon the Yirus ·of feeding ticks on those un­
susceptible spPC·ie,; of tlomestic animaL:> which might normally be 
encountered on a Louping Ill infected farm. The horse and the 
bovine ''"ere selected in the belief that th ese spec:ie,; " ·ere unsusceptihle, 
ancl only during the course of the \York "·as this assumption found to 
be incorret't. It is true that the pathogenesis of the disease in these 
animals has not been "·orked out hut it has been establi shed that 
virus ma:;· circulate in the peripheral blood of the h orse, that a mul­
tiplication of Yil'us nw)· take place in the central nen-ous s:;·stem of 
bo,·ine;.;, and that in both speciec; i njeetiou of Yirns i,; follo11·ed by the 
appea1·an c:e of vil'ucidal antibodi e" i n the serum to a cousiclerahle 
titre. Consequently there still remains to be workecl out t he effect 
upon the virus of tif'k engorgement on a completely unsusceptible 
spe(·ies of llll i mal. 

A critical survey of the l'esults obtained illustrates that in work 
of this nature it is not justifiable to conclude that every tick 1vhieh 
ingests infective blood ~~-ill pick up the infection. Naturally the 
danger of erroneou s conclusions may he reduced to a minimum by 
feeding large numbers of tieks for each trial. This iR a simple matter 
when larvae and nymphae are being handled, but usuall.v it i s im­
practicable to feecl large numbers of adults ~o that atlditional 
significanc-·e must be attaehecl to the smaller pe1·cen tage of positiYe 
results ohtaine(l IYith this stage of the inYPrtehratP lwst . 

l~'rom a purel:v acatlemieal point of vie11· it is of interest to note 
that infediYe u:nnphae after engorgement on immune sheep, cattle 
and horses still contain virus at the time of detachment but that 
this virus in the majority of instances has disappeared by the time 
the adult stage has been reached, a small percentage of adults only 
remaining a source of infection. This " cleansing " of the tick 
cannot be due entirely to the virucidal action of the immune bodies 
in the blood because a similar phenomenon IYas encountered in the 
work on susceptible animals. It is admitted that in th e latter 
cases thE' J'P ~ ults .are more difficult to interpret since there al 1n1~·::; 
exists t h e chance that virus might h ave been circulating before the 
completion of engorgement, owing to the exceedingly short incuba­
tion period of the disease and the comparatively lengthy period of 
attachment of the ticks. Furthermore, attention must he directed 
to the lmY virus content of these adults derived from the nymphae 
as sho1Yn by the failure to produce the disease by subcutaneous in­
jection of tick emulsions, though positive results w·ere obtained by 
feeding. This activation of the Yirus has an analog~- in Rocky 
Mountain Spotted Fever (Spencer ancl Parker, 1929). ami H earbYatPr 
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(Alexander, 1931), two diseases caused by R ickettsia, but as far as 
the authors are aware it has not been noted in diseases clue to filter­
able viruses. -Whether this adiTation or multiplication represents 
t he completion of a cyclical development of the Yll'US is an ill h•resting 
problem all(l an attractive h :vpothesis for which th ere is no rlirert 
experimental eYi cl ence. 

From a practical point of Yie\Y the work indicates that on an 
infected farm the disease mav he controlled and eYentuallv eliminated 
by running immune animal~ to sen-e as hosts for the ti'cks in order 
to hasten the cleYelopment to a su cceeding generation ahYays pro­
viding that no susceptible animals are introclucecl during the time to 
;:;erYe as a potential reservoir of infection of t his particular vector. 

SUMMARY. 

1. Experiments conducted to rlemonstrate the susceptibilit.v of 
horses and cattle are described. 

2. The appearance of virucidal antibodies in the serum of these 
animals after infection is demonstrated by a technique of 1·n 1n:tro 
neutralization of virus . 

3. The technique of tick feeding investigations I S hriefiy 
described. 

4. It i o:; shown that-
(11) lanae of H. appendlculatv s will pir-k up infecti on for 

transmission as n ymphae; 
(b) n ymphae will pick up infection for transmission as a<lults; 
(c) the virus does not pass through the egg to the next 

generation; 
(d) infecti,-e nymphae tencl to lose their infection after feeding 

on .immune animals t hough some of thP r esulting ad ults 
may still be infert ive ; 

(e) the sa me occurrence was noted after f ee<ling infectivP 
nymphae on susceptible animals hut, partir-ularly if sheep 
are the hosts , there i~ a <langer of the n.nuphne r ea<'qu iring 
infection before detachment; 

(f) dean ticks do not acquire infection \Yhen feeding on an 
immune animal simultaneously with infectiYe t icks. 

5. The significance of th e >York is discussed. 
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