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J XTRODUCTION. 

FIELD observations as well as immunity tests uuder ,labomtory 
condi tiou.~ have shown that animals are eapabl.e of developing au 
imm u uit:v against heart,Yater after recovery. The nature of the 
immunity however is obsenre. R ·lclcett;/a J'Um·inonti11'Tn parasitizes 
the emlothdial cells of the blood vessels, and its presence in the 
peripheral hlood can be demonstrated hy sub-inoculation of blood 
into susceptible animals duriug the reaction and for a limited period 
after recovery. AltJxander ( 19~:!1 ) found that in some cases no 
.. virus " C'ould he demonstrated by the intra-jugular sub-inoculation 
of 10 e.c. blood 8 days after the height of ihe fever reaetion, while 
iu others transmission was successful ;35 days after the reaction . 
In an experiment to be rleseribed later, it. was possible to detect the 
presenee of heartwater " Yirus " i 11 a recovered sheep GO days after 
recoYery. From the data it must he coudnded that a premunition 
may exist for a period of two months after rtJcoveJ·y. ann that the 
nature of the itnnmuity aft<'r this period is obscure and needs further 
iu vestigatinn . 

In the case of Ricl•ettsia bou·is which parasitizes the leucocytes 
de Koek, van Ileenlen, du Toit and Keitz (1H07) shm.ven that a 
premuuition develop,;, au<l that spleuedom;y results in a relap:;e . 

A factor to he con side red in these ,tudies is the resistance of 
t.he various species of animals. As far as is knmYn all the t · uutinaut~ 
are susccpi.iblt-1 to heartwater, hut their susceptibility varie;; . 'l'ht-1 
artificial infection of hYo species of antelopes viz. the hl.esbuck 
(Damalisc·us alb-ift'ons) and the l1l ack wildebeest (Conochaetes ,gnu) 
did not result in nlinieal symptoms of heartwater, although the 
heartwater " ,-irus '' "·a;; demonstrable by sub-in oc:ulatiou of bloocl 
into susceptible sheep. (1\ eitz 1903, ] 8;35 and 1937.) Alexander 
(1901 ) states that indigenous sheep and blackhead-persians possess 
a hig·her degree of resistance than imported breeds. ln the former 
breeds the mortality is approximately G per eent., whereas in the 
merino o;heep up to 80 per cent. may die. Simil.ar observations 
have been made with indigenous and imported breeds of g-oats. 
Insuffir~ient information has been collected about the resistance of 
cattle breeds, but from field observations it would appear ihat one 
can exped the mortality to be in the neighbourhood nf ()() rer cent. 
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A third factor to oe eon~iderea in these invcstig'ations is the 
possibility of the existence oi h eterologous ,.,trainR. ~preull (1904), 
Theiler (1U09) and .\lexander (HJ31) conclude from t heir experiments 
that there are immunologically diffm·cnt s tra in ~ . However du 'l'oit 
(1924)* a nd t he writer in t hese exper im ent:-; have f ailed to eonfirm 
lhis statement. The observations by the former workers are 
sunnnarized in Table 1 aud those of the latter workers in Table 2. 
The immunity tests ('l'able l ) iu the cattle, sh eep and goats were 
applied from 3 week s to 2 yenrf' after the recover y of the animals. 
l n som e ca;,es t.he animals r eeei ved ,-irnlent blood, and in other 
instanees they were exposed to natural infedio11. No sntisfactory 
explanation can lJe g·iven why thv earlier work«:>rs eneo unterNl 
immuuologil'all ,,- rl i ffNent st rniu~. A po~sible e:xplan a.tion tn n_,.. h" 
that ~ i 1u :e the presence of EJICI'JJfhur:oon oris (Xt:i.tz, Alexanrl('r and 
du Toi t. Jl:) ;~4 ) and lhat of a n e w ·• virus " whi('h will be reJ'erred 
to as " Yirus A " in thes<> ~tudie~ wa,; not known, inconect conrlu­
sions may lul\·e bee n <lrawn from tht: fehrilr Jeactiom: ~ et up hy 
these two (liseases in ~ h eep . Il will be not.i<:Nl hom Tablt: 1 thnt 
n o breakdown is recorded in cattle where t.he Eperythrozoa and tbt) 
"' virus A '' rlisease tlo not play an important. rl>le, whereas i n sheep 
.aud goats a large number reacted when tbe im1nunity test. was 
applied. Thi s argument is brougld .fonmHl to show how misleading 
u febrile reaelion may be, particularly in <li seat;es like heartwater 
and " viruf; A " di sease where the temperature mny be the only 
symptom. ln StH•.h doubtful cases therefore snh-inoc ul~ttions an<l 
eross immuni ty tests have t.o he rp, or tt:"rl ID hdure a eoned inter­
Jiretat. ion ·of t.hP ren clion <·an he g-1 'en. 

For these experiments the highly :ms<' eptillle IUerino ~lt(>ep wns 
used. The st rain s were passag-e(l uy sub-inoculating blood at the 
height. of th e rt>adion into s nr;ce ptible sheep. 'l'hes!• animal s 
incidentall~· f'e rv f' fl ns r·ontrol s to t.he vnrious PcqwJ·inJ e n t,... ~o 
<lifficult,\' wn,; exper·ien('ed in ma intaining· t ht:" infPI'Ii on ill this wu.y, 
although occasionally oue out of two injcete<i sheep failed to react, 
in spite of the fact lhat ~;uch au animal w~1s su bsequently found 
to he full.y susceptibl e on receiving a secon d infeeti~-e clos!'. Similar 
observations have het-u r econled previou~ly· hy AlexaiHler ( 19;\l ) in 
sheep, and by ~·eitz (ll:l37) in the sub-inoe11lati on s made horn infected 
blesbuck into sheep. Th e inability hl 1rausmit hea rtwater at times 
may be due to a very low con centration of the heartwa t er " virus '' 
in t he blood. In any of the sheep used in I hese experi ll\Pnts in 
whieh no reaction , or a doubtful on0 was ohsen ·ed, :;~ secmHl infedive 
dose was g iven. in or(ler to defiz rit elv <le1ennine 'vhether the animal 
wu ;,; su sceptible or no t. '!'he mortalit~: from the v::nions st ra in g was 
as high as 80 per ce tt t., and < ~o nsequen tl.v a rei a lively sm a ll number 
o£ ~heep wet·e available for th ese studi es. Hlood Sl1l !)ar s which 
were examined from time to lime from the pas~ag-e sheep durin g 
the heartwater reaction frequently showed th e presenee of Ez1M'Y­
t h7'(>zoon wvL~ . These rec~overed animals (leveloped a prennmit io11 t.o 
!~'71. oris infect ion. r~nd did not react again 1o t.hi " di sea Re \Y hen the 

' Quoted h,- ,\]e ~ a ndpr· (]!);~ ] ) . 
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UL\flJNITY IN HEARTW.\TEH. 

heartwater iwmunity test. was appli.ed. Ou the other hand it was 
noticed that. tho:se sheep which contrneted and reeovered from a 
natural infeetion of heartwater were ~mseeptihle to E'p. oris. This 
complieating fador e:m be excluded by t.rentiug the donors iufec~1erl 
\\·ith heartwa1er and Rp. o·vis with the antimony-arsenie compouutl 
Stc1. ;{8() H. 24 hours before sub-iuoc11latiug blood (:Seitz HJ:ri"). 

lu the c:our~<e o£ these experiments a hitherto nndescrifwrl 
.. virus A " diHtinct. from henrtwatPr, blue-toHgue, :md tick-horne 
fever was i:-;olated . Thi,; cltdetmiunt.iolt was important, because 
wrong interpretation:'< wouid have been g·ivcm to ihe reactio11s, if the 
existence of this " virus A " had not. been reeoguizecl. The 
im:uhation Jleriod that follows the ivJection of '· Yirus A '' is a" '' 
rule longer (1'2-:!1 days) but may be as short a:-; that of ltearhY;der. 
The duration anJ the type of the ft·hrile reaction are n~r;y similar 
to those of heartwater, and i t s identit·y ean in most eases only he 
t:eeog'nizetl hy c:nnying out sub-inoc.ulatious and eros;;-immuui1y 
tests. 

The naturP of " virtVi A '' is oh~ctne. [t c·.au not be trausmitied 
by the ticks Amblyomma hebraewn, the \·edor of heart\nt ter. and 
RhizJ·iceplwl1ts U'Jipendiculutu.s . It does 11ot pass through a Bt•rkefeld 
or a Beitz filter, and doe8 not live lorq . .(·Pr than 24 hom·s at room 
temperature in eitrated blood. Tht) mortality i s extremel.1· low a!lf! 
up to the pre>~ent approx.iuwtely 2 per eent. of the inff~c 1ced sheep 
have died. Clinically the ouly symptoms seen are inappetenl·e autl 
g·eneml wealme~s. At post-mortem the ]f~sions rPsemhle. Yery c·lo"e!.Y 
those of hear(water, and tht~ only way (o differentiate these h\·o 

diseases is the mic:rosc~opie examinatio11 of the .iutima S!llears, and 
of sed .ions of the hippoc::unpns for the oreserwe of RicJ.·pffsi" rumi­
nuntium. A very important cl ifferenn• beh\·een " vin1s A '' disease 
anrl heartwater is the fad 1 hat the former e:m he tranl'mitterl to 
hon;es, in whic:h a milcl readion i~ produ('ecl nfte1· au incuhatiou 
period of 18-21 Jays. 

In the tables mentioned in Apreudix J it will bt> notic:t~d that 
" virus A " produeed febrile reactions iu heartwater immune and 
susceptible sheep on several oer:a.:: icms. Thi~ complicated the inter­
pretations of the rearJ.ionR ani! nc>cessibted further sub-inoeulation ,; 
in order to aseertnin tlH• nature of tl1e febrile reaetions. 

'J~he experiments are discussed uuder two headings: ·--
A To dcetermine the Juration of the immuuity in heartwater 

anJ to ascertain whether immuuol.ogicall.v different 
strains exist . 

B. To determine how th is immuni1y is maintuined. 

A. TO DETERMINE THE DURATION OF THE IMMUNITY IN 
HEARTWATER AND TO ASCERTAIN WHETHER IMMU­
NOLOCICALLY DIFFERENT STRAINS EXIST. 

1. ExPERiliiEi'>TAr. RnEEr. 

'l'ht' details of t lw Pxperiments on which this disc:us;.;iou is hu,;ed 
are given in Appendix 1. A large number of ,;heep was u,.;ed and 
the obse rvations on the vanous groups of ~ht~ep lll'e presented in 
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taLular forlll at the end of eaeh experimeut. Another table sumnw­
rizing tl1e resultt> of all the exveriments dest:rihed in .-\ppendi.x 1 
is given at. the end of this tliscussion. In arlditiou the s;~me 
in formation is given on a chart on w hieh the observatiolls are 
demonstrated gravhically. It will be seen that an insnffieient number 
of sheep were available for each group. ~e\-edhelt"si< thE:' data g1n•,; 
out' some idea ;~hout th<-' cluration of the inuuuuity. 

Fo1· these experiments merino sheep which had reeoYered from 
an artitic:ial infediou of heartwater were nsed. These sheep 1 oget her 
\\-ith a l nrg·e number of others which were full;.- susceptible to 
heartwater were kept in a eamp eomparatively free of tit:ks. During 
the period in which they were kept in the camp no re::1chons aud 
uo deaths from heartwater were observed. It was therefore concluded 
that <1 nntural inf('rtion of heartwater did not take plnr·('. In order 
to eontinn thi~ ub~en-ation };J of the ;;usceptible sheep which are 
mentioned in Appendix 1 Table 8 (a) were usecl as cont~·ols to these 
experiment:;. Be~>ide::; these 13 controls at least 2 susceptible sheep 
were included in eaeh group of recovered heartwater sheep which 
were being tested for their immunity. \-Vherever po,.silJie tlt<-' 
en dot hel.ial ce lJ~ of the j ugu \at nins of tb e control shE>ep t h H t eli ed 
were examined for the presence of Rikettsia ruminant-i1tm in order 
to he sure that the reactions observed were due to heartwater and 
not pos;;ihly due to " virus A " disease. It is of interest to mPntioll 
that. on seYeral O('tasions it was possible to demonstl·ate the pr('sence 
of R. rurninant1mn in the endothelial cells of the jugular veins of 
;;heep whieh had died earl:v in the evening, the next morning 
approximately 12 hours after death. In most of the sheep the 
decomposition cbang-<~s were far aclvaneed at the time when the post­
mortem examinatirm was carried out. In some ini;tances when• a 
sheep died late in the afternoon, and where it ·was not possible to 
cany out a post-mortem examination the same day, the jug-ular 
vein.~ \\"ere remoH"ll aud placerl in a refrigerntor and pxaminecl the 
next morning for the prPsenl·<~ of parasite~. This proc·eclure pro\·ecl 
very Rati~factmy. lu one inst a nee ;;mall portions of the jugular ,·ei n 
which \H' I'P kept in a refrigerator were examined daily for <~ period 
of 10 days nHer the death of the animals. Uiekett~ia c:olonies which 
showetl ~lig·ht morpholog-ical ebanger; eould he demonstrated through­
out this period_ \-Vhether they \\'ere still Yiable or not r·au not 
be stntt·d ns no hinlogic:al test \YHS made. 

All the ten strains mentioned below were obtained from different 
loealities in the 'fransvaal. An opportunity rlid not present itself 
to study the nature of the heartwater strains which are kno\Yll to 
occur in ~a tal and in the Cape Province. 

(l) 'l'he strains " C.853 ", " C.860 " and " C.l024 " \\'Pre 
isolated from three naturally infected cattle which wert 
exposed at Onderstepoort. 

(2) The strain " S.4:~n " was isolated from a naturall v 
infected sheep that eontracted the disease at. Onclerst~­
poort. 



n!.\11".'\ ITY J :\ ll L I H I \I' .ITE H. 

(;l; Tltt> ·· llanling· ··~train wa,; i.-;obtt>d froltl a !Witnall.' 
i nh···it>d ox in tht· Yicinit~· uf Pn·toria. 

If i I 

The ·· 1\tng-et·sdurp .. ~train wa,; i~olated ;li 1\.rng-t•r,dorp 
front naturall.1· iu h~d.-d "het·p 1dtich eoutradt>d thP 
dist~cl~t· ll'ltilt• tht·\· \l't~l't' on thf'ir \\':J\ fr1111t tlw Loll'lt>ld 
i11 tht> l·:a~tP.nt T1:"'' "":wl. 1\.rug·er,;t ll;rp lit•s on tht· Hig·h­
YPld of tlu• Tra tt."\'aal , and ltP.:n!ll·atPr lll:t,Y mal; !' it,; 
appt•ar;t!l('t• tltt•r•· in anilll:tl" that han• rt't:t'nth het•n 
intnuluct>d front <tH':t" wh<>n• IH·arlii'<11Pr i,; knmnt t'o Pxisl. 
Tlll' dint:tli•· 1·uwlitiou~ nl lht> llighwld are ,;twit that 
the hont-tid; (J mldiJOIII/1111 l~t·fn·o t''llllll dot•s not t hri,.,. 
tlwn·. 

The · · \1 ara · · ~ I raiu 11·as j,,,[at.·d lt·uttJ uatural.l ,. init>l'lt>d 
~het·p th:l! 11·pn• "'l'"'"d on the Uoi'Pl'llnt<'lll l•:, ,·, .. ritnt>nlal 
Station at \lara nt•ar l,tttti.; Tri..!t:tnlt in thP Zontpansl~t•rg 
d i;;t I'll: I. 

'I'hP ·' \nrthallt :-tr;tit, 11·a.; i . .;oLtt .. d 
inl<'t ·ted "ht·ep ll'hil'h 11·,~n: t'.\jiUSPd on 
E.\]lt't illl\'llia l ~t:1tion :ti :"ttl·thant 111 
cl i st r i • ·t . 

frttlll n:tlurally 
t be Uo\'l'l llllll'll l 

( ltP Jl11 ~l t'!l btil'i-!' 

Thf' ·· Stn·doltt ,;tr:till 11f h<·<ll'hl·att•r 11· :t~ i,.;ol:tted l'n>nt 
11atur:.dl1· " inf<>dt'd <·attlt• <Ill a fa r111 i11 lht· Yirinit_,. ill' 
\V::11·mh:;d i11 thP \Yaterlteq2· di,;irid. 

ti·q The .. Zoulp:tll:<heq.~· .. ~tl;.in of ltt·•:trlwaiel· w;t," i"nLdt•d 
fmnt natural!, inh·•·tP•! ··at \ ],. Ill tltt• /';otd]Jan.-dwq..(· 
di~t rict. . 

TILP t>h.;t•n·at ion . .; made in PX.)Iel intent,; 1-!J t.b) which an· nwn­
ti nned in .\ppe ndi ., 1 ha1·t~ ht>t>ll :'Ullllll :tl'iz,·d in Tal>le '.! of the text. 
It will h ... -it•Pll tb :d a ~~~ lid i mntuJlit~· 11;1~ prp,;e.Jtl. i11 1:2.1 :-heE)J 
1'< 11' pt•riod,: II[J to .-,K llltlltfh,; aftt•r l't'I ' OI' t'l ) in all o[ tlH'lll IYith ihP 
t>x•·eption of ]0 .;ltt•t>p in 11·hidt fpln·i] ,. n •acl ion.; <lut• to thf' ltP:tri -
1\':ttPl' t<-~t iHj•~ t"tion 11en• nolil'l·d ~to ;;.J. ll!Ullllb aflt~l' J'et·ttl·ery. 
;\,, ..Jini eal .;yntpfnnt.; •.tile r tlwn J' PltriiP t't•:tdion ,; wt-rP nohi'Pd . 
Of the K .-<ht·•·p 11·bil'lt had rPI'II\·en·d ft·otJt tht> .. .\Ltra .. ;;i.r:tin fpltrilt> 
H'action ,.; \\ ' t' !t· ~ePtt :tfft>r ';' ntontlt~ ( I ,;bt·••p) , :tf!Pr 1:.? month ,; (I 
sheep), aft;·r 1'1 liJonth ..: ( ] ,;]t,.,.p). :tffpJ· lfi ttlllltlh s (1 ,;]tppp) : :tffpr· 
:.!:> llwutlJs ( I ~ ht't'JI ) . a th:r ;JI) ntoll t It s (:( ,- itt't'P) :111d :tfi.Pr T~ tllttlll h.' 
(1 ..: h(•cp), on fp..:firtg· tfu·ir illllttHllil.\· :q .. ptin,.ot th .. " \Ltra ,. hPal'l­
wattlr &b·aiu. Jn nne ~~~f'P)' wlti1·lt had n •t ·on·rl'd Jn•n• tht· .. :-;_.J.:l77 .. 
strai11 of 1t•·at·tll';t(t'r a lltil !l rt':1•·1itoJt 11·;,..; noli•·t·tl 011 fp~fing tlw 
imntunity :1g·: tin ~f !Itt• "\lara, . .-draill :_1(1 ntontlh :tt'tt•J· thP l•titll:ll'l 
l't•a<·t ion. ,\11111 ht·r .; hPt'Jl \\It it·h l'I'!'OI't•n•d fnnn built " ~~ r,\'dotll " 
and .. \lara .. ~tr<•iu,; l't':tr;ic•d on ft",:lillg lht> imnlurtity aftpr ltl 
moul.h,; 11·i1lt tltP ·' ~ITvdom ... ~train of hParf11·:d.er. · ' l'ltP lllilcl 
r!';wtion~ illllic-:ded that .tltert• 11·a ~ ,;till a partial inllnunit,· pt·t•,;t•Jtl. 
Tlw •·au,;p ot dl':.ttlt i11 one ,;hePp \l·ltidl wa,; l'XJIO~Pd al .. )ln nt .. 
..;ix Jttnulhs <tfiPr n·<·o\'t•J ·i"g· front the .. ~.+:l~"i" s tra in <·ould not 
he rl!'finitely dt>t l'nnined. The other IPhril .. n·adiun~ in the te;-; lt'd 
s ht•f'p IYPre duP tn F.JI. oris in ,-, c ·a~t' :- and du1· io " Yin!~ .\ " in 
D t·aSP ~. 
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HDIU~rTY 1~ REARTWATER . 

-!. Disc1.~ ss1o::-;. 

The results of the experiments indit:a.te that once an animal 
has recovered from heartwater a solid immunity last ing for periods 
up to fJ8 months may be expected. In a few individual animals 
however only a partial immunity may be present after a period of 
7 months. These observations eonform ,,·ith those m ade under 
field conditions. The fact that it was possible to demonstrate the 
presence of heartwater " virus" by suh-inoe1.tlating blood into 
susceptible sheep from pal't.ially immttnP sheep, which were reading 
to the heartwater iunuunity te;;t has brought forward a very 
important practical point in connection with the control of heart­
water in the field. Should partia lly immune aiJimal.s become re­
infected with heartwater, they can ad as exct>llent reservoirs for 
infecting ticks. Th e disease can therefore be maintained in the 
absence of fully susceptible animals. .'llortali.ty clue to heartwater 
can therefore be expected on a ppa rell tly heart "·a ter free farms when 
suseeptihle stock is introduced . 

.In these experiments no immunological differenee could he 
detectec! between the Yarious strain ;; employe<l. Heactions sometimes 
follDwe<l hy death. haYe been noticed in cattle and sheep reared 
on heartwater veld. Sueh reactions should not be ascribed to a 
reinfection with an immunologically different strain but to a partial 
or a ('Otnplete loss o:f immunity. 

B. T O DETE RM I NE HOW THE IMMUNITY I S M AINTAINED 
IN HEARTWATER. 

1. Sr.H)lAlt Y or THE ExPERU.IE~Ts DESCIUBFJJ 1~ APr.ENmx IT. 

In expPrinwni~ 10 aU<l 1 I men tioued hPlo"· , attempts wPre maclt> 
to asct>da.in ho\,. tlw innnunity is mai11tainetl in heartwater. In cusP 
of the bacterial diseasPS mo~t of tlw Psseutial a:Spect;; of. imlllund:,· 
are known, because many method~ :nP available for the ·z: n ritro 
and ·in ·civo studie.~ of th.e bacteria awl their products. ln case of 
heartwater, onl~· in riro in,·estigatious can bt> carried out. The 
<~ ultivation of R. ruminantiu tn on artificial mPc!ia an<l the transmi s­
sion of this c!i~ease tn small laboratmy animals have not ht~en 
SttC'ee;;sful up to tht> prpsent (Mason an<I' Alexancler 1938). 

The blood sub-inoculations recorded b.,- Alexailller (19:n) haYe 
shown that the virus may still be present :)5 days after a heartwater 
J'eaetion. Donatien and Lestoquard (1937) state that they were ahle 
to demonstrate the presence of h earh,·ater " virus " in sheep 1 ()[, 
days after recoYer.\·. T"·o sheep that receiYNl large quantities of 
blood from a sheep 1 (J'J days after recovering from heartwater failed 
ro read to heartwater. but a third sheep whicl1 was injected with 
an emulsion prepared from the en dot ht> lial cells of the blood vessels 
reacted to heartwater 20 days later. This animal dietl and at post­
m.orte.lll the eharacteri~lic exndatioll:> "·hil'h are seen .in heartwater 
were ol,servetl. Xo attempts "·ere made In· them to confirm their 
diagnosis by sub-inoculation of blood into · susct~ptible sheep or b,­
demonstrating the presence of R. rnminnnh:;,m. " 
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In the experiments described in detail in Appendix II splenec­
tomy of heartwater recoYered sheep and the sub-inoculation of hlood 
and organ emul~ions \H~I e canied out in order to ascertaiu w••"<ther 
n. 1'11minantinm can be demonstrated in the J"eCOYered heartwater 
sheep. 

'l'ht> resultil of expt>riment 10 can ht> snmmarizt>fl as follow;;:·-·­
Tht> splt>nectomy of ;J n"coyc•J·ed hearhYatc•J' ~beep, resulted in a 
relapse to either Eperythro.zoon avis, Anaplasma oris or Thederia 
ouis, but not to heartwater. The role, if any, which is played by the 
spleen in maintaining the immunity in heartwater appt>ars to be 
totally different to that obsent>cl in the protozoal diHeases. Blood 
·was sub-inoculateo from two of the splent>ctomized sheep at varying­
intervals up to 45 days after the operation. Of tht> 20 sub-inor:nlated 
sheep only one reaetecl to heartwater, whilll the others reactecl to 
,1naplasma avis or Eperythrozoon on's. Tlw sheep which reacted to 
heartwater, had received blood from the splenectomized sheep, which 
had recovered from heartwater GO days previously. The eonc:enha­
tion of the heartwater '' virus " of the splenectomized sheep must 
han: been very low, because another sheep iujedecl at t.hc same time 
failed to r eact. The presence of the heartwater " virus ·' apparently 
did not stand in any relation tD the splenectomy and in all probability 
would also have bt>-en demonstrable at that time had the spleeh 
not been removed. 

In the experiment 11 in w·hich hlood. Pndothelinl cell scrapings 
of the jugular Yein and emulsions prepared from the organs, were 
injected into ~4 snscept.ihle sheep no hPari water reactions were 
observed. On the contrary in three of thP ~nh-inoculatecl sheep 
reaetions due to " 1·in1s A " resulterl. 

2. )hsct:SSIO:\. 

Of the 44 sheep which received either bloorl organ emulsions or 
endothelial scrapings preparPd from the .ing-ular ,-Pins, only •me 
sheep reacted to hearh·ater. This shePp rect•ived blood from a 
Hplenectomized sheep which htul recovered from heartll'ater GO days 
previousiy. In three of the heartwater reccwerecl sheep the presence 
of "virus A ' ' coulfl he demonstratecl hy ~nh-inc:cnlating blood into 
snsc·.eptihle sheep. From t lw ahovp results it is impo~sihlP io explain 
how the immunity i~ maintainetl in heartwater. If thP immunity is 
a prem uuition one would have expected tlw t several more sheep 
should have reacted in thel'e tP"t~. particular1y those that were 
injected with t>ndothelial cells or organ emulsions. All that is 
known at the present moment is that R. n1minantium may be present 
in sheep 31, 60 and 100 rln:-.s after ret:overy . vVhether this pan~Eii~· 
is still present. after this period in sheep thnt were found to bP 
solidly immune after several years is not known. Another asped 
of the immunity that c·an not he explained is ihat in se\'eral of 
t hto hearhYuter rPc.overed slwep only a partial immunity was observed. 
Tf the immunity is due to a lahile infection the question arises, why 
is it partial in some animals? 

De fore flnal cond Uflions can be drawn it is suggested that further 
ex periments of this naturt• lw carried out . It should however he 
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remembered that rcem·ered h eartwater sb()ep lllay harbour latent 
infections of other diseases, and that a f ebrilt' reaction that may occur 
in a ~uhiuoculatt>d ~ht>t>p nerd not net·essaril~- IJP that of heartwater. 

Ch:KEILU. ! :0:-i('LUSIOX::;. 

L ShHiie~ wNP undertnkt>H 111 ord<>r to as('ertaiu whether 
illlmunolog·ical Jifferent strains of hearhn1 ter refe rretl to by Spn·ull, 
Theiler nnd Alexander ex ist. For thi s purposP cross-immunit.r 
l~Sperinwuts with lO strains ohtninPd from rliffPrPnt lo< :alitie~; in th (l 
'l'ra n,.; "" ,11 wen· 11tilized. ~ o differen ce was dt>l!'<' l l'd. 

~- J)uring th(~ iuw.-<tig·ations , . virus A ., disea~e which produces 
a f•·bril r, reac.tioiJ in sheep Yery similar to that of heartwater was 
ob~erveu on st>veral o<:easions. The origin of the virus is not clear, 
lml it would appear that a :-:mall number of the passage sheep h a r­
honred this infection. The morta lity from thi s diseas<~ is very low 
1·iz. 2 per cent. , and the lesions a t. post-mortem resemble very elosel,v 
!host> of l1eurtwater. The possibility exists that this disease may 
have he en rE>sponsible fm· some of the fdn·i le r euetion s and even 
death;;, which were noticed hy the earlier IYorkr rs . 'l'h is s uggestion 
is m<:tdl• b eca-u::.;e in the limited number of animal8 used in these 
experiments tl1e prest'llf:f• of " virus A " wa ~ PUcounterecl no less 
than H tinw~. 

:1, The susceptibility of the horse to " Yiru .; ~'- " and the J·esis­
t.anee o£ the horse to heartwater can be Plnplo;n'd as n m et hod to 
differentiate the two diseases, an<l in ease of :1 mixed infE~ction as n 
nwtho(l to ohtaiiJ a pure stTain of " Yirus )._ " . 

4 . Th <' duntfion of the imnumit~· -was stndit>d in 121 s heE'p for 
a pPriod up to 5R .1nont.h;; a fter t hE> r ecoYPry from a heartwater 
rcadinn. A ~olid immnnit~- la sting· for ni least () months wa.' 
Pbsened. Ia the majority of cases tlw immunity is com plet e after 
this p<~riou , but in a Yery fe,,- only a partial im munity may be present 
ai i, Hi. 12. F> . HI. 20, 2!1. :;n nud :_14 mPn i h~ <JfiPr n ·<·nn'rY. 

i). It. i~ ,;ugge-;te(l that partiull:y immunP animals r ea d ing to 
hecu-twater (·an p]n_,, an impodun t role in maintain i ng- heartw a ter 
iuh•diou in thP hont-tick in t lw nhseu<·e of fully susceptible animal,;. 

fi. S-plenectmn~· of hearh,·att>r recoverd sheep does no t res ult in 
a rplap~P. fn mw nf tlw sn lt>nf'<: t.nrnizf'll slwt>p th e presence of hea rt­
'vater in 1lw 1·in·ulating blood !'ould he tl e nl<>ll ~hatP<l ()(I (la ys nfiPr 
r<'<'o,·eri ng from t.he hearh,·ater r·<~ aetion. 

i. Experirll!'IJ t~ t o demonstndt> the r•·E>seucP of Riri.-Pttsia runt,i-
1Wnti1Jin fo r H period Jougel than ()() dii,l'~ ]n· the subinof·ulation of 
blood alld •'rg·a n emuls ions iro:m rel'overE>J heart\l·n tcr sheep wen: 
cnti.rdy llt'.!.rntire. 
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APP 1•:.\ DLX .1 . 

A. To oETELtML~o; nu; DuBATlDl" 1:< TilE L\DJ USIT'Y oF HEAHT\\xnm. A:<JJ TO 
\~CIUlT.U:" II'H.:TfH:It J:\Dn·:--or,Oml' ALLY 1Jil' FEHE1'T STHALSS •:XlST. 

l~':q!l' tiln e ut 1 (S .1 88R. S.2142. S.~l-!:3. S.214D IIIUI S.\1150). 

rJu.i••rf.-To tL•st tlw immu11it~· of she<•p and g;oats with t]J,. same st raJn or 
a stra in oth .. r than that from whi<·h the animnls l•a<l r<wovcJ·•·d. 

Jl etl.od. 22 shet>p nnd 2 goats whi<·h had r ecovered from '' Harding", 
·• Jl:outpansb<·rg ·•. '' 1\rugetsdorp ", " C.85;3 ". "C.860 ' ' and "C.1024 " 
strains of lw:trt\\ :I ter were injected with hlood. f rom sheep l'<•ading to- the 
st rain" lltdical <•d in T:tblo 1 T ile sheep used for mnintaining tltP Yarions 
stra ins aded a~ toulrols. 

J!,.,, tl/f .-·-All t he anin1al, )i.;tt>d in Taltle 1 were founcl to be solidly immune 
for " JWriO<l of 2i to ;~():~ da,,·s :1fter l'('tei,·ing tbe infed ivc do~e of lwartwater 
b lood. l'l1e •·<mi ml sheep a II rf'ad<>d to l1ea.rtwntt>r; most of them died. 

I :"'" I t~slot•.- :--r., irum n nologieal differente ('0\lld lte <l <>tef'tc'd lwtwePn llw 
~ix strain~ <:IIIJi lo,\'e<l in thos<· experirnPnts. 

l•:.t· }Jf 1 i mf'lt t 2 (u) (8.5501). 

()(,j,~ ,-'1. - - To <·omp:11'l' thl! resistance of sheep s us(·eptible and of sheep 
immune to llt'art\,·:l1••r to a natural infedion of lwartw·ater. 

Jlethod.- -2:3 slls<·ep tibk sheep a.ncl 10 sltcep wltit:h ha.d recovered from an 
artifi cial infPdio n of the headwater str·ain "8.4377" were <'xposed at 1\:lnra 
iu t he Xortltl.' rll Trans,·aal. a local ity whieh is known to i.Je a ve ry bad 
heartwater area. 

l!esull. · - It will be noti ceJ from T a hie 2 (o) tha.t of tlw 23 s u scept ihle 
sheep 12 died frnll1 heartwaler !'rotll t l1e 20th to the 3.5th du~· after exposure. 
2 ~howecl C'lini('al symptoms and re('oVPrPd aud in 9 no symptoms 11·ere observed. 
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W. 0. KElTZ . 

Of the l ll heartwater reeol'er cd sheep mentioned in Table 2 (b), 8 sh owed 
no clinical sympt oms. one died a n d at the 1wst mor t em examination showed 
lesions n·scm blin g those of hea rtwater, and another died showi ng mult iple, 
localized abscesses in the lungs. 

Conclusion.- -'l'ho m ortality in t he su scepti iJle sheep was 52 per cent. 
Although n o clini cal symptoms of h eartwater wer e obsen ·ed in 9 of t h e 
sn sceptible sh eep exposeu a t M ara, it is assumed t hat t hese sh eep reacted 
m ildly to a nat ural infection of h eart11·at e r. lt seems haru l:v p ossible that 
these sheep c·ould hn ve escaped from a natural infectio n if one con siders the 
presence of t he large number of bont ticks that occu rreu on the veld at the 
time. The duration of immunity of 8 of these sheep a ud of one which sh owed 
clinical symptoms of heartwater are d iscussed in t he follo1Ying experime nt 2 (IJ ). 
In 8 of the immune sheep t he immunity IHlS solid for a period vary ing from 
70 to 257 days after r ecoverin g trom an artificial infection of heartwate r. The 
cause o£ ueath could n ot be det e rmined in on e of t he sheep on account of t he 
luck of faci lit ies at t he t ime in t he field t o carr:v ant the necessary exami nation. 

E xpeTim.en t 2 (b) 

Object.--To ascertain whether 9 of the sheep that sun ' ived from a natural 
infection a t ~lara arc immune t o h eartiYater for a period of approximately 
21-23 months aft er exposure. 

Jiethod.-'l'he 9 sheep m entioned in Tai;Je 2 (a ) togeth er with 2 susceptible 
sheep were inj eeteu intravcnou sl.y ,,· ith i >lood of the " M a r a " strain of 
h eartwa t er. 

liesult .-Ail t h e 9 sheep were fou n d t o he immune . T hree of t h em however 
ruactecl t o Epe-ry throzoon o r is , and one of the m d ied f rom this infection 38 
days after r eceiv ing the test tlose. The 2 susceptible control sheep both reaeted 
and died of hea.rt11·ater. 

Concl usimls.--Tl>c irnmunih· was w:icl against t h e homologous h eartwater 
strain for a p e r iod of 2l-2:l moitths a fter exposure a t :'\la ra. I~p . O'Vi s produced 
febrile reaetions in three of t h ese a nimals . 

E xpwrim ent 2 (c) . 

0/Jjert.- T o t est the immunity of the 8 sheep . 11·hieh had r eco1·e r ed f r ont 
the " 8.4377 " strain of heart water, 'mel which had also been exposed a t M a ra, 
approximate ly 22 months later, a ga inst the " }Iara " strain of hearhvater. 

Jf eth od.-These sheep t ogether 1vitl> 2 su sceptible ones were iu jectecl 
intravenous ly "·ith l1lood of thE' " Mara " stra in of heartwater . 

Resul.t.-T lw 8 sheep r derrc1l t o .in T a ble 2 (IJ) d id not r eact whereas both 
eon trol sh ct>p r eacted a n d d ied from h ear twater. 

Concl usion .- T il e immunit y 1vas solid against t he JJOmologous strain of 
heartwater for a period of 22 months aft er ex posure a t :'\lnn1, and for a per iod 
of 2.5 to 31 months after r e<:overing from an a r tifi cia 1 infection with t he 
heartwater str ai n " 8.4377 ". 

E xperimen t 8 (8 . .5688 and 8.5690) . 

Ol!ject.- T o t est t l> e imm uni ty of 2 sh eep 11·hich b a d r ec01·ered f rom a 
natur a l , and 3 sheep whicl> ha d r ecovered f rom a ll art ifi cia l infection of t l1 e 
" N ortha m " stra in of heartwakr approxi matelY 12 mon t h s after recover y . 

Ji ethod .- Th e 5 sh eep t ogeth er wit h 2 susceptliJle ones were lllJect ecl 
intravenoush· with blood of shePp reacting to the ":M:ara" strain of heartwat er. 
The two sheep that recovered from the natura.! infection at Northam in t he 
Rustcnburg distrid reacted t o E:pe r!ftilrozoon ov is. The two con t r ol sllE'PJl 
both reacted a nd died. 

C:onclusions.-·-The 5 sh eep 11·er e fotmd t o l;e solidly imrnune approxi m at ely 
l:! mo nths after r ecm·eri ng from heartiYHt er. No imm u nological ui fTeren c1' 
could be founil l1etween t h<• "Jliortha m " a nd the " M a ra" strains of 
heartwater. 
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W. 0. NEITZ. 

l!::cperiment 4 (n) (8 .5ti9ll. 

Uuject.- 'l'o t est tlw immunity of 2 sheep which h ad recover ed h om an 
artificial infection of the "Mara " strain a gainst t he " Xortham " strain of 
heartwater approximately 2 months after r ecovery. 

M ethod.-The two recovered sheep and 2 susceptible ones were injected 
intravenously with blood of a she(•p i·ca cting to the " K ortham " strain of 
heartwater. 

Resv.lt.-The two sheep mentioned in TablE, 4 were foun d to be immune, 
whereas both the controls r eact ed aHd died . 

Oon clusion.-There is no immunological d ifference 
" Nor tham " and " ~lara" strains of heartwat er. 

between till' 

ExpeTim ent 4 (b) (8.5691). 

0/,ject.- T o test the immunity of the t 11·o sheep mentioned in experiment 
4 (a) and Table 4 for a second time with t he " 11a ra " strain of heartwater 
approximately 12 months after t he first immunity t est 

.Method .- Blood from a sheep reacting t o hear t \ntter wns injeetcd intra ­
venously into the aboYe-mention ecl and int o bYo susceptible sheep . 

Ttesult. - One slteep showed n o reaction , wherea s t he other 41021 deYeloped 
a febrile reaction on the Vith day. Su bsequent suhinoculat ion experiments 
showed th at this reaction was caused b.' · " virus A ". T he cont r ol sheep 
reacted and died of hea rtwater. 

Con clusion.-The immunity was solid for a period of 14 mont hs a fte r 
the r ecovery from the " :Mara " str a in of heartwater , a nd for a period of 
12 months after the first immunity test \Y ith " X ortham ". 'fhe febrile• 
reaction observed in one of the sheep was ca nsecl by ' ' virus A ". 

Exper iment 5 (8 .5507, 8.5527, 8.5623, 8.5627 , 8.5961 a nd 8.6096) . 

Object.-To ascertain the duration of immunit y in sheep wh ich had 
recover ed from au artificial infection of t he "Mara " stra in of heart,,·ater . 

Jiethod.-The e ight sheep mentioned in Table 5, t ogether " ·ith two sus­
ceptible 'Ones , were injected int ra venonsly with the " M ara " strain of 
heartwat er. 

B csult.-lt will be noticed that in stx of t he sheep no febrile r eactions 
were noticed. One sheep 4.1016 showed a febrile reaction which may ha ve 
bf'en due to heartwater . This observation, however , was not confirmed by 
subinoculation into snsceptiblc sheep. S heep 47051 showed a fe brile reaction 
due t o " virns A" which disease was first noted in experiment 4 (b). I t 
was not possible to demonstrate the presence of heartwat er " vi rus " in 
sheep 3918.5, in which no reacti on was observed. 

Both the control shPep reaeted to h ea r twater and died . 

Conc/v,sion .- The immunity against t he homologous strain of heartwater 
was solid for a p eriod of 12 to 23 months in seven of the tested sheep. In 
one sheep whose immunity was t ested after 25 months a febrile reaction , 
probably due to heart-rater, was noti ced. The mild febrile r eact ion noticed 
m a nother of the sheep was due to " virus A " . In au immune sheep cir­
culating virus could not be demonstra ted b.r subinoculation of blood . 
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X:rJwl'illr~'ni ti (8.4:171 and S.till\lii). 

(!/J_iecf. - To aS(;t•t·taiJJ "lll' llll' l' sheep 11·hich l1aJ rccm·ered from a 11 a rti ~ 
fit·ial inh·diotl of the ill·::trl\rater >tJ·ain "8.4:177 . , are llll lllllliC to tlw 
•· :IJ ar·a" ,trail! approximatE>!.' :ZO lllOllti<s after n•<.:OYE-1'.1 . 

. 1/l'flliJ.!. -·-\'i r ult•Jit ":\ fara '' ill'artwat<'r I.Joocl wa~ ia.i e <"tt•d iutralt'lttJUSI.'· 
into two n•coYt •red and t1n1 ,n«ccprihlt· ' ' '"c·p. 

ll•·-<111!. - Tht• dt•tails ol" tlw re,u lb 11·i ll !),. l"tntnd ill T abk li. One of tit •· 
,],c•t•p 1r:1' l"ound to he ,oltdly innllllll<'. l n this ani tual rirculating heanwater 
t"IJt dd no t '"' dr•illtlf lstrah·d l11 tiH· "'hinocnlation ol." l dood i11to S\l~l"I'\)Lilok 
sllf•l'p. Tht• i(' l,ril!' n •ad""' <wt<-d 111 t!tt• ~w<"ond slH'<'P ""' found to he· tlue t o 
l it•art\\al•· •·. Tlti s slH•t• p. litlll<' \"t ' l". did 11ot sl1m1· any cl i nir·al s.l"111ptoms. 

I 'und 11 siun. ·TlH· ! llllllllll it_\- 111 tHil' of tlJt• ...;h~·Ptl \\. ;l..: l"oJnpit~te fu1· n p0rind 
of :?(1 llltJIIti ts. iilld i11 t ilt• otll!'r i1 !lll id f1>hri lt• l't'ltdioll, dllt• to ht•adl\·at('l', 
ll"a.s ohs••rvt·rl. It wonld tht t' app< ·a t· t h at although thl' sltct•p l'efi<"Lf'd a 
'llfli,·ir· t•t. n·.'i'lnttt·P ur partial itll nlllllily 11·as 'till pn•sC>n t to prt:Y!'nt a >f'W·J·,. 
att :H·k. 

()/,jeri .· -To not.t• th,• nat111 (' of im inllnit_,. in sllt-'€Jl wlti..lt had l'l'<"OI"I'fl'd 
from an artifi t·i:tl inft·c tion of henrtll·at .. r· ~ti·nin '' S . .J:~;-1" II\· t<•sting thf'l ll 
ll"it.lt the '' :\f:~r:1 .. >t rain app t·oxitnah·l-' s!'l"f' ll to 11 ntt. n ths ·,,ftf'l" r~t"!JI·ery . 

. lf f fl,.,,f.- \' i n t lr· 11t h.•artll"<ttl•r IJ!on<l was i n.ie<"tf'll into the "ix r f' !"oven•rl 
and into 111"11 '"'c·• · ptihl,• shePp. 

/!'' ·"'If. I t 11·ill Ia• uoti<·ed frolli T:thlt • 7 that all tl 11• shP<c>p 11"< '1"!' im•umlt· . 
Both t"Olltmls l"l':ld!'d anrl dil'd. 

f'ut/rfllsJtJJI. T IH' ... ht 'l'P \\PrP r~HIIH.l ttl l~t• fn1ly irll~liilll(' i"or :l pr·nod of 
;o..v\"(\fl to II ntnnth:-.. :1ft(· r l'PI "P\ r•ry. :\o i nl lltllllologic:t l dift',• r t'IW(' (·o~Lld IH• 
dt•t<•..t"tl lll't\\ t•t·ll tl1<· .. . \l:1ra ' ' and tht· "1-'.4:171" IH•:•rtw:tl.t•r st r aitts. 

fll,jl",.f. To test ll~t· inunHnit~· of t ltt · six ' ''"''P JHt•Jotiutwd i n <'\: j)(>l"i meut 
I ( rrl :.ltld T ahlv 7 t'o r· ;~ 'l.'l'Olld tintP again~ L lb(• "~J;,ru ·· ~trnin of ht-ai't -
11.:11(' 1" app ros.itll;t t .. ly 1 ,) lJlt>lltl" ~ flt•r t l ll' first illlln ttl'i t .\ tf·,t. 

.lf ,•f!uNI.-\" i rn l<•llt lll•nrtlnll.t>r I.Jo<HI 11·a .' in,iedP.! intr:llt' I!Ot.,l.'· into Ll11· 
~•' -i•<'<'P "nd "l~o into two 'iiiS!"P\ rti hk one'S . 

11''811/f. J t1 fin· of ll11~ <II<'< 'P no n•:~t·t i oll' "!'r<' noted. .ltJ one of tftt• 
animal~ a n·n..tion du~> to ",:rns .\ ' 1ras notil"<'d and in anothf'r 8 ft•h rile 
rP~H·tiDll d ut• t!J hearh\~.f\ U • r w;1:-; 5t'Pl1 

·un ,· lr~8 i u, ,, -Ti ~t· illlltllllJity \\· n-.., suiHI for a pt ~ riod (,[ ~q to '20 Il10llth~ 
,,r~t·r tlll' rt•<·on•r.'' fr •llll tltp '"~ . .J:l/1"' ,t,·a in and lor ;c J'c'l"io<l of 1:5 month ' 
:tl"tt· t· tlll' l;r>t iHIIllltrlltY t•·>t 11·ith thP ·• :\.Ltr:t" s trn i n of ht•;trhYill f> r . l 11 
Oil(' ~ltPf'j) a mild fphrilP rf'ndinn dn!' to lu•a rtw:tlt'r w:os n oti(·e cl :2 -1 l!tonths 
:t l'l l·r r<'t'o\·Pr:-· fro111 tilt• pnn1 <1 ry r•' a<·tin11 and 1.-, m(lnth~ aftf'r H1P ti r:-:.t. 
lllll l lll tl it.\ t<•:..;t. 

IJIJil'd . -To !!'s (. till· illll.ll ll llity nf :l2 '"''''Jl ll"hwlo l o:~ d rt 't"t1\"t'l"t'd from an 
:1rt i li•·ial in fPI't inn of thl' ":\lara" str:~ in of itt'art\\"at• ·I· :l;.(a i n ' i thf' ~<\lll< · 
"train t}Jn'<' t(] -~ 1 n1tn.1th~ aftpr n.' t'' ) \ "('f,\ . 

. II i' tl' ""· ·-- \' i rult•Ilt " .\I a r:t ' · l' "'' !"til" a tf' I' blo•nl 11·a s inot·ttlat<>d intra -
,·,·nt~llsh- " ' dost•s ol Il l <".<". into thP :1:2 ltt•;Hhl"l1ter rl'r;on·rc•d >heep me ntiotwd 
i 11 T n hlt· k ami i li to 11 stN·cptible sltet•p llli'Htionl•ll in Ta ole 8 (a). 
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HIMUNiTY IN H EARTWATER . 

Re.su.lt.-All the susceptible sheep reacted to heartwater, and eight died . 
In the smears p r epared from the in t ima of the jugular veins of the latter 
Hickett.sia nuninantium could he demonstrated. Of t he 32 recovered hea r t ­
water sheep, 27 showed no reaction and five showed febrile reactions , when 
t ested after periods of seYen , nine , 16 and 30 months. .Kone of these sheep 
died 

Conclusions .-·- 'l'he immunity in the majority of sheep was solid for periods 
np t o 41 months after recovery. l n only five of the sheep febrile reactions 
duo to heartwater were noticed when tested at intervals from seven to 30 
months after the primary reaction. The control sheep were found to be fu lly 
susceptible, indicating that the camp in which the sheep were allowed to ru n 
was free of infect ed heartwater ticks. 

E:J;pr:Til !l ent 9 (a) . 

Ubject.--To test the imlllunity of 9 sheep mention ed in Table IJ which had 
~·ecovered from an ar tificial illfeetion of the " Strydom " or " Mara" strain 
of h earhvate r l to 2ii months after r ecoverv from t he " l\lara" or the 
" Northam" strain of heartwater. - · 

Jletlwd.-(1) The 3 "Strydom" heartwater recovered sheep each received 
10 c.c. virulent " .:\lara " lwaTtwater blood intravenously . 

(2) The 4 " ]\lara." heartwater recovered sheep each received 10 c.c. 
virulent " l\lara " heartwater blood intravenously. 

(3) T·he 2 ".:\lara" hea rtwater recovered sh eep each received 10 e.c. 
virulent "Northam" heartwater blood intravenously. 

l!esult.--lt will be seen from Table 9 that all the sheep were found to be 
solidly immune to the strains of heart,·ater used. Febrile reactions due t o 
" virus A " disease were observed in two of the sheep which reco.-ered from 
the " Strydom " strain of heartwater. 

Conclnsi.ons.- Tlw immunity was emnplete for periods varying from 1 t o 
:;:,:; month s after r ecover y hom heartwater. ?\o immunological differences could 
he detected between the "::V{arn." "Strvdom" and "Northam" strains of 
h eartwater. " 

Experi ment 9 (b). 

Ol!ject.-To test the immunity of the 9 sheep mentioned in experiment 
9 for periods varying from 9 to 58 months after the recovery from t he 
infection 

M ethod.- (1) The 3 sheep that r ecovered from the " Strydom " strain of 
J, eartwater and 2 susceptible sheep mentioned in Tnble 8 (n) , each r t>ee ived 
JO c.c. virulent "Strydom" heartwater blood intravenously. 

(2) The 6 sheep that recovered from the ".:\[ara ., stra in of heartwater 
each recei ved 10 c.c. ' 'irulent " l\Iara " heartwater blood intntvenously . The 
10 susceptible sheep 11·hich were inoculated with virulent ".Mara" heartwater 
blood in experiment 8 aho served as controls in t h is experiment. 

R esult. - <1) It will be seen from Table 9 that 2 of the " Strydom " !J ea.rt ­
wa ter recoye1·ed sheep were solidly immune after an interval of 9 months. Tho 
third an imal which was tested afte r 10 months slio1Ycd a febrile reaction a nd 
r ecoverNl. Both the suscept ible sh eep in jected 11·i th tl1 e " Strydom " stra in 
of heartwater reacted. One of them died, and ill the smears prepared from 
the intima of t he .iug;ular 1·cin R-ickettsia Tllminan t i·w n could he demonstrat ed. 

(2) Five of the " .:\lara " recovered sheep were found to be solidlY immune 
when tested at intcrvds of 28 Lo 58 months after the primary inff'~tion. In 
the remaining sheep a milr1 feb rile reaction due to heartwater was observed 
when tested after 34 months. 

Conclu.sions.-Out of the 9 sheep 7 were found t o be solidly imm une fo r 
periods vary ir>g from D to i38 mont hs. Febrile r eactions were uotieed in 2 
sheep at JO and :3"1 months after the primary r eaci.ion . 
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w. 0. l"t:!T.I.. 

:\l'J'ESDIX n. 

U/,i l'l' f. -To """"rLI.il! wh<'tlwr 'li•' <'P tJJHt iJan' l'L'CIJI't•n•d from IH•<trlllaLo.'l' 
will ,J,·o\1' a r;•l:.p><' In tl1i~ di,,·,b•· aiter splew:clotll). 

J/d/oud. I. l•'iv" 'lie<'l• ldtil'lt :trt\ llleutiunt>d in tl~t• ''!JJ>•'HdeJ Table 10 
(u \ Wt'J'C ,;plt'lleduuti~ed hy Dr. ()niulan, ol tills lu<titute. ]\<o or Lhc~<.> 
a.uilllnb had l1<>en inf<·o·t<•d artiti.:ially with lH·arL"·:·lltlr two 1uonlhs J>l'P.ViOIISiy, 
two ;tpptoximatdy t.lin•p !Ho!Jtils !JI'eYiou<]y aJJJ fJllC 1ri1ir·h was I'XJlil;it•d to <l 
ruttural infection Hi ntontiJ~ ago had btoCn ~uho;eqlwi!U_, r('inft•d,~d 11·ith blood 
1 lin•" ;lnd " halt llHol!tl" lodn•·•· !t "'"" top..r·;~t.>d toll. 

:l. Hl1u Hl I t't>lll t 11" ''"'''I' ]:>111:! aud .JI)(ii;:{ 
1n·r~ J rt:'l the D}H-·L-a-tinn a lid sJJllsl'f}llL'llt 1~- <I1 

:iltt•J' tlJ1• rt•IIIO\'a[ ol' Llll• >plt•t•!L 

'\as i njvt·t.t·d i lito ..;q ~c,•pt.ihl<· .·:dH'I'P 
rar_v111~ inh·rynJ. ... up ru .j;~) da_v~ 

~- Hlood ~nl<-<11'...; \n'l'l' I':X<~Ittit~<•d tlilil_\ ltH til!' appv~lf<lltct· of hluod par:tsill':-.. 

/!es•tlf_ lli<' d.-tail., ot tl1<• ''l"''n·atiou~ :u·., Hllmcioll<'•.l iff Tables 10 (a) 
to [to l,cJ. It will b1' not.i<"P<l tltat sht>ep :lit!b:! ''""'·•·d a rdap.'e tu Jip.<•,·i.,·. 
,h,•r·p ;1.',110·1 and :tT:l()~ r!>lap~•·d t o .l.ol'is and ~beep .. j;,!•7:! awl ~GIJ);~ show".! 
H·lap"'' to both .J.,,:;.,. aud '/'/,.,,·!.-. In llllltl' of t!Jesp. sp\cJwdunrized :~llimal,;. 
\'"''"'"~'· ""·' a heart11·at•·r re:t<•titJu notieed. Of llll' 10 ,h<:>ep whid1 WPt'P 

in.i•·ch·d w1<h lo!oud oi slll'''l' J(jOii:l. s-·,·cn r•·nd<:cl tu ·l.n•·•s. ottP to :i.•J•·i,< 
o._ttld Rr'.(,ri,,. ;ttld r:v~·o sh<l\H'd no ltlnt HJ polr·asitt_1:-;_ :\11 l'l?:t'.~tiotL~ to heartwater 
1n•re lltJti<P(l i11 :lll\' nf' th<. '"' sl"'<'P. :\. lwan"·"T•·r inl!llllllitY test sho11Pd all 
llw sht·E'p to lw lnll~· "·"'·•·pt1hlP. 

nf till' IU ,;lu·cp \\ llir·lt l•ad bven ir~iv,.t.-d \\ itlt bloo>d !rolll j,)!J72. >ix ,.,.,,.tP<I 
t11 .L.,,ci .-:. two t'l'Gt·lf:'d to f~'p_,;rc.:. a nd ..l. '' ''Lii, VJJt..J r~· :u·tt: rl lu };p_n,~i-.~. and ou(• 
l'P<~<-Tt•d tD A.~n·i~ and tu ~u-·Hrl\\<ller. A IL{:"art.wutc.·r iTnrllunity tp;..;t g::n-e 
rP.ad i .. n i11 all rl11) ''".' ~'P ,.,(·topl , n ''"'''!' -!:lO'-'!l. 11 hidr ha <l n ·:u·ted pre' ion sly 
to llt1 nrt"·at\ll' ;lftt-J' l'!'l'Pi ,-ltl:.!. ldo11d lrou1 :'\ ~l~·~·p lt)f)7~ ou tiH1 nintl1 d:1_,. :-tftl'r· 
-.;plf.·th'l:lon1y. 

t:Oii d ,,,;,!/,. Th., ,p];·uc·dottl,\' ot h<·:tcb\':1 l<>r reu,<·cn•d >h•••·p ro.'sllltecl Ill 

:t n•laps;o t.-, A.m.'i~, E)),orio :1nd ]/,,.-,,.;,;. b11t uo( to li<•art"·~ter. 'I'J"• prQ,;r-•n<·r· 
of <·inulat iu~ lot• a r·Lwatr•r l'lrtls " iu 'h(•t:•p .]ii')/:! \\'"' df'lllC>Hstl·:ot<>tl hy tit<' 
:-;nhintwul:n io11 ~:>r· l,}ood 111 t o ~h<..'l ' P .t;-~().l..!ft on llH· ni n t'J, d a,...- nftr•r sp~f)IJElf·torny. 
TlH' t'()JI(·i•ntration nf :: \in1:--. ·· ,n th1"' ··dHlt•p tuu:-:t ha\·t· ht'Pll yery lnw. 
}lpl-:IU."it• ~ht~t•p fit.'-::~~- \rliil-ll n ;lS in.il•f'it•d at 1ln• '-':llll~· tln1P :1~ C~('l~~). i'a1!t-d 

t11 TT';l!'t. 

()(i_;r·rt. --Ttl :lsn·r·( ;l ln ho'i\. long n·<·tl\·(·n·d 111-';trt"·ah·r ~hP•·p n~ar n'nl:llll 

t·arriPr."i of lfi-fl,·~·ftsio. raloi~tunf;IJlP. 

Jfrt/i od.-1-'or ihih t'X [ll'l'i Ill PHi thn•t• 
nnilic-ial infection with t:ilf• " \fara" 
indi•·al<·d ia tl1<• sul.joinr•d T,l,\.- 11. 

,ht·<•p whi,.h had l'<'l'ol\·erP<l frow 
strain of ht•~t rt.l\·:der w<~n· usc':o<..l 

(u l SliEwp ll';iDH \\·as dr·stroyed UJlpruxiJ!Iiitd.~- iour u ml :1 }~alf n•ontl1~ 
nft;,r re('.-iYing the infecti>-;· dos'-' of heartwater blood. Organ l'nlnlsions in 
~~linP pl·r-pal'Nl l'mm tlw b1·ain. liYCI', kidney . .;pkf,n. the Qudothelial cell' 
of thr- jugular n•in anrl hlo,d 1n:•r•• injPdPd intn "''' PptihiP shpep. 

'277 
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(I>) ~IH·ep ~t';j(j() \las d<•stroyed appruxilllatl'ly four ll!Oilths aftPr IH'III~ 
infected with heartwah•r "virus''. Blood. organ e111ulsions. nnd tlw Pli-
tlodwlial r·plls of the .iu~1dar n·ins werP ini••dpd into sht>ep. 

(c) Blood of sheep ~-SO:?l wa;; injPcted into sen,ral siiePp (i;J and ti!l da.h 
at"tt•r lwin_g infeetec1 1Yitb hearbyater. 

Ue.<ult.- (o) .\mw of the ;;hePp iujPct.Pd lrom Jt'5HG n1act<ed to heartwat<•r. 
Tlw two !'hevp 1Yhieh 1·eeeived the in.il'et iuu of blood. reacted to " virus A ''. 
ThPse shef•Jl 1n•re later found to he susceptible to heartwater. The shef1p 
11·hieh recl•in·d the or<'an emulsions 11·en• fonnd to lH' "Jseept.ib],. to '· virm .. \ " 
TIH·ir sust·Pptil,ilih· 1~> hl•nrtwat.•r ''"'" not tested. 

(/1) ~~~ lte:Jrtw:JtPr n·actions wun· obsen·Pd Ill any of the sheqJ injp,·H·d 
from 4kiltill. Fmu· of tli<> she<'p n·ad•·d ancl died as tht• n·sult of a lu•artw:Jt<'l" 
illlllll!llity lP,t. 

(f) TIH· 'h"''l' injt>dl'd from shPPJl Jc-'(121 fai!Pd to 
In <Hl(' of tl!Pill, hou'(~V(>r. a l'l'action io " ,·irus ..:\ ., was 
:lll<l nnoth<·r Olle 1\"<'n' snh.ief'ted io a heartwnt<•r tP>t. 
:1nd J't'('tJ\·t>n•d. 

read to ll(>artllai<·r. 
obHen·<'d. Thi> shl'<'P 
1\otli of thPm rP:H"t••d 

(
1

uudus~rul. It w:1:-; no1 po:-;~ihlv to dt•!IJott~draif' tiH• pn'St'll('(' ol 
//1, l:ctf.<iu rlllll-iltunfilttl< bY tli<' subinoenlation of blood. ••ndotlu·lial l"Plls of 
t.ht• jugul~1 r \'f'in and orgcln en1nlsions fro111 thl:.. t i1n•e n•(·o\·<·rt>d siJP<'P a ftPr 
:1 ]WI"io<l ol ();) to };);) days after re.-ei1·in~ :Ill infPei in• dos<' of lif':ll·l\y:il<•r. 
T'nl of tlw ,}w<'p w<•re fonnd io lw •·arri<•rs of thf' "1·irn~ .'\ 
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