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By W. O. NEITZ, Section of Protozoology and Virus Diseases,
Onderstepoort.

INTRODUCTION.

Fierp observations as well as immunity tests under laboratory
conditions have shown that animals ave capable of developing an
immunity against heartwater after vecovery. The nature of the
immunity however is obscuve. Rickettsia rwminantium parasitizes
the endothelial cells of the blood vessels, and its presence in the
peripheral blood can be dewonstrated by sub-inoculation of hlood
mto susceptible animals during the reaction and for a limited period
after recovery. Alexander (1931) found that in some cases no
“virus 7 could be demonstrated by the intra-jugular sub-inoculation
of 10 c.e. blood 8 days after the height of the fever reaction, while
tn others transmission was successful 35 days after the reaction.
In an experiment to be described later, it was possible to detect the
presence of heartwater “* virus ' in a recovered sheep 60 days after
recovery. IFrom the data it must be concluded that a premunition
may exist for a period of two months after recovery. and that the
nature of the immunity after this period is obscure and needs further
luvestigation.

In the case of Rickettsia bovis which parasitizes the leucocytes
de Kock, van Heerden, du Toit and Neitz (1937) showed that a
premunition develops, and that splenectomy results in a relapse.

A factor to be considered in these studies is the resistance of
the various species ot animals. As far as is known all the ruminants
are susceplible to heavtwater, bhut their susceptibility varies. The
artifictal infection of two species of antelopes viz. the blesbuck
(Damaliscus albifrons) and the black wildebeest (Conochaetes gnu)
did not result in eclinical symptoms of heartwater, although the
heartwater ** virus *’ was demonstrable by sub-incculation of blood
into susceptible sheep. (Neitz 1933. 1935 and 1937.) Alexander
(1931) states that indigenous sheep and blackhead-persians possess
a higher degree of resisfance than imported breeds. 1In the former
breeds the mortality is approximatlely 6 per cent., whereas in the
wmerino sheep up to 80 per cent. may die. Similar observations
have been made with indigenous and imported breeds of goats.
Insufficient information has been collected about the resistance of
cattle breeds, but from field observations 1t would appear that one
can expect the mortality to be in the neighbourhood of G0 per cent.
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IMMUNTITY IN HEARTWATER.

A third factor Lo Le considered in these investigations is the
possibility of the existence of hoterologous strains,  Spreull (1004),
Theiler (1909} and Alexander {1931) conclude from their experinents
that there are iminunologically different strainz. However du Toit
(1924)* and the writer in these experiments have failed to confitm
this statemenl. The observations by the former workers are
summarized in Table 1 and those of the laiter workers in Table 2.
The 1mmunity tests (Table 1) 1u the cattle, sheep and goats were
applied from 3 weeks to 2 vears after the recovery ol the animals.
In some cases the animals received virulent blood, and in other
instances they were exposed 10 patural infection.  No satisfactory
explanation can be g2iven why the earhier workers encountered
immunologically different strains, A possible explanation mav be
that since the presence of Hperythrozoon ocis (Neitz, Alexander and
du Toit, 1934y and that of a new ** virus 7 which will be referred
to as *virus A 77 in these studies was not known, incorrect conclu-
sions may have been drawn from the febrile reactions set up by
these two diseases in sheep. It will be noticed from Table 1 that
uo breakdown is vecorded in cattle where the liperythrozon and the
“virus A 7Y disease do not play an impoertans role, whereas in sheep
and goats u lurge number reacted when the Dmnunity test was
applied. This argument 18 brought forward 1o show how migleading
a febwile reaction may be, particularly in digscases like heartwaler
and ** virus A7 discase where the temperature may be the only
symptom. In such doubtful cases therefore sub-inoculalions and
cross tmmiunily tests have to he resorted to Dhefore o correct inter-
pretation “of the reaclion can he given.

OBSERVATIONS a1 OKDERSTEPOORT.

For these experiments the Lighly susceptible merine xheep was
used. The sirains were passaged by sub-inoculating hleod at the
height of the rteaction into suscepttble sheep.  These apiwmals
incidentally served as controls to the varions experiments.  No
difficully was experienced in maintaining the infection in this wuay,
r1lt]munﬂh occasionally one out of two injected sheep failed to react,
in sp;te of the fuct that such an animal was subsequently found
to be fully susceptible on receiving a second infective dose.  Similar
ohservations have beew record~1 previously by Alexander (1 1) 1n
sheep, and by Nettz (1937) In ¢ sub-ineculations made ivom mtected
blesbuck into sheep., The inanility 10 Transmit heartwater at times
may be due to a very low concentration of the heartwater ** virus ™
in the bloed. In auy of the sheep used in these experiments in
which no veaction. or a doubtful one wuas ohserved, a second infective
dose wuas given, in order 1o definitelv determine whether the animal
was gusceptible or nol. The mortalily from the varions struins was
as high as B0 per cent., and consequently o relatively small nnmber
of sheep weve available for these studies.  Blood smears which
were exawnined from time to iime from the passage sheep during
the heartwater reaction frequently showed the presence of Epery-
throzean owis. These recovered animals developed a premunttion to
Fp. aris tnfection, and did net react again to this disease when the

P Quoted by Alexander (1037,
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heartwater lwmmunity test was applied. On the other hand it was
noticed that those sheep which contracted and recovered from a
natural infection of heartwater were susceptible to Ap. ovis. This
complicating factor can he excluded by treating the donors infected
with heartwaler aud Fp. ovis with the antimony-arsenic compound
Std. 386 B3, 24 hours before sub-tnoenlating blood (Neitz 1937).

In the course of these experiments a hitherto undescribed
Svirus A U distinet from heartwater, blue-tongue, and tick-borne
fever was isolated. This deterination was important, because
wrong Interpretations would have beer given to the reactions, if the
existence of this “ virus A7’ had not been recognized. The
incubation period that follows the ivjection of “ virus A7 15 as a
ru  longer (12-21 days) but may be as short as that of heartwater.
The duration and the itype of the febrile reaction ave very similar
to those of heartwater, and Us identity can in most cases only be
recognized by carrying out sub-inoculations and  c¢ross-inmunity
tests.

The nature of ** virus A 7" s obscure. [t can not be transmitied
by the ticks dwblyomma hebrauewm, the vector of heartwater, and
Rhapicephalus appendiculatus. Tt does ot puss through a Berkefeld
or a Setiz filter, and does not live longer thaun 24 hours at room
temperature in citrated blood. The mortalily is extremely low and
up to the present approximately 2 per cent. of the infected sheep
have died. Clinwcally thie only symptoms seen are inappetence and
general weakness. At post-mortem the lesions resemble very closely
those of heartwater, and the only way to differentiate these two
diseases 1s the nicroscopic examination of the intima smears, and
of seetions of the hippocamp- for the vresence of Rickettsia rumi-
nantiwm. A very important  fference between *° virus A 7 disease
and heartwater 1z the fact tnat the former can be transmitted to

horses, in which a mild reaction is produced after an incubation
period of 18-21 days.

In the tables mentioned in Appendix I it will be noticed that
virus A 7' produced felrile reactions in heartwater imnune and
susceptible sheep on several oceasions. This complicated the inter-
pretations of the reactions and necessitated further sub-inoculations
in order to ascertuin the nature of the febrile reactions.

I3

The experiments are discussed under two headings:—

A To determine the duration of the ilmmunity in heartwater
and to ascertain whether immunologically different
strains exist.

B. To determine how  is immunity is maintained.

A. TO DETERMI} THE | RATION = THE IMMUN Y IN
HEAI WATER AND ASCERTAIN WHETHER IMU-
NOLC CALLY DIFFE t I STRA § EXIST.

1. EXPERIMENTAYL SITEED.

The details of the experiments on which this discussion is based
are given 1 Appendix 1. A large number of sheep was used and
the observations on the various groups of sheep are presented in
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tabular form at the end of each experiment. Another table summa-
vizing the results of all the experiments described in Appendix 1
18 given al the end of this discussion. In addition the same
information is given on a chart on which the olservations are
demonsirated graphically. 1t will be seen that an insufficient number
of sheep were available for each group. Nevertheless the data gives
one some 1dea about the duration of the imunitly.

For these experiments merino sheep which had recovered frowm
an artificial infection of heartwater were nsed. These sheep logether
with a large number of others which were tully susceptible to
heartwater were kept in a camp comparatively free of ticks., During
the period in which they were kept in the camp no reactions and
no deatl  from heartwater were observed. Tt was therefore concluded
that a natural infection of heartwater did not take place. In order
to confitin this observation 13 of the susceptible sheep which ave
mentioned in Appendix 1 Table 8 (4) were used as controls {o these
experiments. Besides these 13 controls at least 2 susceptible sheep
were included in each group of recovered heariwater sheep which
were being tested for thenr immunity. Wherever possible the
endothelial cells of the jugular veins of the control sheep that died
were examined for the presence of Rikettsia ruminanlivm in ovder
to be sure that the reactions observed were due to heartwater and
not possibly due to © virus A 77 disease. It is of interest to mention
that on several occasions 1t was possible to demonstrate the presence
of K. ruminantiumm in the endothelial cells of the jugular veins of
sheep which had died early in the evening, the next morning
approsimately 12 hours after death. 1In 1most of the sheep the
decomposition changes were far advanced at the time when the post-
mortent examination was carried out. In some instances where u
sheep died late in the afternoon, and where it was not possible to
carry out a post-mortemn examination the same day, the jueular
veins were removed and placed in a refrigerator and examined the
next morning for the presence of parasites. This procedure proved
very satisfactory. In one instance small portions of the jugular vein
which were kept in a refrigerator were examined daily for a period
of 10 days after the death of the anumals. Rickettsia colonies which
showed slight morphological changes could be demonstrated through-
out thiz period.  Whether they were still viabhle or not can not
he stated as no bological test was made.

2. OriGIN or THE EARTWATER STHAINS.

All the ten strains mentione helow were obtained from different
localities in the Transvaal. An opportunity did not present itself
to study the nature ot the heartwater strains which are known io
oceur in Natal and in the Cape Province.

(1) The strains *° C.853 77, “ C.860 7’ and " C.1024 7 were
isolated from three naturally infected cattle which were
exposed at Onderstepoort.

(2) The strain ** S.4377 77 was 1solated from a mnaturally
infected sheep that contracted the disease at Onderste-
poort.
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Gl The " Harding 7 strudn wuas dsoloted from a naturadly
infected ox In the viclnity of Preioria.

4y The " Krugersdorp 77 straln was solated at Kreugersdorp
froni naturally  intected  sheep  which  contracted  ihe
disease while they were on their way from the Lowveld
in the FEastern Transvaal.  Krugersdorp Ties on the High-
veld of the Tronsvaal, and heartwater may  wake  is
appearance there v animals that have reeenthy been
introduced From areas where heartwaler 15 known 1o exis=t.
The elmatic conditions of the 1lighveld are such that
the bont-tiek (Awbiyom me hebraevis does not thrive
there.

i) The ** Miow & aln was Jsolated from naturally infectled
sheep that were exposed on the Government 190 srinental
Station at Mara near Lours Trichardt i the Zaopanshery
district.

v The " Northam 7 ~rain was 1soladed  from naturally
intected sheep which were exposed on the Government
Fxpermocotel Station o Novtham in the Rustenborg
thistrne,

(7 The = Soydom 77 stram of eartwater was iselited from
natnrally  fected eatrle on ow burn i the vicinity of
Warmbud in the Waterbere districet.

) The  Zoutpansberg 7 struin of heartwaier was Izoluted
from waturalis  dntected  cuttle  in the Zoutpanshery
distriet.

Soomustaany oy 1RE Baniesiey axnn CUross Taarytre Tre s,

The ohservaiions made o experiments 129 ¢6) which e men-
tioned e Appendin 1 huve been summarized 1 Table 2 of the text.
It will he seen that o ~ohd tmmunity was present o 121 sheep
for permods up 1o 5% monihs after recovery in all of them with the
exception of 110 sheep in which febrile reactions due to the heart-
watel test mrjection were noticed T o100 34 months after recovery.
No oelinteal svnploms other than Febrile reactions were noliced.
Of the 8 sheep which had recavered from Ahe  Mara " sivain fehrile
reactions were seen after 7 wgonihs (I sheep), wfter 12 months (]
shieep), atter 15 months (1 sheep), offer 16 months (1 shieepd: after
29 months (8 sheepd, after 300 months (2 sheep) and after 334 months
{1 <heep), ou desting their mncamiiy against the ** Marae 7 leari-
water strain.  ITu one sheep =hich had recovered Trom the - S 4377 7
Atrain of heartwoter o m | reaction was noliced oo tesiing ale
imnnity against the ™ Mara ™7 strain 20 months atter the primary
resction, Another sheep which recoversad from botlh ¢ Strydem
a7 Mura 7 strains reacted on desting the tmnranity oafter 10
months with the " Servdom 7 strain of  heariwader. The mild
reaetions indicated that there was <till a partial mmunity present.,
The couse of death in ene <heep which wus cxposed ot Mara &
sixv months after recovering trom the " S 4377 7 strain could not
he definitely determined.  The other felirile reactions i the {ested
sheep were due 1o Kpo oris tn 4 cases and due 1o 7 virus A 77 in
A cases,
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IMMUNITY IN HEARTWATER.

4. Discussiox.

The results of the experiments indicate that once an anilmal
has recovered from heartwater a solid immunity lasting for periods
up to H8 wonths may be expected. In a few individual animals
however only a partial inmunity may be present after a period of
7 months. These observations conform with those made under
field conditious. 'The fact that it was possible to demonstrate the
presence of heartwater ‘° virus '’ by sub-inoculating blood 1into
susceptible sheep from partially immune sheep, which were reacting
to the heartwater 1mmunity test has brought forward a very
important practical point in connection with the control of heart-
water in the field. Should partially immune animals become re-
infected with heartwater, they can act as excellent reservoirs for
infecting ticks. 'The disease can therefore be waintained in the
absence of fully susceptible animals.  Mortality due to heartwater
can therefore be expected on apparently heartwater free farms when
susceptible stock 1s 1ntroduced.

In these experiments no Lmmunologicul difference could be
detected between the various strains emploved. Reactions sometimes
followed by death, have been noticed in cattle and sheep reared
on heartwater veld. Such reactions should not be ascribed to a
reinfection with an immunologically different strain but 1o a partial
or a complete loss of immunity.

B. TO L f F N YIS W
ART R.

1. Stussary or THE KXPERINENTS DrescriBep 1x Apprnpix I1.

[n experiments 10 and 11 mentioned below, attempts were made
to ascertain how the immunity s maintuined in heartwater. In cuase
of the bacterial diseases most of the essential aspects of lmniunity
are known, because many methods are available for the on vitro
and ¢n rivo studies of the bacteria and their products. In case of
heartwater, only /n rire investigations can be carried out. The
cultivation of . ruminantium on artificial media and the transmis-
ston of this disease (n small laboratory animals have not been
successtful up to the present (Mason and Alexander 1938).

The blood sub-inoculations recorded by Alexander (1931) have
shown that the virus may still be present 35 days after a heartwater
reaction. Donatien and Lestoquard (1937) state that they were able
to demonstrate the presence of heartwater “ virus’’ in sheep 100
days after recovery. Two sheep ihat received large quantities of
blood from a sheep 105 days after recovering from heartwater failed
to react to heartwater, but a third sheep which was injected with
an emulsion prepared from the endothelial cells of the blood vessels
reacted to heartwater 23 days later. This animal died and at post-
mortem the characteristic exudations which are seen in heartwater
were observed. No attempts were made by them to confirm their
diagnosis by sub-inoculation of blood into susceptible sheep or by
demonstrating the presence of R. ruminantivm.
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In the experiments described in detail in Appendix IT splenec-
torny of heartwater recovered sheep and the sub-inoculation of hlood
and organ emulsions were carried out in order to ascertain wwether
R. ruminantium can be demonstrated in the recovered heartwater
sheep.

The results of experiment 10 can be summarized as follows:-—
The splenectomy of 5 recovered heartwater sheep, resulted in a
relapse to either Kperythrozoon ovis, Anaplasma ovis or Theileria
ovis, but not to heartwater. The réle, if any, which is played by the
spleen in maintaining the immunity in heartwater appears to be
totally different to that observed in the protozoal diseases. Blood
W -inoculated from v of the splenectomized sheep at varying
intervals up to 45 days after the operation. Of the 20 sub-inoculated
sheep only one reacted to heartwater, while the others reacted to
Anaplasma ovis or Eperythrozoon ovis. The sheep which rea d to
heartwater, had receirved blood ‘om the splenectomized sheep, which
had recovered from heartwater 60 days previously. The concentra-
tion of the heartwater ‘‘ virus ’’ of the splenectomized sheep must
have been very low, because another sheep injected at the same time
failed to react. The presence of the heartwater ‘“ virus = apparently
did not stand in any relation to 1e splenectomy and in all probability
would also have been demonstrable at that time had the spleen
not been removed.

In the experiment 11 in v ich blood, endothelial cell scrapings
of the jugular vein and emulsions prepared from the organs, were
injected Into 24 susceptible sheep no heartwater reactions were
observed. On the contrary in three of the sub-inoculated sheep
reactions due to “ virus A 7 resulted.

2. Discussion.

Of the 44 sheep which received either blood organ emulsions or
endothelial scrapings prepared from the jugular veins, only one
sheep reacted to heartwater. This sheep received blood from a
splenectomized sheep which hud recovered from heartwater 60 days
previousiv. In threc of the heartwater recovered sheep the presence
of ““virus A ”" could he demonstrated by suh-incculatine blood into
susceptihle sheep. Trom the above results it is Impossible o explain
how the immunity is mainiained in heartwater. If the 1mmunity is
a premunition one would have expected that several more sheep
should have reacted in these tests. particularly those that were
injected with endothelial cells or organ emulsions. All that is
known at the present moment 1s that K. ruminantium may be present
in sheep 31, 60 and 105 davs after recovery. Whether this parasite
1s still present after this period in sheep that were found to be
solidly immune after several years is not known. Another aspect
of the immunity that can not be explained is that in several of
the heartwater recovered sheep only a partial immunity was observed.
1f the immunity is due to a labile infection the question arises, why
is 1t partial in some animals?

Before final conclusions can be drawn it is suggested that further
experiments of this nature be carried out. Tt should however be
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[IMMUNITY IN HEARTWATER.

remembered that recovered heartwater sheep may harbour latent
infections of other diseases, and that a febrile reaction that may oceur
in a suhbinocwdated sheep need not necessarily be ihat of heartwater.

(tENERAL CONCLTSIONS,

1. Studies woere undertaken in order to  uwscertuin  whether
mmmunological different strains of heartwater referred ro by Spreull,
Theiler and  Alexander exist,  VFor this purpose cross-limmunpity
experiments with 10 strains obinined from different localities in the
Transvaal were utilized, No difference was devected.

20 During the investigations * vivus A 7' disease which produces
a febrile veactiou in sheep very similar to that of heartwater was
observed on several occasions. The origin of the virus is not elear,
but it would appear that a small nuwmber of the passage sheep har-
houred this infection. The mortality from this dizease is very low
v1z. 2 per cent., and the lesions al post-mwriem resemble very closely
those of heartwater. ‘I'he possibility exists that this diseuse may
have heen responsible for somne of the febrile reactions and even
deaths, which were noticed by the earlier workers. This suggestion
is. made because in the limited number of auimals used in these
experiments the presence of ** virus A 77 waz encountered no less
than & {imes.

3. The susceptibility of the horse to *f virus A " and the resis-
tance of the horse {0 heartwater can be employved as a method to
differentiate the two diseuses, and in case of o mixed infection as a
method (o obtain a pure strain of % virus A 7

4. The duration of the tnmunity was studied in 121 sheep for
a perlod up to H8 months after the recovery from a heartwater
reaction. A solid Immunity lasting for at least § months was
ohserved.  In the majority of cases the Imumunity is complete after
this period. but in a very few only a partial limmunity may be present
at T, W0 120 15, 16, 20, 20, 30 and 34 months afrer recovery,

2. Tt 1« suggested that partally immune unimals reacling to
heartwater can play an important réle in maintaining heariwater
infeetion in the hont-tick in the absence of fully susceptible animals.

i. Splenecetomy of heartwater recoverd cheep does not resuli in
a relapse.  In one aof the splenectoimized sheep the presence of heart-
water 1n the cireulating blood could be demonstrated GO davs after
recovering from the heartwater reaction,

7. Experimenis to denonsirate the presence of Rieckettsia runi-
mantium for a pertod longer than G0 davs by the sublneculation of
blood and organ emulsions from recovered heartwater sheep were
entirely neeative,
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APPENDIX L.

A, To perersINe vk DuraTion v rAHE TaMUNITY oF HEARTWATER AND 70
ARCERTAIN W HBTHHER TMMTUNOLOCICALLY DIFFERENT $TRAINSG EX18T.

Baeprrpnent 1 ST8S8 820142, S21430 R.2149 ved =.2150).

(Higeed —Ta test the immunity of sheep and goats with the same strain or
a ~train other than that (rom whick the amimals had recovered.

Mellad. 22 cheep and 2 poats which had recovered irom * Harding
o Zoutpansbherg VL Kragersdorp 7, 0 0853 7, L8607 and  CU1024 Y
strains of heartwater were injected with blood fram sheep reacting to the
strains dudieated in Tabic 1. The sheep wsed for maintaining the various
strains acted us controls,

tesolf.—-All the animals Jisted in Table 1 were [onnd to be solidly iminune

for o period of 27 {0 363 duys after receiving the infeetive dose of heartwater
bload.  The comtral sheep all reacted to heartwater; most of them died.

Conclusion - No o immunological difference conld be detected hetween  the
iy strains emploved in these experiments.

teperiment 2 () (8.H307Y.

Qbject. To compare the resistanve of sheep susceptible and of sheep
immune to heartwaler to a uatural infection of heartwater.

Methad --23 susceptible sheep snd 10 sheep which had recover? from an
artificial infection of the heartwater strain © 84377 7 were exposc  at Mara
in the Northern Transvaal, o locality which is known to be a very had
heartwater arvea.

fresull. T will be noticed from Table 2 (@) that of the 23 susceptihle
sheep 12 died trom heartwster from the 20th to the 35th day after exposure.
2 showed clinieal symptoms and recovered and in 8 no symptoms were observed.
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W. 0. NEITZ.

Of the 10 heartwater recovered sheep mentioned in Table 2 (D), & showed
no clinical symptoms, one died and at the post mortem examination showed
lesions resembling those of heartwater, and another died showing multiple,
localized abscesses in the lungs.

Conclusion.—The mortality in the susceptible sheep was 52 per cent.
Although mno clinical symptomns of heartwater were observed in 9 of the
susceptible sheep exposed at Mara, it is assumed that these sheep reacted
mildly to a natural infection of heartwater. It seems havdly possible that
these sheep could have escaped from a natural infection if one considers the
presence of the large number of hont ticks that occurred on the veld at the
time. The duration of immunity of 8 of thesc sheep and of one which showed
ciinical symptoms of heartwater are discussed in the following experiment 2 (b).
In 8 of the immunc sheep the immunity was solid for a period varying from
70 to 257 days after recovering from an artificial infection of heartwater. The
cause of death could not be determined in one of the sheep on account of .the
lack of facilities at the time in the field to carry out the necessary cxamination.

Eaxpertment 2 (b)

Object.—To ascertain whether 9 of the sheep that sur'\'ived from a 1'1atural
infection at Mara arc immune to heartwater for a period of approximately
21-23 months after exposurec.

Method —The 9 sheep mentioned in Talle 2 (@) together with 2 susceptible
sheep were injected intravenously with blood of the “ Mara’ strain of
heartwater.

Iiesult.—All the 9 sheep were found to be immune. Three of them however
reacted to Eperythrozoon ovis, and one of them died from this infection 33
days after receiving the test dose. The 2 susceptible countrol sheep both reacted
and died of Leartwater.

Conclusions.—The immunity was =oiid against the homologous heartwater
strain for a period of 21-23 months after exposure at Mara. Fp. ovis produced
febrile reactions in three of these animals.

Experiment 2 (¢).
Object.—To test the immunity of the 8 sheep, which bad recovered trom

the ¢ 8.4377 77 strain of heartwater, and which had also been exposed at Mara,
approximately 22 months later, against the “ Mara ’’ strain of heartwater.

~ Method.~—These shecep together with 2 susceptible ones were injected
mmtravenously with hlood of the ‘“ Mara ’’ strain of heartwater.

Result.—The 8 shecp referred to in Table 2 () did vot react whereas both
control sheep reacted and died from heartwater.

Conclusion.—The immunity was solid against the hemologous strain of
heartwater for a period of 22 months after exposure at Mara, and for a period
of 25 to 31 months after recovering from an artificial infection with the
heartwater strain < $.4377 7.

Frperiment 3 (S.5688 and 8.5690).

Object.—To test the immunity of 2 sheep which had recovered from a
natural, and 3 sheep which had recovered from an artificial infection of the
“Northam »’ strain of heartwater approximately 12 months after recovery.

Method.—The 5 sheep together with 2 susceptible ones were 1njected
intravenously with blood of sheep reacting to the * Mara »’ strain of heartwater.
The two sheep that recovered from the natural infection at Northam in the
Rustenburg district reacted to Eperythrozoon ovis. The two control sheep
both reacted and died.

Conclusions.—The 5 sheep were found to bLe solidly immune approximately
12 months after recovering from hecartwuter. No immunological difference
could bhe found between the “ Northam ” and the ‘“Mara?” strains of
heartwater.
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W. 0. NEITZ
Erperiment 4 (a) (S.5691).

Object.—To test the immunity of 2 sheep which had recovered from an
artificial infection of the ‘“ Mara '’ strain against the ‘° Northam ’’ strain of
heartwater approximately 2 months after recovery.

. Method.—The two recovered sheep and 2 susceptible ones were injected
intravenously with blood of a sheep reacting to the “ Northam ”’ strain of
heartwater,

LResult.—The two sheep mentioned in Table 4 were found te be lmmune,
whereas both the conirols reacted and died.

Mevelusion.—There iy no  immunological  difference  between  the

¢ am ' and ‘“ Mara '’ strains of heartwater.

Experiment 4 (b) (5.5691).

Object.—To test the immunity of the two shcep mentioned in experiment
4 (¢) and Table 4 for a second time with the ‘“ Mara »’ strain of heariwater
approximately 12 months after the first immunity test

Method.—Blood from a sheep reacting to lheartwater was injected intra-
venously into the above-mentioned and 1into two susceptible sheep.

Result.—One sheep showed no reaction, whercas the other 41021 developed
a febrile reaction on the 15th day. Subsequent subinoculation experiments
showed that this rcaction was caused by ‘‘ virus A ’’, The control sheep
reacted and died of heartwater.

Conclusion.—The immunity was solid for a period of 14 months after
the recovery from the ‘‘ Mara’ strain of heartwater, and tol a period of
12 months after the first immunity test with “ Northam . The fcbrile
reaction observed in one of the sheep was caused by ¢ virus A7,

Expermment 5 (S.5507, S.5527, 8.5623, 8.5627, S.5961 and S.6096).

Object.—To ascertain the duration of immunity in sheep which had
recovered from an artificial infection of the ‘“ Mara ’ strain of heartwater.

Method.—The eight sheep mentioned in Table 5, together with two sus-
ceptible wones, were injected intravemously with the ‘¢ Mara " strain of
heartwater.

tesult.—1t will be noticed that in six of the sheep no febrile reactions
were noticed. Ome sheep 41016 showed a febrile reaction which may have
been due to heartwatcr. This observation, however, was not confirmed by
subinoculation into susceptible sheep. Sheep 47051 showed a febrile reaction
due to ‘‘ virus A which disease was first noted in experiment 4 (b). It
was not possible to demonstrate the presence of heartwater *‘ virus” im
sheep 391R5, in which no reaction was observed.

Both the control sheep reacted to heartwater and died.

Conrluston.—The immunity against the homologous strain of heartwater
was solid for a period of 12 to 23 months in seven of the tested sheep. In
one sheep whose immunity was tested after 25 months a febrile reaction,
probably duc to heartwater, was noticed. The mild febrile reaction notwed
i another of the sheep was due to ““virus A’’. In an immune shcep cir-
culating virus could not be demonstrated by subinoculation of blood.
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Farpevinent 8 (5 AT and S.6005).

Ohiect. To ascertainy whether sheep which had recoversd frouw an arti-
fieial imfection of the nearvivatler strain 884377 77 are aommune Lo the
S Mora U stram approximately 200 months after recovers.

Method —=Virulent © Mara 7 heartwater bload was injected Inlras enously
nte dwo recoviered and two susesptibic sberp

Lesalf. The details of the resules will he found i Table 6. One ol the
shieep was fomd to he solielly tmuoine. In this animal crenlapiug heartwater
ceublb not be demonstreated byt sublnoculation of hlead inie suscoptibde
sheep. The tehrile reaction noted n the secomd sheep was Tonwd 1o he due to
hisriwater,  This sheep however, did not show any ehieal semptoms,

Copelisien . CThe ity o one of the sheep was complete Tor a peried
of 20 nontlse and e the other o mabl Tebriie reaction, due to hoartwater,
wirs observed. [t wonll thus appear that  although  the sheen rveacicd w
sufficient resistance or partial immomily was still present w prevent a severe
altuck.

Kajeriment 7 (0 (34377, 85722 and S.464H35.

Chjeet . =Ta note the nature of wnmunily in sheep which had vecovered
from an artificial infecoon of Dheariwater strain 85,4377 7 by testing them
with the ** Mara 7 wirain approximately seven to 11 months after recovers.

Method —Virulent heartsater Ylood was injected into the six recovered
and duto two soseeptible sheep.

freswtt. toowill Le voticed tromr Table 7 that all the sheep were imonmue.
Both voutrels reacted and divd.

fonclusian. The sheep were found o he fully imndine tor o perad of
i 0 0 = alte ceovery.  No oannuunetogical difference conldd ¢
seven too Ll wmoenth fter v STy N nuutnetogical ditfer Id he

deteeted between the 0 Mara 7 and the =0 S4377 7 hesvtwater stenins,

Faperioced 700

S Mject. Mo test the nunity ol the sis sheep mentioned in experiment
¢ Goroand Tahle T otor oo seeond time against et Mara O ostrain of heart-
water approximately 15 ponths after the Arsh munsnity lest,

o MWedhmd —Viraleny heartwater Dlood was injected intravenonsty inle the
s1v sheep and ala into twoe susceprible ones,

flesudf o v fve of the sheep no remctions sere noted. [noone of the
anitals o reaction due o virus AT was boticad amd in oanother a fehrile
reaetion due o heartwater was seep

Concfusine—TFhe tmmnuitey was sohd for o periad of 20 te 25 months
alter the recovery from the =077 7 strain and tor o period of 15 rmonths
after the first himuaity test with the  Xara ' strain of heartsater.  In
one sheep aomild fehivile reaction e to heartwater was netived 21 months
alter recovery from the primary reaction and 15 months after the first
ity fest,

Flapevinent B

tihjeef o Po test the imnunity of 32 sheep whieh bad recovered from an
artilicial anfectinn of the Y Mara 70 strain of heartwater aca‘nat the same
strain three to 41T months ufler recovers,

Method  —Virulent  ** Mara ™ Leartwater blood  was  noculated  inoe
venously oo doses of 10 oo into the 32 heartwater recovered sheep mentinne
in lable % and tnto 11 susceptible sheep nientioned in Pable & (@),
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IMMUNITY IN HEARTWATER.

Result —All the susceptible sheep reacted to heartwater, and eight died.
In the smears prepared from the intima of the jugular veins of the latter
Rickettsia ruminantium could be demonstrated. Of the 32 recovered heart-
water sheep, 27 showed no reaction and five showed febrile reactions, when

tested after periods of seven, nine, 16 and 30 months. None of these sheep
died

Conclusions.~—The immunity in the majority of sheep was solid for periods
up to 41 months after recovery. In only five of the sheep febrile reactions
due to heartwater were noticed when tested at intervals from seven to 30
months after the primary reaction. The control sheep were found to be fully
susceptible, indicating that the camp in which the sheep were allowed to run
was free of infected heartwater ticks.

Exzperiment 9 (a).

Object.—To test the Immunity of 9 sheep mentioned ln Table Y “thh had
vecovered from an artificial infection of the ‘“ Strydomi’’ or ¢ Mara’ strain
of heartwater 1 to 25 months after recovery from the ¢ Mara’ or the
““ Northam »” strain of heartwater.

Metlhod.—(1) The 3 ¢ Strydom »’ heartwater recovered sheep each received
10 c.c. virulent ““ Mara ” heartwater blood intravenously.

(2) The 4 *“ Mara’’ heartwater recovered sheep each received 10 c.c.
virulent ‘“ Mara’’ heartwater blood intravenously.

(3) The 2 ““ Mara’ heartwater rvecovered sheep each received 10 c.c.
virulent ‘“ Northam '’ heartwater blood intravenously.

Result —1t will be seen from Table 9 that all the sheep were found to be
solidly immune to the strains of heartwater used. Iebrile reactions due to
““vyirus A’ disease were ohserved in two of the sheep which recovered from
the ¢ Stryvdom ”’ strain of heartwater.

Conclusions.—The inununity was complete for periods varying from 1 to
25 months after recovery from heartwater. No immunological differences could
be detected hetween the ‘“ Mara ”’, “ Strydom ” and ‘° Northam » strains of
heartwater.

Fxperiment 9 (b).

Object —To test the immmnnity of the 9 sheep mentioned in experiment
9 for periods varying from © to 58 months after the recovery from the
infection

Method.—(1) The 3 shecp that recovered from the ¢ Strydom ”’ strain of
heartwater and 2 susceptible sheep mentioned in Table 8 ((1) each received
10 c.e. virulent ¢ Strydom '’ heartwater blood intravenously.

(2) The 6 sheep that recovered from the *“ Mara 7 strain of heartwater
each received 10 c.c. virulent ‘“ Mara >’ heartwater blood intravenously. The
10 susceptible sheep which were inoculated with virulent ¢ Mara ' heartwater
blood in experiment 8 also served as coatrols in this cxperiment.

Result.—(1) It will be seen from Table 9 that 2 of the ¢ Strydom ’’ heart-
water recovered sheep were solidly immune after an interval of 9 months. The
third animal which was tested after 10 months showed a febrile reaction and
recovered.  Both the susceptible sheep injected with the  Strydom >’ strain
of heartwater reacted. One of them died, and in the smears prepared from
the intima of the jugular vein Rickettsia riminantivm could be demonstrated.

(2) Five of the “ Mara '’ rccovered sheep were found to be solidly inunune
when tested at intervels of 28 o 58 mouths after the primary infection. In
the remaining sheep a mild febrile reaction due to heartwater was observed
when tested after 34 months.

Conclusions.—Out of the 9 sheep 7 were found to be solidly immune for

periods varying from ¢ to 58 months. Febrile rcactions were uoticed in 2
sheep at 10 and 34 months after the primary reaction.
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IMMUNITY IN HEARTWATER.

Baperiment 7 (@) and 7 (b) (S.4377. S.5722 and S.6045

|
! ‘
| =
D.O.B.
Number Date of Heartwater X
of ‘ Injection. Strain. Homlts
Sheep, |
\ \
- e o i
40936 28/ 8/34 | 8. 4377 7.... | Recovered from hemrtwater..............
41107 CO19/10/34 ] R 4377 L Recovered from heartwater..............
i
|
41552 14/12/34 U8 4377 7. ... | Recovered from heartwater............ .. ‘p269—270b —
41557 ! 3/12/34 | 8. 4377 7....  Recovered from heartwater..............
30205 10/ 9/34 | “8.43777.... | Recavered from heartwater. .. ...........
—— _—_— e g S
39853 | 28/ 9/34 | <8 43777.... Recovered from heartwater............ ..
|
|
|
|
269-270a
27
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TasBLE 7.

ment 7 () and 7 (b) (84377, S.5722 and S.6045).—To test the immunity in sheep that recovered from “ S.A4377 7 str

First Immuniey TesT.

| Interval |
in Days
between
Artificial Heartwater Date of = Dose of Recult
Infection Strain. Injection.  Blood i.v. St
and | |
Immunity [
Test. [ [
| ‘ ] |
| | o -
329 “Mara .. ...... | 13/ %/35 10 c.c. ‘ No reaction. ...
i
236 “Mara . .... .. 13/ 7/35 | 10 cc No reaction. ...
— 0 970, | 211 G | T, \ 13/ 7/35 | 10 c.c. No reaction. ... p269_270c —p

220 % Mars s oves s 13/ 7/35 | 10 ce. | No reaction....

306 3 Mara ™o e 13/ 7/35 10 c.c. No reaction. ...

288 | Mara .. 13/ 7/35 10 c.c. No reaction. ...

| \

| ‘ ‘
‘ ‘ ‘
| |

269-270b



JLE 7.

sheep that recovered from

CNA3TT Y strain against ' Mara’

bl

heartwater strain.

W. 0. NEITZ.

SEcoxp Immuntry TEST.

Interval ‘
: Interval |
lﬁ Dy in Days | !
f s between | ) 5 |
Artificial Tatosd. | Heartwater . Date of Dose of | Bl
Infection '"’n{i ? Strain. Injection. Blood i.v. | e
and 2nd A
1 (- .!.mlr.‘m}?ztj !
 Test. aeb |
H o | 1
[ | |
773 | 444 AP s s 30/9/36 10 c.c. No reaction.
| |
- | NS | S -
680 444 | Rl . P 30/9/36 10 c.c No reaction.
- 269-270b 655 444 * DEAEE o wegaeinian 30/9/36 10 c.c. | No reaction.
i i —
666 ‘ 144 ® Mars"u ey snies 30/9/36 10 ¢ No reaction.
i S, -_,,i S S _
750 444 = Mara s e nees 30/9/36 10 c.e. On the 20th day after the injection sheep showed a
1 | febrile reaction which lasted 5 days. On further tests
! ' it was found that this reaction was produced by
i “virus AL
732 444 # Mara Moo e 10 c.c. On the 8th day after injection sheep showed a febrile

270

|
30/9/36
|
|

reaction which lasted for 12 days. The highest tem-
perature recorded was 105-2° F.  On the 10th day of
the reaction blood was injected into 2 susceptible
sheep 46439 and 45823, Both these animals developed
heartwater and died. The febrile reaction in the sheep
therefore was due to heartwater.

269-270c



IMMUNITY IN HEARTWATER.

Bueperiment 8.—"To test the durvation of

f . | | |
| | | |
| I Duration |
D.O.B. ‘ | ‘ Date [ncub. of
Number Injected with. | Expt. 5. ‘ of Period Disease
of Sheep. - Injection. in Days. in ‘
| | | Days.
\
| |
I |
|
51424 l Wara: HW: sbraingcrseesses soosam | 6103 | 19/ 4/39 | 12 17 }
50059 Mara HW: Sl cmassmss s | 6599 13/ 2/39 10 12 ‘
51449 Mara TIW, SEEQiN . oooee oo | 6571 13/ 2/39 17 14
52748 Mara HW. strain........c....oo.oo. | 6607 21/ 1/39 10 15
52795 | Mara HW. strain...........ooeeinns 6607 21/ 1/39 10 14
52632 | Mara HW. strain.................00 | 6571 9/ 1/39 11 8
31386 ‘ Mara HW. SEraif.ccvs come s vos 6559 21/11/38 7 15 [
52126 Mara HW. strain.... ccoocvv v opn 6531 ‘ 10/11/38 7 12 |
51683 | Mara HW. strain................... 6531 | 31/10/38 7 14 ‘
41498 Mara HW. strain......ooeeevemeesn. ‘ 5527 28/ 7/38 11 10
49384 Maras HW. 8brain..oow. v s i sies | 5527 L1/ 6/38 8 17 |
49979 Mara HW. Strailicvow cuvias svwin vos | 5527 27/ 6/38 8 7
49929 Mara HW. strain.....ccocovvversnee | 3527 14/ 6/38 10 12
50384 Mara HW. strain................... 5527 21/ 5/38 6 | 20
49681 Mars; TEW., steain e seissarao fue 53527 11/ 5/38 6 | 22 —
19386 | Mara HW. strain........oovezenonn 5527 19/ 4/38 9 | 11 271-272b
50319 Mara HW: StEaifcwie swmas moesn e 6400 | 19/ 4/38 8 10
50306 | Mara HW, strain................... 5527 26/ 3/38 10 17
50360 | Mara HW. strain................... 5527 | 9/ 2/38 9 | 20
49876 Mars HV abraanscsgossass svsey | 5527 12/ 1/38 6 21
46124 Mara HW. 8bPain e coean won iy s 6031 15/ 4/37 9 14
42531 Marw HW. BEBIIL covemamsing s 6031 |1/ 3/37 10 13
43482 Mara HW, strain................... | 1/ 3737 12 1
45747 Mors HW, SbImin, oo st §55, 850 19/ 2/87 8 19 ‘
46369 | Mara HW. strain......cooonvveianans 8/ 2/37 10 | 21
43391 Mara HW. SEPRIN . ... oveesvrernns, 8/ 2/37 g 1 15
46715 Mara: HW, BEEIN . s mms eovs vvmn s 8/ 2/37 10 | 12
47029 [ Maga HW. BIainG. oo e s o 8/ 2/37 | 9 8
43755 Mara HW. strain........o.oovvveens | 6104 7/ 1/37 11 14
47078 Mara HW. strain....vepsse soevnine . | 5527 ‘ 30/ 9/36 9 24
46230 Mara HW. SEEainvssmg s . 6011 10/ 9/36 (; 15 |
44586 Mara HW. BEPEH oo aewsmnn s 1 ‘ 5623 9/ 3/36 7 | 12 |
|
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TapLe &,

Exepertment 8.—To test the duvation of immunity in sheep that recovered from the ** Mare 7 strain of heartwater.

|
| Interval between
| Infection and ImmuNtTYy
Immunity Test.
‘ Result. [ — ‘ . i
Number ‘ mate
of | Number Injected with. Date.
Days. of
\ Months. ‘ ‘
1 \
|
| Recovered........... 04 |3 Mara HW. sbrainn.......oo........ | 31/ 7/39
| Recovered ........... 168 5 Mara HW. strain................ 31/ 7/39
Recovered........... 168 5 Mara HW. strain................. 31/ 7/39
Recovered........... 191 | 6 Mara HW, strain................. | 31/ 7/3%
Recovered........... 191 | 6 Mita HW. BEEHU e snmmmmame i 31/ 7/39
Recovered........... ‘ 203 7 Mara HW. strain................. | 31/ 7/39
| Recovered........... ‘ 252 8 | Mara HW. strain................. 31/ 7/39
| Recovered........... 263 | 9 | Mara HW. strain.; ooy suas 31/ 7/39
Recovered........... ‘ 274 9 | Mara HW, strain................ 31/ 7/39
‘ Recovered........... 369 12 Mara HW. strain................. | 31/ 7/39
‘ gecnvered ........... | 305 13 ‘ _“t%am g&’ strain. .. ...l 31/] 7?‘39
¢ | Recovered........... 401 13 | Mara HW. strain................. 31/ 7/39 |
271-272a Recovered. .......... 412 } 13 | Mara HW. strain................ 31:/ 7/39 271-272 >
Recovered .. oo 437 14 Mara HW. strain..............o.:. 31/ 7/39 | - c
| Reéecoverad. ivwwwiviin 447 15 Mara HW, SEFaIt e nnmn smmws i 31/ 7/39
Recovered........... 468 | 15 | Mara HW. strain................. 31/ 7/39
Recovered .. ......... 468 15 Mara HW, slraincs so,s oo i 31/ 7/39
Recovered........... | 492 16 ‘ Mara HW. strain. ...civoveevevs.e 31/ 7/39
Recovered........... | 538 18 | Mara HW. Strai.. . oomeeiom wos o 31/ 7/39
Recovered........... 365 19 Mara HW. strain........c.ococe 31/ 7/39
Recovered ........... 837 | 28 Mara HW. strain................. 31/ 7/39
Recovered ........... 882 | 29 | Mara HW. strain..........coon0as 31/ 7/39
| Recovered........... ‘ 882 | 29 | Maras HW. strain. oo soses o 31/ 7/39
| Recovered........... 893 | 29 Marta HW. BEEAIL coviamais s s o 31/ 7/39
Recovered........... 903 | 30 Murs W GGEEOI0 v viminmase smimas w5 31/ 7/39 |
Recovered ..o s 903 | 30 Mara HW. strain................. 31/ 7/39 |
Recovered ... ........ | 903 | 30 Mara HW, sstrainseassme suganis 31/ 7/39 |
Recovered........... 903 | 30 | Mara HW. strain... ......cocou o 31/ 7/39
Recovered........... 935 31 b Mara WL B0 s woo oo wmw s 31/ 7/39 |
Recovered ............ 1,035 | 34 | Mara HW. strain................. 31/ 7/39 |
| Recovered........... 1,054 | 35 Mara HW. strain................. 31/ 7/39
| Recovered .. ......... 1,239 | 41 Mara HW. strain.........ocooia0 31/ 7/39 |
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from

the ** Maye ' struin of heoartwater.

W. 0. NEITZ.

Iumontry TesT.
| | Duration
‘ Incub. of
Date. Period Disease Remarks.
in Days in
| Days.
| |
i
31/ 7/39 - s | No reaction.
31/ 7/39 — —- | No reaction.
31/ 7/39 S | No reaction.
31/ 7/39 — — [ No reaction.
31/ 7/39 — — No reaction.
31/ 7/39 11 11 Febrile reaction 10%° IF. No elinical symptoms—Recovered.
31/ 7/39 — — No reaction.
31/ 7/39 - No reaction.
31/ 7/39 — - No reaction.
| 31/ 7/39 10 ‘ 10 Febrile reaction 1077 . No clinical symptoms.—Recovered.
| 31/ 7/39 - — No reaction.
31/ 7/39 = ‘ No reaction.
31/ 7/39 — | No reaction.
31/ 7/39 — I — No reaction.
-« 271-272b 31/ 7/39 = — | No reaction.
31/ 7/39 — - . No reaction.
31/ 7/39 — No reaction.
31/ 7/39 13 | 8 Febrile reaction 107" ¥. No clinical symptoms—Recovered.
31/ 7/39 — | No reaction.
31/ /39 - - No reaction.
31/ 7/39 | = No reaction.
31/ 7/39 | — No reaction.
3L/ 7/39 | — | —_ No reaction.
3/ 7/39 — — No reaction.
31/ 7/39 17 8 Febrile reaction 107-4° . No clinical symptoms.—Recovered.
31/ 7/39 ‘ il 3 | Febrile reaction 105°F. No clinical symptoms., Recoverved.
31/ 7/39 - - ! No reaction.
31/ 7/39 ‘ — — No reaction.
31/ 7/39 — | — No reaction.
31/ 7/39 | - ! — No reaction.
31/ 7/39 - ‘ - No reaction.
31/ 7/39 — No reaction.
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IMMUNITY IN HEARTWATYER.

BEaperiments 9 (a) and @ (by.—To test the

| i
bD.O.B. 1 I } Incub. | Duration
Sheep. [ | ‘ Days. | in Days. |
| | | | | |
51473 | Strydom HW. strain ... . I 6547 . 20/10/38 I‘ 8 10 { Recovered......... i
51631 Strydom HW. strain... . 6547 20/10/38 ’F 10 ‘ 4 ! Recovered ... ...... ‘}
52794 | Strydom HW. strain ... . 6547 8/10/38 : 10 | 8 ‘ Recovered........
16098 ‘ Mara HW. strain......... H031 3/ 3/3% I 13 15 Recovered......... i
45974 | Mara HW. strin......... 1 G020 . 16/10/36 13 i 15 ‘ Recovered......... i
43659 E Mara HW, striin......... | GO20 ! 18/ 9/36 6 9 ‘ Recovered.. ....... '
| | {
43749 | Mara HW. strain. ... ... 5688 .23/ 6/35 | 8 13 : Recovered ... ...... 1
11021 | Mara HW. strein.. ... .... : 5688 w 23/ 4/35 8 . 12 i Recovered......... \
41016 Mara HW. strain......... a507 C27/10/34 13 ! 14 E Recovered.........

275-276h ' —
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TasLe 9.

(@) and 9 (B To test the duvation of tmmunity in sheep that vecovered from the ** Mara ™ and ** Strydom 7 strain of heartwa

Interval between

Interval First Iymyunity Test. Injection and 2nd
in Days Immunity Test.
between | - o . N - .
. Injeetion | |
‘ and ‘ | Approx.- |
} 1st ‘ Date . Number i mate |
| lmmunity | Injected with. of | Result. of | Numbe- |
| Test. Injection. | Days. of |
] | Monthe. |
] I ! i
| 32 ‘ Mara HW. strain......... 21/11/38 ‘ Reacted to virus “A™.. .. i 284 | 9
1 | ‘ 1 |
32 | Mara HW. strain......... | 21/11/38 I Reacted to virus “A7.. .. ‘[ 284 : 9
: ; |
44 Mara HW. strain...... ... : 21/11/38 | No reaction..........c.. .. 1 206 | 10
[
'} 42 Mara HW. strain......... 1 15/ 4/37 Nosreaction e e o || 837 28 ‘
36 Mara HW. strain......... 21/11/36 | No reaction.. ............ 1.018 I 34 ‘ .
! | } ‘
G4 Mara HW. strain......... | 21/11/36 | No reaction.............. | 1,046 35 ‘
23 Northam HW. sprain..... | 153/ 7/35 No reaction...oueois sui: 1.475 19 |
| 68 | Northam HW. strain..... 29/ 6/35 | No reaction.............. 1.560) 52 ‘ :
: |
69 | Mara HW. strain......... 4/12/36 i No reaction. . ............ 1.738 ! 38 !
| | I | |
A )75-2764 DT5_27@c  m—S-
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W. 0. NEITZ.

Tand Y Strydom T strain of heartwater.

| SeEcoND Immontry Test,

| I
| I
5 Duration
- . - Date of ‘ Incub. ; .
‘ Injected with. | Tedection, | ‘Bensd. - of . Result.
‘ ‘ ‘ Isease. |
1 | |

\ ; |
| o R s S
| Strydom HW. strain...... I 31/7/39 — — | No reaction.

Strydom HW. strain...... | 31/7/3% i — ' - | No reaction.

Strydom HW. strain...... | 31/7/39 < 16 | 3 Febrile reaction 106° F. No clinical

_ ‘ : | Symptoms.
Mara HW. strain......... | 31/7/39 | = - | No reaction.
Mara HW. strain......... | 31/7/39 | 11 3 ‘ Febrile reaction 105-6. No clinical
symptoms,
Mara. HW. strain.. ....... 3L/7/39 | = | No reaction.
| |

Mara HW. strain......... 31/7/39 | — | - | No reaction.

Mara HW. strain......... | 31/7/39 -— — No reaction.

Mara HW. strain.........  31/7/39 = — ‘ No reaction.

! I

M 775_276b 275-276¢



W, 0. NELTA,

APPENDIX 1.
B To Dereesise How orws Tasexery s Madsrasen o Hearrwares.
Foageramond LU (39,6128,

Object. Lo ascertain whether sheep that have recoversd from heartwater
will <how a relapse 1o this disease atter splencelomy.

Metbod. 10 Five sheep which are wentioned in the appended table 10
() were splencctowized by Dr. Quinlan, of this Ia<titute. T ol these
aninuils had heen infected artifcially with heartwaler two wontbs  eviously,
two approximately three mounths previously and one wiich was v osed fo
natural infection 16 months ago had beew subsequently reinfected with blood
threw and o halt months before (0 was operated on.

2, Blood Teom twoe sheep 13072 and 46053 was injected into susceptible sheep

Lefore the operation and sobscquently ot varving intervals up wo 45 days
after the removal ol Lhe spleen.

S The temperatures were recorded twice daily.
Lo Blood smears were exanmined dinly tor the appearance of hlood parasites,

flesulto Fhe detnils of the observations are mentvionad o Tables 10 {a)
to L e It will be noticed that shecp 37262 chowed a celapse 1o FWpores,
sheep 35004 aud 37362 relapsed Adooris and sheep 42072 and G053 showed
relupses to both A.eeis and Thovo.  In uone of these splenectonnized animals.
however, was a heartwater veaetion noticed. Of the 10 zheep which woere
injected wirth bload of sheep JG033 seven reacted 1o dooris, one to Aloris
and Epooris, and twoe showed no hlood parasites. No oreactions to heartwater
were noticed i any of these sheep, 4 heartwater immmnity fest showed all
the sheep to be rally susceptibie,

OF the 1 sheep which had been injected with blood fram 459720 5% reacted
to cLoovis, Awa reacted to Fpoorie and dooris, one reacted to Epoocis, and one
reacted o Alorts and to heartwater. A hearlwaier Tmmunity  test gave
reaction in all the shicep except in sheep 43058 which had rescted previonsly
to heartwater after receiving blood from sheep 18072 on the ninth day afer
splenvetomy.

tlonctistun. "The splencetomy of heactwaler recoversd sheep rvesulted in
A relapse to Aovis, Epoovis and Thooris, bul oot to heartwater. The  esencce

al circulating hearbwater = viros 7 in sheep 32972 was demonstratea by the
subineculation of Wlood nto sheep 43080 on the ninth Jday after splenectomy,
The concentration of viens 7 in this <heep mwust have heen very  low.

heciiuse sheep 512320 wlhiich was injected at the same time as 130390 ailed
to reaet.

Foepernent 1T (s 60000 R G137 and <6400,

Oijeret --To ascertain how long recovered hesrtwater sheep may remaiuv
varriers ol Rickettsio camwinaatiom,

Method.—VFor this ecxperiment three sheep which had rvecovered from an
artificin]l  infection with the C Mara ™ strain of heartwater were ased as
inchicated 1 the subjoined Table 11,

() Sheep 18506 was destroyed approximately four wod o half months
after receiving the hidective dose of heartwater blood.  Orzan emulsions in
saline prepared tfrom ihe breain, bver, kidney. spleen. the endothelial cells
of the jugular vein and bland were injected into =nsceptible sheep,

2 977
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IMMUNITY IN HEARTWATER.

(h) Nheep 48360 was  destroyed approximately four umonths after herng
infected with heartwater *“virus . Blood. organ emulsions, and the en-
dothelial cells of the jugular veins were injected into sheep.

(¢) Blood of sheep 48021 was injected into several sheep 63 and 69 dayvs
atter heing infected with heartwater.

Result.~ (a) None of the sheep injected from 43596 reacted to heartwater.
The two sheep which veceived the injection of blood. reacted to ¢ virus A 7
These sheep were later found to be susceptible to heartwater. The sheep
which recetved the organ emulsions were found to be susceptible to ¢ virus A 7
Their suxceptibility to heartwater was not tested.

(1) No heartwater reactions were observed in auy of the sheep injected
from 48360, Fonr of the sheep veacted and died ax the result of  a heartwater
mmunity  test,

(¢) The sheep injected drom sheep 12021 failed to react to heartwater.
I one of them, however, a reaction to * virus A 7 was observed.  This sheep
amd another one were subjected 1o a heartwater test.  Both ol them reactod
and recovered.

Conclusion. 1t was  not  possible 1o demonstrate  the  presence  of
Rickettsia ruminantium by the subinoculation of blood. endothelial cells of
the jugular vein and organ emulsions trom the three recovered sheep after
a period of 63 1o 135 days after receiving an infective dose of heartwater.
Two of the sheep were found to be carriers of the “ virus A 7.




















