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Paper ¥o. 16,
EAST COAST FEVER.

ARTIFICIAL IMMUNIZATION AND IMMUNITY IN THEIR
RELATION TO THE CONTROL OF EAST COAST FEVER.

By J. Wankkr, M.R.C.V.8., Chief Veterinary Research Officer, and
S. H. Wuirworty, B.V.8e., D.V.M., M.R.C.V.8., Veterinary
Research Officer, Department of Agriculture, Kenyn.

OwING to conditions existing in this Colony, viz., the occurrence of
East Coast fever in an endemic form; the absence of a dipping and
tleansing ordinance; the difficulty of controlling illicit movements
of cattle; and the wide distribution of the disease it was considered
desirable that research work with a view to determining the value of
artificial imimunization and the clearing up of other obscure points
should be carried out. Experimental work was commenced in this
direction in 1924, and has been continued since. The experiments
carried out and the results obtained are recorded in the Annual
Reports of the Chief Veterinary Research Officer for the years 1924,
1925, 1926, 1927, and 1928. ,

The value of artificial immunization was originally investigated
by Theiler in South Africa, who experimentally inoculated a large
pumber of cattle and subsequently tested them on their immunity
either with infected ticks or by exposing them ta natural infertion,
amd recorded the experiments and results, etc., in the second Report
of the Director of Veterinary Research, Union of South Africa, 1912,
as follows:—

(@) Inununization of Cattle in the Field —Qf 149 Lead of clean
cattle inoculated in various ways in the field, and exposed
to East Coast fever infected veld later, 56.4 per cent, sur-
vived infection and exposure.

(8) Immunization of Cattle at the Laboratory.—Of 236G cattle
injected intrajugularly 59 head or 25 per cent. died of
Fast Coast fever. Of the 172 survivors, which were tested
on their immunity, 103 head or 59.8 per cent. proved to be
immune,

Tleiler considered that artificial immunization could he carried
out by intrajugular inoculation of spleen pulp with the prospect of
conferring immunity against natural infection in 56 per cent. to 60
per cent. of animalg treated.

The results obtained at the Veterinary Research Laborarory,
Kabete, during 1924 and 1925 were as follows: —

1924.—0Of 215 susceptible cattle injected intrajugularly, 18
head, or 8.37 per cent., died of East Coast fever and other
causes consequent on inoculation,

Of 87 inoculated cattle which were tested on their im-
munity, 4 per cent. survived,

1925.—04 57 susceptible cattle inoculated, 49 head were sab-
sequently exposed to infeetion. Of the original 57 head,
72.25 per cent. survived inoculation and exposure.

1926.—(Field inoculation) by one of us (S.H.W.),

Records were kept of immunization in the field of a herd which
consisted on 17th April, 1926, of 256 head of male and female grade
cattle, and in which the first case of East Coast fever was confirmed
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on that date. The number of deaths, monihly, in this herd from East
(loast fever up to the date of inoculation, viz., 6th August, 1926, was
as follows : —

April ... 7 lead.
May ... ... ... 2y,
June ... ... ... 40 ,,
July ... ... ... 33 ,,

147 head remained for inoculation on 6th August, 1926. Of these, 116
head, or 78.9 per cent., survived inoculation and prolonged exposure
{12 months) on a heavily East Coast fever infected farm.

These Kabete results correspond fairly closely with the conclu-
sions arrived at by Theiler in 1911, viz., that for the present, a
practical method of inoculation which can be reasonably expected to
confer immunity 1o the extent of G0 per cent, to 70 per cent., would
consist in the injection of a quantity of not less than 5 c.c. of spleen
pulp, or a mixture of spleen and gland pulp, taken from animals in
the last stage of the disease, mixed with peptone and injected intra-
Jugularly,

it is proposed in this paper to deal with immuniaztion and im-
munity under the following headings: —

1. Immunization by various methods of, and immunity in- -

A.—Cattle other than calves.

B.- Calves.

by—

{a) intrajugular injection of spleen pulp from a Teacting
Bast Coast fever heast,

{(h) Other methods or combination of methods of inocula-
tion of material from an East Cousst fever veacting
heast.

{¢) Tnoculation of emulsions of ticks,

7. Complications arising out of immunlzation.

3. The inoculation of non-infeefive treated spleen and gland
material from 2 reaeting Kast (oasi fever heast as a means
of predueing immuunity.

1. The role of the splecn in East Coast fever immunity.

I TMMUNTZATION BY VARIOUS METHODS OF, AND
IMMUNITY IN, (A) CATTLLE OTHER THAN CALVES.
(B) CALVES.

A —CaTTLy OTHER TiIAN (ALVES.

{0y Intrajugular Injection of Spleen Pulp from a Reacting
Beast.—These resulis are already given in the refercnce made to
inoculations carried out in 1924, 1925, and 192G. 1t may be men-
tinued, however, ihat observations made over a large number of
experiments have shown that varying results may be obtained. This
may be due to some factor in the inoculated animals themselves or
may be connected with something concerning the material incculated
The percentage of reactions produced by the intravenous inoculation
of different spleen pulps varies, and further experiments are heing
conducted to observe whether or not more constant results might be
ohtained. These are being especially directed towards determining
whether transmission occurs more frequently at some particular stage
of the life cycle of the parasite in the animal host as distinct from the
tick host,
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Experiments conducted by Theiler on the effect of treatment of
the spleen pulp with drugs, such as hydro-quinine, before inoculation,
gave no definite results, except that pulp saturated in a 10 per cent.
and stronger solution of hydro-quiniune, did not produce reaciions or
immunity in inoculated cattle.

Experinients at Kabete on similar lines und with addiiional drugs
did not give any conclusive resulls.

Further experiments on the intrajugular injeclion of spleen pulp
are included 1u the following tahles,

(b) Other Methods or Combination of Metheds, and Materials,
from an East Ceast Fever Reacting Beast.—This work was under-
taken with a view to determiining—

(1) Whether inoculation of material other than spleen pulp
would transmit Bast Coast fever.

(¢) Whether these methods or combination of these methods,
and materials, in one inoculation or more than one inocula-
tion, would produce a larger percentage of reactions and
confer a higher resistance to natural infection.

1. A summary of these transmission experiments is set out in the
following table s —

Per cent. |
of i I'er cent,
) Reactions of l’er cent, Ver cent,
Methad. with Tempera- of .uf. -
Koch's ture Non-reac- | Nortalit
Bodies in | Beactions tors, 7 ¥-
Gland only. :
Smears.
Bivod— e
SubcutanCous. ..., ie i 0 14 L 1S 0
. and Intracutaneous....,, 122 268 609 2.7
Ve and Intravenous......... Q) 0} 100} ! 0
" and Intrasplenic......... ] 0 100 , 1]
Spleen Pulp— ;
Bubentaleous. . ..o en e i ie i cnnaan o iG-6 33-3 ; 16
;. and Intrascutaneous,. . ... 0 ] 104 . ]
v and [ntravenous......... 142 142 71 PR ¥
Binod Miwed with Splecu Pulp— N
Bubcutaneous. ... ... e 16-6 33-3 a0 1}
- and Intracutanecus... ... 25 12:5 B34 1]
. and [ntravenous......... 25 25 0 0
" [ntracutaneous and Intra- :
VOIS, . e veeinennans 272 36-3 363 i
Spleen Pulp— S
Intravenous and Blood I[ntracutaneous :
and Snbeutoneous ..., 3.4 17:2 482 iR
Apleen Pulp mixed with Blosd—
Subcutaneous wnd  Intracutaneous and -
Splesn Pulp Intravenous............ 306 56-4 12-8 ly-12
Spleen Pulp fntravencus. .. ... ... ........ ! 32-3 207 46-9 6.7
Spleen Pulp mixved with Blood Infravenous. . P42 28 [ 7
Gland Juice Intravenous................. © I6-8 1] . B2-5 1
— - | N e —
Gland Juice Subcutoneons and Imfracw- !
taneols i 1} 16-4 825 u




161

CoNcLUSIONS.

1. East Coast fever is transmissible by various methods or com-
bination of these methods, with the following materials from an East
Coast fever reacting beast: —

A_.—Blood.

B.—Spleen pulp.

(.—Blood mixed with spleen pulp.
D.—@Gland juice.

The various methods of inoculation of these materials included
intracutaneous, subeutaneous and intravenous inoculations.
2. None of these methods invariably produced a reaction.

3. The largest percentage of reactions result from the intravenous
inoculation of spleen pulp, and simultaneously subcutaneous and
intradernal inoculation of spleen pulp mixed with blood. With the
exception of gland juice {dose 1 e.c. which produces 16 per cent. of
reactions) blood alone gives the smallest percentage of reactions
(average 28 per cent.). Inoculation of spleen pulp produces reactions
varying from 0 to 87 per cent.

4. The percentage mortality varies in different lots of cattle from
nil to 16 per cent,

{(Blood alone inoculalion, average mortality 1.6 per cent. Spleen
alone or spleen mixed with blood inoculation, average mortality 7.5
per cent.)}

2. Whether these methods or combination of these methods and
materials, in one tnoculation, or more than one inoculation,
would produce a larger percentage of reactions and confer a
higher resistance to natural infection.

A number of susceptible cattle were originally inoculated by one
of the following methods, and subsequently re-inoculated, and in some
instances subsequently exposed to natural infection:—

{¢) Blood subcutanecusly and intradermally,
(&) Blood subcutaneously.

(¢) Bloed mixed with spleen pulp, subcutaneously and intra-
dermally.

(dy Spleen pulp subeutaneously und intradermally.
(e} Spleen pulp subcutaneously.

(/) Blood subcutaneously and intravenously.

(g} Gland juice intravenously.

{h) Gland juice subcutaneously and intracutaneously.
(7} Blood intracutaneously and intrasplenically.
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The following tables give the summaries of the resulta obtained : —

I
In Ex- '
p Non- | Mor-
peri- | Reacted. ; o
ment. reactors.ll tality.
TugEe IKOCULATIONS.
(e} lst Invculution.—Blood subcutancously and in-
teadermally.........o i i 8 0 3 i 0
2nd Inoculation.—Blood mixed with spleen pulp, i
intravenously and intradermally............ g 0 8 ]
3rd Inoeulation.—Blood mixed with spleen pulp, : ;
intravencusly and subentaneously .. ......... 8 G 2 1
* Exposed to natural infection.. ... ... 7 ¥ ? 1
(0 1st Faoculation.—Blood subeutanecusly and in- )
tradormally .. ... ..o s 4 1 3 Iy
2nd  Inoenlefion.—Spleen pulp subcutaneounsly ;
(NON-TeaCtOLB) e vt e v i e 3 ] 3 0
3rd Inoculalion.—S3plecn pulp intravencusly and i
subeutaneously (DOT-reactors)....oovviereann 3 1 2 (L
Feposed to nutural infeciion (non-reactors). . ... . 3 L 2 6
{¢) 1st Fuoculation. TBlood subeutaneonsly........ 4 0 4 0
2ned fnoculation.—sSpleen pulp subcutanecusly. . 3 0 3 i
3rd Inuewln don,—8pleen pulp subeutaneously and
Intravenously ... .o e 3 o 3 U
Frepused to nabural tnfoction. o000 s 2 2 ] 1
{(d) 1s¢ Inoculation. --Bloud mixed with spleen pulp,
subcutsnecusly and intradermally........... 8 2 ] i
2ndd inoculation.—Blood mixed with spleen pulp ,
and gland pulp intravenously.............. 8 2 [ i
drd [noculation.—Spleen pulp intravenously. ... 8 0, ] i
Hrposed to natural infectton.. ... o 0 8 8 ] 2
te} Lt Froculutivn.—Spleen pulp subeutaneously and :
intradermally ... oo e 4 U 4 U
2nd  Inoculation,—Spleen pulp subentaneonsly .
and intradermully. ... . ... ... .0 e 4 1 3 1]
Ezxposed to natural tnfection—
Reactors. .......ovven oe... e 1 | 1 [T
Noneroactors.....o..o i iiiisneaeanns i 1 0 LR L
Srd  Imoculation.—Spleen pulp subcutaneously ! . i
and intravenously.............. ... ' L il 1 i
Exposed to aninral infection (non-reactors)...... : L 1 0 1

! !

* Not under daily observation—Exposed on owner's estate.
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In Ex- .
pori- | Rescted.| Non- | Mor-
ment. reactors.| tality.
Two INCCULATIONS.
(n) lst Inoculation.—Blood sibcutaneously and in-
FTAVENOUSIY vv s earr e st i 0 4] 0
2nd Inoculation.—Blood nnd spleen pulp subeu-
taneously mad intradermally.............o0t ] 0 5 0
Expused to natural infertion ..o e b 4 1 0
() lat Ineculation.—Blood subcutancously and in-
tradermally ..o v i 10 4 6 0
2nd Fnoculstion.—Blond plus spleon pulp subeu-
tanenusly and intravenously oo i e ieees 8 2 6 0
Exposed to nuturnl nfection. ..o i 5 2 1
{e) lst fnocalasion.—Blood subcutancously and in-
tradermally ...oovveor o invsnc i 6 2 4 0
2nd Inoculafion.— Blood mixed with spleen pulp
subeutaneously and inteadermally........... 6 i3 1 ]
Exposed to nuburad {nfoction ooovooiionone i ) 1 1
(d) Lst Jnoerfation.— Spleen pulp and blood suben-
BATBOUSLY « e e ei v m e G G Y o
spd Inoeulativn.—Spleen pulp and blood subeu- :
tancously and intravenously................ & 0 6 i3
FErposed to natural infection {non-regefors)...... | 1 ] 0
(¢) Lat Inorulation.—Spleen pulp subcutaneously.. .. 3 1 2 1
9nd Inoculation.—Spleen pulp suboutaneously
and intravenously .. o.oooe e i 2 i 2 ]
Exposed to natural {nfection (ron-reactors). ... : 2 2 0 2
(f) lat Inoculation.—Gland juice 1 e.c. intravenously & 1 5 0
ond Inoculation.—-8pleen and gland pulp intra-
VENOUSLY . .o e s 3 3 [\ 0
Exposed to natured infection (1 reactor, 5 ne-
F s atid ) H R 1] 1 a 0
ty 1st Tnoculation—Gland juice 1 e.c. mbeuta-
neously and intradermally. .. ... 6 1 5 o
2nil Innculation.—Spleen and gland pulp intra-
VEMOMELT .« o va v e 15 4 2 L]
Exposed to notural infection oo e B g + 0
(h) Lst Inoculation.—Blood subcutancously and in-
tracdormally .. voiee e : 4 1 3, 0
dnd Inoculation.—spleen and gland pulp intra- |
VOMOUSIY 4 o4 v vavavarennmnns e 3 1 2 1
Exposed to natwrad infection. oo 3 1 2 0
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The following results were obtained from one inoculation and a
subsequent exposure : —

In Ex.
peri- |EReactors! Non- hlr.m'
ment. | Teactors.! tality.
OnE IxocuLaTrox,
(n) Spleen pulp subeutaneously.,................. £ 3 0 o
Exposed o natural infrecfion, ..., ......... 3 4 0 3
{P} Bplecn pulp intravenously. .. ................. 24 21 3 1
Exposed to natural infection................. 19 8 1 ]
(r) 8pleen pulp intravenously and subeutaneously. .. 7 2 i 0
Lxposed to natural infection...._............, & 3 3 2
{d} Bleod and splecn pulp intravenously, subeuta-
neously, and intradermally................. 1 [ i ]
Exposed to natural infection................. 1 1 0 0
{2} Plood, subcutaneously and intradermally . ... ... 6 3 3 4
Exposed to natural infection.. .. ... .. ....... ] i 1 3
CONCLUSIONS.

1. An original inoculation does not always confer a resistance
against re-inoculation. An original inoculation with blood gives less
protection against re-inoculation than an original intravenous
moculation with spleen pulp; or spleen pulp intravenonsly, and
simultaneously subcutancous and intradermal incculaiion of blood
mixed with spleen pulp.

2. Re-inoculation does pot confer a higher resistarce to natural
infection,

3. Lutravenous inoculation with spleen pulp and simultaneously
subcutaneous und intradermal inoculation of blood mixed with spleen
pulp, produces a larger percentage of reactors and a greater
resistance to natural infection, in comparison with an original and
subsequent inoculation by other methods or combination of methods.

4. A percentage of susceptible cattle which do not react to an
original inoculation and one or two subsequent inoculations are not
protected against a reaction and death from Fast Coast fever when
exposed to natural infeection,

5. On estates where losses are vceurring from Bast (loust fever.
and no facilities exist for controlling the disease, an original inocula-
tion by the method which produces the larger and more marked
percentage of reactions, and most resistance to natural infection, viz.,
the intravenous inoculation of spleen pulp and simultaneously sub-
cutaneous and intradermal inoculation of spleen pulp mixed with
blood, is indicated.

{c} Emulsions of Ticks.—These experiments were conducted to
observe the transmissibility of East Coast fever from ticks fed on
infected cattle and to note immunity, if any, possessed by cattle so
noculated.
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The experiments with results are as follows:——

1. Intravenous inoculation of 20 cattle with emulsion of larvae which
engorged on East Coast fever infected cattle.

ResuLt.—No East Coast Fever reaction produced, and all the
cattle on experiment subsequently proved to be susceptible to Kast
Coast fever.

9. Intravenous, subcutaneous, and intracutaneous tnoculation
respectively of nymphal ticks which engorged as larvac on an
East Coast fever reacting beast and which were fed for 96
hours prior to emulsifying. FEight cattle on experiment.

Resvrt.—{a} Subcutaneous Inoculation.—Five cattle on experi-
ment. (ne reacted and survived exposure. Remainder did not react
and were subsequently proved to be susceptible,

~ (b) Intravenous [noculation.—Omne animal on experiment.
Reacted and slanghtered in catremis.

{¢) Intracutaneous Inoculation.—Five cattle on experiment.
None reacted and were subsequently proved to be susceptible.

3. Inoculation of emulsion of nymphs which engorged as larvae on an
East Coast fever beast, and which were fed for 896 hours prior
to emulsifying, and simultaneously blood of a beast reacting
fo East Coast fever.

Four cattle on experiment.
Resvur.r.—0One animal reacted and died of East Coast fever.

CONCLUSTONS,

1. Transmission of Tast Coast fever is not effected by larvae or
nymphal ticks which are emulsified and inoculated imunediately after
engorging on an East (‘oast fever beast, and ne immunity is conferred
in such inoculated rattle.

2. East Coast fever is variably produced hy subcutaneous and
intravenous inoculation respectively of an emulsion of nymphal ticks
which engorged as larvae on an Fast Coast fever heast, and fed for 96
hours prior to emulsifying. (Intracutaneous incculation of the same
enulsion did not produce East Coast fever. One in experiment.)

3. The immunity conferred in animals which react to inoculation
is not complete against natural infection.

4. Subcutaneous inoculation of emulsions of nymphs which
engorged as larvae on an Fast Coast fever beast and fed for 96 hours
prior to emulsifying, and simultanecusly intracutaneous and sub-
cutaneous inoculation of bleod of an Fast Coast fever heast variably
produces East Coast fever,

5. The inoculation of nymphal ticks which engorged as larvae
on an RKagt Coast fever beast and which were fed for 96 hours prior
to emulsifying does not offer beiter prospects of producing a reaction
and immunity to natural infection than intravenous inoculation of
spleen pulp, or intravenous inoculation of spleen pulp and
siinultaneously subcutaneous and intradermal inoculation of blood
mixed with spleen pulp.
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B.—CaLvEs.
(a) Intrajugular injection of spleen pulp from a reacting beast.

(1) 40 weaned calves put or experiment. Omne inoculation.
Mortality from inoculation and exposure 45.92 per cent.

(2) 45 weaned calves put on expertment. Two inoculations.
Mortality from inoculation and exposure 84.37 per cent.

(h)y Other methods of inoculation.
28 weaned calves were inoculated intrasplenically with spleen
pulp from a reacting Fast Coast fever beast.

(1) 16 calves on experiment. Mortality from inoculation and
exposure 39.506 per cent.

(2) 12 calves on experiment. Mortality from inocculation and
exposure 58.33 per cent.

Summary of {a) and (%) results: —

Total inoeunlated ... ... 119
Total exposed ... ... ... 9t

Average percentage of mortality from all canses 57.4 per cent.

{c) Exposure of 10 mnon-inoculated weaned calves. Mortality
from exposure 90 per cent, :

(d) Exposure of 4 non-inoculated unweaned culves. Mortality
from exposure 7H per cent.

(e} Kxposure of 4 non-inoculated unweaned calves.

(f) Infestation of calves with infected ticks. (H 15 unweaned
grade calves infested by hand with nymphal ticks which engorged
on an animal reacting o Bast Coast fever five or 33.3 per cent, reacted
to Fast Coast fever and one reacted and survived, but subsequently
reacted to Bast Coast fever on exposure,

Ten, or 66.6 per cent., did not react. Kight of these reacted to
East Coast fever on exposure, with five deaths and three recoveries.
Two out of the 10 calves did not react on exposuare.

Several observations made during these experiments are not
detailed above but are included in the following summary:—

(1) Artificial immunization of calves by any of the methods
employed does net give very satisfactory resulis,

() As nay be expected, immunization is more frequently com-
plicated with other tick-borne diseases, Redwater-
Anaplasmosis, Spirillosis, ete., than is the case with adult
undipped cattle. '

(5) The duration of the disease from the commencement of the
temperature reaction varied from 13 to 24 days—average
18 days.
Norr.—This period is usually 9 to 10 days in cattle of
20 months to 2 years,

(4) 1t would appear that calves react to Hast Coast fever more
than once, in a greater percentage of cases in comparison
with older cattle, and that the immunity in calves in some
cases which survive original natural infection, is built up
by natural re-infection.
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2. COMPLICATIONS ASSOCIATED WITH IMMUNIZATION.

Apart from occasional deaths occurring as the result of emboli
and purulent pneumonia following the intravenous imoculation of
material, the co-existence or super-lmpomtmn of other tick-borne
diseases, viz., Redwater, Anaplasmosis, und Spiritlosis with East
Coast fever comsequent on inoculation, or natural infection during
exposure, 1s responsible for an increase in the death rate. This, of
course, 1s of great consequence in cattle not immune to these
infec tlons, and 1s responsible for increased mortality in the immunisa-
tion of calves.

The incubation period from tick infestation in these dizeases,
may be given as follows: —

{1} Kast Coast fever, average 13 days.
(2) Redwater, average 15 days.
(3) Spiriliosis, average 17 days.
{4) Theileria mutans, average 50 days.
(h) Anaplasmosis, average 50-T0 days.

Redwater and Spirillosis infections may be concurrent with the
East Coast fever reaction as a result of inoculation of these infections
to susceptible cattle, with the East Coast fever infected material,
the Redwater reaction usually commencing about five days before the
East Coast fever reaction. Since the incubation period from inccula-
tion in the case of Anaplasmosis is usually 30-35 days, this infection
1s more likely to be assoclated with East Coast fever exposure re-
actions. It must be borme in mind, however, that any of these
infertions may occur as *‘ breakdowns " in Reduater Anaplasmosis,
ete., recovered cattle reacting to Iast Coast fever from inoculation.

On exposure, however, all these infections may be transmitted
to susceptible cattle, and as will he seen from the above-mentioned
incubation periods from tick infestation, Redwater, and Spirillosis
infections may occur simultanecusly with East Coast fever exposure
reactions, while Theileria mutans and Anaplasmosis infections will
genecrally appear subsequent to an Fast Coast fever reaction,

3. THE INOCULATION OF NON-INFECTIVE TREATED
SPLEEN AND GLAND MATERIAT, FROM A REACTING
FEAST COAST FEVER BEAST AS A MEANS OF
PRODUCING IMMUNITY.

Experiments were conducted during 1927 and 1928 to observe
whether extracts prepared by treating East Coast fever infected
spleen and gland material with either toluol or formalin, have any
value as an immunizing agent on inoculation to suswptlble cattle
ﬁlthpr prior to exposure, or during an East Coast fever reaction, or
oth

The cattle put in experiment included : —

(a) Animalg which had been inoculated previously for Fast
Coast fever and were reacting to natural infection on
exposure. Three cattle in experiment. They were
inoculated with the treaied spleen and gland material
immediately after the commencement of the East Coast
fever reaction.
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ResvrT.—All three cattle recovered.

(b) Animals which had been inoculated previously for Kast
Coast fever and subsequently exposed to natural infection,
the ireated spleen and gland material being inoculated
at intervals commencing from the date of exposure and
continued during the East Coast fever exposure reactions.
Three cattle in experiment, one of which died of East
Coast fever. Omne animal failed to react on exposure.

{¢) Animals not previously inoculated for East Coast fever
inoculated with treated material—

(1) at frequent intervals prior to exposure and after
exposure. Five cattle in experiment;

(2) at intervals after exposure prior to East Coast fever
reaction, and after the reaction commenced. Three
cattle in experiment.

Resurt.—All eight cattle died of East Coast fever.

CoNCLUSION.

The material, as prepared, proved of no value as an immunizing
agent to prevent infection, or mortality, either inoculated prior to
exposure, or during an East Coast fever reaction, or both. The
recoveries in cattle previously inoculated for East Coast fever were,
in all probability, not due to inoculation of treated material, but
owing to the resistance acquired from artificial immunization.

4. SPLENECTOMY AND EAST COAST FEVER IMMUNITY.

These experiments were undertaken by one of us (S.H.W.} with
a view to observing whether splenectomy had any influence on im-
munity to East Coast fever, or course of the disease. Observations
were made on splenectomized cattle as follows: —

(1) Splenectomy of six 2 to 3 year old East Coast fever
Tecovered cattle.
(2) Splenectomy of ten 2 year old East Coast fever susceptible
cattle. This lot was divided as follows:—
{a} 5 cattle splenectomized 7-10 days prior to exposure to
East Coast fever,
(b) 2 cattle spleneciomized 1-2 days prior to first rise of
temperature to Fast Coast fever reaction.
(¢) 3 cattle splenectomized immediately on first rige of
temperature to East Coast fever reaction.

The results obtained were as followa:—

1. The six East Coast fever recovered cattle were kept under
observation for some time after operation, and dalily examination of
bloed and gland smears failed to show any breakdown to East Coast
fever, in so far as Koch’s bodies did not reappear in gland smears.
They all showed a severe recrudescence of Theileria mutans in the red
bleod cells. This infection amounted to 100 per cent. of red cell
invasion on different dates in all cattls, more than one parasite per
cell being frequenily seen. Reappearance of Redwater parasites in
blood cells occurred in all cases, subsequently causing the death of
four out of the six cattle. Reappearance of Anaplasma marginale
occurred, but not in great numbers.

Five out of the six cattle were exposed to re-infection to East
Coast fever. Of these, one showed Koch’s bodies “ rare *’ in gland
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smears on the 28th day after exposure, and revovered. Such re-
infection with East Coast fever on re-exposure of East Coast fever
recovered cattle being not rare, this re-infection had probably nothing
to do with splenectomy.

Norte.—It may be mentioned, in passing, that repeated examina-
tion of gland smears from these cattle taken either before, during, or
after the heavy redblood cell infection with Theileria mutans, failed
to show the presence of any bodies resembling the characteristic Koch’s
blue baody of East Coast jever. 'This ebservation would appear to
throw some doubt on the suggestion made by Theiler, namely, that
the parasite previously known as (Gonderia or piroplasma mutans, is
veally a Theileria, and has a sfage in itz development in the animal
hody, which corresponds to the Koch’s body of East Coast fever and
is indistinguishable microscopically fromn that body. Moreover, no
such bodies as described by Theiler and Graf (13th and 14th Reports
of Director of Veterinary Education and Research, South Africa,
1928), have heen observed during the examination of routine smears
submitted to the laboratory for examination, except in cases of what
appeared to be undoubtedly East Coast fever,

2. Bplenectomy of Fast Coast fever susceptible cattle : —

(@) The five cattle splenectomized 7-10 days prior to exposure,
hecame infected on exposure, the period of incubation
being 13-14 days. The disease appeared to run a normal
course in each case aud ended fafally in all five cattle.

(b) and (¢) The infection in these five cattle appeared to run
the usual eourse and ended fatally in all cases,

CONCLUSIONS,

1. Splenectomy of East Coast fever recovered cattle does not give
tise 1o a breakdown to Bast Ceast fever with reappearance of Koch's
bodies in gland smears, either before or after exposure to East Coast
fever infection,

2. Splenectomy of Fast Coast fever susceptible cattle does not
influence either the susceptibility to infection or course of the disease.
3. Bplenectomy of Redwater, Anaplasmosis, and T. mutans
recovered cattle does give rise to a marked re-infection of red blood
with these parasites, particularly in the cases of Redwater and T.
mutans,
Discuosgsion,

With the knowledge so far gained, it would appear that, with the
present methods, the artificial immunization of cattle against East
Coast fever, has limited application, and especially in relation to the
contro]l and eradication of the disease.

The percentage of reactions to inoculation is variable, as is also
the percentage of inoculated cattle which survive exposure. The
greater the percentage of reactions to inoculation, the greater the
number of inoculated cattle which survive exposure.

It has been our experience that susceptible non-inoculated cattle
invariably react to the exposure to which they are submitted at
Kabete with a mortality of approximately 95 per cent. We accept,
therefore, that a percentage of inoculated cattle which do not visibly
react to the inoculation (as determined by temperature and smear
examination), have acquired some immunity from such inoculation,
and survive exposure,
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Thig variability in producing reactions or immunity, or both, as
a result of inoculation may be due to some factor in the inoculated
animals themselves, but, more probably, is associated with some
factor concerning the material inoculated. This variability has been
noted by Theiler in South Africa, and by Montgomery and the writers
in Kenya.

The inoculation of calves gives less satisfactory results than is
the case with older cattle, not only as a result of the complications
which may be associated with inoculation and exposure, bui also on
account of the prolonged course and difficulty in producing a reaction
in these animals and the acquiring of complete immunity.

The method of control of East Coast fever by inoculation, there-
fore, must be considered to have the following disadvantages: —

1. Mortality from the Inoculation itself —These include—

{a) occasional deaths from embolus and septic pneumonia from
intravenous inoculation;

(b) Kast Coast fever;
{¢) Redwater, Anaplasmosis, Spirillesis, etc., as complications.
2. Mortality from Eaposure including East Coast fever and other

tick-horne diseases, viz., Redwater, Anaplasmosis, Spirillosis, Heart-
water, etc.

3. The maintenance of the avobe-mentioned tick-borne infections
on farms where the inoculations and exposures are carried out.

4, The effect of any of these diseases on cattle which have reacted
and recovered, '

5. The effect of tick infestation itself on undipped cattle.

The method, however, might prove of value in certain instances
such as the control of infection, or the saving of as many cattle as
possible exposed to infection, on farms where dipping, etc., cannot
produce immediate results, or where dipping facilities do not exist.
It might also be made use of for the production of an immune herd
for exposure on undipped, infected farms.

With regard to immunity in East Coast fever, it would seem
possible that there is an immunity and a disease producing stage in
the cycle of Theileria parva in the animal host; and that, wheveas
cattle invculated with material containing the early stages of the
parasite may react, a larger percentage will react with higher
mortality when inoculated with material from an animal in the later
stages of the disease. It would appear that the immunity and death
producing stages are included in the same spleen in the later stages
of East Coast fever, but the immunity producing stage occurs in the
early stages of the disease.

It is generally recognized that susceptible cattle exposed to tick
infection invariably contract the disease with a high percentage of
mortality, the inference being that from the transmitting stage in
the tick all stages develop, whereas the early stages of T. Parva in
cattle do not variably develop to the death producing stage.

Further work is necessary to work out definitely the life cycle of
the East Coast fever parasite both in the tick and in the animal host,
and to determine the existence or otherwise of an immunity producing
stage as distinct from a disease producing stage,
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In diseases such as Redwater, Anaplasmosis, P. mutans infection,
ete., the gspleen has been shown to have some function associated with
immunity to these diseases.

Although a larger percentage of reactors are likely to be obtained
when large doses—5 to 10 c.c, of material—are injected, the
experimental inoculations showed that even a 1 c.c. dose of gland juice
collected in the early stages of the disease, is capable of transmitting
the disease.

There are limitations to immunity in nature, particularly in
calves and also in eattle born and reared on clean farms which recover
from an original exposure.

In cattle, other than calves, which have been exposed te natural
infection since birth in an endemic area, there is no evidence to show
that immunity is not complete, in which case it seems immunity has
been built up by natural re-infection, The limitations to immunity
in inoculated cattle recovered from inoculation are greater than in
non-innculated cattle recovered from natural infection.

The Timitations to immunity in inoculated cattle, particularly in
calves, are pgreater than in non-inoculated cattle recovered from
natural infection.

The limitations in inoculated cattle, particularly in calves, which
have been subsequently exposed and recovered are greater than in
non-inoculated cattle recovered from a natural attack of the disease,

It should be noted also that the best results in artificial immuni-
zation are obtained when cattle are exposed as scon as reactions from
inoculation appear. This would indicate that the immunity obtained
from artificial inoculation may in some cases be shortlived.

%o far 1t has not been determined by direct methods, e.g., such
as examination of material, transmission by ticks, that the recovered
East Coast fever animal is a reservoir of the virus, but judging from
the results of investigations by indirect methods such as splenectomy
and lowering of the vitality by various methods, injections of drugs
and setting up other infections, it would seem that the virus does not
exist in recovered animals and is not a factor in the maintenance of
infection.

Lichtenheld claims to have demomnstrated complement fixing
bodies in the serum of recovered animals but this observation has so
far not been confirmed.

Immune serum haz so far been found to have no protection or
curative properties and the spleen of a recovered beast no prophylactic
value. The process of immunity and maintenance of immunity in the
immune animal is not known.

Under field conditions animals which have recovered trom one
infection after natural exposure and would be considered immune,
may, as such, constitute a danger in the spread of infection 1nasmuch
as they may not really be immune, although considered immune.

Moreover, since re-infection may oecur and escape notice, it
would be difficult to determine when the last case occurred unless
the cattle were on daily temperature. Under the circumstances it is
possible for cattle and particularly calves to mainiain infection on a
farm without such being observed.

Under conditions where facilities do not exist for control of the
disease, immunization may be used as a temporary measure for the
purpose of saving a percentage of the stock under the worst conditions.




