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INTRODUCTION. 

Bovine besnoitiosis •as recognised as a distinct 

disease in South-western Europe about 75 years ago. The 
discovery of the causative protozoon in the skin and sub­

cutaneous tissues 38 years later in France opened several 
new fields of investigation. These included ascertaining 
the distribution of the disease, identifying the protozoan 
parasite, establis'1ing the pathogenic! ty, determining the 
seriousness of besnoitiosis as an animal health and econo­
mic problem, looking for economically feasible methods of 
controlling the disease, attempting to determine the natural 

mode of transmission, and searching for chemotherapeutic 
agents for either curing or preventing the disease. Con­
sideration of the resul~s of the investigations, described 
below, makes it apparent that although advances have been 

made in the studies during the last five decades, the 
failure of establishing the natural mode of transmission, 
and the absence of a specific remedy leaves bovine besnoi­
tiosis as an important veterinary and econ:).:nic problem.. 

In presenting the results of the investigations 

an attempt has been made not only to give a detailed account 
of the aetiology but to include observations made on the 
pathogenicity, symptomatology, chemotherapy and imhlano-

logy as they reveal the biological properties of the in­

fectious agent. For the sake of completeness a brief 
review on the epizootology, diagnosis and prophylaxis will 
also be given. In doing so it will become clear what has 
been achieved, and which avenues to future progress have 
io be followed. 

Advances made in the studies on the aetiology 
during recent years have made it possible to dissociate 
the causal agent of bovine besnoitiosis from the eimerian 
parasites, the association of which, in the past, had lead 
to a hopeless classificatory and nomenclatorial confusion. 
It has at last become possible to give a clear definition 
of bovine besnoitiosis, and the two allied diseases 

occurring in equine and murine hosts. 

/2 ..... . 
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Si.Dee tlaa preaeaoe ~ hY1M 1teaao1t1oa1a _. 
~tnt reeoplad in .u RutnlRD'a 41etr1ot aear]J tnav 
7eara aco, • aJ.and.a& apred to tM UJoilltac cU.atrtna 
baa oo011ft'84 in tile •onum b"auYaal, whloh oouti tu'ka 
ODe o~ ~ ..ua ruolainc &Nu ot a. u.ton ot ICR&tll 
Ab'ioa. 'file eoonoJdo s..,ltoatloaa et 'bonne Maoi tioaia 
1o atoOk -en an ooaa1cleraltle. Althow.&ll the clireot 
loa•• 4o .a.ot exeee4 tea per _t, ~ 1Ddireet 1•­
aa n8Qlt ~poor proctaotln'Q' elM to tile 'ftl7 1oq oon­
ftl.e .... t period, the 'teapoft17 or per.aat ater:111'V 
fd afteotect -.,lla, aD4 the ~ paraaitt_. !d. ... 

rea4ve4 uel•• tor tho lea'UIIer iDduV, an enn~ 
hiP. 

Dl!FI!l~lOf 

llo'ftae lHtaaoitioaia 1a u -"•• •baafie er 
11114 pro._ ... u.e- -• tw §twa.tta pgoi'1: 
( 11i&NH11 1912). It ia Uaneterise4 1t7 PJnzla. aa411'8Jd.a1 

Mlaiao, neJ,liq ot tiMt ,alpUle l.JapJaat1e sJ,aa .. , 
eelerltia, laollrl-tloa, __..., aol.ero4e:rMtltt.e, 
alopeda, l"'daltla, ~u.. traoJaeltia ... 

eroblt1a. came ttaat -.ntw eitber .............. . 
Saf'eott.oa, ntaia a ohrode ael...aenatltla, rld.al tta, 
~tla, traobeltb aa4 Hlerttb ... .., •• s. .. 
'&9 a POJMDed or MIIPOft17 .-rtUQ ill lNlla, ... a 
prem•1'V 1dl1oJJ. pentau tor lite 1D botll ..... 

lloftal aatu .... pob1cU.oa1e, 1Jo'riae •"-oua 
earooaporU.loate, Eleplaant 8JdA 41aeaae of oatU.t Ba14-

llarkoaper.L41Ne 1f'B 'beHte, Haid&lo'bl41o" ftD Neate, 
Buaoitio• .,_ lt_te, Ollt•tnelaiek'M, Dlkftlaiekte 
( Atri.ltaaT'A) 1 Baiclalo'bldioae 'Nil ruder., Beeao1"io•• ftll 

raderen <••turluda) 1 ._._ Sanoapori41oee ter Bia4er, 
S..t Glo•t.41oee ur ntater, Je•o1tio .. der R1a4er (Ge~)l 

~·• .. boat, XlepJaaatlule Ill bo~, saroeapoft.Uoae 
oataa .. •• lee 'bonaa, Gleltt.tt.e .. ataa .. 4u. bM1at, 
Beuoltloee ta 'oat (Pnaola)J AMaaNa boYiD&, IU'N­

aport.Uo• oataaea bonaa, Gle1441- M'fiaa por GloblcU.wa 

beapo1ii• Be.-o1t1e .. boY1aa JOr B!!!•&i1! k•!Roi$& 
(POJ"tu&UM) J D11laa (ArMS.). 
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HISTORY 

The history of bovina, equine and murine 
besnoitiosis is interesting. Perusal of the literature 
shows that observations conducted on domestic animals in 
Europe and Africa were accompanied by a remarkable con­
fusion about the identity of the causal agents, the 
nomenclatorial history of which will be discussed below 
{Vide infra- Aetiology, Classification). 

During the last five decades the disease in 
cattle was known as either bovine cutaneous sarcospori­
diosis (Besnoit and Robin,l912, 1913 a, b, 1914; Cui1le, 
Chelle and Ber1ureau, 1936) or bovine (cutaneous) 
globidiosis (Cuille and Chelle, 1937; Hofmeyer, 1945; 
LeitaP, 1949; Pols 1954 a, b; Henning, 1956), and that 
in horses as equine {cutaneous) globidiosis (Bennet, 1933; 
Schulz and Thorburn, 1955; Henning, 1956). Recently, 
however, it became apparent that the correct generic names 
are bovine and equine besnoitiosis. 

A disease referred to as "1 1 elephantiasis et de 
l'anasarque du boeuf" was described by Cadeac (1884) in 
cattle from Southern France. Subsequont investigations 
by Besnoit and Robin (1912) revealed the presence of an 
extremely large num.ber of thick-walled spherical cysts, 
harbouring numerous spores, in the skin and aub-autaneous 
tissues of affected cattle from the Pyrenees. They ten­
tatively referred to the causal agent as a Sarcocystis sp. 
Marotel (1912) pointed out that nothing similar had been 
found previously in cattle, and that the names of the 
investigators deserve to be connected with this wonderful 
discovery. He, therefore, proposed the generic name 
Besnoitia, and used the combination Besnoitia besnoiti 
for the causal agent. 

Franco and Borges (1916) gave a detailed account 
of the disease and stated that since 1885, it has been 
encountered frequently in slaughter cattle at the abattoir 
in Lisbon, particularly in animals derived from the 
province Alentejo in Portugal. In their account they 
reported that not only was the skin affected but that the 
aponeuroses revealed a massive infection of cysts giving 

/6 ...... Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 
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the impression that these tissues had been sprinkled 
heavily with sand. Infected carcasses were declared 
as unfit for human consumption. Since the disease was 
encountered in the Sudan (Bennet, 1928), and in several 
other African states listed in the subjoined Table I. 
(Vide infra- Distribution). 

The first record of equine besnoitiosis is that 
of Henry and Masson (1922) who encountered the infection 
in a horse in the vicinity of Rheims in Northern France. 
Several years later Going (1927) and Bennett (1927) 
encountered this disease in horses from the Sudan. It was 
later established that the horses originated from the Nuba 
Mountains situated in the southern part of the province 
Kordofan. The economic importance of this infection 
was brought to light by a series of official enquiries 
carried out by Capt. H.B. Williams in whose opinion the 
horse-owning tribes were well acquainted with this disease. 
He reported that the Hawasma Arabs of Rasha<l tierkuz not 
many years ago possessed 600 to 800 horses, of which less 
than fifty remained at the time of enquiry. This ~oss 
wa• attributed to a disease which the Arabs named "Dillag", 
apparently equine besnoitiosis. 

Although Babudieri (1932) and Enigk (1934) 
stressed that the cutaneous parasites of cattle and horses 
are not related to the intestinal parasites (Globidium 
~·) of these animals many investiga.tors persisted in 
referring to these diseases caused by the former organisms 
as cutaneous globidiosis. 

The turning point in the investigations on besnoi­
tiosis was the discovery of Jellison (1953), who found 
pearly white cysts, harbouring numerous spores, in the 
mediastinum of a white-footed mouse (Peromyscus 
maniculatus artemisae (Wagner)). However, it was left 
to Frenkel (1953 a,) to show that this parasite, which 
multiplies by binarJ fission, is not only related to 
Basnoitia besnoiti but also to Toxaplasma gondii. These 
studies were followed by those of Pols (1954 a, b) who 
found that B.besnoiti also reproduces by binary fission, 
and that it is morphologically indistinguishable from 
T. gondii. 

/7 ..... . 
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DISTRIBUTION. 

The distribution of bovine, equine and murine 
besnoi tiosis toge·ther with the names of investigators 
reo:ponsible for de·termining their presence in different 
countries are listed in Table I. 

From th• description given ~y 
gators it becomes apparent that bovine 
enzootically in France and Portugal. 

European investi­
besnoitiosis occurs 
Leitao (1949) 

reported that cases of this infection were frequent in 
cattle imported into Portugal from Angola. wbether or not 
these animals served as additional reservoirs of B. besnoiti 
for the infection of indigenous Portuguese cattle could not 
be deterr..dnec .• 

Since the recognition of bovine beenoitiosis in 
South Africa in 1941 (Hofmeyer, 1945) surveys by Thomas 
et al (1943) revealed that this disease is widely distri­
buted in the Rustenburg district. Farmers in this area 
stated that they had seen this disease for the last decade 
but that they had mistaken it for bovine mange. Subse-
quent investigations by veterinarians, listed in the 
appended Table I, have disclosed that the disease is 
gradually spreading, and at present it is widely distri­
buted in the North-Western, Northern and North-Eastern 
bushveld aJ:•ea of Transvaal. It has also been established 
that the infection also occurs in South West Africa, 
Bechuanaland, Angola and Belgian Congo. 

It will be noticed from the available records 
(Table (I)) that only a single case of equine besnoitioais 
is recorded from Europe 9 that it appeared as an important 
malady in Sudanese horses, that it occurs sporadically 
in the Union of South Africa with its large equine popu-. 
lation, and that it seems to be absent from the remaining 
African territories in which bovine besnoitiosis occurs 
euzootically. Its apparent absence may be attributed 
to the incidence of horsesickneas in Angola, Bechuanaland, 

Belgian Congo and Ovamboland, as reflected by the extremely 
low equine population. 

/8 ••...• 
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Up to the present murine besnoitiosis has only 
been recorded in a white-footed mouse from the United 
States of America. 

T A B L E I 

Continent: Country :Animal: Reference. 

Europe 

Africa 

: : : 

:Southern France :Cattle:Cadea.c, 1884; Besnoit 
: • :and Robin, 1912,1913, • 
: : :1914. Cuill~, Chelle 
• • :and :Beruleau, 1936; • • . • :Cuill' and Chelle,l937; • • . : :Barrairon, 1938. • 
• . • • • • 
:Northern France :Horse :Henry and Masson, 1922. 
:(Rheims) • • • • 
• • • • • • 
!Portugal (Alentejo) !cattle!Franco and Borges,l916; 
:Portugal (Imported) : " :Leitao, 1949. 
:cattle from Angola) : : 
• • • : 

• • • • 
Angola (Alvito, Bej~:Cattle:Leitae, 1949. 
Elvas, Evora, : : 
Grandola, Moura etc.): : 

• 

Be chuanaland 
{Serowe) 

:Belgian Congo 
:(Ruanda-Uru.ndi) 
• • 
:South West Africa 
: ( Ovamboland) 
: 
:Sudan 
• • 

: : 
:Cattle:Director of Veterinary 
: :Services, 1957. . . . . 
:Cattle:Colback, 1951; Herin, 
: :1952 • 
• • . . 
:Cattle:De Boom, 1947. 
: . • . . • • 
:Horses:Bennett, 1927 - 1939; 
: :Going, 1927 • 

;sudan (Nuba Jlountainl " !williams, 1932. 
:in Southern {ordof~ ; 

;sudan !cattle!Bennett, 1928. . . : 
;union of South Afri~ : 
:Transvaal districts : : 
: . . 
:Lydenburg ;cattle;Meeser, 1954. 
:Ma.rico : " :Thomas, 1950;Schulz 1951 . 
• : :Pietersburg " • • • 

!van der Merwe, 1953. 
• 

:Potgietersrust : " :Herter, 1950. 
• • :Pretoria • " • • • 

• :van der Vyver,l945; 
• 

: • • :De Wet, 1950;Pols,l953. 

Table I cont. /9 ••••• 
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TABLE I (Cont.) 

Continent! Country !Animal! 
--------~·~------------------~·------~·----------------------

Reference. 

Africa 
(cont.) 

• • • :union of South Africa: : . . . 
:Rustenburg :Cattle:Hofmeyer,l945;Thomas, 
: : Frean and Neitz,l943; 
: : Louw,l954 
: !Horse Thomas, 1950. 
: . 
:Soutpansberg :Cattle Thomas, 1950; Mansvelt, 
: : 1953. 
:Waterberg :Cattle:Thomas, 1943. 
: :Horse :Thomas and Adelaar, 
: : :1947. 
:Eastern Cape : : 
:Province District. : : 
• ;Grahamstown 
: 
:Natal Districts 
• :umvolozi (Em.pangeni) 
• 
:Vryheid 
: 

:Horse =schulz and Thorburn, 
: 1941, 1955. 
• 
• • 
:Horses De Kook, 1947 • 
• 
:Horses Lamprecht, 1950. . . . . 

United :Hamil ton in Montana 
States of: 

• • :white-:Frenkel, 1953, b. 
"footed" 
:mouse : America • . • : : . • . • 

AETIOLOGY 

Besnoitia besnoiti. (Marotel, 1912). 
Synonyms:- Sarcocystis besnoiti 

Gastrocystis besnoiti 
Globidium besnoiti 

• • 

Marotel, 1912. 
(Marotel, 1912). 
{Marotel, 1912). 

{a) Morphology: Fairly comprehensive accounts of the 
histological studies on the causal agent of bovine besnoi­
tiosis, accompanied by a series of microphotographs, have 
been given by Besnoit and Robin (1912) and Franco and 
Borges (1916). Although the descriptions were limited to 
a study of advanced stages of the development of the orga­
nism, they nevertheless served as a basis for later inves­
tigations on B. bennetti Babudieri, 1931, by Bennett (1933), 
B. jellisoni Frenkel, 1953, by Frenkel (1953 a, 1954) and 
B. besnoiti (Marotel, 1912) by Pols, 1954 a, b). 

/10 ••••••• 
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It will be seen from the description, given below, 
that the advances made in the research resulted from the 
discovery of laboratory animals susceptible to the Besnoitia 
spp., and the availability of improved staining techniques. 
It has thus become possible not only to supplement the 
original observations but also to modify certain view~ ~ald 
by previous investigators. The progress made comprises 
the determination of the vertebrate life-cycle of the in­
fectious agent, and the origin and development of the cystic 
wall as well as the identification of certain chemical 
components of th• parasite, and cystic wall as revealed by 
the staining reactions. 

The present account on the morphology of B. besnoiti 
is based chiefly on the observations made on rabbits used 
for the serial passage of this parasite. Recovery, that 
followed, the artificial infection, made it possible to 
trace the development and behaviour of the parasite in 
the circulating blood and tissues, and to observe the 
response of the host to the infectious agent during the 
period of the febrile reaction and the ensuing chronic 
phase of the disease. Observations recorded by Pols 
(1954 a,b) will be recapituled, and extended to include 
the studies on the origin and development of the cystic 
wall which, up to the present, had not been fully under­
stood. Observations made on rabbits will be compared 
with those made on cattle and a single goat that developed 
a typical but non-fatal besnoitiosis reaction. 

The forms of the organism circulating in the blood­
stream and seen in the blood, lung and testes smears of 
rabbits vary in size from 5 - 9 microns in length and 
from 2 - 5 microns in width. Similarly there is a varia­
tion in shape. Oval forms slightly pointed at one end 
are the most common in blood smears. Curved forms with 
rounded ends (banana-shaped) and crescentic types are 
found more rarely except in lungs and testis smears where 
they are quite comwwn. They are also more frequent in 
smears obtained late during the temperature reaction, when 
the number of monocytes is decreasing. They give the 
impression of being more shrunken or mechanically co~ 
pressed. Only a few rounds forms were observed. 

/11 ••••••• 
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With Gram stain the trophozoites gives a negative 
reaction, and stands out clearly when stained with 
Moeller's method: a distinct blue on a reddish background, 
but internal stru~tural detail is by no means distinct. 
With Giemsa stain the cytoplasm is granular and stains 
blue, usually slightly ligh·ter at the one (blunt) and. 
At this end one often discerns a yellowish red "caplike" 
area from which fine striations radiate toward the nucleus. 
Occasionally darker blue granules as well as vacuoles are 
noticed. They are distributed throughout the cytoplasm, 
but more towards the pointed end. With Nile blue sul-
phate and Periodic-Acid-Schiff reagent they react possi­
tively; pretreatment with saliva abolishes the latter re­
action. It is, therefore, concluded that the cytoplasm 
contains glycogen. (Interestingly enough decolourisation 
of previously P.A.S. stained preparations, and subsequent 
treatment with saliva doe~ not abolish the P.A.S. ~eaotion). 
Other staining reactions were performed on sections of 
skin. The results will be mentioned when dealing with 
the cyst forms. ~he banana- and sickle-shaped forms, 
by nature of their denser cytoplasmic structure, stain more 
intens~ly ~~d detail is less distinct. 

The nucleus is situated near the centre. It may, 
however, occur in various positions and does not conform 
to a definite pattern or size. In the oval shaped 
parasite it varies from a fairly compact form to a loose 
network of chromatin. With Giemsa it stains the usual 
reddish purple, darker when the nucleus is more compact. 
The latter appearance is the one seen in the crescent-
shaped organisms as a rule. The oval form may be bi-
nucleate. On application of the Feulgen technique, 
the nuclei take on a very faint tinge of purple, in sharp 
contrast to the brilliant reaction given by the nuclei 
of the leucocytes. 

The intracellular parasites do not differ from 
the extracellular ones except that in blood smears the 
banana- and sickle-shaped forms are often not as frequent. 
As can be expected extracellular parasites are difficult 
to discern in sections, and the intracell~lar ones appear 
much smaller and more crescent-shaped. Great numbers of 

/12 ••••••• 
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divisional forms are seen in different stages of deve~op­
ment, both intra- and extrac~lularly,. The most common 
of these is a binucleate one where division of the cyto­
plasm is in the process of taking place or has juat been 
completed. Otherwise two parasites may be seen closely 
approximated as to suggest early separation. MUltiple 
divisions do occur, such are exemplified by cytoplasmic 
masses containing 4 to 8 nuclei more or less regularly 
spaced. 

In skin biopsies and organ specimens taken at 
autopsy, sectioned singly and aerially and stained with 
haemalum-eosin, organism after much searching, could be 
seen lying both, singly and in groups, between the con­
nective tissue fibres. It is impossible to state whether 
they were in the lymphatics or not. Infrequently orga­
nisms are also seen in wandering or fixed histiooytea, 
either singly, in pairs or in larger groups in a vacuole 
in the host cell. As stated above such organisms in 
section appear in a much contracted form; they measure 
approximately 3 microns in length and 1.5 microns in width. 
Depending upon the number of parasites in them, vacuoles 
may be quite srnall, measuring approximately 8 microns in 
diameter during the third week after infection of the sub­
jeot. In specimens taken at progressively longer inter­
vals after infection they become much larger; eventually 
at about nine weeks they range from 80 to 120 microns in 
size with extremes of 50 to 200 microns. They then oon-
tain a correspondingly increased number of organismo. 
These are laden with glycogen as may be inferred from the 
brilliant P.A.S. reaction which is abolished after treatment, 
with saliva leaving only a cytoplasmic hull. With Hale's 
stain the cytoplasmic con·tents react almost equally well 
indicating the presence of acidmuoopolysacllaride. The 
latter tends to be concentrated towards the blunt end. 
However, the quantity present in any one individual organism 
varies from virtaally nothing to relatively large accumu­
lations in contrast to the glycogen which is virtually 
always present. The constant positive reaction to silver 
impregnation, performed according to the G~m6ri tecllnique, 
could also be ascribed to this fact. As in the case of 
the blood parasites, the nuclei reaot very faintly indeed 
to Feulgen's staining method. Only by employingWratten's 
filters, could any satisfaction be obtained that there really 

was a purplish colour. 
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When one or a few organisms occupy the vacuol·c-t 
there is a clear space around the parasites. When pre~ent 
in larger numbers they are more tightly packed, leaving 
little or no intervening clear areas. In large vaauoles 
the outer edge forms a distinct membrane which has been 

referred to as the inner meillbrrule (Pols 1954 b). 

The infected host cell is seen to contain two or 

more nuclei. These are very vesicular with a delicate 
nuclear membrane and numerous enlarged nucleoli. In 
distinct contrast to the nuclei of the organism, they are 
clearly Feulgen positive, although their vesicular nature 
makes :for a scant distribution of :positiv-e material, dis­
tributed just under the nuclear me~brane and here and there 
towards the centre, as discrete rounded knots. The nucleoli 
are Feulgen negative with occasionally a narrow sickle­
shaped positive edge. Because of the vesicular nature 
of these nuclei, their staining reaction is somewhat dulled 
when seen against the green background of underlying Feulgen 
negative cytoplasm. The nuclei increase vastly in number 
and generally form a radiating crown at some distance from 
the periphery of the cell. Mitoses are observed infre­
quently. When division occurs, all nuclei present in one 
cell, divide simultaneously. Ultimately, due to parasitic 
encrouchment, the nuclei becomes wrinkled, the nuclear 
membrane folded and the whole nucleus elongated. Finally 
they become pycnotic and compressed to a very narrow elon­
gated strip of nuclear material. The cytoplasm of the host 
cell enlarges to gigantic proportions, becomes deePly 
basophilic and markedly granular. 

Between the nuclei and the periphery of the cell 
it is somewhat lighter, and hera large distinct absolutely 
clear vacuoles are seen in embedded sections. Some of these 

vacaoles may actually be interpalated between the nuclei. 
In this area too, vacuoles containing parasites occur. The 
centre of the host cell shows an enormously enlarged spheri­
cal centre which io much less basophilic. In it frequently 
the very ex·tensive negative image of a Golgi apparatus 

may be seen. The outline of this central area is often 
accentuated by a pallisade of dark basophilic cytoplasmic 
streaks lying around it. They may be shown up well in 
iron haematoxylin preparations. 
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In the oarlier phases of the host cell's deve­
lopment ita cytoplasm gives only a light P.A.~. positive 
reac·tion. <i'hen 1 t has attained 1 ts maxir.mm development 
large ~Lles of intensely red staining material are 
scattered throughout the ~entral zone, tightly packed in 
large masses immediately around it and be~~een the nuclei, 
whereas the peripheral are& is relatively clear. The 
reaction is abolished by pretreatment with saliva. As the 
parasite enlarges tha r.A.S. reaction is lost, although 
the rate of loss does not appear to be constant. At the 
cell membrane there is a distinct P.A.S. positive zone, 
which soon merges with the rest of tha oapsule; its exact 
situation whether intra- or extracellular is very difficult 
to determine. The latter interpretation is probably cor­
rect. The positive reaction remains despite salivary 
digestion. Des~ite the etron~ P.A.S. reaction exhibited 
by the cytoplasm of the host cell during its phase of maxi­
aal development it was never found to react to Bale's stain 
for aeidmacopolysaeharide. The central zone of the host 
oell's cytoplasm is also arQ"ro,Philic. The same granular 
appearances a.s described tor the P. _' .s. reaction is seen 
after G6mCri•s reticulum impre~ation. Later the argyro­
philic granules condense at the periphery of the central 
zone. With development of the I>arasite the ar~ophilio 
granules are pushed aside in irregular manses and even­
tually the argyrophilia disappears. 

With enlargement of the parasite aontaining 
vacuoles, the regu.lari ty of the host cell s·t;ru.c~ is dis­
turbed, as already will have been interred from the foregoing 
description of the various staining reactions. 'Nhen 

packed with organisms the cytoplasm is compressed to a 
very narrow rim ("the intermediate m.embrane"), and between 
this and ·the inner membrane a varying number of compressed 
host cell nuclei may be seen. Bometimes the occurrence 
of or~~n1sms in different vacuoles in one host oell, pro­
duce a bi- or tr1-loeular appearance. No nuclei appear 
in the septa. 

During the developaant and regression of the host 
ce~l tha following sequence of events is observed around 
it. At first it becomes surrounded by a homogenous matrix, 
around which young collagenous fibres are laid down. The 
matrix stains poorly and gives a negative reaction with 
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P.A.S. and van Giesen, and stains a light blue with 
Hale's stain. In it delicate fibres, argyrophylic, 
f~chsinophilic, P.A.S. and Hale positive are seen to course. 
It is probably a condensation of these fibres which are re­
sponsible for the narrow rim of P.A.S. and Hale positive, 
argyrophilic material demarcating the boundary between 
the future capsule and the host cell, and already referred 
to when dealing with the P.A.S. reaction of the latter's 
cytoplasma. It must be mentioned, however, that the argy­
rophilia was not a constant feature. 

With enlargement of the host cell the capsular zone 
becomes progressively more and more positive to the P.A.S. 
reaction, and at the same time stains intensely with Hale's 
stain. With the latter stain a thick deep blue capsule, 
with a very narrow lighter staining inner rim, then sur­
rounds the host cell. As the P.A.S. reaction gains in 
intensity so does the capsule become more and more fuchsino­
philic. At the same time the intensity of the Hale re­
action decreases, and the whole process goes hand in hand 
with the deposition of collagenous fibres. In developing 
cysts these fibres can be traced, distinctly running f~om the 
surrounding connective tissue. Fibroblasts accumulate 
more or less regularly around this collagenous mass. Even­
tually the collagenous fibres become hyalinised, intensely 
fuchsinophilic and P.A.S. positive. Especially with the 
latter reaction the inner part of the cyst wall is intensely 
coloured. Whereas in the earliest stages of cyst develop­
ment salivary predigestion affects the subsequent P.A.S. 
reaction but slightly, it produces quite a pronounced effect 
in the fully developed cyst. Despite this, a considerable 
amount of P.A.3. positive material remains especially to­
wards the inner part of the cyst wall. In this stage 
Hale's stain produces only narrow complete or incomplete 
ringshaped zones or granular accumulations of blue staining 
material. \~here capsules abut on each other similar 
material is found in considerable quantity in the intervening 
spaces. Argyrophilic fibres become less pronounced as the 
cyst approaches maturity. 
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In cattle B. besnoiti presents essentially similar 
morphological features. The circulating organisms of which 
only very few were seen, did not differ in any way. The 
fully formed cyst in cattle is much larger than that found 
in the rabbit; measuring up to 600 microns in diameter. 
When seen singly they are spherical or sometimes slightly 
spheroidal. When present in large numbers they may be 
compressedJ the outer membrane or cyst wall then becomes 
confluent. Organisms expressed from the cysts and examined 
in smears are mostly crescentic and measure on an average 
2x7 microns. In saline suspension they exhibit moderate 
motility by flexing and slightly contracting and then ex­
tending. The parasite seen in the goat did not differ from 
that seen in cattle. Around fUlly formed cysts no fur­

ther tissue reaction is elicited. In infections of long 
standing they appear as perfectly bland parasites with 
little indication of their genesis. In cattle an occa-
sional degenerating cyst was observed with remnants of the 
now incomplete capsule and the central necrotic and calci­
fying debri, with a localised tissue reaction indicating 
resorption. 

(b) Multiplicationa- B. besnoiti, like B. jellisoni, 
multiplies within the host cells by repeated binary fission 
(Frenkel, 1953 a; Pols, 1954 a, b). Multiple divisions 
do ocour, but when compared with the former, they are so 
rarely observed as to lead one to suspect that they are 
aberrant forms (Pols, loc. cit~. Reproduction continues 
within monocytes and possibly also in neutrophiles until 
they rupture, and is then again resumed after parasitic 
invasion of new host cells. In the hypertrophied histio-
cytes multiplication persists until the resulting cyst, 
with its firm capsule, is filled to capacity. In this 
situation parasites remain dormant for periods of up to ten 
years, after a natural infection (vide infra - Immunity). 
Absence of any degenerative changes of cysts during this 
long period, as determined histologically, suggests that 
the parasites survive in chronically affected cattle for 
even longer periods. 
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(c) Habitat:- Bennet (1928) described the presence of 
~~~itia parasites, initially termed "sarcospores" and 
later, after Wenyon's identification, "Globidium sporesn 
in large numbers in blood smears obtained by skin punctures 
from affected horses. On taking blood from the ju~lar 
vein, for the preparation of smears, parasites could not be 
found. He concluded that probably accidental contamination 
from incised cutaneous oysto had occurred. In view of the 
fact that blood is only infective during the primary stage 
of the disease (Ouille, Chelle and Earlureau, 1936; Pols, 
1954 a), and Bennett's cases seemed to be advanced, his 
final conclusion is most likely to be correct. Cuill~ 

and Chelle (1937) spoke of a "virus" in the blood of cattle 
during the pri~ary stage of the disease, and tried to 
determine whe·ther this infectious agent was attached to the 
erythrocytes or free in the plasma, but without success. 
It may thus be presumed that B. besnoiti had not been ob­
served previously in cattle in any form other than that in 
cysts. 

In order to determine the habitat of the parasite 
seven head of cattle, listed in Table A of the appendix, 
were subjected to daily blood and lymphnode smear examina­
tions. In four of these cases extracellular paraoites were 
seen in blood und lymphnode smears, on one day only, during, 
or at the most two days after the height of the febrile re­
action. In one animal they appeared in the blood and 
lymphnoda smears, in two cases in blood smears, and lll one 
in a ly~phnode smear only. One or at the most three para­
sites could be £ound per smear. Parasites in the circu­
lating blood and lymphatic tissues of cattle are thus ex­
tremely rare. The appearance of parasites in cysts situated 
in the skin and adjacent connective tissue has already 
been commented upon (vide suDra- M~rphology). 

In contradistinction to cattle, the rabbit forms 
a far better subject for the study on the habitat of the 
parasite. In 80 per cent of the 440 rabbits, used for the 
125 serial passages, parasites could be demonstrated in 
blood smears. It may be interesting to note that from 

generation 119 to 125 the percentage of positive smears 
dropped to about 60 per cent. 
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In rabbits parasites were demonstrable in the 
circulating blood for either one or for six consecutive 
days, from about the peak of the thermal reaction or 
shortly thereafter. The average period was about two days. 
It is possible that in some oases the microscopic infection 
may have been longer since rabbits with the best 
reactions were selected, as a rule, as donors and were 
killed for the collection of' blood. 

For the demonstration of parasites smears were 
prepared by pushing the upper slide, and drawing the drop 
of blood behind it. In this way the blood formed a 
flare at the end of which the majority of leucooytes col­
lected. An increase in monocytes, best seen here, presaged 
the presence of parasites within the next few days. This 
si·~e, too, is the most favourable for finding parasi tee. 
In the average positive smears on~ can expect one tropho­
zoite per four or five microscopic fields. As a rule the 
distribution is irregular. The majority of :parasites in 
blood sraears were extracellular. Intracellular parasites 
in JtlOnocytes occurred less frequently. Organisms were 
encountered occasionally in nautrophiles. 

After death smears were made from the lung, liver 
s~leen and testis from a relntively large number of rabbits, 
and also from the brain, kidney, lymphnodes, subcutaneous 
oedematous fluid and faeces in some cases. Provided the 
period intervening between the height of the thermal re­
action and organ smear examination did not exceed ten to 
twelve days, parasites could be demonstrated in lung and 
testis smears, rarely in those of the liver and spleen, 
while all the remaining preparations proved to be negative. 
On some occasions lung an~or testis smears were positive 
when no parasites could be fuund in blood smears. 

Although fully aware of the naturally occurring 
polymorphism of ~-~~~parasites, and of possible 
artefacts arising during the preparation of smears, the 
writer considers the increased number of s~called 
contracted forms, i.e. banana- and sickle-shaped types, 
during the later stages of the febrile phase of the disease 

as significant. They are those forms which are subse­
quently seen in the interstices of eutaneous end sub­
cutaneous connective tissue. Here they ente~ the tissue 
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histiooytes which either have undergone reactive changes 
just prior to penetration or react soon thereafter. The 
reaction of the host cell is evidenced by multiplication 
of the host cell nucleus, enlargement of its cytoplasmic 
mass, i.e. the formation of a plasmodium, and the appearance 
of a distinct clear vacuole in which the parasite is seen 
to lie. More than one of such parasitized vacuol~may 
develop. The parasite proliferates by binary fission 
and, at the same time, the vacuole enlarges. Meanwnile 
cytoplasmic enlargement, and nuclear multiplication of the 
host cell continues until its body attains gigantic pro­
portions. Large oval vesicular nuclei with prominent nu­
cleoli are disposed, shingle fashion, around the periphery 
in a zone of more intensely basophilic cytoplasm. Towards 
a centrally situated, spherical well demarcated zona, this 
basophilic material is concentrated in frequently distinct 
radially disposed rod-like structures. The large central 
zone, which stains lighter, is interpreted as an hyper­
trophied centrosome in which canaliculi of an equally en­
larged Golgi apparatus can be distinguished as a negative 
image in ordinary preparations. The enlarging vacuoles 
with parasites, at this stage, still occupy a segment or 
segments of the peripheral zone in between the host cell 
nuclei. At this stage the parasites are still surrounded 
by a clear rim. During subsequent enlargement they come 
to fill the vacuole completely and lie tightly packed. As 
a result the host cell's cytoplasm and nuclei become crowded 
towards one end. When two or more vacuoles are present 
in the same cell, their opposed sides are compressed into 
a thin septum containing no nuclei, although the latter may 
extend towards the septum where the opposed edges of the 
vacuole diverge. Eventually cytoplasm and nuclei are 
reduced to a very narrow, dark staining rim, the former 
only visible in fortunate sections of the cyst. During 
this process young connective tissue fibres are laid down 
around the host cell by fibroblasts in the vicinity. These 
fibrils collagenize, and eventually hyalinize to form the 
well known, thick, more or less homogenous cyst wall. 

The histo-chemical reactions performed indicate 
that there is a temporary development of polysacharide 
material in the host cell during the earlier phase of para­
sitism, especially in the interzonal region near the peri­
phery of the greatly enlarged centrosome. According to the 
Hale reaction this is not acidmucopolysacharide. The 
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vesiculation and chromatin margination of the host cell 
nuclei is clearly revealed by the Feulgen reaction. 

The pericellular connective tissue reaction yields 
a histochemical response which, in all respects, is similar 
to that of fibrous connective tissue formation. Young 
argyrophilic fibrils condense against the cyst wall. They 
are strongly positive for acidmuoopolysacharides. In the 
surrounding matrix further fibrils are laid down, strongly 
positive for the same substance. Further laying down of 
fibrils gives the forming cyst wall a concentric effect. 
A process of collagenization then sets in, the argyrophilia 
and reaction for aoidmucopolysacharides decreases but at 
the same time the mucopolysacharides and glycogen content 
increases, the accumulation being greater in the older i.e. 
inner part of the cyst wall. Event~ally this part reuains 
strongly P.A.s. positive, even after diastase treatment, 
indicating probably convergence of glycogen into mucopoly­
sacharide. 

·=J 

It is thus quite clear that the cyst in B. besnoiti 
iEJ host formed. There is no reason whatsoever to accept 
a parasitic origin of the cyst wall merely on grounds of 
its argyrophilia or of its P.A.S. positive reaction. At 
most the residual mucopolysacharide content, concentrated 
along the inner par·!; of the cyst wall, indicates a reaction 
to the presence of the parasite. The clearly demonstrable 
fibrils of connective tissue converging around the parasi­
tized cell offer definite histological proof. Also it 
is inconceivable that parasitic material could produce a 
cyst wall through the intervening medium of the host cell 
cytoplasm. 

According to Frenkel and Friedlander (1951) Weinman 
was probably the first to use "pdeudocyst" as a noncomm.ital 
descriptive term since there is no proof that the cyst wall 
wns elaborated by the organism. Frenkel and Friedlander 
(loc. cit.) to whom it appeared that the pseudocystwall of 
Toxoplasma was likely to be derived from the micro-organism, 
employed the term cyst or pseudocyst interchangeable. 
In order not to confuse matters by an introduction of new 
terms, the author proposes that the term pseudocyst be re­
stricted to those cyst-like structures formed by the host 
under the influence of the parasite. In this sense Jacobs 
(1956) employed the term with reference to To.x:oplasp, 

although he contrasted the latter to Besnoitia and Sarco-
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The above description can be briefly summarized 
as follows:- After the artificial infection of a sus­
ceptible host, and lapse of a due incubation period a 
hyperthermia persisting for several days, is observed. 
During the period of the febrile reaction parasites appear 
in the blood stream in small numbers in the case of cattle, 
and in relatively large numbers in rabbits. Simultaneously 
they are demonstrable in the superficial lymphnodes of 
cattle, and in the subcutaneous oedematous fluid, lung, 
testis,liver and spleen of rabbi~s, either by means of 
microscopic smear examination or subinoculation tests. 
Based on the relative numbers of organisms found, obser­
vations indicate that they appear primarily in the blood 
circulation and probably in the lymph stream. Here they 
occur extracellularly in more or less oval forms, but 
more acutely rounded at one end. It is considered that 
these forms invade the greatly increased numbers of mono­
cytes, where they undergo multiplication, eventually to be 
set free into the circulation again. It must be stressed 
that intracellular proliferating forms lie in the cyto­
plasm of the host cell unincapsulated by any structure. Th~ 

are ~ seen inside a distinct vacuole. A number of 
forms in which the cytoplasm is in various stages of longi­
tudinal cleavage, subsequent to nuclear division, are seen 
extracellularly in air-dried smears. Despite the care 
with which these smears are prepared, the relative scarcity 
of such forms leads one to consider them as divisional 
stages mechanically freed as a result of cell rupture con­
sequent upon drawing the smear. It is not possible to 
state whether or not the host cell undergoes degeneration 
and dissolution in the process of parasite liberation. 

After cessation of the fever the parasites dis­
appear from the blood circulation, and reappear in actively 
growing histiocytes situated in the fibrous tissue of the 
cutis, subcutis, aponeuroses, testis, sclera and mucous 
membrane of the upper respiratory tract. In the latter 
two sites numerous cysts can be detected readily with the 
naked eye. The host cell becomes markedly hypertrophied, 
and shows a variable number of nuclei which multiply by 

binary fission. The parasites create a vacuole,reproduoe 

/22 •••••• 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-22-

rapidly and push the nuclei to the periphery of the host 
cell. Cysts reach maturity approximately six to eight 
weeks after an artificial infection. 

(d) Life-cycle:- Within the vertebrate host B. besnoiti 
shows an asexual reproduction in monocytes, histiocytea 
and possibly also in neutrophiles. The natural mode of 
transmission of besnoitiosis is unknown. In the event 
that it should be found that an arthropod serves as a 
biological transmitter, it is possible that a sexual phase 
in the invertebrate life-cycle may be disclosed. 

(e) Cultivation:- No attempts have been made to grow 
B. besnoiti in chick embryos and tissue cultures. 

(f) Resistance to PhySical and chemical agentss- For 
artificial transmission experimentalknowledge about the 
duration of the viability period of an infectious agents 
is of practical importance. At the time when these in­
vestigations were undertaken the only available records 
on the resistance of B. besnoiti to the abovementioned 
agents were those of Cuill,, Chelle and Berlureau (1936) 
and Cuill~ and Chelle (1937). For their tests they e~ 
ployed either bovine blood collected during the febrile 
phase of the disease or cutaneous cysts derived·from a 
chronic case of besnoitiosis. The recipients were cattle 
obtained from a non-enzootic bovine besnoitiosis area in 
France. Fresh blood was administered within a few minutes 
after its withdrawal while oitrated blood was stored at 
room temperature for either 5 or 24 hours before injection. 
The preparation of the cyst suspension involved removing an 
adequate piece of skin, grinding it in a mincing machine, 
and preparing a suspension in "physiological serum". 
These manipulations required six hours. The various 
inocula were administered intravenously. The experimen­
tal observations are listed in the eabjoined Table II. 

In interpreting their results Cuill~ et al.(loc.cit•; 
assumed that a typical reaction in a recipient served as 
a criterium for viability of the infectious agent, and 
concluded that the survival period of B. besnoiti in 

citrated blood was five hours. A possible development 
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of a mild or an inapparent infection in the test animals 
was not taken into account, and consequently neither 
immunity tests nor histological examination of skin 
sections were undertaken. It will be seen from Table II 
that in one of the two recipients that received one litre 
of citrated blood, stored for 24 hours at room temperature 
a "bout of fever" appeared 15 days after the injection, whL& 

the other animal failed to show any clinical symptoms. 
A similar observation was made on the two recipients that 
obtained the suspension of emulsified cysts. One animal 
developed a "bout of fever" fifteen days later, while the 
other showed no symptoms. 

The writer is of the opinion that C~ill' et al. 

(loc. cit.) were not justified in concluding that the 
infectious agent failed to remain alive for periods longer 
than five hours. This assertion is based on his own 
experience {Pols, 1954). In these tests two oxen each 
received one litre of blood collected from two donors 
which were showing fever. One of the recipients developed 
a thermal reaction six days later, and the other no clini­
cal symptoms at all. Histological examination of skin 
section prepared three weeks later, revealed typical 
Besnoitia cysts in both animals. Consideration of these 
results suggests that, in the tests conducted by Cuill~ 
et al. (loc.cit.), the infectious agent survived for 
periods longer than five hours, and that they were probably 
the first investigators to effect transmission with para­
sites derived £rom cysts harboured by a chronically affected 
animal. 

For the present studies on the duration of the 
viability period of B. beanoiti in vitro, rabbit blood 
showing a microscopic infection was employed. The diffe­
rent chemical agents, the various temperatures and the 
periods to which the infectious agent was exposed, and 
the rabbits used for determining the fate of the parasite 
are listed in the appended Table II and in Table A of the 

Appendix. For these tests either 4.0 or 5.0 m1 of blood 
administered by the intraperitoneal rout~ and in one in­
stance 10.0 m1 injected subcutaneously were employed as 
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inocula. Rabbits used for the serial passage of the 
strain were used as donors, while the recipients acted 
as controls. The latter animals all reacted promptly 
to besnoitiosis after the intraperitoneal injection cf 
fresh citrated blood. In some instances where recipients 
failed to react to the treated blood, immunity tests were 
performed in order to exclude the possibility of an in­
apparent infection. 

It will be noticed from the tests listed in Table 
III that exposure of infective blood to either potassium 
oxalate or heparin for a period of 30 minutes at room 
temperature had no influence on B. be3noiti. Edington's 
solution commonly used as a preservative of viruses, 
had no immediate action but it killed the organism within 
90 minutes after exposure. At room temperature the in-
feotioua agent in sodium cit~ate remained potent for 
periods of up to 48 hours but not after 96 hours. In 
oitrated blood stored for 24 hours at 37°0 the organism 
died. Blood held at +4°0 for either 72 or 96 hours re­
mained active. The end point of the viability period of 
B. beano~ in citrated blood maintained at +4°0 still 
needs to be determined. Further tests showed that the 
parasite did not survive when stored at -76°0 for 12 days, 
and for 24 and 30 months and at -18°0 for 30 days. 

The addition of penicillin and streptomycin to 
citrated blood did not improve the keeping qualities of 
the infectious agent. On the contrary comparisons be­
tween the duration of the viability periods of the orga­
nism in citrated blood with that in oitrated blood to which 
the two abovementioned antibiotics had been added, indi­
cated that the latter products had a detrimental influence 
on vitality. ~Then held at 20°0 for 48 hours, and at 
+4°C for 96 hours the organiam died but iihen maintained 
at +4°0 for 72 hours it remained alive. These results 
suggest that the detrimental influence of the antibiotics 
is retarded at a low temperature of +4°0, and hastened 
at a higher temperature of 20°0. 

Consideration of these results shows that the 
duration of the survival periods of B. besnoiti as deter­
mined by the present tests is very much longer as ascer-
tained previously by Ouill' et a1 (loc.cit.). It has 
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also become apparent that rabbits are better suited for 

these teats than cattle, but that the determination of 
end points of the viability periods in different circum-

stances would entail the use of 
of animals over a long period. 
lable did not permit conducting 

an extremely large number 
The limited time avai­

detailed systematic in-
vestigations, and hence studies were confined in esta­
blishing a practical and reliable method for the preser-
vation of the infectious agent in vitro. The fact that 
B. besnoiti in citrated blood survives for four days at a 
temperature of +4°C, makes it possible to submit viable 
parasites from any part of the enzootic area in Transvaal 
to the central laboratory at Onderstepoort for biological 

studies. 

(g) Biological propertiesr- Besnoit and Robin (1912) 
established that B. besnoiti spores contain a toxin 
highly fatal for rabbits but to which guinea pigs and rats 

are refractory. 

Whether or not immunologically different strains 
occur in nature still needs to be determined. Frenkel 

(1953 a), who tested sera from naturally infected cattle 
from South Africa, found that there is no measurable anti­
body content using B. jellisoni as antigen in the dye-test 
developed by Sabin and Feldman (1948). 

(h) Maintenance of the B. besnoiti strain:- The success­
ful transmission of B. besnoiti to rabbits by means of 

blood, derived from an affected ox during the febrile 
stage of the disease, offered a convenient method for 
maintaining the "Fuls" strain under laboratory conditions 
{Polst 1954 a, b). During the course of the 125 serial 
passages it became apparent that several breeds of rabbits 
and that both sexes are equally susceptible. Cardiae 

blood from rabbits, when blood smears of donors showed a 
microscopic infection was used as inoculum. On few 
occasions blood from the marginal ear vein was employed. 

During the first four generations the inoculum 

was administered by either the intravenous (one case, 

3.0 ml), intraperitoneal (three cases, 2.5, 3.0, 5.0 ml) 

or subcutaneous route (three cases, 2.5, 10.0, 10.0 ml). 
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The ensuing reactions were characterised by a marked 
variation in the duration of the incubation periods. In 
the former rabbit it was six days, in the next three it 
varied from eight to twelve days, and in the latter three 
reci.f)ients i·t varied from thirteen to sixteen days. 

From the fifth generation onwards the intraperi­
toneal route was employed as the standard method. The 
dose of blood used varied from 2.0 to 6.0 ml. Although 
no difference in the type of reactions followed this 
modification, a standard dose of 5.0 ml of oitrated blood 
was used from generation 25 onwards. 

A total of 440 rabbits were employed for the 125 
serial passages. Of these 11 animals died from causes 
other than besnoitiosis, 352 developed typical reactions 
accompanied by microscopically demonstrable parasites, 
68 only showed hyperthermia an~or subcutaneous swellings, 
and 9 failed to reveal any symptoms. Neither subinocu-
lations nor immunity tests were undertaken in the latter 
group of rabbits, and hence it is impossible to state 
whether or not an inapparent infection had occurred. Con­
sideration of these observations makes it apparent that 
20 per cent of recipients could not be relied upon aa 
competent reservoirs for the maintenance of the "FU1s" 
strain, and that at least three rabbits are required for 
each serial passage. 

(i) Classification:- The names assigned to various species 
of Protozoa of the alimentary tract of the horae, domestic 
ruminants, armadillos, marsupials and certain snakes 
included in either the genera Eimeria Schneider 1875, 
Sarcocystis Ray Lankester 1882, Globidium Flesch 1883, 
Balbian..!J! Blanchard 1885, Gastrocysti~ Cr..atton 1910, 
Ileocystis Gilruth and Bull 1912, Lymphoclstis Gilruth 
and Bull 1912 or Haplogastrocystia Chatton 1912, of those 
occurring in the cutis, subcutis, aponeuroses, sclera and 
mucous metnbrane of the upper respiratory tract of cattle 
and horses included in either the genera Sarcocystis, 

Globidium or ~snoi·tia Henry 1913, and of the one found 
in the periosteum and tendons of the reindeer and the 
other encountered in the connective tissue of organs of the 
oppossam included in the genus Fibrooystis Hadwen 1922, 
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have long been subject of discussion, much of which hope­
lessly intermixed zoological and nomenolatorial conside­
rations. 

Before discussing the classification of the pare­
sites responsible for besnoitiosis, i·t will be necessary 
to give a brief historical review about the investigations 
on the abovementioned micro-organisms during the last 
twelve decades. In doing so it is hoped that the reader 
will gain a clearer concept of the events that lead to 
the confusion in the nomenclature~ and of the investi­
gations that eventually permitted the correct identification 
of the Besnoitia spp. responsible for bovine, equine and 
murine besnoitiosis. Recent investigations by Frenkel 
(1953 a, 1955) and Pols (1954 a, b) have shown that the 
gesnus Besnoitia Henry 1913, is morphologically closely 
related to the genus Toxoplasm~ Nicolle and Manceaux 
1909. In fact the present investigations have shown that 
the microscopic identification of the two genera is based 
chiefly upon the recognition of the host celle. Members 
of the genus Besnoitia are harboured temporarily by mono­
cytes, and permanently by histiocytes, while the hetero­
xenous Toxo~lasma sp. chiefly parasitizes cells of the 
reticula - endothelial system, macrophages, monocytes and 
endothelial cells. 

~tlescher (1843)discover~d the Sarcosporidia in 
the muscle fibres of a mouse which Ktthn (1865) named 
Sypchitrium miescherianum. As this organism evidently 
did not belong to thi~ genus Ray Lankester (1882) included 
it in the genus Sarcocystis, while Blanchard (1885) named 
it Sarcocystis muris. Th. Smith (1893) found cysts, varying 
from 300 to 400 microns in diameter, which contained nume­
rous merozoites in the mucous membrane cf the small intes­
tine of cattle in the United States of America. He con­
cluded that the parasite was probably related to the 
Sarcosporidia.Marotel (1907), who found similar structures 
in the intestine of cattle in France, suggested that they 
represented the schizogonous phase of ~iRe~ia zttrnii. 
(Rivolta, 1878). Bugge (1910) encountered pin-head z1zed 
cysts in the intestine of a calf in Germany, and suggested 
that they were immature stages of either coccidia or 
gregarines. 
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Besnoit and Robin (1912) discovered a parasite in 
the skin of cattle from the Pyrenees. It was named Sarco­
cystis besnoiti by Marotel (1912). The following year Henry 
(1913) created the genus Besnoitia and referred to the cuta­
neous parasite as Besnoitia besnoiti (Marotel 1912). NHller 
(1920 revised the generic nomenclature of the genera 
Globodium, Gastrocystis, Ileocystis, ~mphocystis, Haplo­
gastrocystis and Besnoitia. He retained the genus Globidium, 
and rejected the remaining generic names on grounds that they 
did not possess any distinct characteristic morphological 
features. He concluded without justification, that the 
cyst-like structure found in the intestine of cattle is 
identical with the cutaneous form, and included it under the 
name Globidium besnoiti (Marotel 1912). 

Maller (1914) encountered cysts varying from 120 to 
300 microns in size harbouring numerous spores in the intes­
tine of cattle from Germany. He considered these struc­
tures to be schizonts of a coccidie~ Railliet (1919) who 
revised the literature dealing with intestinal cysts, pro­
posed that the parasite be named Gastrocystis smithi as there 
was no evidence that it was related to E. zttrnii. Bruce 
(1921) demonstrated cysts in the small intestine of a calf 
in Canada. In one of the cysts he found merozoites, and 
concluded that these bodies were schizonts. In Holland 
Van Nederveen (1921) saw globular structures in the intest­
tine of a calf which he identified as Gastrocystis smithi 
Railliet 1919. In England Pillars (1928) encountered cysts 
in the intestine of a bull which he named Globidium smithi. 
Hassan (1935) described cysts of up to 1000 microns in size 
containing numerous spores 13.0 mtorons in length, and from 
2.0 to 2.5 microns in width in the mucous membrane of the 
pyloric end of the abomasum, and in that of the ileum of 
Indian cattle. As the parasitic cysts had not been describec 
previsouly in the abomasum of cattle, he considered this 
parasite to be a new species, and proposed the name Globidium 
fusiformis. In the United States of America Boughton (1942) 
observed that cysts in the mucosa of the small intestine 
of cattle occurred in association with coccidial infections, 
especially those of Eimeria bovis Zttblin 1908. He also 
demonstrated the appearance of E. bovis oocysts five days 
after.feeding material containing cyst-like structures to a 
week-old calf. From these observations he concluded that the 
cyst-like bodies were schizonts of one or more species of 
bovine coocidia, E. bovis being the most likely in the 
material observed by him. 
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These investigations were followed by well planned bio­
logical and histological studies of Hammond, Bowman, 
Davis and Simms (1946) who confirmed the conclusions of 
Boughton (loc. cit.). They transmitted E. bovis to a 
series of calves, and showed that the schizonts developed 
in the small intestine, while the sexual phase wau usually 
found in the caecun and colon except in severe infections. 
In these circumstances sexual stages also appeared in the 
distal end of the small intestine. 

The work conducted by Boughton (loc. cit.) and 

Hammond et al {loc. cit.) was indeed an important lWld­
mark 1n the st-adies of bovine eimeriosis, globidiosis, 
and besnoitiosis. It brought forward convincing evidence 
that the intestinal parasite of Smith (1893), identified 
as E, bovis, and the cutaneous organism originally known 
as Besnoitia besnoiti are not identical as suggested by 
N~ller (1920) who referred to them as Globidium besnoiti. 
The identity of the parasites described as Gastrocystis 
smithi Railliet 1919, Globidium smithi Pillars 1928, 
and Globidium ~~siformis Hassan 1935, still needs to be 
determined. It is possible that the schizonts seen 
in the former two parasites are those of E. bovis 
(Hammond ot al, 1946). 

Hammond et al (loc. cit.), who considered the 
life-cycle of E. b~, raised the question whether this 
parasite is a true Eimeria sp. They pointed out that the 
asexual stage of the life history of E. bovis is different 
from the classical description of eimerian coccidia in 
parasitizing cells of tissue other than epithelial, in 
its location in the centre of a villus, in the large 
number of merozoites produced by a single sohizout, and 
in the occurrence of a single generation of schizonts. 
(It is not clear why the host cell specificity shcald be 
used as a criterium for the classification of coccidia. 
A characteristic feature of Eimeria necatrix Johnson 

--~;.,;;;;..~;.:;.;;;;...;.:;.= 

1930, is the development of a very large generation of 
schizonts in the sub-epithelium of the intestine of fowls). 
In an attempt to identify the generic status of E. bovis 
correctly, they compared the life-cycle of this parasite 
with that of other protozoa which also show large cysts 
in the course of their development. They stated that a 
"series of investigations by different workers had brought 
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to light a pattern of development involving Globidium 
{the cystic stage of the parasite) and ending with 
Eimeria - type oocysts in the camel (Henry and 1~sson, 
1932; Enigk, 1934; Naville, 1936), armadillo (Reichenow 
and Carini, 1937), and horse (Reichenow, 1940, Hemmert 
and Halswick, 1943). In these cases the Globi~ stage 
is represented by the macrogametocyte and microgametocyte, 
and perhaps also the schizout, although this stage was not 
clearly worked out. The oocysts are usually large 
(about 75 microns long), and have a thick outer membrane 
around the oocyst proper. Henry and Masson (1932) 
suggested that a certain group of species of Globidium, 
including G. leuckarti in the horse, G. faurei 
(= G. gilruthi) in the intestine of sheep, G. cameli, 
in the canal, and G. besnoiti in the small intestine 
and skin of cattle, be defined as coccidia whose endogenous 
reproductive stages reach a large size, and large oocysta 
with thick walls. The group was to be placed in coccidia 
near or in the genus Eimeria. {It has already been poin­
ted out above that there is not sufficient reason for 
grouping together the skin and intestinal forms of the 
so-called Globidium of cattle). Hammond et al.(loc.cit.) 
came to the conclusion that although it includes a 
Globidium stage, it does not fit into the pattern of the 
of the forms found in the camel, horse and armadillo. 
They arrived at the final conclusion "that the question 
of' the systematic position of E. bovis can be better taken 
up when the life history of other species of coccidia in 
cattle, sheep and other hosts have been worked out in 
detail". 

Reichenow {1953) adopted a less critical attitude 
towards the classification of the genus Eimeria and closely 
allied parasites. He concluded that the available infor­
mation on the life-cycle of several of the Globidium 
species was adequate to incorporate them as a subgenus of 
the Eimeria. The subgenus Globidium Flesch 1883, he 
defined to incorporate eimeria-like parasites situated 
in the sub~~ithelial tissues of the intestine. Their 
developmental stages, especially the schizonts and 
microgametooytes, attain an exceptionally large size 
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thereby causing a marked hypertrophy of the host cell. 
The oocysts are extremely large, and are enveloped by two 
capsules of which the external one is thick, of granular 
stru.cture and with a wrinkled surface. Rei chen ow ( loc. cit.>: 
was aware that this definition does not embrace the fea­
tures of all the species that he intended to include in 
the subgenus Globidium, and, therefore, stressed that there 
is no sharp demarcation between the Globidium and Eimeria 
~str. In the case of E, bovi~ agamogony is typically 
that of a Globi~, while gamogony conforms with that of 
the Eimeria a. str. In his classification he referred .;;;,;;;;.;;;;.;;;,,;:,.;;;.,;;;_-

to this parasite as Eimeria (Globidium) bovis (ZUblin 1908) 
( Syn. Eimeria smi thi Yakimoff and Gal ouzo 1927). 

It has already been mentioned in this discussion 
that a great deal of confusion exists in the nomenclature 
of the parasite, causing cutaneous and subcutaneous lesions 
in cattle discovered by Besnoit and Robin (1912). Eoth 
investigators realized that it was a new parasite, and 
suggested that it may be a Sarcocystis sp. It was named 
Sarcocystis besnoiti by I~rotel {1912). Since then the 
generic and specific nomenclatures of s. besnoiti have 
undergone several changes. Jellison {1956) who gave 
a comprehensive account on the nomenclature brought for­
ward evidence that Henry (1913) used the generic name 
Besnoitia, used the combination Besnoitia besnoiti, 
and credited the authorship of this species to Marotel. 
Jellison (loc. cit.) pointed out that although Henry (1913) 
believed that Brumpt {1913) had established the genus 
Besnoitia in the second edition of his Precis de Parasi­
tologie, in preparation, but scrutiny of this publication 
subsequently revealed that Brumpt had not proposed the 
generic name. On the contrary, Brumpt referred to the 
bovine cutaneous parasite as Gastrocystis Robini de la 
vacha (Besnoit and Robin) on page 105, and as Gastrocystis 
besnoiti (Marotel) on page 113. 

Franco and Borges (1916) formally proposed the 
generic name Besnoitia as they believed that the way of 
presentation by .Henry (1913) did not comply with the 
nomenclatorial rules. In the Zoological Hecord of 1916, 
and in the Nomenclator Zoologicus by Neave (1939) Franco 
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and Borges (1916) were credited with the authorship of the 

generic name Besnoitia. 

It has bean mentioned before that N6ller (1920) 
revised the generic nomenclature of the genera Globidium, 
Ileooystis, Lymphocyatis, Ha~logastrocystis and Besnoitia, 
that he retained the genus Globidium, that he rejected the 
remaining generic names, that he concluded, without justi­
fic•tion, that the cyst-like structures found in the intes­
tine of cattle are identical with the cutaneous forms, and 
he included them under the name Globidium besnoiti Marotel 
1912. In subsequent publications it will be seen that the 
name Globidium besnoiti was used by Wenyon (1926) Doflein 
and Reichenow (1929), Henry and Masson (1932) and Neveu­
Lemaire (1943). Brumpt (1927, 1949) also followed N6ller 
(1920) in the change of tha generic assignment but erred 
again in crediting the authorship to Besnoit and Robin 
instead of to ~mrotel, for he listed Globidium besnoiti 
de la v~che (Besnoit and Robin). 

Babudieri (1932), who revised the classification 
of the Sal~cosporidia, came to the conclusion that the 
cutaneous parasite of cattle is a distinct species, and 
not related to the intestinal parasite. He transferred 
the cutaneous parasite to the genus Besnoitia, and listed 
it as B. besnoiti (Marotel 1912). In the revision of the 
classification of the Globidium spp. Reichenow {1953) 
came to the s~e conclusion. He referred to the cutaneous 
parasite as ~. besnoiti (Marotel, 1912}, and to the intes­
tinal parasite as Eimeria (Globidium) bovis (ZUblin 1908). 

Up to this stage no studies had been conducted on 
the life-cycle of the bovine and equine ~esnoitia spp. 
The mode of reproduction became evident when Frenkel 
(1953 a) described Beanoitia jell1son1 in a white-footed 
mouse (Peromyacus maniculatus) (Wagner) Glooger. He 
established and maintained this parasi·te in laboratory 
animals. rtlcroscopic observations revealed that this 
protozoon multiplies by binary fission, and that it bears 
a morphological resemblance to To~plasma gondii which 
also reproduces in the same fashion. Pols (1954 a, b) 
transmitted B. besnoiti to rabbits, and maintained it 
successfully by aerial passage in this animal. Studies 
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showed that the bovine parasite also reproduces by simple 
binary fission. These observations disproved the 
assumption of N5ller (1920) that the Besnoitia sp. mul­
tiplies by schizogony as had been determined for the 

intestinal parasite. 

From this historical review it becomes apparent 
that no less than three generic names, namely Gastrocyetis, 
Globidium and !~meria, had been assigned to the intestinal 
proto3oon Eimeria (~lobidium) bovis, and that four generic 
names, namely ~arc~czstis, Besnoitia, ~astrocystis and 

Globidium had been alloted to the cutaneous protozoon ~ 
besnoiti. Jellison (1956), who scrutinized the nomen­
clature of the genus Besnoitia and of the species ~ 
besnoiti and B .... Jellisoni, stated "that he offers no 
opinion on whether or not these two species derserve the 
distinction of a genus separate from. G·astrocystis, 
Globidium or ~cocystis". Comparison bet~Jeen the habi­
tat, morphology, life-cycle and host-relationship of the 
Gastrocyetis spp., Globidium spp., Sarcocystis spp. and 
Besnoitia spp. leaves no doubt that Besnoitia is a distinct 
genus, and that the two species B. besooitia and B. jell~ 
are according to available evidence stenoxenous parasites, 
a feature not possessed by members of the remaining three 
genera. 

In order to obtain clarity about the identity of 
the two parasites of the horse, included in the genus 
Globidium, it will be necessary to review the relevant 
litera~are.Flesch (1883) found a parasite in cysts 
300 by 170 microns in size in the villi of the small 
intestine of a horse in Germany. He named it Globidium 
leuckarti. This organism was again encountered by 
Hobmaier (1922) and Kupke (1923) in Europe. The latter 
investigator found in addition to the cysts harbouring 
merozoites, large unripe oocysts enveloped in a thick cap­
aula in the villi of the small intestine. According to 
Neveu-Lemaire (1943) Henry and Masson (1922) found cysts, 
varying from 230 to 400 microns in diameter, which har­
boured numerous organisms in the outis and subcutis of a 
horae in the vicinity of Reims in France. Since the spores 
within the cutaneous cysts showed some resemblance to the 
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intestinal parasite described by Flesch (1383) he iden­
tified the cutaneous protozoon as Gl. lauckarti. (It 
is obvious that Henry and Masson (loc. cit.) a.d.opted the 
same scheme as N6ller (1920). Bennett (1927) described 
several cases of cutaneous sarcosporidiosis in horses 
from the Sudan. In a subsequent publication (Bennett, 
1933) he stated that Wenyon had identified the causal 
agent as a Globidium sp. 

Consideration of this account 1nakes it apparent 
that two distinct types of globidiosis, namely the intes­
tinal and the cutaneous forms occurred in horses, and that 
according to Henry and rJiasson ( 1922) Gl.leuckarti was re­
sponsible for both diseases. Babudieri (1932), who criti­
cally reviewed the classification of the class Sarcospori­

dia BUtschli 1882, concludes that Gl, lgggkarti, origina~ 
described as the causal agent of intestinal globidiosis, 
is morphologically distinct from. the parasite responsible 
for equine sclerodermatitis. Bistologival examination 
revealed that theequine cutaneous parasite, with its 
cystic membrane, is morphologically indistinguishable 
from B. besnoiti. He considered that the cutaneous para­
site described by Bennett (1927) is specific for the horse, 
proposed that it be included in the genus Besnoitia, and 
listed it as Besnoitia bennetti Babudieri 1931. Bennett 
(1933), who described the presence of free spores in the 
areolar tissue of a horse, and the development of cysts 
harbouring the causal agent, comes to the conclusion that 
"in spite of the increase in the number of parasites, 
there is no suggestive arrangement of spores, or any other 
appearance to indicate that they have undergone but the 
simplest form of division". From these observations he 
suggests "that the organism now known as GlobidiUI!l besnoiti 1 

including in this species the parasite in the Sudan, is 
probably not a globidium or alternatively that the defi­
nition of the genus Globidium needs redrafting. The de­
cision must be left to those better qualified to make it, 
but it seems that the species Sarcocystis besnoi ti migld; 

still be considered good". En.igk (1934) who carefully 
studied the life-cycle of G. cameli and that of Gl.leuok­

arti, came to the conclusion that the equine cutaneous p~ 
site,dasoribed by Bennett(1933~ is not a Globidium sp. 
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The proposal of Babudieri (loc. cit.) was not 

generally accepted. Bennett (1937) still referred to 

the cutaneous parasite as a Globidium sp. Neveu-Lemaire 

(1943) continued to consider that the intestinal and 

cutaneous parasites are identical, listed it as ~ 

leuckarti, and retained it in the sub-family Eimerinae 

Henry and Masson 1932. Although Reichenow (1953) did 

not accept Babudieri's classification of the class Sarco­

sporidia, he agreed that the correct name for the cutaneous 

parasite is B. bennetti. 

Investigations conducted on the life-cycle of the 

intestinal parasite (Gl. leuckarti) by Reichenow (1940) 
revealed the presence of immature oocysts in the faeces 

of a horse and a donkey. After 14 days the oocysts showed 

four sporoblasts, and seven days later the ensuing spore­

cysts each harboured two sporozoites. These observations 

caused this investigator to include the parasite in the 

genus 1imeria. Studies by Hellllilert-Halswick (1943) in 

Germany and Hiregauiar (1956) in Pakistan confirmed the 

previously observed eimerian features of the intestinal 

parasite (Gl. leuckarti. Reichenow (1953) listed this 

organism as Dimaria (Globidium) leuckarti (Flesch 1883). 

From this historical review it becomes apparent 

that the two generic names Globidium and Eimeria had been 

assigned to the equine intestinal parasite, that the 

former genus received a sub-generic status, and that it was 

thereupon included in the genus Eimeria. Three generic 

names Globidium, Sarcocystis and Besnoitia had been alloted 

to the cutaneous parasite. The former two names were 

rejected while Besnoitia was accepted as the correct 

generic name. Detailed studies on the life-cycle of the 

cutaneous protozoon have not yet been carried out but 

there is every reason to believe that the conclusion of 

Bennett (1933) that parasite divides by binary fission will 
be confirmed. 

Scrutiny of the literature on the abomasal and 

intestinal parasi tea of shee-~l and goats has shown that 

confusion still exists about the identity of Gl. gilruthi 
Qhatton 1910. ltiaske (1893) found cysts up to 1000 microns 
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in diameter, harbouring numerous spores, in the abomasal 
mucous membrane of sheep in Germany. He regarded this 
parasite to be related to the gregarines. Moussu and 
Marotel (1902}, who encountered this abomasal parasite 
in sheep from France, believed that it represented a 
developmental phase of Eimeria faurei MOussu and Marotel 
1901. Gilruth (1910} ~ecorded the occurrence of abomasal 
cysts harbouring blasto~hores and spores in Australian 
sheep. Chatton (1910) encountered the same parasite 
in the abomasum and small intestine of sheep and goats 
from Australia.. He first named the parasite Gastrocystis 
gilruthi in 1910, and during the same year included it in 
the genus Globidium. Neveu-Lemaire (1943) listed the 
protozoon as Globidium faurei (Moussu and Marotel 1902), 
and incorporated it in the sub-family Eimerinae. 
Reichenow (1953) on the other hand provisionally included 
this organism in the genus Eimeria on the assumption that 
the abomasal and intestinal cysts represent the schizo­
gonous phase, and that the gamogonic phase, which has 
not yet been determined experimentally, probably develops 
in the distal portion of the small intestine. He sugges-
ted that Eimeria intricate. Spiegl 1925, which possesses a 
relatively large thick-walled oocyst probably represents 
the sporogoni~ phase in the life-cycle of Gl. gilruthi. 
He tentatively transferred this protozoon to the genus 
Eimeria, included it in the subgenus Globidium, and listed 
it as Eimeria (Globidium) gilruthi.(Chatton 1910) (syn: 
Gastrocystis gilruthi Chatton 1910). 

nued. 
Investigations on this group of parasites conti­
In a dromedary ( Cam.elus dromedarius Lin.) sub-

mitted at the Alfort Veterinary College in France, Henry 
and Masson (1932) discovered at autopsy mature macro­
gametocytes, and a very large thick-walled immature oocyst 
in the mucosa of the small intestine. They named the 
parasite Gl. cameli. Enigk (1934), who worked in Oermany, 
found the same parasite not only in the jejunum and ileum 
but also in the caecum of a camel (Camelus bactrianus Lin.) 
which originally came from Uralsk. He described immature 
and mature schizonts, microgametocytes and large unripe 
oocysts. The mature forms of the former two stages 

measurwd 200 by 150 microns. Reichenow (1953) cast doubt 
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on Enigk'.s interpretation of the agamonic phase in 
which minute merozoitee 2.0 microns in length appeared. 
He suggested that the alleged schizonts actually represen-
ted developing microgametocytes. Consideration of the 
nature of the gamogonic and sporogonic stages caused 
Reichenow (loc. cit.) to transfer Gl. cameli to the genus 
Eimeria, to include it in the subgenus Globidium, and to 
list it as Eimeria (Globidium) cameli Henry and Masson 

1932. 

In Brazil Globidium-like parasites were found in 
two armadillo species. Gl. travassosi Da Cunha and 
MUniz 1928, was found in the subepithelial tissues of 
the small intestine of the six-banded armadillo (Dasypus 
sexsinctus Lin. = Euphaetus sexsinctus (Lin). The 
developmental stages appeared in markedly hypertrophied 
host cells. A detailed description of the gamogonic 
stages, and of the immature and mature oocysts was given 
by Reichenow and Carini (1937). They stated that the 
agamogonic phase was represented by a single schizont 
100 by 84 microns in size containing numerous merozoites. 
They expressed the opinion that the :fig1.1res quoted did not 
represent the actual dimensions of the schizont, as the 
single section available, had been cut near the margin, 
and that the maximum size waa in all probability much 
greater. Reichenow and Carini (loc. cit.) suggested that 
this parasite may actually be identical with Gl. tatusi 
Da Cunha and Torres 1926, described from the nine-banded 
armadillo (Dasypus novemsinctus (Lin.) = Tatus novem-
sinctu_! Lin.) The mature schizonts of this parasite, 
the only stage sean, can a.t·tain the tremendous size of 
2100 by 500 microns. Should this prove to be correct 
then Gl. travassosi becomes synonymous for Gl.tatusi. 
Reichenow and Carini (loc.ci~) trans:farred Gl. travassosi 
tentatively to the genus Eimeria, included it in the sub­
genus GlobidiumL and listed it as Eimeria (Globidium) 
travassosi Da Cunha and Muniz 1928. 

For the sake of completeness the remaining protozoa 
included in the genus Globidium will be considered in this 
review. They comprise parasites of Australian marsupials 
and £uropean snakes. It will be noticed that only cysts 
containing either blastophores an~or spores which ~ 
represent schizonts of an Eimeria were described. 

/38 •••• 
Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-38-

Before discussing the intestinal parasites of 
the marsupials it must be mentioned that Reichenow (1953) 
stated that the knowledge about their developmental cycles 
is incomplete, and that their systematic status still 
needa to be determineh. 

Blanchard (1885) found sarcosporidia-like cysts, 
varying from 710 to 1230 microns in length and 510 to 950 
microns in width, and b.e.rbourin.g kidney-shaped spores 9. 8 
to 12.0 microns in length in the connective tissue of the 
small_intestine of a kangaroo (Maoropus penicillata (Gray) 
= Petrogale penicillata Gray). According to Wenyon 
(1926) he named the parasite Sarcocystis mucosae, while 
Reichenow (1953) stated that he named it Balbiania mucosa. 
Coutelen (1933), who re-examined the intestinal globules, 
found that the cysts were chambered, and, therefore con­
cluded that the parasite is a Sarcocystis sp. 

Gilruth and Bull (1912) recognised two types of 
cysts in a kangaroo which had died from haemorr: .agio 
enteritis. The cysts were situated 1n the subepithelial 
tissues of' the markedly inflamed small intestine. The 
large cysts, with a diameter varying from 70 to 334 micron~ 
occurred in groups sit~ated in the deep layers of the 
mucous membrane. Single cysts, with a distinct me~ 
brane, appeared within hypertrophied cells. Free spores 
were not seen. They named the parasite Ileocystis 
macropodia. Gil~ath and Bull (1912) created a new genus 
Haplosastrocyst~s and changed the name I. macropodia to 
Haplogastrocystis macropodia. N6ller (1920),who revised 
the generic nomenclature regarded, without justification, 
tl:Ft Balbiania mu~ is identical with H. macropodia, 
included them in the genie Globidium, ru1d used the com­
bination Gl. mucosa Blanchard 1885? as possibly the 
correct name. 

The smaller cysts were demonstrated in the con­
nective tissue of the mucosa in great numbers. When 
mature they had a diameter of 8. 4 microns, and were 
filled with spores 5.5 microns long and from 2.0 to 2.5 
microns broad. The cystic wall was extremely thin, and 
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contained a compress6d nucleus. It appeared that the 
host cell was a mononuclear leucocyte. This parasite 
was named Lymphocystis macropodia Gilruth and Bull 1912. 
This protozoon was not included in the genus Globidium 
by Nttller (1920). 

In two wallabies (~trogale sp.) which had died 
from enteritis, and in an apparently healtbYone Gilruth 
and Bull (1912) found cysts, arranged in groups, in the 
submucosa of the small intestine. The cysts had a 
multilocular structure, the wall of which consisted of two 
membranes. They contained numerous blastophores wijich 
gave rise to spores. Chatton (1912) suggested that this 
parasite be included in the genus Haplogastrocystis. N~ller 

(1920) listed it as a Globidium spec. Gilruth and Bull 
1912. 

Wenyon and Scott (1925) and Triffit (1926) described 
parasites in the black wallaby (Macropus ualabatus 
(Lesson and Gurnior) = Macropus bennetti Lesson and Gurnior) 
which resembled I. ~cropodis and L. ~CJ:Opodis. They 
were, however, unable to determine whether these parasites 
were related. In addition they found that the muscle 
fibres of the intestine contained elongate vacuolic spaces 
filled with spores, which appeared very similar to those of 
the Lymphocystis type. Whether this, again, is a species 
of Sarcocystis or is another stage of Lymphocystis remained 
obscure. Wenyon and Scott (loc. cit.) concluded that if 
three parasites were represented, then in the portion of the 
intestine, which they examined, there occurred four distinct 
species as an Eimeria sp. was also present in the epithe­
lium. In conclusion they suggested that the parasite 
s. mucosae Blanchard 1885 may be identical with !.macropodia. 

In a hairy nosed wombat (Lasiorhinus latrifrons 
(Owen) = Phascolomws latrifrons Owen), that died at Mel­
bourne, and which showed a chronic catarrhal papillomatose 
enteritis of the small intestine, Gilruth and Bull (1912) 
found a parasite which they named Ilc~y~tis wombati. 
This protozoon occurred within round or oval thick walled 
cysts var,ying from 92 to 114 microns in size. The cysts 
were situated within the proliferating connective tissue 
of the hypertrophied villi and also within the glands of 
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Lieberktthn. In structure it resembled Gl. gilruthi, 
Chatton (1912} suggested that this parasite should be inclu­
ded in the genus Haplogastrocystis while N~ller (1920) 
tranaferred it to the genus Globidium, and listed it as 
Gl. wombati Gilruth and Bull 1912. 

The last Globidium species to be considered is 
Gl. navillei Harant and Gazal 1934, which has been recorded 
from two snakes Tropidonotus natrix Lin. and f, Ti~rinus 
Lin. Schizonts up to 500 microns in size appeared in 
the markedly hypertrophied host cells in the subepithelial 
tissue of the intestinal mucosa, Gamogonic stages and 
oocysts were not observed, The suggestion of Naville 
(1931) that thes6 large schizonts represented the agamo­
gonic phase of Eimeria troRidonoti Guyenot, Naville and 
Ponse 192~was not accepted by Harant and Gazal (loc,cit,), 
In order to avoid an unnecessary nomenclatorial confusion 
Reichenow ~ted the protozoon aa Gl. navillei Harant and 
Gazal 1934. 

The last genus that needs attention is Fibrocystis 
Hadwen 1922, The first species, F. tarandi Hadwen 1922, 
to be described was found in fibrous tissue, especially 
that covering the tendons and the periosteum of the rein-
deer (Rangifer tarandi Lin,). The cysts have a diameter 
of 100 to 450 microns, while the cystic wall consist of 
three layers enclosing numerous spores. This parasite 
causes "corn meal disease", and when in the periosteum 
the cysts cause atrophy of the bones which appear pitted. 
Wenyon (1926) suggested that it m8¥ be related to the 
Sarcosporidia, while Babudieri {1932) was of opinion that 
it may be allied to the genus Besnoitia. The second specie~ 
F. darlingi (Brum.pt 1915), of the opposu.m {Didelphis sp.) 
was originally included in the genus Sarcocystis by 

Brampt {1915). It occurs in nQn-chambered oval cysts, 
varying from 1500 to 2000 microns in size, which are 
situated in the connective tissue of parenchymatous organs, 
The structure of the cyst, and the habitat of the parasite, 
which differs from those of a typical ~arcocystis sp. caused 
Babudieri (1932) to transfer this parasite to the genua 
Fibrocystis, 
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Having surveyed in detail the complicated history 
of the nomenclature of certain Protozo~ included in the 
general Sarcocystis, Eimeria, Globidium, Ea1biania, Gastro­
cyatis, Ileocystis, Lymphocystis, Hap1ogastrocystis, 
Besnoitia and Fibrocystis, and having indicated the criteria 
employed in their classification, the views expressed by 
several protozoologists about their status in the higher 
taxonomic categories will be submitted in chronological 
order. 

N~ller (1920) stated that before the complete 
developmental cycle of a representative of a genus is not 
known in detail, it is impossible to arrange it in the 
classificatory oystem of the Protozoa. He reviewed the 
relevant literature up to the year 1918, and stressed that 
the taxonomic studies by several investiga·t;ors had not 
brought forward a clearer concept about their identity. He 
regarded the assignment of various generic names to certain. 
intestinal and cutaneous parasites as futile. He recommen­
ded that for the sake of simplicity ·the parasi tee be in­
cluded in the genus Globidium Flesch 1883, and that the 
other generic names be regarded as synonyms. In hie 
revised generic nomenclature he listed the following 
species together with their synonyms as:-

Globidium leuckarti Flesch 1883.(Equus caballus Lin.) 
Globidit~ gilruthi Chatton 1910. 

( Ovis aries Lin. and Ca;pra hircus Lin.) 
Synonym: Gastrocystis gilruthi Chatton 1910. 

Globidium besnoiti Marote1 1912. (Bos taurus Lin.) 
Synonyms: Gastrooyatis besnoiti Marotel 1912, 

Besnoitia nov. gen. Franco & Borges 1916. 

Globidium mucosa Blanchard 1885~acropus penicillata (Gray» 
Synonymsa Ileocystis macropodia Gilr~th and Bull 191~ 

Haplogaatroeystis nov. gen. Cha.tton 1912. 

Globidium. sp. Gilrt1th and Bu.ll 1912. (Petrogal.e sp.). 
Synonp:? Sarcocystis macropodia Gilru.th and Bull l9:2 

Globidium wombal$ Gilruth and Bull 1912. 
-(Laaiorhinus latrifrons (Owen)) 

Synonymsc Ileocystis wombati Gilruth and Bull 1912. 
Haplogastrocystis novw gen.Chatton 1912. 
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Although the species Lymphocystis macropodia 
Gilruth and Bull 1912, was discussed by N6ller {1920) 
under Gl. mucosa, it was not included in the genus 
Globidi~. It will also be noticed that the synonyms 
Sarcocystis besnoiti Marotel 1912, and Gastrocystis 
robini Jrumpt 1913, are not listed as synonyms of Ql. 
besnoit;. 

We~yon (1926) referred to the abovementioned 
organisms as parasitss of undertermined poeition. He 
stated "that there are a number of organisms which are 
usually grouped with the Cnidosporidia, though they do 
not show any of their characters. It is doubtful if 
some are Protozoa at all. The chief of these are the 
Sarcosporidia, which are parasitic in the muscle fibres 
of vertebrates, and have the form of elongate chambered 
bodies filled with sickle-shaped spores; the closely 
related Globidium (cysts of Gilruth), which give rise to 
nodules in the mucosa of the stoma~ and intestine of 
ruminants and others; the Haploaporidia, which occur 
chiefly in invertebrates in the form of uninucleate or 
multinucleate cytoplasmic bodies are resistant spores; 
and the Serumsporidia, which are found in the body-cavity 
fluids of aquatic crustacea and larvae as small round 
cells which multiply by binary fission or schizogony. 
The Rhinosporidia, which produce nasal polypi, have been 
usually classed with the Haplosporidia, but Ashworth 
{1923) has shown conclusively that they are fungi, and not 
Protozoa, and this appears to be true of Globidium and 
possibly the Sarcosporidia". 

Wenyon {1926) considered that parasites included 
in the genus Globidium Flesch 1884, {date should be 1883) 

"are probably related to the Sarcosporidia, have the form 
of spherical cysts up to 5 millimetres in diameter e~ 
bedded in the mucosa of the alimentary canal or skin of 
mammals. Each is enclosed by a membranous capsule, and 
when fully grown consists of spores which resemble those 
of the Sarcosporidia". 

Under the Sarcosporidia Btttschli 1882, Wenyon 
(1926) listed the following parasites:-
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Globidium leuckarti Flesch 1884. (Eguus cahallus Lin.) 

Globidium gilruthi Chatton 1910. 
(Ovis aries Lin., and Capra hircus Lin.) 
Synonyms: Gastrocystis gilruthi Chatton 1910; 

Eimeria !~~rei Moussu and Marotel 1902. 

Globidium besnoiti Marvtel 1912. (Bos taurus Lin.). 
Synonyms: Sarcocystis besnoiti Marotel 1912. 

Besnoitia nov. gen. Franco and Borges 
1916. 

Globidium tatusi Da Cunha and Torres 1924. 
(Dasypus novemsinctue (Lin.)) 

Sarcocystis mucosae Blanchard 1885. (Macropus sp.). 
Synonym: ? Ileocystis macropodia Gilruth and 

Bu.ll 1912. 

Sarcocystis macropodia Gilruth and Bull 1912. 
(Petrogale sp.). 

I1eocystis macropodia Gilruth and Bull 1912. 
Macro pus penioillata (Gray) and 
M. ualabatus Lesson and Gurnior). 

Synonym1? Lfmphocystis macropodia Gilruth and 
Bu.ll 1912. 

Ileocystis wombati Gilruth and Bull 1912. 
(Lasiorhinus latifron~ (Owen)). 

Lfmphocystis macropodia Gilruth and Bull 1912. 
Macropus penicillate (Gray), and 
1.4. ualabatus (Lesson and Gurnior)) 

Fibrocystis tarandi Hadwen 1922,(Rangifer tarandus Lin.) 

Reichenow (1929) came to the conclusion that 
there is no convincing evidence that the parasites under 
discussion are Protozoa, and that only careful studies 
on their life-cycles would reveal their true identity. 
He stated that the views expressed by Chatton (1910) and 
N6ller (1920) on the gregarine-like development appeared 
to be more acceptable than those of other investigators 
who had assumed that these parasites belong to the 
Sarcosporidia. In this review (Reichenow loc. cit.) 
used the name Gl. besnoiti for both the intestinal and 
cutaneous parasites of cattle ~d Gl. leuekarti for both 
the intestinal and cutaneous parasites of the horse. 
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He gave a brief account of the intestinal parasites 
of the Australian marsupials, and refrained from men-
tioning their names. He listed the following species:-

Globidium leuckarti Flesch 1883. (Eguus caballus Lin.) 

Globidium besnoiti Marotel 1912, (Boa taurus Lin.) 

Globidium gilruthi Chatton 1910. 
( Ovis aries Lin. and Capra hircus Lin.) 

Globidium tatusi Da Cunha and Torres 1926. 
(Dasypus novemsinctus (Lin.)). 

Babudieri (1932) carefully reviewed the lite­
rature of the Sarcosporidia, and that of the parasites 
under discussion. He came to the conclusion that the 
latter possessed characteristics which permitted their 
inclusion in the sub-class Sarcosporidia. In doing 
so he created two new orders and three new families. 
The revised classification is as followwz 

Class: Sporozoa Leuckart 1879. 
Sub-Claa·a: Sarcosporidia. :Balbiani 1885. 

This sub-class comprises Sporozoa situated in 
striated and non-striated muscles and connective tissue 
of mammals, birds and reptiles. The parasites appear 
as banana-shaped or fusiform structures within cysts 
formed by either the host, the parasite or by the com­
bined action of the host and parasite. The cystic 
cavity may or may not be chambered. The spores harbour 
a nucleus, usually granular and with a distinct nucleolus. 
In the middel of the spore metachromatic and sidero­
philic granules are visible. 

Order: Sarcosporidia Btttsch11 1882. 

The order includes banana-shaped spores situated 
within cysts, which are either totally or partially of 
parasitic origin. Spores are provided with metachro­
matic granules, and secrete a toxin known as sarcocystin. 
They are derived from proliferating panaporovlasts and 

sporoblasts situated along the margin of the cyst. 

Family: Sarcooystidae Babudieri 1932. 

The family is represented by a single genus 
Sarcocystis which comprises Sarcosporidia situated ex­
clusively in striated muscles. Cysts are elongated and 

sub-divided by septa, and seldom cause an inflammatory 
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reaction. 

Genuas Sarcocystis Ray Lankester 1882. 
s. miescheriana Kuhn 1865.(Sus scrofa Lin.) 

In addition 21 Sarcocystis spp. occurring in 
either mammals, birds or reptiles are listed. 

Family: Fibrocystidae Babudieri 1932. 

The family comprises Sarcosporidia of the 
connective tissue and non-striated muscle. Cysts are 
large and round, not subdivided by septa, and are sur-
rounded by a thick fibrous capsule. The genus Fibro-
oyetis is situated in the deep com1ective tissue ~1d 
periosteum and connective tissue of parenchymatous organs, 
and rarely affects the host. The genus Besnoitia is 
situated mainly subcutaneously and is highly pathogenic. 

Genus: Fibrocystis Hadwen 1922. 
F. tarandi Hadwen 1922. 

{Rangifer tarandus Lin.). 
F. darlinei Brumpt 1915 (Didelphis ap.). 

Synonym: Sarcocystis darlingi Brumpt l9~ 

Besnoitia Franco and Borges 1916. 
B. besnoiti warotel 1912.(Bos taurus Lin.) 
B. bennetti Babudieri 1931. 

(Equus caballus Lin.). 

Order: Globidia Babudieri 1932. 

The order comprises parasites with a few 
siderophilic granules in the spores which do not secrete 
a toxin. Cysts are situated exclusively in the sub-

mucosa of the alimentary tract. The host cell is a 

hypertrophied somatic call, the nucleus of which has a 

marginal situation. The spores are derived from mul­
berry-like masses, the so-called blastophores. 

Family: Globididae Babudieri 1932. 

The family includes twu genera. The genus 
Globidiurn is characterised by m.ul tiple blastophores, 
and the genus Ileocysti§ by a sinc.le blastophore within 
"'Ghe cyst. 
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Globidium Flesch 1883. 
G. leuckarti Flesch 1883. (Eguus caballus Lin~). 
G. gilruthi Chatton 1910.(0vis aries Lin.). 
G. be~noiti Marotel 1912.(Bos taurus Lin.). 
G. tatusi Da Cunha and Torres 1926. 

(Dasypus novemsinctus (Lin.)). 
G. macropodia Gilruth and Bull 1912. 

(Ymcropus penicillata (Gray), 
M. bennetti Owen, Petrogale sp.) 

Genus: Ileooystis Gilruth and Dull 1912. 
I. mac:.r._opodis Gilruth and J3u.ll 1912. 

(1~cropus panicillata {Gray)). 

Reichenow (1953) briefly reviewed the classi­
fication of Babudieri (1932), and stresset that the 
taxonomy of this group of organisms is unsatisfactory as 
in many cases the available knowledge about their life­
cycles is incomplete. He pointed out that members of 
the order Sarcos:poridia are usually included in the 
single genus Sarcoclstls but that the incorporation of 
the genera Fibrooystis and Besnoitia, occurring in 
unilocular cysts, into this order is very problematic. 
However, he agrees that members of these genera are 
distinct from the Globidium spp. of the alimentary tract 
as studies on the life-oycle of the latter, in most eases, 
had shown that they belong to the ococidia. It will 
be seen from Reichenow•e revised classification that he 
retained the intestinal parasites of the marsupials and 
snakes in the subgenus Globidi-u.m. btlt that he refrained 
from listing their names in the genus Eimeria as there 
is no evidence that gamogony and sporogony occurs in 
their developmental cycle. 

Reichenow•s revised classification of the genus 
Globidium is as followsa-

Classa Sporozoa Leuckart. 
Sub-Class: Teleeporidia Sohaudinn. 

Order: Coccidia Leuckart. 
Sub-Order: Eimeridea L~ger. 

Family: Eimeridae L~ger emend. 
Genus: Eimeria Schneider 1875. 

Sub-genus: Globidium Flesch 1883. 
Synonym: Gastrocystis Chatton 1910. 
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Eimeria (~kidium)leuckarti Flesch 1883. 
(Equus caballus Lin.). 

Eimeria (Globidium) cameli Henry and Masson 1932. 
(~am~lu~ ~actrianus Lin. and C.dromedarias Lin.) 

Eimeria (Globidium) gilruthi (Chatton 1910). 
( Ovis aries Lin. and Capra hircus Lin.). 

SynoDJm: Gastrocystis gilruthi Chatton 1910. 

Eimeria (Globidium) !ravassosi (DaCunha and l~iz 1928). 
{Dasyp~~~sino~ls tLin.)). 

? Eimeria (Globidium) tatusi Da C~ and Torres 1926. 
(Dasypus novemsinctua (Lin.)). 
Synonym: ? Eimeria (Globidium). tra.vassosi 

da Cunha and ~Iniz 1928. 

Eimeria (Globidium) bovis (Zttblin 1908XBos taurus Lin.) 
Synonym: Eimeria smithi Yakimoff and 

Galouzo 1928. 

Consideration of· the investigations conducted 
during the last five decades makes it apparent that 
sufficient evidence has been orought forward that 
B. beanoiti is neither a coccidium nor a sercosporidium 
but that the deter~nation of its identity was largely 
dependent upon studies of the life-cycle. Bennett 
(1933) concluded from his histological etudie~ that ~ 
besnoiti of the horse (now known as B. bennett!) in all 
probability multiplied by the simplest form of division, 
namely binary fission. A profitable method of approach 
for these studies was offered by Ouill6, Chelle and 
Berulaeu (1936) and Barrairon (1938), who showed that 
bovine besnoitiosis can be reproduced artificially in 
cattle by administering infective blood by either the 
subcutaneous or intravenous route. This was indeed 
another important landmark in the investigations on 
b~snoitiosis, but it was left to Frenkel (1953 a, 1956) 
to finally disclose the vertebrat~ life-cycle and 
immunogenic properties of the genus ~snoitia. Ria 
studies on B. jelliaoni not only revealed that this 
protozoon reproduced by repeated binary fission but that 
it is morphologically related tc, though immunologically 
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distinct from the heteroxenous parasite T. gondii. Frankers 
observations were confirmed by Pols (1954 a, b) who showed 
that B. besnoiti is endowed with similar properties as 
B. jellisoni, and that the derivation of the cystic wall, 
which had given rise to a great deal of speculation, 
is of somatic origin. 

Having surveyed in detail the complicated history 
of the nomenclature of the Besnoitia spp. and Fibrocystis 
sp., and having brought forward evidence that members of 
both genera are related to T. gondii, it will be necessary 
to give a brief review of the nomenclatorial history of 
the toxoplasma as in recent years the classification has 
been modified. 

The genus Toxoplasma is characterised by oval, 
crescentic or reniform parasites, 2.5 to 6.5 microns in 
length and 1.5 to 3.5 microns in breadth, possessing a 
single nucleus which is mostly central but sometimes it 
is nearer one end than the other. The ends of the body 
are usually pointed, one end usually being blunter and 
broader than the other. The parasites multiply by longi­
tuftinal binary fission, and gradually fill and distend 
the host cells, the reticulo-endothelial cells, mono­
nuclear leucocytes, and more rarely polymorphonuclears. 
These aggregations are referred to as pseudocysts, are 
usually rounded, vary from 5 to 50 microns in diameter, 
qnd harbour up to one hundred or more parasites. The 
natural mode of transmission is obscure. It has been 
suggested that the infection is acquired by ingestion of 
food contaminated with infected faeces or some arthropod 
vector. Toxoplasma may be pathogenia to both naturally 
and experimentally infected animals and the ensuing 
disease may have a fatal termination. 

Species names have been assigned to a large 
number of toxoplasma reaorded from mammals and birds. 
However, investigations by Carini (1909) and Manwell 
and Drobeck (1951) have shown that the parasites de­
scribed from different mammalian hosts are not only 
morphologically but also immunologically identioal. The 
fact that T. gondii will infect rabbits• guinea-pigs, 
dogs, mice, moles, pigeons and Java sparrows, in all of 
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which naturally occurring toxoplasma infections have been 
found, raises the question of the identity of various 
species (Wenyon, 1926). It thus appeared that convincing 
evidence had been brought forward that the genus Toxoplasma 
is represented by a single species, T. gondii. 

Garnham (1950) modified this conception after 
comparing the morphology of T. gondii with that o~ the 
toxoplasma-like organisms encountered in naturally infected 
birds. He brought forward vvidence that the mammalian 
and avian parasites are distinct, and created the genus 
Atoxoplasma which comprises avian parasites from many 
parts of the world which are strictly host specific, non­
pathogenic, posses a delicately granular cytoplasm not 
enclosed in a periplast, and a large diffuse nucleus with 
a tiny ka17osome. Atoxoplasma avium (Maru.llaz 1913) was 
selected as the type species. Laird (1959), who esta­
blished Atoxoplasma parasites in several species of birds 
belonging to the family Zosteropidae in the South Pacific 
region, came to the conclusion that they are not host speci­
fic and stated that Lainson (1958) had demonstrated that 
the Atoxoplasma may be pathogenic. He concluded that "the 
affinities of Atoxoplasma lies not with the toxoplasma but 
with the haemogregarines, and that failure to achieve 
transmission by subinoculation is not due to strict host 
specificity but to the fact that the method employed has 
simply not resulted in the transfer of stages able to 
establish infection in another vertebrate". He therefore, 
proposed to amend the diagnosis of Atoxoplasma as follows:-

"Benign to mildly pethogenic parasites, 
typically sausage-shaped with more or less equally rounded 
ends; occurring in avian monocytes and lymphocytes, often 
causing pronounced indentation of the nucleus of the latter; 
their weak staining reaction and the absence of a well­
defined periplast rendering it difficult to differentiate 
their cytoplasm from that of the host cell; nucleus diffuse, 
granular and with a tiny karyosome; multiplication by 
binary fission, few (usually 2) division products per host 
cell; not transmissible by subinoculation". 

Laird (1969) reviewed the literature on the 
Atoxoplasma spp. and Toxoplasma spp. of birds, and stated 
that according to the International Rules of Zoo-
logical Nomenclature Atoxoplasma paddae (Aragao 1911) 
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(syn. ~aemo~egarina pad~a~ Aragao 1911) must, therefore, 
be regarded as the type species of the genus Atoxoplasma. 
Consideration of the investigations makes it apparent 
that the genus Atoxoplasma is distinct from the genua 
Toxoplasma and that the former need not be considered in 
the generic classification of the Toxoplasma, Besnoitia 
and Fibrooystis parasites. 

The last question that arises out of this dis­
cussion is the status of the genera Toxoplasma, Besnoitia 
and Fibrocystis in the higher taxonomic categories. 
Wenyon (1926), Neveu-Lemaire (1943) and Reichenow (1953) 
concluded that neither the morphology nor the mode of 
reproduction of Toxovlasma present any characteristic 
features, and hence this genus cannot be placed in any 
natural scheme of classification of the Protozoa. 
Westphal ( 1953) expressed the opinion that ·fihe genus 
Toxoplasma may be related to the genus Leishmania Ross 
1903, from which it can be differentiated by the absence 
of the blepharoplast. In support of this theory he 
draw attention to T;zpanosoma eguinum Voges 1901, which 
has lost its blepharoplast, and suggested that the same 
could have happened with the ToxoJlasma. 

In conclusion the writer wishes to state that 
he favours the conservative attitute adopted by (Wenyon 
1926), Neveu- Lemaire (1943) and Reichenow (1953), and 
proposes that for the present the genera Besnoitia end 
Fibrocystia be included with the genus Toxoplasma in the 
group of "Parasites of Doubtful Nature 11 • 

The incomplete classification of these three 
genera is as follows:-

Genusz ~oxoplasma 
T. gondii 

Nicolle and Bfunceaux 1909. 
Nicolle and ~~ceaux 1909. 
(Ctenodactylus gqndi (Rathmann)) 

Synonyms: !: pyrogenes Castellani l913.(Man). 
T. canis De Mello 1910.(Dog). 
T. cuniculi Splendora 1908.(Rabbit). 
T. ratti Sangiorgi 1914. (Rat). 
T. caviae Carni and Migliano 1916. 

(Guinea pig). 
T. sciur1 Coles 1914. (Squirrel). 
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T. talpae Prowazek 1910. (Mole). 

Genus: Besnoitia Henry 1913. 
~-besnoiti (MarotGl 1913) (Cattlet sheep, 

goat and rabbits). 

Synonyms: §!l.rcooxstis bennoi ti Marotel 1912. 
Globidium besnoiti (~~rote1 1912). 
~~ooystis besnoiti (Marotel 1912). 

B. bennetti Babudieri 1913. 

Synonym: Globidium besnoiti (Marote1 1912). 

B. je1lisoni Frenkel 1953. 

Genus: Fibrocystis Hadwen 1922. 
F. tarandi Hadwen 1922. (Reindeer). 

Transmission. 

A. Natural Transmission:- The natural mode of trans­
mission of B. besnoiti is obscure. Investigators in 
this field of research have advanced several theories 
which comprise (a) transmission by contact, (b) mechanical 
transmission and {c) biological transmission. 

(a) Transmission by contact:- Bennett (1933) and 
Hofmeyr (1945) suggested that transmission follows con­
tact between susceptible and affected animals. In an 
attempt to confirm this assumption affected cattle 
were allowed to cohabit with fully susceptible ani­
mals over a period of ten years at Onderstepoort. All 
animals had access to the same food manger and water 
trough. No transmission resulted. These results 
permit the conclusion that cohabitation is not followed 
by transmission. 

(b) Mechanical transmission:- In order to obtain evidence 
whether this method of transfer is possible the writer 
employed rabbits showing a microscopic blood infection 
of B. besnoiti as reservoirs. Transmission could be 
obtained readily by introducing the tip of a seventeen 
gauge hypodermic needle into the ear vein of the donor, 
and immediately after its removal inserting it either 
into an ear vein or into the skin of several rabbits. 
This successful transmission indicates the possibility 
of a mechanical transmission by arthropods during 
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the period of a microscopic blood infection. It must, 
however be stressed that the period of an active infection 
is of short duration in cattle and that mechanical trans­
mission would be a matter of chance. Even if one did 
accept that this method of transfer does ooour,one is 
still faced with the question how the first oases are 
produced at the beginning of the bovine besnoitiosis season 
when the only known source of infectionare the convalescent 
cyst carriers. Should such animals serve as reservoirs 
then one must expect that the vector DUst be endowed with 
powerful and deeply penetrating mouth parts capable of 
piercing the cyst wall. Comparison between the mouth 
parts of various blood sucking insecta suggests that me~ 
bers of the family ~abanidae may fulfil thea• require­
ments. It thus appears that this avenue of approach may 
be fruitful for determining the mode of transmission. 

(o)Biologioal transmiasiona- The seasonal incidence of 
bovine besnoitiosis caused Barrairon (1938) and Herin 
(1952) to suggest that this disease may be transmitted by 
an arthropod. They did, however, not state specifically 
whether transmission is effected mechanically or biologi­
cally. The requirements for the former method have al­
ready been discussed. Should the latter method be in­
volved then the vector must also possess well developed 
mouth parts, and be capable of surviving the interepizootio 
period. This is not impossible if one considers the 
seasonal incidence of sweating sickness where Hyalomma 
trunoatum Koch, with its strongly developed mouth parts 
is responsible for the transmission. Although there is 
no evidence that ticks are involved in the transmission 
it is nevertheless suggested that this avenue be explored. 

B. Artificial transmission. 
(a) Attempts to transmit the disease with cutaneous 

parasites:- Besnoit and Robin (1912) tried to trans­
mit B. besnoiti to cattle by injecting cyst suspensions 
by either the intracutaneous or subcutaneous route but 
without success. The insertion of finely cut infected 
skin strips into the skin of susceptible animals didnot 
result in transmission. Franco and Borges (1916) 
failed to infect rats and mice by administering cyst 
suspensions by either the oral or subcutaneous route. 
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What appears to have been a successful transfer was that 
recorded by Cuill~ and Chelle (1937). They injected a 
cyst suspension intravenously into an ox which developed 
a bout of fever 15 days later. Unfortunately they 
omitted to examine skin sections subsequently, and hence 
it is impossible to state whether they had succeeded in 
transmitting the infection. 

During 1953 the writer repeated this work using 
pieces of skin from heavily parasitized cattle. These 
specimens were suspended in physiological saline and finely 
mixed in a waring blender. Examination of the suspen~ions 
revealed the presence of numerous motile spores. The 
inoculum in the form of an opaque suspension was admini­
ster~d intravenously into two oxen and subcutaneously into 
two other recipients at the rate of 5.0 ml per 50 Kg. body 
weight. In another instance a thin sheet of connective 
tissue approximately 4 square em. in size and heavily 
infected with Besnoitia cysts was implanted subcutaneously 
into the flank of an ox. The body temperatures of the 
five recipients were recorded twice daily over a period 
of two months. Visual inspection was continued for ano-
ther two months. In not a single instance could any 
clinical evidence of besnoitiosis de detected. The 
writer erred in the same way as Cuill~, Chelle and 
Berlureau (1936) and omitted to examine skin sections for 
the presence of parasitic cysts, and hence it is unknown 
whether or not a subclinical infection had occurred. 

(b)Attempts to transmit the disease with blood parasitesz-
(1) Infection of cattle:- Failure to reproduce clinical 

cases of bovine besnoitiosis by means of cyst sus­
pensions suggested that the work Cuill~ et al (1936, 
1937) be repeated by using blood of actively infected 
cattle as inoculum. An opportunity arose for such 
tests during December 1953, and January and February 
1954, when three head of naturally infected cattle 
showing the early stages of the disease became availab'.e, 
One litre of blood from each of these animals was 
transfused into three fully susceptible cattle Nos. 
6793, 6839 and 5895. The two donors (Nos. 6840 and 
6851) and the three recipients were observed, and blood 
and lymph node smears were examined daily until the 
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primary stage of tho disease had ~assed. Skin 
biopsies from the dewlap and/or escutcheon were taken 
at four to five days intervals for a period of two 
months, and subsequently once a fortnight until a 
period of six months had lapsed. The skin specimens 
were sectioned and stained with Haemalum-eosin. 

The results of these ouservations have been re­
ported upon by Pols (1954 a) and are again detailed 
in Table B of appendix. It will be seen that the 
three recipients developed besnoitiosis as judged by 
eventually positive skin biopsies, even though the 

infection in one case (No. 6793) was clinically ia~~ 
apparent. In two oases no parasites could be detec­
ted in blood and lymphatic gland smears, while in 
the one (No. 6839) organisms were visible in the blood 
eleven days after artificial infection i.e. one day 
after the commencement of fever. Cysts were first 
observed in skin biopsies 23 to 34 days after infec­
tion and 13 to 28 days after the initial rise in 
temperature. 

One further ox to ox transmission was undertaken 
using 250 ml. blood from an infected rabbit by the 
intravenous route. In the recipient (No. 5870) 
!3· besnoiti appeared in the blood nine days later, 
simultaneously with the temperature elevation. No 
attempt was made to search for cutaneous cysts. 

(2) Infection of rabbits, mice, rats and guinea pigsz­

Consideration of the course of the disease in artifi­
cially infected cattle makes it apparent that this 
species is not suited for large scale experiments, 
and that the maintenance of B. besnoiti in one or 
other species of laboratory animals would greatly 
facilitate investigations. (Pols, 1954 a). 

With this object in view infected blood of a 
naturally infected ox No. 6840 was used as inoculum, 
and injected either intraperitoneally or subcutaneously 
into six mice (1.0 to 2.0 ml.), four rats and four 
guinea pigs (2.0 to 3.0 ml.). It was impossible to 
state whether or not they had developed an inapparent 
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f~ of the disease. On the other hand it was determined 
that rabbits are highly susceptible (Pols, 1954 a). Three 
rabbits (RH, RB and RT) were infected with blood using 3.0 
ml. intravenously, 5.0 ml. intraperitoneally and 10.0 ml. 
subcutaneously, respectively from the same donor. Eleven 
days after infection rabbit RH died very suddenly. Blood 
smears showed the presence of B. besnoiti trophozoites. On 
the same day swelling of the hind l~bs was noted in rabbit 
RB. The following day the swellings also appeared e.t the 
base of the ears. The blood smears were positive. The 
animal was killed in extremis, and a further three rabbits were 
injected in order to maintain the Fuls B. besnoiti strain 
by serial passage. Observations on the maintenance uf the 
strain are listed in Table C of the Appendix. Rab~it RT 
had a more prolonged incubation period which was followed 
by a more pronounced generalised oedematous swelling, and a 
large number of parasites in the blood as seen on two conse­
cutive days. The parasites were morphologically identical 
with those encountered previously in cattle. 

In order to fulfil Koch's postulates, 13.0 ml. of 
blood from the latter rabbit killed in extremis, w~s injected 
into an ox (No. 5887). The animal developed fever accom­
panied by mild clinical symptoms, and 23 days later cysts 
were seen in skin sections. 

Having determined that transmission can be effected 
readily in rabbits by means of infective blood, attempts 
were made to establish whether the disease can also be trans­
ferred by means of either serous fluid present in the oedema -
tous swelling of the subcutis or suspensions prepared from 
liver and spleen of diseased animals. Serous fluid, obtained 
from the pronounced oedematous swelling at the base of the 
ears of rabbit No. 13, was injected subcutaneously into a 
susceptible rabbit. The quantit) used was 5.0 ml. The 
recipient developed a typical reaction accompanied by a 
microscopic blood infection and died eleven days later. 
The intraperitoneal injection of 5.0 ml. of a suspension 
prepared from the spleen of rabbit No. 1305, into rabbits 
NQs. 1308 and 1309 was followed by a typical reaction in 
both f:lnimals. These experiments thus showed that trans-
mission is possible by means of materials other than blood. 
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Earlier in this discussion it has been stated that 
in the case of cattle cohabitation between diseased and 
suscepti~le animals is not followed by transmission. In 
order to verify this statement an attempt was made to infect 

rabbits using either an infected suspension prepared from 
the liver and spleen or a mixture of faeces and urine from 
actively affected rabbits, and administering these materials 
by the oral route. A a·tomach tube was used for the 

administration. Two rabbits (Nos. 1660 and 1661) each of 
~hich had received 10.0 ml of the spleen and liver suspension 

failed to reaa~. On challenging their immunity one month 
later they yroved to be fUlly susceptible. Two controls 
(Nos. 1658 and 1659) that had received 5.0 ml. of tha same 
organ suspension intraperitoneally both contracted besnoi­
tiosis and died. Although these tests have shown that 
infection by the oral route is not followed by transmission, 
attempts were nevertheless made to infect rabbits by means 
of excreta from actively infected animals. For thio purpose 
20.0 ml. of a suspension of faeces in urine was given to 

two rabbits {Nos. 1654 and 1657) by the oral route. Both 
animals were observed for a month without showing a reaction. 
The experiment was thereupon repeated on another two rabbits 

(Nos. 1675 and 1676) each of which received 30.0 ml. of an 
excreta suspension per os. Both failed to react, and on 
challenging their immunity one month after infection they 

proved to be fully susceptible. 

Consideration of these results makes it apparent that 
transmission does not result by the oral route even when 

the organ material used contained active B. besnoiti 
parasites. Cohabitation between actively affected and 
susceptible animals should ,therefore, not be followed by 

transmission. 

c. Period of infeotivitl: The experiments of Ouille 
and Chelle (1936), and the observations recorded previously, 
indicated that the infection can only be transmitted arti­
ficially by means of blood from cattle uuring the primary 
stage of the disease. hxperimental work was not done on 
either cattle, sheep or goats to determine critically, 
by means of repeated subinoculations of blood, the period 

of infectivity during this stage. One incidental observa­
tion may be recorded here indicative of a very brief infec­
tive period. Blood from heifer No. 6839, collected on the 
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day when the peak of the temperature reaction was obtained, 
proved to be infective for a rabbit. This peak occurred 
two days after the initial rise of temperature. The sub­
inoculation was repeated five days later. By that time 
the temperature had subsided to L04°F, and the cutaneous 
oedematous swelling had just begun to develop. None of 
the four rabbits used for the second subinoculation showed 
any raaction. Their irrununity was challenged t~o months 
later and all proved to be fully susceptible. 

As the rabbit had proved a pre-eminently useful labo­
ratory subject, the following experiment was ~onducted to 
determine the duration of the period of infectivity of 
rabbit blood after an artificial infection. Subinoculations 
were performed from an infected donor by injecting 5.0 ml. 
of its blood intraperitoneally into one susceptible recipient 
two days after the date of infection of the donor, and re­
peating this process every alternate day for 24 days. The 
donor reacted on the fifth day by elevation of temperature. 
On the tenth day the peak of fever was reached, and tropho­
zoites could be demonstrated in the blood. In the normal 
course of events this would have been the time selected 
for subinoculation. All twelve recipients reacted thus 
indicating that the donor's blood had been infective during 
the total period under test i.e~ throughout the incubation 
period, and up to 14 days after the peak of reaction. 
Another rabbit, which had been injected 47 days previously 
was used as donor 30 days after the first appearance of 
parasites in thel1ood. Two susceptible rabbits received 
5.0 ml. of blood intraperitoneally. No reaction resulted. 
The immunity of one of the recipients was challenged two 
moths late!' and proved to be fully susceptible. The other 
rabbit died from an unknown cause. 

Consideration 0 f these res~lts makes it apparent that 
the duration of the period of blood infectivity, as deter­
mined in a single rabbit (24 days), is considerably longer 
than that observed in a single heifer. It is, however, 
impossible to conclude from these tests whether or not the 
end point had been determined accurately for both species 
of animals. 

An interesting fact emerged from the first mentioned 
rabbit experiment. The length of the incubation period in 
the positively reacting recipients increased proportionately 
with the time interval elapsing between transmission from 

and peak of infection of the donor. This may be illustrated 
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EPIZOOTOLOGY 

The present state of the knowledge of the epizootology 
of bovine besnoitiosie is far from complete as the natural 
mode of transmission is obscure. Observations made in 

Southern Africa, during the last two decades, have shown 
that cyclical variations in the incidence of the disease do 
occur, and that they are similar to those seen in horse­
sickness, bluetongue, three day sickness and sweating sick-
ness. General experience has been that a large number 
of cattle contract besnoitiosis in December, January, 
February and ~ch, while only sporadic outbreaks occur 
in autmmn, winter and spring. Observations maCe in other 
enzoJtic regions of Africa and ~urope have also shown that 
the highest incidence is in summer. The presence of sus­
ceptible cattle determines the degree of prevalesoence. 

In Transvaal the distribution extends widely into 
the bushveld and bankenveld areas with an altitude of up 
to 1200 metres above aea,level, and an average rainfall 
of 600 mm. per annum. The natural water supply on the 
infected farms varies considerably. Some ~arms border on 
perennial rivera, others are situated along rivulets con­
taining running wa·ter only during the summer rainfall season, 
while the remaining farms depend mainly on a subterranean 
supply of water or alternatively on water collected in dams. 

The source and maintenru1ce of bovine besnoitiosie in 
nature still needs to be determined. This becomes evident 
if one considers the sporadic outbreezs of equine besnoi-
tiosis. Field observations revealed in a single affected 
horse in the Grahamstovvn district in the Eastern Cape Pro­
vince, and ten cases in the Vryheid and Umvolozi districts 
in Natal (vide supra- Distribution, Table I). The source 
of infection is r~sterious if one considers the fact that 
neither before nor after the outbreaks had oases of equine 
besnoitiosis been detected. Consideration of these events 
sugg~sts that an animal other than a soliped may have served 
as a reservoir. It thus becomes apparent that a clear 
conception of the epizootology will only become available 
when the natural mode of transmission has been determined. 
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PATHOGENICITY 

A. Susceptibility to natural infection:- Erlensi ve o b-

servations by numerous investigators on the incidence of 
bovine besnoitiosis, listed in Table I, have shown that 
this disease has so far only been encountered in cattle. 
From field surveys conducted in Transvaal it appears that 
stock older than 18 months are highly susceptible, while 
the course of the disease, as observed in a few younger 
animals, is relatively mild. Attempts to establish the 

degree of susceptibility of cattle did not entertain much 
hope when it became apparent that the five artificially in­
fected adult animals listed in Table B of the Appendix 
developed either mild or inapparent reactions. Conside-
ration of these results indicated, that for studies on the 
pathogenicity of B. besnoiti in different age groups, a very 
large number of animals would have been required, and even 
then it would have been questionable whether observations 
on artificially infected cattle are comparable with those 
described from natural cases. 

When an outbreak occurs in a herd only a relatively 
small number of animals show clinical symptoms. There is 
no difference in susceptibility between different breeds and 
animals of either sex; the indigenous Afrikander breed 
is just as susceptible as the exogenous breeds, Hereford 
and Short Horn. Although the mortality rate does not 
exceed ten per cent, the disease is nevertheless responsi­
ble for severe economic losses. Affected animals lose 
condition, milk production decreases considerably, cows 
may abort, bulls often become sterile, and hides are 
valueless for tanning. (Pols, 1954 a). 

The relatively small number of animals that become 
visibly infected in any one season, even in large herds, 
gives rise to speculation. Of the theoretical possibili­
ties, the only one at present worthy of serious considera­
tion is that of clinically inapparent iafeotions in very 
young and possibly also in some of the mature stock with 
a consequent state of premunition. The fact that suscep­
tible animals, newly imported into an enzootic region, 
often contract the disease during the first besnoitiosie 
season seems to support this theory. 
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B. Susceptibility to artificial infection:-

(a) Attempts to infect laboratory animals:-
(1) Actively affected cattle used as source of infec­

tion:-
The successful transmission of B. besnoiti to rabbits 

by means of blood derived from ex No. 6840 and heifer No. 
6839 has already been described. At the time when the 
susceptibility of rabbits was established an attempt was 
also made to transmit the infectious agent to guinea pigs, 
rats and mice. As none of these laboratory animals deve­
loped a clinical reaction after the intraperitoneal injectkn 
of blood from ox No. 6840 it was assumed that they were 
not susceptible. 

(2) Actively affected rabbits used as source of in­
fection:-

Inoculation of 210 to 3.0 ml. infected rabbit blood 
either subcutaneously or intraperitoneally into 16 guinea 
pigs resulted in temperature reactions of up to 106°F 
appearing in ten cases. The incubation period varied from 
4 to 17 days. Isolated trophozoites were found in blood 
smears in two cases 8 and 15 days after infedtion. In a 
third guinea pig the presence of parasites was determined 
by a biological test on a rabbit. Several serial passages 
in guinea pigs were conducted, but these animals developed 
nothing more than an irregularly intermittent temperature. 
These teste showed that although the guinea pig is suscep­
tible it is not suited for laboratory tests. 

Further transmission experiments showed that no demon­
strable reactions, as judged by pyreaia, symptoms and blood 
smear examinations was obtained after injecting infective 
rabbit blood into mice, rats, hamsters• fowls and a rock 
dassie (Procavia capensi~ Pallas). The observations 
are listed in the subjoined Table II. 
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TABLE II. 
Observations on Artificially Infected Laboratory Animals • 

: 
: 
: 

Species 

:Mice 
=Rats : 
:Hamsters 

: : : : : • • 
:No. in-:Quru1tity of:Route of : Result:Smear : 
:jected :blood in ~infe~tion: :examina+ 
: : : : :tion. : 
: : : : : : 
: 16 :1.0 to 2.10:ip. or sc: N.R. :Negativa 
: : . : . . 6 .2.0 :1p. or so, N.R. :Negat~: : 
• • 

. . .. . . 
:2.0 :ip. or 

!Dassies ! 
2 

4 
• :4.0 !ip • 

: N.R. 
: • lf. R. 

:Negat:hree 
:Negative: 

• • 
:PUllets and : 
:Cockerels : 
: 
!Adult hens 
• 

: 
: 
: 

:Adult cocks : 
: 

8 

6 

2 

• • • 
:2.0 to 3.0 !ip.,sc., : : ;1v. ; 

N.R. 

!3.0 to 5.0 :ip,sc.,iv~ N.R. 
• • • 
:3.0 to 5.0 :sc.,iv. : N.R. 
: . • • • 

N.R. = No reaction. 

. . 

. : 
:Negative. 
• • 
:Negative: 
• • • • 

These animals were observed 
No attempts were made to ascertain 
developed an inapparent infection. 

for a period of six weeks. 
whether any of them had 

The tests nevertheless 
showed that these animals are not suited for laborator.1 tests. 

(b) Attempt to infect sheep, goats, horses and a dog:-
(2) Actively effected rabbits used as source of infection:-

(i) Susceptibility of sheep and goats: For these 
experiments three rams and one ewe and four billy goats, which 
had been raised in a non-enzootic bovine besnoitiosis area, 
were employed. The observations on these animals are de­
tailed in Table C of the Appeniix. Sheep (No. 86569) and 
goat (No. 79328) each received 350 ml of rabbit blood by the 
intravenous route. 

After an incubation of seven days the sheep showed 
pyrexia and anorexia for several days. No parasites could 
be demonstrated in blood smears but they appeared in two rab­
bits used for the biological test. The immunity of this 
animal was challenged 14 montlw later. It proved to be 
solidly immune as no reaction was noted over a period of four 
months. In contradistinction to the sheep the goat showed 
distinct clinical symptoms. The temperature started to rise 
six days after the artificial infection. Two days later the 
animal appeared 111 and showed swelling of the nose. After 
four days the face and anterior portion of the neck became 
oedematous, eyes showed lachrymation, and from the nose a 
mucoid discharge appeared. The animal was disinclined to 
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move, and anorexia persisted for a week. The temperature 
rose to a peak of 107°F 15 days after infection. Blood 
smear examination failed to reveal any parasites. In two 
rabbits, that received 5.0 ml. blood intraperitoneally, 
B. besnoiti could be demonstrated in the blood filus. The 
subcutaneous swellings subsided a fortnight after their onset, 
and a week later young cysts were found in the skin sections. 
For three months thereafter a slight diffuse alopecia was 
noticeable over the anterior half of the body. Skin lesions, 
so striking in bovine besnoitiosis, never appeared. There 

wan considerable loss in condition. Gradual recovery en­
sued during the following five months. 

Serial passage of B. besnoiti in sheep and goats was 

next attempted. Sheep (No. 89632) and goat (No. 33537) each 
received 30.0 ml. blood from rabbit No. 1468. Both animals 
showed no symptoms other than pyrexia. In the goat cysts 

could be demonstrated in the skin three- and - a-half months 

after the artificial infection. In both animals the pre­
sence of B. besnoiti was determined by biological tests 
on rabbits. Blood from the sheep and goat was collected at 

the height of th• febrile reaction, and 50.0 ml was injected 
intravenously into a sheep (No. 615) and a goat~o.88549), 
both of which developed pyrexia after six and four days re-
spectively. Biological tests conducted on rabbits showed 
that bot the sheep and goat harboured B. besnoiti. The serial 
passage was continued for only one further generation in a 

sheep (No. 145) and in a goat (No. 88536). Again 50.0 ml 
blood collected at the height of the temperature reaction was 
used as inoculum. The recipients showed pyrexia a week 
later. B. besnoiti could not be demonstrated in the daily 

blood smears of the sheep and goat but appeared in the rabbits 
used for the biological test. 

Consideration of theHe results makes it apparent that 
although sheep and goats are susceptible to B. besnoiti, the 
serial pausage in these animals did not enhance the virulence 
of the parasite. Trophozoites could not be demonstrated 

microscopically in blood smears from these animals even though 

cutaneous cysts were detected in two of the goats. 

( ii) Susce:p·i;ibili ty of the horse and dog:- The two 

horses and the dog used for these tests had been r-3ared in 
a stable kept under tick-free conditions at Onderstepoort, 
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and had never been exposed to bovine besnoitiosis. The 
inoculum consisted of a pooled spleen and liver suspension 
an~or blood. The horses each received 30.0 ml. of the 
organ suspension and 30.0 ml. blood intravenously, while 
the dog received 10.0 ml. by the same route. The two 
rabbits, used for the serial passage of the B. besnoiti 
strain, served as controls. Both reacted promptly to 
the disease. No demonstrable reactions were seen in ei­
ther the horses or the dog over a period of three months. 
As no biological tests were conducted on rabbits, it is 
impossible to state whether or not an inapparent form of 
the disease had occurred. 

Consideration of the studies on ·the pathogenicity 
makes it apparent that besides cattle, susceptibility to 
B. besnoiti has also been established in sheep, goats, 
rabbits and guinea pigs. Critical experiments, based on 
biological tests on rabbits, will have to be conducted to 
determine whether or not mice, rats, hamsters, fowls, 
dassies, horses and dogs develop infection. It is also 
recommended that studies on the pathogenicity be extended 
to include wild animals as they may disclose unknown 
reservoirs of B. besnoiti, serving as a source of infection 
in nature. 

PATHOGENESIS 

The course and pathogenesis in bovine besnoitiosis 
follows the general pattern of most infectious diseases 
in as much as there is an acute phase with parasitaemia, 
fever and general symptoms of malaise, followed by locali­
sation in a particular tissue, and consequently a more 
chronic phase ensues. It is unique in this respect, that 
the tissue involved is the more superficially situated 
connective tissue, i.e. the dermis, subcutaneous tissue, 
fascia, as well as the connective tissue of the scleral 
conjunctiva, nasal and laryngeal mucous membranes. More 
deeply situated connective tissue is very rarely parasi­
tised and then only to a slight degree. Altho~gh clini­
cally complete recovery may follow mild attacks of the 
disease, one cannot really speak of a complete restitution, 
as a certain degree of sclerodermia, however slight, 
undoubtedly persists, as do cysts containing viable orga­
nisms. 
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Mortality, directly attributed to B. besnoiti 
infection only, is low. Few such cases were seen by the 
author. References to such cases in the literature are 
not clear enough to allow critical evaluation on this 
point. If death occurs, it will often be due to early 
or late complications. Of the former, seconda1~ infec­
tion through the severely affected and rapidly developiug 
decubital lesions as well as the result of deranged physio­
logy of the skin (massive exudation)n and possibly the 
effect of the toxin produced by the parasite, ar the most 
important factors. 

In the rabbits, on the contrary, uncomplicated 
deaths during the acute phase of the disease are fairly 
frequent. It is considered that the anaemia which is such 
a prominent symptom in the rabbit, plays an important r61e 
in this respect. It should also be borne in mind that 
blood parasitaemia in the case of the rabbit is much 
more pronounced. 

Cattle surviving the acute phase do not dia as a 
rule although severe oases waste away and remain unthrifty 
and therefore more subject to late complications. In 
rabbits more deaths have been experienced, but here inter­
current infections, a condition inherent in captivity, 
form complicating factors that are impossible to analyse 
accurately. 

Cutaneous manifes·tations are not clinically appa­
rent in the rabbit after the primary stage of the disease. 
Compared with the heavy infection in the blood strerua, 
the nwnber of cysts found in the skin is comparatively 
low, especially when on considers the rarity of parasites 
in the blood circulation of cattle and the subsequent den­
sity of infection often found in the skin. 

The ensuing immunity was shown to exist in all 
cases tested, in cattle from 7 months to 3 years, in sheep 
from 5 to 18 months, in one goat after 5 and 18 months, and 
in rabbits from 70 to 112 days after date of initial infec-
tion. The view has already veen advanced that the nature 
of the immunity is one of premunition or immunatas non 
sterilisans, as cysts with v~able organisms could be 
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demonstrated in cattle 10 years after infection, and thus 

are presumed te remain for life. 

The deleterious effect of B. besnoiti in spermio­
genesis is an interesting and important finding. Its 
temporary presence forms a useful indication in laboratory 
experiments, and is of considerable importance to the 
cattle breeder and clinician. Although exact information 
on spermiogenesis in most other infectious disease is lacking, 
nevertheless it would appear that sperm production is in­
terfered with to a relatively more severe degree in besnoi­
tiosis when compared with the severity of clinical symptoms. 
Except for the occasional cyst in the connective tissue 
in the testis these organs are not grossly affected. Cir­
culating parasites are few and far between in the acute 
phase and absent subsequently. Hence influences other 
than the direct presence of parasites or fever must affect 

the testes. 

SYMPTOMATOLOGY 

A. Besnoitiosis in cattle, sheep and goats. 

The first account of a disease in cattle, referred 
to as "l~lephantiasis et de 1' anasargue de boeuf", was 
published by Cadeac (1884). In subsequent publications 

Besnoit and Robin (1912, 1914) gave a lengthy account of 
the malady. The description of the symptoms was acoo~ 

panied by photographs of affected cattle and cutaneous cysts 
harbouring the causal agent. Further records on the symp-
tomatology in naturally infected convalescent oases were 

published by Franco and Borges (1916), Bennett (1913), 
Hofmeyr~945) and Pols (1954 a), while the course of the 
disease in artificially produced infections was given by 

Cuille, Chelle and Beruleau (1936), Cuille and Chelle (1937), 
Barrairon (1938) and Pols (1954b). 

During the course of the present investigations 
observations were made on 50 affected cattle. Of these 

three were submitted at Onderstepoort from the field when 

they showed the febrile phase of the disease, seven were 

produced artificially,and the remainder were chronically 

affected natural oases. The five sheep and five goats, 

included in these studies, were all artificially produced 
cases. 
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Field surveys 1n the Northern ~r&nsvaal by the 
investigators, listed in Table I, have shown that severe 
cases, exhibiting the full range of the symptoms, occur 
relatively infrequently. The writer only observed one 
very severe case (bull No. 6851, Table B of the Appendix) 
during the whole period of illness which terflinated fatally. 
From observations on experimental cases in cattle (Tables 
B and G of the Appendix)one may conclude that the incuba­
tion period varies from six to ten days, and that pyrexia 
persists for three to six days. As a ralG the temperature 

fluctuated between 103°F to 107°F. Anorexia, depression 
and listlessness constituted accompanying signs. Photo­

phobia was usually a distinct syffiptom, as was the hot, 
painfull subcutaneous oedematous swelling affecting any part 

of the body but with a predilection for one or more limbs, 
and/or pendulous regions (dewlap, scrotum and flank) at/or 
shortly after the peak of the febrile reaction. Except 
in severe oases, the swelling, although in itself diffuse, 
remained restricted to a particular region or regions. The 
swollen area became indurated as the disease progressed. 
The enlargement of lymphnodes, which was a common symptom 
in the primary stage of the disease and of diagnostic value, 
was present to a variable degree. In experimentally pro­
duced cases, however, it was moderate or absent. That 
cases do occur with virtually no fever, and no anasarca or 
any oth•r symptoms, commonly seen in the primary stage, 
was exemplified by cow No. 6793 (Table B of the Appendix). 
The extent and severity of the sltin le9ions in the second 
and third stages of the disease. varied widely, more or 
less proportionally to the preceding swelling. The re­
actions in the four experimentally produced cases (Nos. 

6839, 5895, 5887 and 5870, Table B of the Apppendix) were 
mild. In two cases 011ly pyrexia was seen, and in the re-

maining two animals fever was accompanied by subcutaneous 
oede~tous swellings of the limbs. At the height of fever 
the animals were listless and showed inappetance. Permanent 

skin lesions were not prominent. 

Regarding the course of the disease it may be 
stated that in severe cases the secondary depilatory stage 

is the critical phase on which the prognosis is based. The 
advanced akin lesions with folding and cracking and serous­
sanguinous exudate form a favourable port of entry for 
secondary bacterial infections, which is the factor often 
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responsible for death. 
one of a bacteriaemia. 

~he clinicRl syndrome then becomes 

Animals survi,~ng this phase usually do not die 
but progress to thethird or seborrhoea sicca stage (Hofmeyr 
1945). The sev·erely affected cases remain emaciated for 
months on end. For all practical ~urposes such animals 
are poor doers, and represent a total econo11lic lose. 
Although one may speak of recovery in the sense that ac­
tive inflamms.tor·y processes are no longer present, the 
skin remains thickened and wrinkled for life. A certain 
amount of hairgrowth will again occur. In such skin the 
cysts are found studding the cutis vera, and are present 
to a lesser extent in the subcutis, superficial fascia, 
without evidence of any inflammatory reaction. A very 
slight skin infection produces no clinically visible 
skin pathology. The chances of encountering ~ysts in the 
skin pathology. The chances of encountering cysts in skin 
biopsies, from such cases, would be rare indeed. 

Cysts, which appeared structurally normal and 
harbouring viable parasites, remained unaltered, at the 
sti tee me.ntioned, for the rest of the animal • s life.. Ten 
years after the original infection the author still found 
cysts. It is in this sense that the statement "recovered 
animals remain carriers for life" was made by Pole 
(1954 a). There was no evidence that the cysts ruptured 
to liberate their contents on the surface of the skin or 
discharging them into the host's blood circulation. 

The impression was gained that the pendulous parts 
and loose folds of the skin formed predilection sites for 
the development of pathological changes, namely in the 
flankfold, scrotum, dewlap and eyelids, thus corresponding 
to the areas which were swollen during the primary stage 
of the disease. The only exception to this correlation 
was found in the limbs, where clinically visible changes 
generally, were by no means as striking as the preceding 
swellings. No systematic investigations on the diffe­
rential distribution of cysts over the whole cutaneous 
area were undertaken. 
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Clinical observations which had shown that 
B. beenoiti cysts often appeared in the sclera of natu­
rally affected cattle (Hofmeyr, 1945~, raised the question 

whether this phenomenon could be used as a reliable method 

for making a diagnosis. For the evaluation of this symp-

tom as a diagnostic method, observations were made on 
fifteen natural cases of typical chronic bovine besnoitiosis 
at the Municipal Abattoir of Pretoria. In nine of these 
animals distinct white nodules could be seen macroscopi­
cally and microscopically in the sclera and skin sections, 
four animals showed indistinct nodules not of parasitic 
origin, as determined microscopically, and in two oases 
no globules were demonstrable even though skin sections 
revealed the characteristic parasitic cysts. In mild 
natural as well as in experimentally produced cases they 
were frequently not apparent upon visual examination. 

At autopsy no internal pathological lesions, 
directly referable to besnoitiosis, were observed with 

the exception of cachexia and the presence of cysts, 
visible as opaque, whitish, raised nodules (0.5~. in 
diameter) in the mucous membrane of the upper respiratory 
tract, and that of the trachea up to its bifurcation into 

the bronchi, and in the cutis, subcutis and aponeuroses 

of the muscles. No cysts were ever encountered in mucous 
membrane of either the abomasum, or small and large intes­
tine. An occasional cyst was found in the capsule of 
the spleen, in the connective tissue around the pampiniform 
plexus and in the tunica albuginia of the testis. 

Clinical symptoms exhibited by the four artifi­
cially infected sheep did not present any characteristic 
features. Pyrexia and ano~exia for a few days were the 
only observable symptoms. Fever persisted for six days, 
rising steeply to a peak of about 107°F, and then subsiding 
gradually to normal. The only pregnant s~eep, of this 

group, aborted eight weeks after the height of reaction. 
No parasites could be demonstrated in blood smears of any 
of the sheep nor could cysts be found in skin section. 

The presence:of B. besnoiti infection could only be proved 

by subinoculation into rabbits at the peak of the febrile 
reaction and by subsequent immunity to challenge. 
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In th• four experimentally infected goats the 
temperature was essentially similar to that in sheep. 
They appeared visibly ill and were listless and dejected. 
As described in detail previously (page 61), one goat 
No. 79328) reacted severely with oedematous swelling of 
the face and neck, lachrymation, mucoid nasal discharge 
and dyspnoea. This was the only small ruminant that 
showed cutaneous 
blood smears but 
in two goats. 

lesions. No parasites were found in 
cysts were demonstrable in skin sections 

Economically one of the most important symptoms, 
namely sterility, must be singled out for special con­
sideration. It had been observed that bulls naturally 
infected with B. besnoiti developed a partial or complete 
sterility. It was often permanent. Out of nine pure­
bred Hereford bulls set to this Institute from the Northern 
Transvaal, seven years previously onroccunt of beanoitiosis 
and sterility, two (Nos. 4197 and 4201) were available 
for the study on the sperm picture. 

Bull No. 4201 ejaculated 8.0 ml. of a cloudy 
fl~id in which no pserm were present. On one occasion 
b~ll •o. 4197 ejaculated 8.0 ml. of milky semen. Sperm 
motility was good, but there were a large n~ber of loose 
heads. Ten months later 7.0 ml. of a milky semen was 
obtain&d, and although the motility was good only 35 
per oent of the sperms were alive, 12 per cent had loose 
heads and 8 per cent coiled tails. The fertility of 
this bull was thus permanently impaired. 

Studies on the sterility in besnoitiosis were 
extended to include ~wo bulls (Nos. 5981 and 5873), one 
ram (No. 1952) and one billy goat (No. 3171) which were 
infected artificially by using infective rabbit blood as 
inoculum. Table G of the Appendix. In all instances 
semen samples were obtained by electrical ejaculations 
before and after infection. 

Before infection it was determined microscopically 
that the sperm-picture of the two bulls was almot identical. 
A count of 65 per cent (bull No. 5981) and that of 68 
per cent (bull No. 5873) was recorded. Sperm motility 
in both oases was good. Semen eamples were taken 

/70 •••.••• 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-70-

subsequently at approximately weekly inter~als for the 
.first eight weeks, ano thereafter at roughly moDthly in­
tervale until about seven ffiOnths had lapsed ainoe the date 
of infection. Three days after artificiAl infection 
the sperm picture waa not materially altered. A week to 
a fortnight later no sperm were present. This picture 
was only modified by the appearance of some dead sperms 
at occasional intervals until after 137 dave when bull 
No. 5981 had 27 per cent live sperms together with all 
types of abnormal forms in the semon. A month later 
considerable iJLprovement had occurred, and by the 204hd day 

the normal sperm picture was restored. ~11 (No. 5873} 
only began showing 12 per cent live sperms on the 173rd 
dRy. The last examination was d.one on the 227th day, when 
55 per cent live sperms with fair motility were present. 

It natst be stated that three weeks after infection 
bull No. 5981 developed a Corynebacterium abscese in the 
left teativle which became fibrotic. 'Despite ·the adverse 
systemic reaction clu.e to this infection, good recovery 
of the ~perm picture sventually took place on the 202nd 
dey after infection. The other bull (No. 5873) suffered 
:from an intercurrent Trichomonas foe~( ''Riedmttller 1928), 
infection 42 days after the artificial B. besnoiti 
tran~mission. It is considered that tho former infection 
did not modify the effect of the latter on the epera pic-
ture in any material way. The immunity of this bull was 
challenged with a second injection of infected rabbit 
blood. The injection was followed by severe shock but 
no further reaction occurred. The sperm picture was 
not influenced in any way, and during the ensuing eleven 
weeks T •. foetus was not detected. 

In the case of the ram and billy goat it was de­
termined that befo~ infection the sperm picture wao 
norL~l. A count of 80 per cent (ram No. 1952), and 
tha:t of 76 per cent live sperms (goat No. 3171) was re­
corded. After infection saman samples of the former 
animal were examined eleven times over a period of four­
and-half- months, and those of the latter eight times 
over a period of three-and-a-half months. The sequence 
of events followed the same pattern in the small r~mi­
nants as in the bulls but took place within al~ost half 
the span of time. Within a fortnight the excellent 
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sperm picture, obtained before infection, had deterio­
rated markedly, and within four weeks no sperms or at 
least no live ones could be seen. Approxiillately two­
and-a-half months later live sperms again appeared in the 
ram (30 per cent) and goat (49 per cent). Complete 
recovery was observed within four-and-a-half mo~ths in 
the ram, and within three-and-a-half mon-ths in the goat. 
Both animals did not react when their i~nunity was chal­
lenged one month after recovery. Their sperm-picture was 
not affected. 

B. Besnoitioais in I'abllits. 

In rabbits clinical symptoms during the febrile 
stage were more prominent than in either cattle, sheep or 
goats under experimental conditions. A well-defined ther­
mal reaction developed in nearly all rabbits. The fever 
persisted for three to seven days, and ranged between 
103°F to 107°F, mostly between 105°F and 106.6°F. During 
the fever animals became listless, refused to feed and 
lost weight rapidly. At about the peak of reaction, 
hot, painful, subcutaneous oedematous swellinss, especially 
of the ears, head, limbe and scrotum developed in the majo­
rity of cases. In some males the swelling progressed to 
a complete necrosis of scrotum and testes. Occasionally 
the swellings extended over the whole body. A few does 
developed an oedematous swelling and hyperaemia of the 
vulva. These infla1nmatory oedemas lasted from three to 
fourteen days. 

In contra-di.stinction to cattle the skin lesions 
did not progress. The swelling subsided, and neither 
proliferative thickening of the skin, serous-sanguinous 
exudate nor the seborrhoea sicca stage was ever observed. 
This may have been due to the fact that mortality in rab­
bits is so much higher, and only those with relatively 
light symptoms survived. 

A leucocytosis accompanied by anaemia was a charac­
teristic symptom (Pols, 1954 b). Differential counts 
revealed from 20 to 70 per cent monocytes. The rise in 
the monocyte count occurred concurrently with the rise in 
temperature. Even from ordinary blood smears the mono­
cytosis often could be inferred readily. Similarly, the 
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monocytosis declined more or less with the drop in 
temperature. 

At about the pee.k of reaction anaemia became 
apparent in blood smears. Hypoc~~omatic macrocytes were 
the first to appear. Subsequently polychromasia, 
commonly seen in normal rabbit blood, became more pro­
nounced, and often punctate basophile. developed. In 
many cases there was as much as a. 50 per cent or even 70 
per cent drop in the number of erythrocytes. To ill~­
strate the variation in the blood picture an artificially 
infected rabbit No. 330, with. an incubation period of 
11 days, two days later showed an erythrocyte count of 
1•4 million, and a leucocyte count of 4,400 per cmm. 
After another four da~s the count changed to 1.22 million 
and 14,300 respectively. A second artificially infected 
rabbit No. 321 had an incubation period of 8 days. Five 
days later this animal had an erythrocyte count of 2.64 
million and a leucocyte count of 7,800 per cmm. After 
four days the figures changed to 3.14 million and 5,200 
respectively. At autopsy it was observed that the ema­
ciation in both animals was associated with anaemia and 
ascites. 

The duration of the incubation period varied from 
3 to 15 days with an average of 7 days. In fat8lcases 
the duration of the disease varied from 2 to 16 days with 
an average of 6 days. In one instance death occurred 
38 days after the commencement of fever. 

During the early stagee of the serial passages 
of B. besnoiti it was noticed that the symptoms were more 
pronou:nced than at higher levels cf passage. This was 
illustrated by comparing the observations made on 22 
rabbits used for generations Nos. 20 to 25 with those on 
animals employed for generations Nos. 120 to 125. In 
the first group 2 rabbits died from unknown causes, 7 were 
killed for the collection of infective blood, ten died from 
besnoiti~sis, and three recovered. In the second group 
one rabbit died from shock immediately after infection, 
seven were killed for the collection of infective blood, 
and ten recovered completely. Depending upon the severity 
of the reactions survivors, which had suffered severely, 
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took anything from one to three weeks to recover. Gene­
rally speaking less severe reactions, and consequently 
a more rapid recovery were seen more often in rabbits at 
higher levels of the serial passages. Of all rabbits 
used 15 per cent did not show a parasitaemia, even though 
they developed either fever and/or a moderate oedema of 
the subcutaneous tiqsues. Over the last five generations 
the percentage rose tc1 40 per cent. These observations 
thus support the opinion, expressed by Pols (1954 b) 
that the disease took a more protracted and less severe 
course as serial passages progressed. 

Although it was established that the genetalia 
became affected, no work was conducted to evaluate the 
effect of B.besnoiti on the reproductive ability of both 
sexes of rabbits. It may be mentioned in passing that 
a doe (No. 108) gave birth to a litter of seven rabbits 
two months after the date of infection and seven weeks 
after the commencement of the disease. The whole litter 
died within 24 hours. Examination of blood and organ 
smea~s, as well as biological tests on rabbits, failed 
to reveal B. besnoiti in the offspring. Since concep­
tion had taken place a fortnight after subsidence of the 
clinical symptoms, and as no parasites were seen in the 
offspring, no conclusions could be dra1m whether or not 
the deaths were a sequol to besnoitiosis. 

At autopsy, rabbits dying from besnoitiosis within 
a few days after commencement of symptoms, only revealed 
subcutaneous oedema, ascites anti sometimes subepicardial 
~etechiae. Those surviving for longer periods showed, 
in addition emaciation and anaemia. Apart from occasional 
lesions due to intercurrent infections, such as pneumonie:., 
coccidioses, and non-specific enteritis, pathological 
changes, not directly referable t~ be~noitioeis, were 
seen from time to time. These included either hydrothorax 
and/or a considerably enlarged gall bladder. The mucous 
membrane of the stomach and intestine never contained 
parasites. Macroscopically no nodules, as seen in cattle, 
could be detected in the cutis, subcutis, fascia, sclera, 
and nasal, pharyngeal, laryng€al and tracheal mu.cous 
membranes. 
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DIAGNOSIS 

Although a tentative diagnosis of bovine besnoi­
tiosis can be made by considering the epizootology, the 
clinical symptoms and the lesion at autopsy, definite diag­
nosis depends upon demonstrating B. besnoiti microscopically 
in either blood or tissue smears, and in sections prepared 
from either the cutis, subcutis, sclera or mucous membrane 
of the upper respiratory tract. 

Epizootologically, bovine besnoitiosis is re­
stricted to certain regions. When investigations are being 
made it is essential to determine the local incidence of 
this malady, and other diseases likely to be confused 
therewith, and the origin of the affected animals. These 
considerations should guide the investigational procedure. 

During the commencement of the thermal reaction 
of besnoitiosis, a definite diagnosis may present difficul­
ties, as no specific symptoms may be evident. During 
this period microscopic examination of blood and lymphnode 
smears may reveal the infectious agent. Failing this a 
biological test on rabbits, using blood from the suspect, 
should be undertaken. Although this is rather a lengthy 
procedure, it is the only reliable method of diagnosing 
besnoitiosis during the primary stage of the disease. rfuen 
applying this test due consideration should be paid to the 
viability period of the causal agent in vitro (vide supra -
Aetiology, Subsection (f)). 

As the disease progresses the possibility of 
making a diagnosis improves. Careful examination of sections 
prepared from skin biopsies usually reveal Besnoitia cysts 
at different stages of development. 

When the patient enters the clinically recog­
nizable phase of the disease no difficulty should be ex-
perienced in making a diagnosis. Visual examination will 
reveal cysts in nasal mucous membrane, and in many instances 
also in the sclera. Spores can be demonstrated in deep 
skin scrapings, and in parasitized cysts in sections pre­
pared from skin biopsies. 
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TREATMENT 

As far as could be ascertained from the lite­
rature only a few attempts have been made to treat bovine 
besnoitiosis. Leitao (1948) employed three injections of 30.0 
ml. of a ten per cent solution of formalin at three daily 
intervals for the treatment of chronically affected mature 
cattle. Herin (1952) advocated a single intravenous injec­
tion of 30.0 m1. of a one per cent solution of formalin 
during the primary stage of the disease. For chronically 
affected adult animals he recommended intravehous administration 
of 20.0 to 40.0 ml. of Lugol 1 s iodine at four to seven daily 
intervals. Five injections were usually sufficient. Al­
though no critical evaluation of the results were given both 
investigators expressed the opinion that these for.ms of treat -
ment had a beneficial influence on the course of the disease. 

The procedures instituted during these studies 
involved the use of protozoacidal and bactericidal drugs. 
Observations on the artificially infected and treated rabbits, 
and the chemotherapeutic agents employed are detailed in 
Table H and I of the Appendix, and are summarized in the 
subjoined Tables IV and V respectively in the text. Obser-
vations on rabbits comprised recording the body temperature 
twice daily, examining blood smears daily during the period 
of the thermal reaction, and noting the appearance of the 
subcutaneous oedema of the ears, limbs and external genital 
organs. The route of administration, the dose per Kg. body 
weight, the number of treatments given, and the termination 
of the disease are also listed in the appended tables. 

Two series of experiments were conducted. In 
the first group 53 rabbits of the lower passage levels during 
1954, and three of the higher passage levels during 1956 
(pentamidine treated rabbits), were treated once or several 
times during the period of the febrile reaction. The second 
group, comprising 26 rabbits of the higher passage levels, 
during 1956 and 1957, were treated during the incubation 
period and in 20 of them treatment was continued for either 
one or more d~ys during the reaction period. 

(a) Treatment during the period reaction:- It will be seen 
from Table H that all 56 rabbits showed a febrile reaction. 
The incubation period varied from 5 to 15 days. The duration 
of the disease, which varied from 3 to 15 days, was, with the 
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exception of one rabbit (No. 96 - 52 days), within the 
usual limits seen in untreated aniamsl (vide infra - Table 
C of the Appendix). A microscopic infection of 1!:_ 
besnoiti was observed over 
four days in 50 rabbits. 
in 41 animals. 

a period of one, two, three or 
A subcutaneous oedema developed 

In assessing the value of the chemotherapeutic 
agents, two factors, namely, a possible variation in 
either the morphology or virulence of the parasite were 
taken into account. No morphological changes in the 
parasites suggestive of a specific action by any of the 
drugs, was observed. If the recovery rate is accepted 
as a criterion for the specific action of the drugs used, 
then only the effects of sulfamerazine and pentamidine 
need be considered. 

A total of 19 rabbits were treated with sulfamera­
zine, and of these 6 survived (= 26.3 per cent). Of 
these four received a total of 400 mgm (one recovery), two 
800 mgm., one 900 mgm., four 1200 mgm.(one recovery), 
one 1500 mgm,, three 1600 mgm. {one recovery) and four 
2000 mgm. (three recoveries). Should sulfamerazine 
have been responsible for the recoveries, then one would 
have expected that Vtith the increase of the dosage, the 
recovery rate should have increased accordingly. Al­
though it aFpears that this has been the case, a definite 
conclusion on the efficacy of sulfamerazine cannot be 
drawn as the number of rabbits employed for dosages lower 
than 2000 mgm., was inadequate. The three rabbits, 
used for screening pentamidine as a cure, were derived 
from the higher B. besnoiti passage levels when the viru­
lence of this parasite had decreased for the rabbit. 
Although two out of the three treated rabbits survived, 
the recovery is attributed to the decrease in the viru­
lence of the parasite rather than to the specific action 
of pentamidine. 
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TABLE IV 
TREATMENT DURING THE PERIOD OF REACTION 

: • : • 
• Drug :Nmp.ber :Severity of .. 
• :treated: disease • 
• • • • • • 
:Achromycin and • 6 :1 ~+) • 
:Phenergan • :5 + +) • 

!Aureomycin • :2 ~+ +) • 4 • . • • :2 + + +) : • • • 
• z • • • 
:Babe sin ' 2 :1 ~+ +) 
• :1 +.+ +) • 

• • ( +) :Gonacrin 2 "2 + + . • • • • 
• • • • 
:Pentamidine . 3 :3 {+ +) • 

• : . 
~+) :Phenamidine 5 :2 • • . "3 + + +) . . • • : 

• . 
(+ +) :P1asmoquin 1 "1 • • • • • . . • • • . 

:Sodium Iodide • 2 :1 ~! + ) • 
• • :1 + + ~ • • 

• : !2( •> ;sulfamerazine 15 • • :12 ~+ +) • • • • :1 + + +) • : • • 

• . :4 {+ +) :sulfamerazine ani) 4 • :Phenergan . • 
• 
• . • • 
:Sulfamezathine . 12 :2 t . 
• :9 + +) • 
• • :J. + + +) • • 
• • • • • • 

+ = mild 
+ + = severe 

+ + + :::; very 

The 
The duration 

severe 

: • • 
:Number . • 
:that died: . • • • 
• 1 : • 
• 4 . • • . . . • • 2 • 
• : • 2 • • • • 

• • 
• l • • • . 1 • . • 

. 
2 • . : . 

• . • • 
• l • . . 
. . • 0 • 
: • 

3 
.. 

• : • 
• • . 1 • . : • . • . • . l • • • 
• 1 • . • 

. • • 0 • 
• • • 8 . 
• : • 1 . • . • 

• • • 4 • 
• . • • . • . . . • . 2 . • • . 7 • • . 
• l • • • 
• • • • 

within the usual limits seen in un~reated an~als of the 
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higher passage levels. A microscopic infection of B. -
besnoiti was observed over a period of either one or two 
days in 21 rabbits. A subcutaneous oedema appeared in 
12 f.}nimals. 

In assessing the action of the various drugs 
several facts became apparent. The duration of the incu­
bation period was not prolonged unduly. No morphological 
changes in the parasites, suggestive of a specific action 
of any of the drugs used, was seen. The degree and dura­
tion of the microscopic paraoitaemia was leas than that 
observed in the previous group of rabbits. The over all 
mortality rate (36 per cent) was much lower than in the 
previous gr&up (76.7 per cent). This reduction is ascribed 
to the decrease in the virulence of B. besnoiti following 
the serial passages in rabbits (vide supra - Symptomatology, 
page 72), and not to the action of any of the drugs used. 
Rabbits with three exceptions, used for the former experi­
ment (Table IV), were derived from the low passage levels 
during 1954. Animals used for this study (Table V) were 
obtained from the higher passage levels during 1956 and 
1957. It thus became apparent that the relatively low 
mortality rate was not due to the specific action of any 
of the chemotherapeutic agents but were the result of the 
gradual decrease in the virulence of B. besnoiti following 
repeated aerial passage in a foreign host, the rabbit. 
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TABLE V. 

TREATMENT DURING THE INCUBATION PERIOD, AND IN A LARGE 
NUMBER OF CASES ALSO DURING THE PERIOD OF REACTION. 

• • . • 
: 
• • 

Drug 

:Anthiomaline 

:Aralen 

:Formalin 

:Mixtam.ycin 
:Mixta.m.ycin and 
:Phenergan 

:Mycostatin and 
:Phenergan 

: : : : 
:Number :Severity of:Number thgb 
:treated: disease : died : . . 
• • 

: 

. . 

. . . • . • 

• • 
• • 

1 

2 

4 

1 
1 

1 

. . 
:1( + +) 

:2(+ +) 

:4(+ +) 

:1(+ +) 
:1(+ +) 
: 

:1(+ +) 
• • 

. • 
: 

. . 
• • 

. • 
: 
: 

• • 

1 

1 

0 

1 
1 

1 

. . 
• • 

• • 

• . 
. • . • . . 
: 
: . . . . 

·----------------~:------~----------~·--------~: 
:Pamaquin ; 1 :1 (+ +) : 0 ; 

• :Phenamidine 
• 

:Pentamidine 
• • 
!Quinacrine 
• 

:Spirotrypan 
• • 
• • 

:Terramycin 
• • 

• • . • 

. . 

. . 

. • 
: 

• • 
• • 

1 

2 

3 

4 

2 

:1 (+ +) 
• 

:2 (+ +) 
• • :3 (+ +) . 
:1 (+) 
:2(+ +) 
:1(+ + +) 

:1 ( +) 
:1 (+ +) 

• • . • 

. • 
: 
• • 

. . 
: 
• • 

. • 
• • 

1 

0 

1 

0 
1 
1 

0 
1 

• • 
• • 

• • 

: 

• • 
• • 

• • 
• • 

• •• • • 
~·----------------~------------------~·----------· !Trypan blue 
• 
:Tubomel (IUH) 
:and P.A.s. 
• 

. • . • 

. . 
• • 

1 

2 

• • :1 (+ +) : 
• • 

!2 (+ +} 
• . • 

. • . . 
: 

0 

0 

. • . . 
• . 
• • 
• . 

In conclusion it can be stated that the apparent 
cures should be considered with full knowledge that sponta­
neous recovery in rabbits auffering from besnoitiosis is 
common. Consideration of these results permits the con­
clusion that no really satisfactory chemotherapeutic treat­
ment has yet been found unless the curative effects of 
sulfamerazine should be fully confirmed. 

The observations on the chemotherapy, and the 
criteria used for assessing the value of drugs as cures are 
presented with the hope that they will serve as guides for 
future investigations. 
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PROPI1YLAXIS 

Consideration of the gradual dissemination of bovine 
besnoitiosis into the potential enzootic regions in the 
Northern Transvaal, and the sporadic outbreaks of equine 
besnoitiosis within the same regions, as well as in the 
Eastern Cape Province and Zululand (vide supra - EpizBo­
tology) makes it apparent that effective prophylactic 
measures for the prevention of the spread are dependent 
upon determining the natural QOde of transmission and 
the host range of B. besnoiti in nature. Since the cycli­
cal incidence during the summer months suggests that an 
arthropod may be involved in the transmission, the use of 
reliable arthropodioides seems to be a feasible control 
measure. As dipping tanks and spray races are available 
for the control of tick-borne diseases on many farms, the 
proposed prophylactic measure c~,therefore, be conducted 
without extra costs. It may also be of value to elimi­
nate chronically affected cattle ~s they may serve as 
reservoirs for the infection of vectors. 

The development of a reliable method of immunization 
needs sarious consideration as this will overcome defects 
of other prophylactic measures. The ideal method of 
immunization will involve the artificial infection of 
cattle, and controlling the ensuing reaction with a spe­
cific drug. Its application is dependent upon the avai­
lability of an adequate source of the infectious agent 
and a reliable chemotherapeutic agent. The former re­
quirement can be fulfilled by using artificially infected 
rabbits as reservoirs, while the second one still needs 
to be determined. 

Although experiments have shown that artificial in­
fection of mature bulls is followed by a relatively mild 
form of besnoitiosis, observations on spermatogenisis have 
revealed that a temporary sterility may persist for periods 
of up to six months. Recognition of this complication 
makes it apparent that a specific remedy is urgently needed. 

Another approach to the immunization is the artificial 
infection of very young stock. As severe reactions, 
following a natural infection, have not yet been observed 
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in this age group, it is believed that equally mild 
reactions will follow an artificial infection. 

IMMUNITY 

Studies on the nature and duration of the immunity 
in bovine besnoitiosis were basad on observations made 
on cattle that survived a natural infection, and on cattle, 
sheep, goats and rabbits which recovered from an artifi­
cial infection. Criteria used for assessing the immunity 
were founded on the persistence of parasitic cysts after 
recovery, and the clinical and spermatogenic response to 
challenge. 

No reference to immunity could be found in the lite­
rature other than that of Hofmeyr (1945) who stated that 
farmers in the Rustenburg district (Transvaal) had never 
seen a second attack of besnoitiosis in cattle. The 
reason for t~e solid immunity became evident subsequently 
when it was found that recovered cattle remain carriers of 
parasitized cysts for life (vide supra- Pathogenicity). 
It may thus be concluded that naturally recovered cattle 
develop a premunity. 

A few observations on the nature and duration of immu­
nity following recovery from an artificial infection were 
conducted on an ox No. 5870 ~Table B), a bull No. 5873, 
two billy goats Nos. 1952 and 3171 (Table G) and a ram 
No. 86569 (Table D of the Appendix). The immunity of ox 
No. 5870 was challenged 7 months after infection, that of 
bull No. 5873 after 13 and 36 months, that of goat No .• 
1952 after 6 and 19 months, that of goat No. 3171 after 
4 and 18 months, and that of ram No. 86569 14 months after 
infection. In the case of the bull and the two billy 
goats attention was paid to the spermatogenisis after the 
first immunity test. Careful observations failed to re­
veal any clinical symptoms and indications of aspermato­
genisis. 

The immunity of 18 rabbits was challenged at various 
intervals of up to 112 days after recovery from an ar·i;ifi­
cial infection. A thermal reaction which persisted for 
three days was observed in one rabbit two days after 
challenge. Examination of blood smears failed to reveal 
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any parasites. The remaining rabbits remained normal in 
every respect. Since sections prepared from skin biopsies 
taken at the time when the immunity tests were applied, 
revealed B. besnoiti cysts, it is concluded that the nature 
of the imm.uni ty in rabbits is the same as in ca·ttle, 
namely an iromuu1itas non sterilisans. It thus becomes 
apparent that the proposed method of immunization can 
be relied upon to impart a durable immunity. 

( 1) 

( 2) 

(3) 

( 4) 

(5) 

(6) 

(7) 

(8) 

(9) 

SUMMARY AND CONCLUSIONS .. 

A brief historical review of bovine besnoitiosis 
is given. 

The importance of the disease as a veterinary and 
economic problem is stressed. 

The identification of the causal agent, Besnoitia 
besnoiti (Marotel, 1913) has made it possible to 
give a concise definition of the disease. 

The synonyms of bovine besnoitiosis are listed. 

The distribution of bovine and equine beanoitiosis 
in :b"urope and Africa, and the occurrence of murine 
besnoitiosis in the United States of America are 
recorded. 

A detailed account of the aetiology, based on obser­
vations made on rabbits and cattle, is offered. 

Systematic studies on the development of the para­
site cyst revealed that the cyst wall is of somatic 
origin. 

The inner and intermediate membranes of the wall 
are derived from the markedly hypertrophied ~oly­
nucl$ated host cell, the histiocyte, while the outer 
wall is formed by collagenous fibres. 

~he term pseudocyst, as applied by Jacobs (1956) 
for the Toxoplasma cyst, where the cyst wall is also 
of somatic origin, should be used in the same sense 
for the Besnoitia cyst. 

(10) Certain chemical components ot the parasite and 
cystic wall have been determined by histochemical 
tissue reactions. 

(11) Aser~al reproduction by longitudinal binary fission 
within, either monooytes or histiocytes, is the 
only form of multiplication in the vertebrate host. 
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~he "Fuls" B. besnoiti strain has been maintained 
by serial passage in rabbits for 125 generations. 
A gradual decrease in virulence of the parasite 
was noticed as the passage level increased. 

B. besnoiti remains viable in oitrated blood for 
48 hours at 2000 and for 96 hours at + 400. 

A detailed survey of the complicated history of the 
nomenclature of certain Protozoa included in the 
genera Balbiania, Eesn~itia, Eimeria, Fibroctstis, 
Gastrocystis, GlCobidium~plo,astrocystis,leocystis, 
Lymphocystia, Sarcocystis and oxoJlasma is given. 

Evidence has been brought fonYard that Besnoitia 
is a valid genus, that it is related to the genera 
Fibrocystis and Toxoplasma but distinct from any 
of the remaining genera. 

Absence of any characteristic features does not 
permit placing the ~enera Toxoplasma, Besnoitia 
and Fibroc~tis in \ny natura! scheme of vlassifi­
cation in he Pr;Jt~~oa, and hence it is pro­
posed to group thi thGm as "Parasites of Doubtful 
Natpre". · 

It has been determined that besides cattle and rab­
bits, sheep, goats and guinea pigs are mtsceptible, 
while two horses, a dog and several mi~~, rats, 
fowls and dasaies failed to develop a ~Proscopic 
infection abd clinical symptoms after artificial 
infection. 

(18) The pathogenesis is discussed. 

(19) The natural mode of transmission is obscure. 

(20) Information on the epizootology is limited. 

(21) The symptomatology of bovine besnoitiosis in cattle, 
sheep, goats, rabbits and guinea pigs is described. 

(22) Bulls that survive a natural infection develop either 
a temporary or permanent st•rility. 

(23) A temporary sterility, as determined by systematic 
microscopic semen examination of artificially in­
fected animals, persisted for approximately six 
months in two bulls, for ci>out three months in a billy 
goat, and £our months in a ram. 

(24) Methods for making a diagnosis are described. In 
inapparent or atypical infections in male ~ninants, 
aspermatogenesis can be used as a guide for making 
a diagnosis. 

(25) Investigations on bovine besnoitiosis have not advanced 
far enough to evolve reliable prophylactic measures. 
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( 26) Animals that survive either a natural or an artificial 
infection develop a durable premunity. 

(27) Photographs show~ the course of the disease in a bu1l, 
the pronounced sclerodermatitis in a chronically 
affected animal, the development of a parasitic cyst 
in a bull and a rabbit, and the morphology and method 
o~ reproduction of B. besnoiti are presented. 
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A. The course of severe bovine besnoitiosis in 
e naturally infected bull No. 6851 (Fig. 1-6). 

Fig. (1) Clinical symptoms during the first 
pha se of the disease. Note the moderate 
oedema of the limbs. 

Fig. (2) Hindview of bull on same day. 
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Fig. (3) Clinical symptoms during second phase 
of the disease, t hirteen days later. 
Note decubitus wound on hip and well 
defined thick skin folds. 

Fig. (4) Hindview of bull on s ame day. 
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Fig. (5) Clinical symptoms during third phase of 
the disease, 35 days later. Note pronoun­
ced emaciation, markedly thickened skin 
folds and circumscribed areas of alop<?ciFl .. 

Fig. (6) Hindview of bull on same day. 
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B. Advanced case of chronic bovine besnoitiosis in a 
naturally 1nfected cow. N·o. 6547 (Fig. 7 and 8). 

Fig. (7) Clinical symptoms four months after 
infection. Note emaciation extensive 
alopecia and indurated wrinkly skin. 

Fig. (8) Head of cow on same day. Note dry and 
crusty nasal discharge and alopecia. 
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C. Typical case of bovine besnoitiosis in an 
artificially infected rabbit No. 89 (Fig. 
9 and 10). 

Fig, (9) Pronounced oedematous swelling of ears 
particularly the left one. 

Fig. (10) Same rabbit showing oedematous swelling 
of scrotum. 
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D. Skin sections of bull 6851 showing the 
development of B besmoiti cysts over a period 
of five weeks (Fig. 11-16). 

Fig. (11) Enlarged uninuclear histiocyte 
surrounded by connective tissue fibres 
four days after height of thermal 
reaction x 480. 

Fig. (12) Enlarged uninuclear histiocyte c ontaining 
two B besnoiti parasites on the 7th day 
x480. 
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Fig. ( 14) 
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Enlarged binucleated histiocyte contain­
ing four parasites on 8th day x480. 

Group of multinucleated histiocytes 
containing vacuoles with parasites and 
surrounded by connective tissue fibres 
on 13th day x480. 
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Fig.(l5) Young cysts with well-defined walls each 
containing several hostcell nuclei, and 
vacuoles harbouring parasites on 24th day 
x480. 

Fig.(l6) IIDL~ature cyst with distinct wall and inner 
membrane surrounded by distorted multi­
nucleated histiocyte on 35th day x480. 
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E. Skin sections of cow No. 6547 prepared four 
months after natural infection. (Fig. 17 and 18). 

Fig.(l7) Mature cyst showing well developed wall 
and numerous parasites x480. 

Fig.(l8) Group of mature cysts one showing 
bilobular parasitic masses xl20. 
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F. Skin s ections of an artificiaily infected rabbit 
No. 89 prepared 14 and 18 days after height of 
thermal reaction. (Fig. 19 and 20). 

Fig.(l9) Uninucleated histiocyte harbouring 
a vacuole with parasites x 480. 

Fig.(20) Two developing cysts harbouring a host 
cell nucleus, and vacuoles with parasites 
and surrounded by connective tissue fibres 
x480. 
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G. Parasites as seen in blood smears .of different 
rabbits. (Fig. '21-24) • 

• 

• 

Fig.(21) Contracted extracellular parasites xll25. 

Fig.(22) Monocyte with distorted cytoplasm and 
surrounded by parasites, one of which, 
is binucleated and in the process of 
binary division. Note the darkly staining 
cap-like structure at polar end of the 
uninucleated free parasite xll25. 
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Fig.(23) Monocyte with distorted cytoplasm and 
parasites in the process of reproduction. 
Note nuclear division in centrally situ­
ated parasite x 1125. 

• 

Fig.(24) Monocyte harbouring parasites. Note 
schizont-like structure which probably 
represents an aberrant form. xll25. 
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APPENDIX TABLE A 

RESISTANCE OF B. besnoiti TO PHYSICAL AND CHEMICAL AGENTS 

: S I : I l : : l : : 

:Rabbit:Donor:Date of :Dose of: S t o r e d b 1 o o d :Incuba-:Examination of: Clinical :Duration:Severity: Result 
:No. :No. :infection:blood : :tion :blood smears : Symptoms :of dis- :of : 
: : : :in ml. : __ T_i_m_e-----.-----~--------------------:period : : : : iease in :reaction: 
: : : & z ;Max. • Anticoagulant :in days: Date :Para-:Oedema:Max. :days : : 

• temp.: it t 
: 
• "344 
I 
: 
• • 
: 
:346 
• • 

: 
:348 
• • 
!1261 
• 
:1262 
• 
:1259 
• 
:1260 
• • 
I 
• • 
!1257 
• 
:12i8 
• • 
: 
• 
:1267 
• 
: 
s 

!1268 
• 
:1748 
• 
:1752 
• 
:1749 

• • 
: 

: 
: 

• oc • : : : s es: : emp.: : : 
: • : : : : : 0]' • : : : 

: : 
: : 

: 338 :6/10/54 
• • 
• • 
: 
: 

• • 
• • 
• • 

: 338 :7/10/54 
: : 

! 338 !7/10/54 
: : 
: 338 :7/10/54 
: 

: 348 
• 
: 348 . 
• 348 
: 

. • . • 

348 

• • 
!22/10/54 
• 
:22/10/54 
:22/10/54 
• 
:22/10/54 
: . • 
: 

0 
: . : 
1
39.0 ,sodium citrate : 6 

: 
: : : : : 
: : : : : 
: : : : : 
:5.0 ip.:0.5 hour :20.0 :Potassium oxalate : 7 
: : : : : 

:5.0 ip.:o !39o0 :xEdington•s solution! 15 
• • • • • . . • • 
:5.0 ip.: 0 
• • • • 

• • • 
;39.0 ;xEdington's solution; 10 
• • : : 

!5.0 ip.:1.5 hours!2o.o ;xEdington•s solution! 
;5.0 ip.;l.5 hours;20.0 ;xEdington's solution; 
!5.0 ip.!1.5 hours:2o.o !sodium citrate ! 10 
• • • • • 
:5.0 ip.:l.5 hours:20.0 : Sodium citrate : 10 
: 
: 
: 

• • 
: 
• • 

• . . • 
• . 

• • 
• . 
• • 

• • 
• . 
: 

~ 344 !22/10/54 !5·0 ip.:24 hours !20.0 :sodium citrate 
: 344 :22/10/54 :5.0 1p.:24 hours :20.0 :Sodium citrate 

. 
; 5 
:10 

: • • • • • • . • 
I : : : • • • • 

: 344 !2/11/54 !4.0 ip.!12 days 
!1279 ;*l/12/54 ;5.0 ip.; 0 

• • ;-76.o;sodium citrate 
: 39.0:Sodium citrate 

: : 
• :344 :2/11/54 
• • 
:346 :5/1/57 
• 
:346 !5/l/57 
• • 
:119 :5/1/59 

• • : : : 

ip.:l2 days !-76.o!Sod1um citrate 
ip.:26 months:-76.0:Sodium citrate 
1p.:26 months!-76.o!sod1um citrate 
ip.:30 months:-76.0:Sodium citrate 

• • . . 
: 
• • 
: 9 
: 
• • 
: 
• • 
: 

• • 

: + 
: !18/10/54: + 

.19/10/54: + 
: 20/10/54 : + + : 
:21/10/54: + + : . . : 
:20/10/54: + + : + 
:21/10/54: + ++: 
:2/11/54 !+ : + 
:3/11/54 :+ + : . . : 
:21/10/54:+ + +:+ + + 
:22/10/54 :+ + +: 
: 
• • 
• . 

. • 
• . 
: 

!3/11/54 :+ . : 
:3/11/54 :+ + 
:4/11/54 :+ 
:5/ll/54 :+ 
• • . • 

:1/11/54 :+ 
:3/11/54 :+ 
:4/ll/54 :+ 
:5/11/54 :+ + 
• • : 
: : 
:14/12/54:+ 
:15/12/54:+ + 
: . .. . • 

• • 
• • 

• • 

: 

:+ 
• • 
• • . • 
• "+ 
: 
:+ . . . • 

: 
• • 
: 
• • 
: 
• • 

-
-

: a : .1,4.4. 
• • 
: 
• • : 
• • • • 
:105.4: 8 
• • : 

. . • • 
:105.4: 5 . • • • 
• • 
:103.0: 
• • 
:103.8: 
:1o6.o: 
• • 
:106.8: . . 
• • 
• . 
• • : 
=105 a= : . : 
:105.6: 
: 
: 

• • 
• • 

: : ,103.0. 
• • 
:106.6: 
: : 
: . 
,103.2; 
:102.6: : 

: 
: 

. : 
: ;100.4: : 

9 

8 
7 

8 
7 

7 

:+ + 
: 
: 

:+ + 
: 

• • 
:+ + + 
• • 

: 

• :+ + • 
Z+ + 
: 
: 
: 

• • 

• • 
:+ + 
: 
• • 
• • 
z 
I 

: 
: : - : :103.0: : 

• :Died 
• 

: 
: 
:Recovered. 
: 

!Recovered. 
• 
: 
:Died. 
• • 
!No reaction. 
• 
:No reaction. 
• :Recovered. 
• 
:Recovered. . • . • 
: 
• :Redovered. 
• 
:Recovered. 
• • 
• • 
=No reaction • 
: 
:Recovered. 
: 
• ·No reaction • • . 
:No reaction. 
• :No reaction. 
• 
:No reaction. 

• • 
:. 
I 
:, 
: 
: 

: 
: 
: . • 
l 
: 
: 
: 
: . . 
: 
• • 
• • 
• • 
: 
• . 
: 
• • 
• • 

: . . 
: 
: 
: 
: 
: 
: 
• • 
: 
: 
: 
: 

: 

=-------=-----=--------~: ------~:--------~=-·----~=-------------------~=------~~-------M=~--~=------~=----~=------~=~------~:------------~ 
!1296 !1289 !20/12/54 :5.0 ip.!o !39.0 !sodium citrate ! 9 :3/1/55 :+ + : !lo6.o! 9 ! + + :Recovered. 
• • • • • • • • :4/l/55 1+ + +: • • • 
: : : : : : : : . : : : : : 
:1314 :1296 :6/1/55 :5.0 ip.:48 hours :20.0 :Sodium citrate :12 :24/1/55 :+ : + :106.2: 

: : : : : :2 5/l/55 : + + : : : • • 

: 
: 

: 
: 
: 
• . 

• • 

:1296 
: 
:1341 
• :1296 
• 
• • 

• • 

:6/l/15 
: 
:*4/3/55 
:6/1/55 
• • 

!1341 !*4/3/55 
• • 
: : 

!5.0 ip.:48 hours !20.0 !Sodium citrate and ! 
: : • .!ntibiotics . . : . : 
:5.0 ip.: 0 :39.0 :Sodium pitrate 
:5.0 ip.!48 hours ! 20.0!Eodium citrate and 
: : ; ;lantibiotics 
• I ;5.0 ip.: 0 
• • : 

• • ;39.0 ;sodium citrate 
: . • 

: 
: 
• • 
: 
: 

• . 

-
5 

7 

: 
: 

: . . • - : 
: 

: : : 
:10/3/55 :+ :+ 
: : : 
• . 
: 

!16/3/55 
:17/3/55 
• 

• • 
: • • 

• • :103.0: 
• • 
: : 
:104.8: 
: . 
.106.6: 
• • 
• • : 

• • 

7 

9 

8 7 

: + + 
: 

: 

• • 
: 
: . 

+ 

• + + 
• 
• • 

• . 
rRecovered. 
• • 
• :No reaction. 
• 
: 
:Died 
• ;No reaction. 
: 

!Died. 
• 
: 

: 

: 

• • 
: 
: . • 
: . • 
• • 

: 
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APPENDIX TABLE A (continued). 

RESISTANCE OF B. besnoiti TO PHYSICAL AND CHEMICAL AGENTS. 

' : : : : : : : : : : 
:Rabbit:Donor:Date of :Dose of: S t o r e d b 1 o o d :Incuba-:Examination of: Clinical :Duration:Severity: * : 
: No. : No.:Infection:blood =--------~~-----------------------:tion ,blood smears : Symptoms ,of dis- :of : 
: : : :in ml. : :Max. : :period : : : 1 ,ease in •reaction: 

days ; : Result 
I 
: 

: 
: 
: 
I 
:1307 ... • 

. ': 1319 

' : 
: 
1320 
: 
: 
:1322 

I 

:1323 
: 
: 
: 
: 
:1750 
: 
: 
i 
I 
:1482 
I 
: 
:1486 
I 

11489 

: : 
: 

: 
: 

: : 
I 
: : 

temp. 1 Anticoagulant :in days: Date :Para-·= oedema :Max. : 
~oc. : : : :sites: :~emp.: : : 
• : I : : : : F. : : : 

Time 

: : I : 
5.0 ip: 

: : : : : : : : : 
:1294 :30/12/54 : 0 :39.0 :Sodium citrate : 5 :10/1/55 c +++ : + :104.8: 7 : 
: : : : : : 
:1307 :13/1/55 1 5.0 ip: 72 hours:+4.0 :Sodium citrate 
: 
• • 

: 
I 

: : 
:1307 :14/1/55 
I I 

I : I : 
: : I : 
: : : : 
: 5.0 ip: 72 hours:+4.0 :~odium citrate and 
: : : :11 antibiotics 

: : I : : : 
:1307 :14/1/55 : 5.0 ip: 96 hours:+4.0 :Sodium citrate 
I I I I : : 
I I I : I : 
:1307 :14/1/55 : 5.0 ip: 96 hours:+4.0 :~odium citrate and 
: : : : : :11antibiotics 
: : : : : : 
:1341 :*4/3/55 : 5.0 ip: 0 :39.0 :sodium citrate 
: : : : : : 
:1307 :5/1/57 : 4.0 1p:24 months:-76.0:Sodium citrate 

:1815 :~19/3/57 ! 5.0 ip! 0 !39.0 !sodium citrate 
f : : I : : 
: : : 
:1474 :28/1/56 

I 
ip: 

: : 
0.5 houni20.0 :Heparin 

I I I : I : I 
: 7 :24/1/55 : ++ : + :105.8: 4 : 
I :25/1/55 I +++ I l I : 
I I : I : : I 

I : : I I I I 
: 8 :24/1/55 I + : + :106.2: 6 I 

: 125/1/55 : +++ : .: : : 
I : : : I : : 
: 6 :25/1/55 : ++ : :105.4: 7 : 
I :26/1/55 I +++ I : I I 
I I : : I : I 

I - I I - : 1103.4: 
I I I I I I 
: I I : I : 

110 116/3/55 : ++ : :105.6: 
: 
: -
: 8 
I 

I 
: 

: : 
z : 

!31/3/59 : 
: 
: 

I 
• • 

+ 

: 
: 
: 
• • 
: 
• • 

+ 

: : 
:103.0: 
: I 
:105.6: 
: s 
I : 

9 

-
7 

: 

I 
: 
: 
: 
I 
: 
: 
: 

: :105.6: : 6 + 

++ 

++ 

++ 

++ 

++ 

-
++ 

++ 

• • 
:Recovered. 
: 
:Died. 
: 
I 
I 
:Died. 
: 
: 
:Died. 
I 
: 
:No reaction. 
t 
: 
:Recovered. 
: 
:No reaction. 
: .Recovered 
• 

: 
:Died. 

I 
: 
• • 
: 
: 
: 
I 
z 
l 
: 
: 
: 
: 
: 
I 
• • 
I 
: 
: 
: 
I 
: 
: 
: 
: 
• • 
• • 

: I 
: 5.0 
: I I : 

I 4 
: 

: 2/2/56 : 
: 3/2/56 : 

+ 
+ : : : I : 

• • 
:1474 
: 
:1474 
: 

: 
:29/1/56 
I 

:31/1/56 
: 

I 
I 5.0 
: 

I 
ip:24 

I : 
hours :37.0 :Sodium citrate 

: . • 
: 
• • 

I I : : I : I 
1 : :103.2: 1 :No reaction. : 

: : : I I I : : l I I 

: 5.0 ip:96 hours :20.0 :Sodium citrate : - z : 1 :104.01 - : :No reaction. 1 
: I I : I I I : : I I I I 

: I : : I : I I I : : : : : : I 

:-----~~~--~~~------~,-------~~------~~----~,------------------~,------~,--------~~--~~------~~----~,------~~--------~~------------~,-
:1535 
: 
: 
:1536 
: 
: 
: 
: 
:1803 
: 
: 
:1804 
• • 
: 

:l510 :27/4/56 : 5.0 ip:30 days :-18.0:Sodium citrate : - : - a : :103.2: a - :No reaction. 
:1552 :*14/6/56 : 5.0 ip: 0 : 39.0:Sodium citrate : 5 1 ? : ? : :104.6: 7 : + IRecovered. 
: : I : : I I Z I I I I I I 

11510 
:1552 

:27/4/56 : 5.0 ip:30 days :-18.0:Sodium citrate : : - : : :104.0: : :No reaction. 
:*14/6/56 : 5.0 ip: 0 : 39.0:Sodium citrate : 6 :25/6/56 : ++ : + :105.8: 8 : ++ :Recovered. 

: 
: 

: 
: 

: 
: 

: 
• • 

: : I I 
:1791 I 22/2/57 I 5.0 ip: 
: : : : 
: : : : 
:1791 : 22/2/57 :10.0 ip: 
: : : : 
: : : • • 

0 

0 

• • 
: 

. . 
: 

: : 
: 39.0:~dium citrate and 
: :~antibiotics 
: : 
: 39.0:Sodium citrate and 
1 :¢ antibiotics 
I : 

•Immunity, xEdington's solution= 500 ml. water 
500 m1. glycerine 
5.0 ml. carbolic acid 

: 
: 
• • 
:14 
: 
: 
: 8 
• • 
• • 

5.0 gm. potassium oxalate. 

• • 
• • 
: 

: 
• . 
: 

:14/3/57 : 
: 
: 
:6/3/57 
: 

: 
: 
: 
: 

: 

+ 

+ 

: 
: 
: 

: 
• • 

• • 
• • 

-

• • 
: : 
: : 
:106.4: 
: : 
: : 
:105.4: 
: : 

: 

10 

6 

I 

: 
: 
: 

: 
: 
: 
: 

++ 

++ 

¢Antibiotics = 500 units of penicillin and 
150 micrograms streptomycin 
per 1.0 ml. blood. 

I 

: 
:Recovered. 
I 
: 
:Died 
: 
: 

: 
: 
: 
: 
: 
: 
• • 
: 
: 
: 
: 
: 
: 
. • 
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:Animal : Origin 
:No. : 
• • 
• • • • 
• • . . 

-108-

APPENDIX TABLE B. 

ARTIFICIAL TRANSMISSION OF B. BESNOITI TO CATTLE ------------
-----------------------------------------------------. . . . . 
• • • • • • • ·---------------------------------------------. • 

• • 
. . . • 

• • 
• • 

Donor :nate of 
:infec­
:tion 

Microscopi£al observations 
:Dose : I neu ~a.= 
: 0 f :ct~ : Trophozoites in Cysts in skin : Clinical symptoms 
:blood:per1~d= ____ smears ------.--~s~e~c~t~i~o~n~-----· 

Remarks • • 
• • 
• • 

• 
• • 

=. ml o i v. =. I n c.l ~'i $ =.- : : : • • ~ • Date :Results : Date :Results 
• • . • . . . . . . . . . . . . 

-:----·---·~.------------7-------------.--------~:-----.~·------:~------~:~-------~:~------~:~--------:---------·----------------.-----------------------7 
;Cow ;Lydenburg ;Naturally ;28/12/53;1000 ; ? ; ; ;20/l/54 ; + ;No fever or oedema of ;vey mild case. ; 
:6793 :Received :infected ox : : : : : : :subcutaneous tissues. . . . • . • . . 

:31/1/53 :which died : 
• . . . :from besnoi-: 

:tiosis. : 

. • . • . • 

• . . • . • 

• . 
• • 
• . 

• . . • 
• . 

• • . . 
• . 

. . . • . . 
• • . • . . . • 

• • 

. . 
+: -Ox-----t:~Ru-s_t_e_n,b_u_r_g_:t-------t-----+----+~--~:.-l-/--2-/_5_4-+: G_,l_a_n_d_+--: 1_8_/_2_/_5_4--t:--:--~ Feve; 10 34° F 28/1/54 1 ~ela ti vely mild symp- : 

:6840 :Received : : : : :Oedematous swelling of:toms. Skin after 2 : 
• • :29/1/54 : : : : : : :front limbs below the :months showing sclero-: . • :Natural : : : : : : :knees and dewlap. :derma accompanied by : . • :case • 

:Heifer :Rustenburg :6840 
:6839 :Received : 

:29/l/54 
• . 

:Bull 
:6851 

. . . • 
• • . • 

:Ox 
:5895 
• • . • 
• • 
I 
:Ox 
:5887 
• . 

. . . . 
• • 

:Pretoria 
:district 
• . . . 
• • 
• • 

• . 
:Available 
:animal 
• • 
• • -+ 
:Available 
:animal . . 

. • 

. • 

. . 
• . 
• • . . 
• • 
• • 

• . 
:6851 
• . 
• • 

:(R) R.T. . • 
• • 

: : : :depilation. : 
----+--------+-----+-+-----·-+--------~--------~~~--------~~------ I -+ 

:28/l/54 :1000 : 10 :8/2/54 :Blood + :20/2/54 : + :Febrile reaction for :Mild reaction showing : 

• . 
. . 
. . 
• . 
• • . • . . 
• • . . 
. . 
:2/2/54 . . . . . . 
• 

. . 
: . • 

. • . • . • . • 
• • 

. . 
• . 
• • 

. . 
• • 
• • 

. • 

. . • • 
:1000 : . . • • . . . . 
• • . . 

:15/2/54 :13 • • 
• . . • • . • • 

• • 

6 

7 

. . 
• . 
• . . • 

:4/2/54 
• • 
• • . . . . 
• . 
• • 
• • . • 
• . 
• • 

. . • . . . 

:Blood + :9/2/54 
:Gland + . • 
• . 
• • 
• • 
• • 

• • . • 
• • 
• . 
: 

. . . . . . 
• . 
• • 
:8/3/54 
• . 
• • 

. . . . . . 
• . . . 

:3 days. Highest tempe+slight scleroderma : 
:rature 106.80F. Oede- :and depilation. : 
:matous swelling below : : 
:the knees from 12/2/54: : 
:to 16/2/54· : 

-+-----------a-----------------·------· +------------------------~ 
: 3 + 
• • 
• • 
• • 
• • 
• • 
• • 

. • . • 
• • . . . . 

+ 

:Febrile reaction for :Acute reaction accom- : 
:3 days. Highest tem- :panied by anasarca and: 
:perature 106~6°F.Oede-:scleroderma. Died on : 
:matous swelling of all:l4/3/54 in a very : 
:limbs, dewlap and skin:cachectic condition. : 
:of thorax from 2/2/54 : : 
:to 6/2/54. : : 

• • • • 
:Febrile reaction for :Very mild case • 
:3 days. Hi£hest tempe-: 
:rature 106~F. No swel-: 
:lings • 

• • . • 
• . . . . • 

·----+--------+---------+--------+-------·--------------~~-----------------------·---+ 
. . . . . . 

• • . . . • 

:10/3/54 : . . 
• • 

. . . . 
+ :No swellings noticed. :Mild reaction • 

:Highest temperature 
:107°F • 

• • . . 
• • 

+-------+------------.-------------+·-----------++------+1------+--------+--- ·--------+1----- I 

:Ox 
:5870 . . 
• . . . 

:Available 
:animal. 

:Ox 5887 :25/2/54 :250 9 :6/3/54 :Blood + : 

. . 
. . . . . . 

• . 
+ = Parasites very rare. 

. • 
• • 
• • 
• . 

. . • • . . . . . . . • 

. • 

. . 
• • 

. • 
• • . . 
• . 

2 + = Parasites fairly frequently. 

. • . • 
• • 
: . • 

:Oedema of front limbs.: 
:Highest temperature 
:l05"8°F • 
• . 
• . 

. . 
• • 

(R) = Rabbit. 

. • 
• . 
• • 
• . 
• . 
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APPENDIX TABLE C 

Serial Passage of the Fuls B. Beanoiti Strain in Rabbits. 

;Gen 1 Donor 1No. of1Date of 1 Dose of~No. 1Serial No 1 1 

! ; !reci- !infectiot blood ;that !of rabbit; H 1 5 t 0 r; of s e 1 e c:t e d d:ono r : 
1 

! 
1 : 1pients 1 3 in ml. 1re- 1selected :Incub.~ Examination of ; Clinical sympt~Duration:Severity:Died:Killeda 
z 1 : : : :acted: 1 period: blood 8iears 1 1 1 of dis- : of reac-i : : 
: : : : 1 : : :in : Date :Parasites: Oedema :Highest :ease in : tion. 1 : : 

a : : 1 1 : : :days : : : :Tempera-:days : : : : 
I I I I t : I : : : : ature OJ' : : : 1 : 

: l :ox 6840: l :28/1154 ;5.0 ip.: 1 : RB ; .5 :1012154 : + : + + : - : 3 ! + + : + : - 1 

: 2 : RB ; 3 : 1012154 : 3. 0 i v. ; 3 : 2 : 6 : 1612154 : + ; + + : 106. 2 : 12 ! + + : + : 
I : : : : . : : I 1712154 : + : I : : : : . • 
.---+-~----~----~-------+--------~--~~-------+------~------~-------+--------~------~-------+------~~--~-----: 
I 3 : 2 I 2 :1812/54 :10.0 SCe: 2 I 24 : 14 :413/54 S + + : + + : 106.8 : 3 :+ + + + : - : 

: : : : : : : : : 5/3/54 : + + : : ; : : : 
• • 

~=--~=------~·----~=~------~=--------·~--~=~------~=------~=6~/~3~/~5~4~~~+~+--~=--------~=------~=~------~------~=~--~=~----= 
: 4 : 24 : 2 !4/3/54 :2.5 sc : 2 : 39 : 13 :18/3/54 :: + : + : 107 .o : 3 :+ + : + : 
• • : • • I : : • : I : : : : 

: : : : : : : : : 19 I 3154 : + + : I : : I 

: : I : : I : : : 20/3/54 ! + + : i : : : : 
I 5 : 39 I 2 11913/54 12.5 ip. I 2 I 54 : 8 12913154 I + : + f 106.2 I 4 :+ + : + : 

: : : : : : : : : 3113154 : + : : : : : ! 
I I I : I I I 11/4/54 : + + : I I : I : 

: 6 : 54 : 6 :31/3/54 :2.0 ip.: 5 : 58 6 :v4/54 ; + + : + = 106.6 : 4 :+ + : + : -

: 7 : 58 : 2 :7/4/54 :2.0 ip.: 2 ; 67 6 ;1514/54 : + : + + : 106.4 : 5 !+ + : + : 
: : : : : : : : 20 4 + + : : : : : : 

1 8 ; 67 : 6 ;2014/54 :3•0 iP•: 1 80 • 6 ;2914154 ; + ; + ; 105.6 ; 5 ;+ + : + 
I s : I I : : I : s 30 I 4/54 : + + : : : : : 

: 
: 
: 
: 

• • 
: 

: 
: . • 
: 
• • 
: 

• • 

!---+!-------!~----~!~------~:------~!~--~:~-------+!-------~:l~/~5"/~5-4._~:~~+-----+!--------~!------~:~-------+!-------~!~--~!~----: 
I 9 I 80 : 4 :29/4/54 :2.5 ip.: 4 I 83 I 7 :10/5/54 I + : - ': 105.6 I : + : - l + 

slO : 83 I 6 :1015154 :2.5 ip.: 5 : 96 : 8 :19/5/54 : + : : : : : : 
I : : : : : : 98 : 9 :19/5/54 : + + : : 105.8 : : + : 
I: : : : : : : • : : : : : : : 
: : : I I S I I :20/5/54 : + : : 105.2 I : + : : 

:11 :96 a: 98: 3 :19/5154 :2.5 ip.: 2 : 106 : 13 :5/6/54 ! + : + : 106.0 : 38 : + : + : 
I : : S I : I l :8/6/54 : + : : : : : 

: : : : ! : : : :10/6/54 : + : : : 1 : 
: 
I 

:12 : 106 : 2 :516/54 :4e0 ip.: 1 : 109 I 7 :15/6154 : + I + + l 105.6 I 12 : + + : + : 

: : : : : : : : : 16/6/54 : + + : : : : : 
S : S I I : I Z l 17/6/54 I + : Z : l : 

: 
: 
: 

+ 

+ 

I 
: 
: 
I 
: 
: 
: 

: 

-: 
• • 
: 

: 
: & I : I : .· : : :18/6154 : + : : : I : : : 
=-----·--------=~-----=---------=--------t ______ : __________ , _________ . _________ : _________ • ________ : _________ : _________ : ________ : _____ : ______ : 
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APPENDIX TABLE C (continued) 
Serial Passage of the Fuls B. besnoiti Strain in Rabiits 

: : : 
• 
: 

: : : : : : History of selected donor : 
:No. of:Date of aDose of :No. :Serial No: :E · ti f 'Clinical symptoms' : : : : 

• • • • 
:Gen: Donor 
: : :reci- :infectiooblood in:that :of rabbitslncub.: xam2na on ° : :Duration:Severity:Died:K111ed: 

:pientsl :ml :re- :selected :period:b1ood smyars 1 1 eof dis- :of re- : : : 
: 

• • 
: : : : :acted: :in : Date :Parasites Oedema :Highest :ease in :action : 

: : : : : : : :days : : : :Tempera-:days : : . • 
~=--~=-------=~----~=---------=--------=------=----------=------~=--------=--------~-=--------:_t_u_r_e __ o_F._: _________ : ____________ ~=------ 1 
I I : : 2 : : 2 : I : : : & : 

:13 I 109 I 2 :12/6/54 :4.0 ip.: 2 I 112 I 9 :28/6/54 I + : :105.8 I 7 I + + + : 

: : : :15/6/54 :2.0 ip.: : : : : : : 
: 
• • 

: 
: : 

• • 
: 

=----=-------~----~~1~5w/_6./~5•4--:4~·-0---i•p-.: ______ : ___ 1_1~4 ____ : __ 7 ____ :2_8./_6•/~5-4~:_+ __ + _____ : _______ :_1_0~5-·-6 ______ 6 _____ : __ +_+._ __ ~:--+ __ •_. _____ : 

:14 :112 &:ll4! 4 :28/6/54 :5.0 ip.: 2 : 115 : 7 !3/7/54 : + : + + :106.4 : 8 + + : + : : 
I I I : I I J I I 5/7/54 : + : : : : : : I 

!:1:5 ! 115 : 2 !517/54 :5.0 ip.: 2 : 119 !. 5 :14/7/54 : + + ! _t :106.2 : 5 
:16 : 119 : 1 :14/7/54 :6.0 ip.: 1 I 304 I 5 :26/7/54 : + + 2 + :106.0 : 3 

+ + 
I-

: + + 

: 

: + 

• • 

: 

:---+------~----~~-------+-------~----~--------+-----~------~~-------+-------~------~~------+-------~--~~----+ :17 : 304 : 2 s26/7/54 :5.0 ip.: 2 : 305 : 6 : : : + + :106.6 : 5 : + + : + • . 
: . • I : : : : :: : 306 : 8 : :: :: + : 105 • 6 : 6 + :: + 

=------------·------·--------~·--------------=----------·------~=-------------------------·--------~'----------------------: ______ 1 I l : 
:18 :305&306: 

:19 : 316 : 

:20 : 

:21 : 
: : 
: • • 

320 

326 • • 

: 
: : : 
:22 :333&334: 
: : 
: 
: 

: 
: 

:23 : 339 

: 
• • 
t 
I 

: 
• • 
: 
: 
: 

1 24 I 1255 : : 
: : 

:25 : 1264 

. • 
: 

: 
: 
• • 
: 
: 
I 
• • 
: 
• • 

• • 

2 

3 

3 

3 

3 

4 

4 

5 

l : 
:17/8/54 :10.0 

:31/8/54 :5.0 

:11/9/54 :4.0 

:23/9/54 :4.0 
I : 
: • • 
: l 
:5/10/54 :5.0 
: 
: 
: 

• • 
: 
: 

:16/10/5414.0 
; 
• . 
: 

. • . • 
: 
: 

: : 

:27/10/54!5·0 
: 

:8/11/54 :5.0 

: 
ipl 

ip.: 

ip.: 

ip.: 
• • 
: . • 

ip.: 
I . • 
• • 

ip.: 
• • 
• • 
: 
: . • 

ip.: 
• 
: 

2 

2 

3 

2 

3 

4 

4 

3 

• • 

• • 

: 

• • 
: 
: 
: 
: 
• • 
: 

• • 
: 

: 
: 
: 

• • 

316 

320 

326 

333 
334 

339 

1255 

1264 

1273 

. • 
: 

: 

• • 

• • 
• • 
• • 
: 
: 
• • . • 
• • 

: 
I 
• . 
• • 
• • 
• • . • 
• • 

• • 

12 

13 

9 

8 

7 

8 

6 

6 

8 

: : 
:31/8/54 I 

:13/9/54 : 

:23/9/54 : 

:5/10/54 
:6/10/54 : 
• • 
: I 

+ 

+ 

+ + 

+ + 
+ 

:16/10/54: + + 

!18/10/54: + + 
• • 
:19/10/54: + + + 

:26/10/54: + + 

!27/10/54: + + 
• • 
:28/10/54: + + + 

:29/10/54: + + + 

!6/11/54 : + 
• • 
:8/11/54 : + + 

• • 

: + 

: + 

: + + 
: + 
: 
: + + 
: 
: 
• • 

: + + + 
• • . • 
• • 
: 
: 
: 

• • 

+ 

: : : : 
: 104. 8 : 5 : + : + : 

:105.2 

:106.0 

:105.8 
:105.0 
• 
: 
:105.2 

• • 
: 

:106.0 
• • . • . • . • 
: 

• • 

' 4 
: 9 

: 4 . • 15 
: 

. • 

: 

. • 

• • . • 
• • 
• • 
• • 
: 
: 

6 

1 

6 

: + + 

: + + 

: + + 
• • 
• • 

+ 

:+ + + 

: 

:+ + + 
: 
• • 

: 

: + + • • 

: + 

: + 

: + . • + 
: 
: 
: + 
• • 

: 

: + 
• • . • 
: 
: 
• • 
: 
• • 
: 

+ 

• • 

: 

: 
• • 
• . 
• • 
: 
• • 
: 

: 
: 
• • 
• • 
: 
: 
• • 
: 

:19/11/54: + : : + :105.6 6 : + + : + 

-

-

-: 

: 
: 

• • 

• • 

• • . • 

: 

: 
: 

: 
I 
• • 
: 
• • 
: 
• • 
: 
: 

: 

• • • • • :20/11/54: + + + : : : : : • 
-·----·-------·~----~=--------~=--------=----~·----------·------~·--------·-----------------·~--------------~·--------.-----------: 

i:p.: 
: : : • • : • • 

: 
: 

~26 : 1213 : 5 :19/11/54!5-0 ip.; 3 ~ 1279 ! 7 !27/11/54: + : + :106.6 : 5 : + + ; + : ; 
• • 
: 
: 

• • 
• • 

• • 
: 
I 

. • 
z 
: 

: 
: 
• • 

• • 
: 
: 

: 
I 
: 

: 
2 
: 

:29/11/54: + + : 
:1/12/54 : + + + . : 

• • 
• • 

: 
: 
• • 

: 
: 
: 

: 
: 
• • 

. • 
: 
: 

• • 
: . • 
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APPENDIX TABLE C (Cont,) 

Serial Passage of the Fuls B. besnoiti Strain ih Rabbits. 

• 
: : : : : 
: : c : H i s t o r y o f s e 1 e c t e d d o n o r. : 

1Gen= Donor !No. of!Date of 
: ' . • :No : • : Lamination of : Clinical : : : : : 

;nose of • • .Serial Noirncu • blood smears : s~ptoms : : : : : 
: .reci- "infec-
1 ! ;peints:tion 

:blood in;tha~~;ot rabbit;~eri~d; : : : :Duration:Severity:Died:Killed: 
.ml. ,rea .selected •. n da a: f di f • • • 

: : 

:27 : 1279 
• • 
: 
: 
: 

: 
I 
: 
• • 

: : 
:28 : 1286 
: : 

:29 : 
• • • • 
: : 

!30 : • • 
: • • 

1291 

1294 

: 
: 

. . 
• • 
• . . • 

• • . • 
: 

• . 
• • 
• • 
• • 
• • 
• • 

4 

4 

4 

4 

: 
• • 

• ted •as donor .~ Y Date !.Parasite:=oedema :Highest 10 s- :o re- • • • 
& 1 : : : :tempera-:ease in :action. : : : 
: : : : I : : ture o:r:days : : : 

:29/11/54:5.0 ip.: 4 
: 

: 1286 7 :7/12/54 : + 

!8/12/54 :+ + 
• + :105,4 4 :+ + + : + . • 

• • 
: 
: 
: 
• • 

• • 

: 
: 
: 
: 
: 

. • 

:18/12/54:5.0 
• • . • . • 

: . • 

: 

ip.: 4 
• 
: 

ip.: 
: 

4 

4 

: 
: 
: 
: 
: 

: 1291 
: 
: 

: 1294 
• • 
• • . 
: 1305 
• 

: 
: 

• • 

• 0 

: . • 

• • 
• • 
• • 

4 

6 

8 

. : 
:9/12/54 :+ + 
!10/12/54:+ + + . . 
:17/12/54: + + 
:18/12/54: + + 

:28/12/54: + + + 

!30/12/54: + 
• • 

+ !7/1/55 
:8/1/55 : + + 

• • 
: 

: . • 
• • 
• • . . 
: 

+ 

: 
: 
: 
: . • 

:105.8 
• • 
• • 

: 
• • 

• • 

. • 

6 

8 

2 

: 
: 
a 
: 

z 
: 

+ + 

:+ + . • 
: 
I + + 
: 

: 
: 

. • 

• • + 
: . • 

: 
• • . • 
: 
: 
: 

: 
: 
I 

• • . . 

+ : 
• • 
• • 
• + • 
: 
: 

-

: 
• • . • 
• • 

• • 
: 
: 

: 
• . 
: 
• • . • 

+---+-----~~----~-------+------~~--~~-------+------~------~-------+------~~------~-------+------~~--~-----: :31 : 1305 
: 
• • 
• • 

• . . • 
• . 

!32 : 1311 . : 
• • 

:33 
• • 
• • 

: 

: 1327 
• • 
: 

!34 : 1338 . . 

: . • 
• • 
• • 
• • 
: . . 
• • 
: 
• • 
: 
• • 

4 

3 

4 

:8/1/55 
• • 
• • 
• • 

• . 
: 
: 

!20/1/55 :5.0 
• • 
: 

:1/2/55 . • 
: 

• • 
• • 

ip.: 
: 
: 
• • 

• • 

ip.: 
: 
: 

4 

3 

: 1311 
• . . • 
: 
• • 1327 
: 
• • 

4 : 1338 
: 
• • 

• • 
: . • 
• • 

: 
• • 

: 
: 

6 

10 

8 

:18/1/55 : + 

:20/1/55 : + + . : 
:21/1/55 : + 

;31/1/55 : + + 
:1/2/55 : + + + 

+ + :11/2/55 
!12/2/55 : + 

• • 

• • . • 
• . 
: 
• • 

. • 
: 
• • 

+ :105.6 
: . • 
• • 
!106.2 . 
: 

:104.2 

• • 

: 
• • . • . • 
: 
• . 
• • 

. • 
• • 
• • 

9 

3 

8 

: + + 

• • 
: 
: + + : 
I 

: + + 

: 

3 :11/2/55 ;5.0 ip.; 2 : 1344 : 8 :25/2/55 ; + + : ~106.2 ~ ? ! + + 

• • . • . • 

• • . • . • 

: 
: 
: 
• • 
: 
: 
-

+ : 
• • 
: 

: + 

+ : 
: 
• • . • 
• • 
: 

-

+ 

z . . 
• • 
• • 
: 
: . • 

. • 
• • 
• • 
: 
: 

:35 = 1344 = 4 !25/2/55 ==5.0 ip.:: 4 == 1349 : 6 :s/3/55 : + = + 
1
=Lo6.o = ? = + + + 

-·--~=------~=~----~·--------~------~----------------------·--------·-------~=~------~--------=--------=---------=-----=-------= • • "36 • 1349 : : 

:37 
• • 
• • 

. • 

: 1353 
: 
• • 
• • 

:38 : 1356 
: : 
: : 
:39 : 1360 
I : 

: : 
• • • • 

: 
• • 
• • 

• • 
• • 
• • 

• • 
• . 
: 

: 

• • 

3 !7/3/55 :5.0 ip. ~ 3 : 1353 : 6 :17/3/55 : + + : + :106.4 : 6 ; + + 

3 

3 

3 

• • : 

:17/3/55 :5.0 
• • 
• . 
• • 

• • 
• • 
: 

:26/3/55 :5.0 
: 
: 

!7/4/55 
• 
: 
: 

• • 
: 

: 
: 

• • 

ip.: 
I 

• • 

ip.: . • 

: ip •• . 
: 
: 

3 

3 

3 

: 1356 . • 
: 
s 

: 1360 
: 
: 
• : 1361 
• 

. • 

. • 

. • . • 
• • 
• • 

: . • 
: . • 

5 

8 

4 

:18/3/55 : + 

:26/3/55 + + 
!28/3/55 + 
• 
:29/3/55 : + 

:4/4/55 : + 

:7/4/55 ! + + + 

!15/4/55 : + 
• • 
:16/4/55 : + + 
: : 

• • 

. • 
: 
• . 
: 

: 

. • 
: 
• • 

• • 

+ 

+ 

. • 

:106.4 
: 
• . 
• • 

:106.6 . • 
: 

: 
• • 

. • . • 

• • . • 
: 
: 
: 
: 
: 

8 

3 

6 

. • 

: + + 
• • 
: 
: 

:+ + + . • 

:+ + 
: 

. • 

• • + 
• • 
• . 
: + 
: 
: . • 

I + 
• . 
: . 
• + 
: 
• • 
• .. 

: 
: 

• • . • 
: 
: 

: 
• • 
• • 
: 
: 
: 
• • 

-

-
-

: 
• • 
• • 

• • 
• . 
: 

: . • 
• • 
: 
• • 
• • 
: 
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: 
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: 
: 

: 

I 
: 
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A.LPENDIX TABLE C (cont.) 
Serial Passage of the Fuls B. besnoiti Strain in Rabbits. 

: : 
t : 

:No. of!Date of 
:reci- :infec­
;pients;tion . • : 

: 
: 

!nose of 
:blood 
·in ml : . 
• • 

: : 

• • : : 
• 
: 

: : : H i s t o r y o f s e 1 e c t e d d o n. o r. : 
!No. :Serial No; !Examination of :Clinical symptoms: . · : : : : 
:that ;of rabbit;rncub.;b1ood smears 1 1Duration 1Severity'Died:Ki11ed 1 

:reac-.se1ected .period D te •.ParasJ."tom Oedema High t of dis- =of re- : : 
•ted ·as donor "in : a ~ : es 1ease in :action : : : 

:
: .'. ::days :: : : atempe~a-:days. ' : : : 

: : : ture F : : : : : 
: . • 

3 !16/4/55 !4.0 : ip •• 3 1365 • . 
• . 7 :25/4/55 : . : + 

+ + 
+ + 

: 
: : 

: 3 : + + 
: • + 

: : 
: 
: • • 

: 
• • 

. • 
4 

• • 
: I 

: : 
: : 

. • . • 

• 
: 
• • 
• • 
• 

ip.: 
• 
• . 

4 

: 
: 
: 
• . 
: 
: 

1369 

• • 
• • 
• I 

• • 

6 

:26/4/55 : 
!27/4/55 : 
• 

:s/5/55 = 
• 
:6/5/55 : 

+ 
+ 

: 
: 
: . • . • . . 

+ 

: 
2 
• • 

. • 

• . 
: 
: . • 

: 

8 

• • 

• . 
: + + 

• 
: 
• • 
• • . • : + 
: 

: 

• • 

• •· 
• . 
: 

• • 
+---+-----~~----.-------1-------~----1-------~~----+-------~------~------~------~~------+-------~---+------: 4 :6/5/55 :5.0 ip.: 4 : 1376 : 9 :20/5/55 : + : :105.8 : 13 : + s + : :42 
• :43 

: 1369 
I 

: 1376 

. • 

: 4 :20/5/55 :5.0 ip.: 3 : 1379 8 :30/5/55 ! + : + :105.4 : 4 : + + : + • • 
+---·+-----~~----.-------~------~----~--------~----~------~-------~---------~------+-------~------~--~~----. :44 : 1379 : 4 :30/5/55 :5.0 ip.: 3 : 1383 : 5 :9/6/55 : + : + :107.0 : ? : + 

:45 : 1383 : 4 :10/6/55 :5.0 ip.: 4 I 1388 : 13 :28/6/55 I + + :105.8 : 6 : + + 
:~ • :46 : 1388 : 4 :28/6/55 :5.0 ip.: 2 : 1389 : 5 :5/7/55 : + : + : 105.4 : 10 l + + 

:47 : 1389 : 4 :6/7/55 :5.0 ip.: 2 : 1394 7 :18/7/55 : + : + :105.8 : 5 : + + 

:48 : 1394 : 4 :18/7/55 ~5.0 ip.: 2 : 1397 9 :30/7/55 : + : + :105.8 : 5 : + + 

:49 : 1397 : 4 :1/8/55 :5.0 ip.: 2 : 1401 9 : : :105.0 : 8 : + 

I -

: + 

: + 
• : + 

: + 

: 

. • -· : 
: + :: 

+ 

: 

• • 
I 
: 

: 

: : : :5.0 ip.: : 1403 : 10 :9/8/55 ; + : :105.0 • 5 : + + : + : : 

._--~------------------·----~----------~.~--------.-----------------------~------~-------·~----~-~.------~.----.------. 
;50 ~li~~ : 4 :12/8/55 :s.o ip.: 3 ; 1406 ; 8 :22/8/55 : + : + :107.0 : 5 ; + + ; + ; • 
• • : : : : : :2 8 : + + : : : : : : 

!51 :1406 : 4 :23/8/55 ;5.0 ip.: 4 : 1410 8 !6/9/55 ~ + : :106.6 : 10 : + + : + : : -·----· -----:--~--;;.._ ___________ .:,_ ___ ~· -----~--~---~---~:-- ----:-----.----·~----:--·-----:-
~~ 5_2......::::~1_4_1o_-.::.·_4_-.::.;_6;_·9_/_5_5_~: 5_._o __ iP___.:· ;:......._1_,=-= _1_4_14 __ ....,:.!_7_---;:_1_6i_9_/_5_5~~ _+ ___ ; ____ ~;_1_o?_. o_~; -·~--- ..... '_+_+ ___ ; _+_ .... : __ ....... ; 

:53 :1414 4 !16/9/55 :5.0 ip.: 3 ! 1417 : 7 !26/9/55 ~ + ~ + ~105.2 ! 4 1 + + : + ! 
!54 !1417 
• • 

. • : • • 
. • • • : • • • • : 

:56 :1427 : 4 :18/10/55:5.0 ip.: 4 : 1431 : 10 :29/10/55: + : :106.0 : 4 

:57 :1431 : 4 :29/10/55:5.0 ip.: 3 : 1435 : 10 rl0/11/55: + + : :105.8 : 4 

:58 :1435 : 4 :10/11/55:5.0 ip.: 3 : 1439 7 :19/11/55: + + : :106.4 : ? 

+ + I 

I 

I+ + 

I+ + 

:+ + 

I + 
: 
: + 
: 
• • 

I + 

• • 

• . . • 
: 

• • 

+ : 

- : + 

. • 
• • 
• • . • 
• • 
• • 

. • 

• • 

+---~------~------+-------~------~----~------~~----+-------~------~------~------~~------+-------~---+------· :59 :1439 : 4 :19/11/55:5.0 ip.: 4 : 1441 z 6 :28/11/55: + + : - :106.8 : 6 :+ + + : + : : 
• • : : s : : : : : : : : : : • • . . 
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: 
• • 

. : Gen 1 Donor 
I : 
l : 
: 
: 
I 

: 

• • 
I : 
I : 
a60 : 1441 
I I 
I I 
: : 
I : 
I : 

: • • 

:62 :1451 

:63 :1453 

:64 :1459 

:65 :1468 

166 :1475 

:67 :1478 

:68 :1493 

:69 :1503 
I I • 
:70 :1509 
z : 
• • 
: 71!1511 : . 
& : 
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APPENDIX TABLE C {cont.) 
Serial Passage of the Fulls B, basnoiti Strain in Rabbits. 

• 
: ' I I I I : -a : : : : : H i s t o r y o f s e l e c t e d d o n o r. z 

!No. of!Date of !Dose of !No. 1Serial No; 1 Examination of : Clinical 1 : 1 1 : 

:reci- 1infec- .blood in,that !of rabbit" : blood smears ! symptoms 1Duration=severity!Died!Killed! 
;pients:tion ;ml re- "selected 1Incu. : 1 of dis- 1 of • • • 

• • !acted 1as donor 1period: Date :Parasite!Oedema 1Higheet =ease ih =reactors' : : 
: 
: 
: 
: 

I 
• • 
: 
: 

• • 
• • 
• • 

• • 

• • 

. • 

: 

• . 
: 

• • 

. • 
: . • 

: 
• • 
: 

4 

4 

4 

4 

4 

2 

4 

4 

• • • ' :in : • • :tempera-!days : : ! : 
z : : : ! days : : : • ture °F • : 1 • : 
: : : : . : : : ' : : : : : 
: I I : : : : : : I : : : : 

&29/11/55:5.0 ip.: 4 I 1446 : 6 :5/12/55 I + + :106.6 : 6 t+ + + : + : : 

; : : : : : 6/12/5 5 : + : : : : : : 
I : I I :7 /12f55 I + + : I : I : : 

: : : : : : 8/12/5 5 : + + + : : : : : : 

:6/12/55 :5.o ip.: 4 ! 1451 : 7 :14/12/55! + - :107.8 : ? !+ + : : + : 

: : : : :15/12/55: + + : : : : : 

i:p.: 4 

:24/12/55:3.0 ip.: 4 

:3/1/56 :3.0 i:p.: 4 

:16/1/56 :5.0 ip.: 2 

:26/1/56 :5.0 ip.: 

:4/2/56 :5.0 ip.: 

:15/2/56 :5.0 ip.: 

s1/3/56 :5.0 ip.: 
I 

:16/3/56 :5.0 ip.: 
: 

: : : 

:5/4/56 
: 

: ip •• 
• 
: 

2 

4 

3 

2 

2 

4 

4 

1453 

: 1459 

' 1468 

: 1475 

: 1478 

: 1493 

: 1503 

: 1509 

: 1514 
I 
• • 
:1517 
• 

:1523 
: 

. • 

• . 

7 

6 

9 

7 

: 7 

: 7 

• • 

: 
: 
: 

10 

12 

6 

7 

7 

:23/12/55: + + • • 

:3/1/56 :+ + + + : 

:16/1/56 :+ 

:24/1/56 :+ 

:4/2/56 :+ + 

:15/2/56 :+ + 

:1/3/56 I+ + + 

:16/3/56 :+ 

:23/3/56 l+ 

~24/3/56 :+ + 
: 

!4/4/56 
• 

• '+ 
I 

:16/4/56 !+ 
:17/4/56 :+ + + 

• • 

. . 
: 

• • 

• • 

: 

. • 
: . . 
• • 
: 
• • 
• • 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

:105.6 

:106.6 

:105.0 

:106.0 

:105.2 

:105.0 

:105.6 

:104.4 

:105.8 
• . 

!106.2 
• 
• • 

• • 

: 

: 

• • 

. . 
• . 
: 

I 

: 

: 

• • 
• • 
: 
: 

3 

? 

? 

? 

? 

? 

? 

? 

4 

., 
? 

:+ + 

:+ + 

:+ + 

:+ + 

:+ + 

:+ + 

:+ + 

:+ + 

:+ + 

: 

:+ + 
: 
: 

: + 

: -
• • 

: 

: - : 

: -
: -
: -
: -

• • 

• • 
I 
• • 

• • 

• • + : . • 
: 
• . 
• • 
: 
: 
: 
-

• . . . 
• • 
• • 
: 
: 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

. • 

: 

. • 

. • 
I 
z 

• • . • 

. . 
: 
• • . • 

+---.-----~-------.-------~------~-----1-------~~----+--:73 :1523 
: 
: 

: 
• • 

!74 !1527 
• • 

176 : 

179 : 

!1556 
• 

• :1590 
• 

: 
: 
: 
I 
I 
: 
: 
: 
• • 
• • 
• • 
: 
• . 
• • . • 

4 

3 

2 

4 

4 

3 

4 

:16/4/56 :5.0 
: 

: I 

:30/5/56 

!15/6/56 

~29/6/56 • :5.0 
• 

ip.: 
• • 
: 
• 

ip.: . 
• 

ip.; 

ip.: 
• 

ip.: 
• 
: ip •• . 

!12/7/56 : % • 5.0 ip •. 
• • • 

4 :1527 
: 
: 

2 !1537 . 
1 !1556 

• 

4 

4 
• 

3 :1590 
• 

4 !1597 • 

• • 
• • 
• • 

: 
: 
: 

: 
: . . 
• • 

8 

15 

8 

9 

6 

8 

5 

:28/4/56 I+ 

:2/5/56 
• 

!30/5/56 1+ . : 

!29/6/56 

!24/7/56 
• 

=. + : 

:+ + • • 

: 
: . • 
• • . • 
• • 
• • 
: 
• • 

+ 

+ 

+ + 

+ 

:104.8 
• • 
• • 

• :106.2 
• 

: 
: 
I 
: 
: 

: 
: 
• • 
: . • 
: 
: 

: 

? 

? 

? 

? 

? 

4 

3 

:+ + 

: 
:+ + 
• • 

'+ + . . 
I 
,+·+ 

:+ + + • • 

: -
• • 
: 
: 
: 
: 

: 
: 
: 
• • 

-
-

-
& + 
• • 
: + 
: 

: 
: 

• . 
: 
: 
: 
: 
• • 
• • 
: 
• • 
: 
: 

+ 

+ 

+ 

+ 

+ 

• • 
• • 
: 
• • . • 

• • 
: 
• • 
: 
: 
: 
: 
: 
: 
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APPENDIX TABLE C·(cont.) 
Serial Passage of the Fuls B. besnoiti Strain in Rabbits • 

• • • . • . • . : : : 
: : 
:Gen: Donor 
: : 

• • • • 
:No. of:Date of 

: : : : H 1 s t o r y o f s e 1 e c t e d d o n o r l. 
:Dose of :No. :Serial No: :E r-~ • t' .. ·c · • : • · 

:reci- :infec­
:pients:tion 

:blood in:that :of rabbit:Incub.: xam~na ~on °~ : 1inica1 symptoms:H : • : : 
:ml. :re- :selected :period:b1ood smears • :nuration:severity:Died;Kil1ed:' : : 

: : : : 
: I : : • • 

. 'of dis- 'of re- • • :acted:as donor :in : Date aParasite:Oedema &liJ.ghest :ease in =action : : : 
: : :days : : : :tempera.-: days : : : : 

: : • • : • • : : 1 : : : ture °F : : : : : 

:so !1597 : . • 
• • 

4 :24/7/56 : ip.: 4 : 1607 7 !7/8/56 : + : - ;104.0 ~ ? !+ : - : + : 
: 1608 8 :8/8/56 : + : :104.6 : ? :+ ; - a + • • 

:81 :1607 & : 
: : 1608 • • 

4 :8/8/56 
: 

: : 

:5.0 ip.: 2 : 1614 . . : 7 
: 

:20/8/56 :+ + + 
• • 

• • :105.0 
• .. 

:82 sl614 : 1 :20/8/56 :5.0 ip.: l : 1633 : 7 :31/8/56 :+ + + :106.0 

: 
• • ' 
: 4 

I+ + 
• • 

:+ + 

: -
• • 

' + 

: 
: 

+ : 
• . 
• • 

+---~-----+----~------~~----~~---+----------+-----~----~~----~~------~--·----+------------+---..._.--+---~----~ :83 :1633 2 :31/8/56 :5.0 ip. : 2 : 1641 :14/9/56 :+ + :105.0 : ? :+ + 

:84 s1641 : 3 :14/9/56 :;.o ip.: 3 : 1650 : :26/9/56 :+ + : sl05.8 : ? :+ + 

:85,:1650 2 :26/9/56 :5.0 i:p.: 2 : 1668 5 :8/10/56 :+, + + : + + :105.4 : 3 :+ + + 

: - : + 

: - : 

: + • • 

+ • .. 

• . ·----~~-------.---------+-------+---~~--------~------+-------+·------~------~------~~----~~------~--~--...... ~ 
:86 :1668 4 :8/10/56 :5.0 ip. : 4 : 1681 5 :16/10/56:+ + + : :105.4 : ? 

:87 :1681 : 4 :16/10/56:5.0 ip.: 3 1688 6 :27/10/56:+ : + :106.0 : ? 

:88 :1688 : 4 :27/10/56:5.0 ip.: 4 : 1695 8 :9/11/56 :+ + : :104.4 : ? 

:89 :1695 : 4 :9/11/56 :5.0 ip.: 2 : 1704 8 :21/11/56:+ + : + :106.2 : ? 

190 :1704 : 4 :21/11/56:5.0 ip.: 2 : 1716 8 :29/11/56:+ + + :106.0 3 . 
:91 :1716 : 4 :29/11/56:5.0 ip.: 4 : 1722 : 7 :10/12/56:+ : - :104.4 : ? . 
:92 :1722 4 :10/12/56:5.0 ip.: 3 : 1730 : 7 :20/12/56:+ : :105.8 : ? 

:93 :1730 : 4 :20/12/56:5.0 ip.: 3 : 1737 : 6 :2/1/57 :+ + + : :104.8 : ? 

:94 :1737 I ) :2/l/57 15.0 ip.: 1 : 1745 : 10 :21/1/57 S+ + : :104.4 : ? 

:95 :1745 : Q :21/1/57 :5.0 ip : 2 : 1763 : 8 :4/2/57 :+ + : + :105.2 : 3 
: : : : : :5/2/57 :+ + : • • • • 

:96 :1763 

:97 :1777 

&98 :1791 

&99 :1801 

:100:1813 

:101:1821 
I i 
:102:1830 

tl03:1836 

:105:1847 
: : 

: 4 

: 4 

: 2 

; 4 

: 4 

• . 
• • 

: 

: 
I 
• • . • 

4 

4 

4 

4 
4 

:4/2/57 :5.0 ip.: 1 : 1777 

:14/2/57 :5.0 ip.: 1 : 1791 

:22/2/57 :5.0 ip.: 2 s 1801 

:5/3/57 :5.0 ip.: 3 : 1813 

:15/3/57 :5.0 ip.: 2 : 1821 

:26/3/57 :5.0 ip.: 

:8/4/57 :5.0 ip.: 

:23/4/57 :5.0 ip.: 

:13/5/57 :5.0 ip.: 
: : : 

2 : 1830 

3 : 1836 

2 : 1839 

4 ! 1847 
3 : 1852 

: 

: 4 

: 3 

: 4 

: 6 

: 7 

. • 

: 

9 

8 

5 

6 
I 
: 7 
l 

:14/2/57 :+ + ++ 

:22/2/57 :+ 

:5/3/57 :+ + 

:15/3/57 :+ 

a26/3/57 :+ + 

:8/4/57 :+ + 

:23/4/57 :+ + 

:3/5/57 :+ 

:13/5/57 !+ + 
:24/5/57 :+ 
: : 

• • 

. . 
: 

• • 

• • 

• • 

+ 

: + + 

: + 

: 
I 
: 
• • 

-

• • 

:105.0 

:105.8 

:106.8 

:103.6 

:108.0 

:104.6 

• • 

. • 

• • 

: 

• • 

• • 

: 

: 

: 

s : 
1
105.50 · I 

:105.4 • • . . • • 

? 

? 

? 

? 

? 

? 

10 

? 

? 

? 

:+ + 

:+ 

:+ 

:+ + 

:+ + 

:+ 

:+ 

:+ + 

:+ + 

:+ + 

Z+ + 

:+ + 

:+ + 

~+ + 

:+ + + 

:+ + 

• 
"+ + • :+ + 
• . 

: + 

: -
: -
: -
s + 

: -
: -
I -

: + 
: 

: 

: 

. • 

• . 

• • 

: 

: 

: - : 

: - : 

: - : 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

: - : + 

: -

: .. 
: 

• 
I -
: 

• • 

• • 

: 

• • • 
: 

+ 

+ 

+ 
+ 

• . 
• • 

: 

: 

• • 

: 

: 

• • 

: 

• • 
I 
• • 
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API'.Bt.fDIX TA.BLi!i C (cont.) 

Serial Passage of the Fula B. bcsnoiti Strain in Rabbits. 

. • : : : 
• 
: : : 

: : 
: 
: • • • • • • =--------------~H~i~s~t~o~ryL-~o~f~s~e=l~e~ct~e~d~-d-o_n~o~r----~----------·-----------= 

: f 
:Gen: Donor 
': : 
: : 
: : 
: : 

: : 
:No. of:Date of 
:reci- :inf'ea­
:pientsation 

:nose of ;No. ~Serial uo! ::r3.m~nation of !Clinical Symptoms! ! ; ! ; 
:Blood in:that :of rabbit: : 00 smears. : aDuration:Severity,Died:Killed: 
:m.l. :re- :selected :Incl;tb·-: • • z •of dis of re 
: :aoted:as donor =1:r~od: Date ;Paraaite;oedema :~~:;!_;ease i~ !actio~. : : ; 

•
: 1

1 
1
1 

1
1 
d~:~.ys. 1

1 
: : : ture op :days • 1 : : : 

: : 
: : 

I I I I - - - - - I I I I I I I I 
:106: 1852 : 4 :24/5/57 :5.0 ip.: 3 I 1857 : 7 :4/6/57 :+ + I :106.0 : ? t+ + I - I + : 

:107: 1857 : 4 :4/6/57 :5.0 ip.: 4 : 1861 : 7 :13/6/57 :+ - :105.4 : ? :+ + 

:108: 1861 : 4 :13/6/57 =5.0 ip.: 3 : 1865 : 5 :25/6/57 :+ + : :105.8 ? :+ + 

:109: 1865 : 4 :25/6/57 :5.0 ip.: 3 : 1870 : 6 :10/7/57 :+- : - :105.0 I ? :+ + 

:110: 1870 : 3 :10/7/57 :5.0 ip.c 1 : 1879 : 4 :17/7/57 :+ + + : :106.4 : 9 :+ + 

• • 

: -
: -
: + 

I 
• • 

: 

: 

: 

+ 

+ 

+ 

I 
: 

. • 

: 

: 
+-~~-----+----~------~------~~---+----------~-----+-------+---------~-------~------~-------+---------+--~~----+ :111: 1879 : 4 :17/7/57 :5.0 ip.: 4 : 1884 : 7 :29/7/57 :+ : :105.4 • • ? ;+ + % - + . • 
+---r------+----~------~~------~~---+----------+-----+1--------~··-------+-·---------~------~------~-------t·---;------+t 
:112: 1884 : 2 :29/7/57 :5.0 ip.: 2 : 1891 : 6 :8/8/57 :+ : + :105.8 : ? 1+ + • • : + : 
+---~-----+----~------~~----~~---+-------~ --~-------+-------1--------r--------~------~------~--~----~ 
:113£ 1891 2 ,8/8/57 :5.0 ip.: 2 : 1902 : 5 :21/8/57 :+ + : :105.2 : ? :+ + : - : + • • 

~-----·~+---··-·--~-------1--------~------~---------r------~--~------. :114a 1902 : 4 :21/8/57 :5.0 ip.: 4 : 1908 6 :3:./8/57 :+ : + :105.8 : ? l+ + : -
•t • ---.-----~------~------~----+-------~-----;------~~----~~---------r-------+-------+ 1115: 1908 : 4 :31/8/57 :5.0 ip.l 3 I 1917 7 :11/9/57 :+ : :106.4 : 1 :+ + 

&116: 1917 z 4 :11/9/57 s5.0 ip.a 4 : 1921 : 5 :20/9/57 :+ : :106.0 ? : -
:1171 1921 ; 4 :20/9/57 :5.0 ip.: 4 : 1924 : 7 :1/10/57 :+ : :106.2 : ? :+ + : -

- -· :1181 1924 : 4 :1/10/57 t5.0 ip.: 1 : 1933 : 6 :12/10/57:+ : :- :105.8 : ? ,. + : 

: 

: 

: 

+ : 

+ •• •• 

+ 

+ 

• • 
+ 
• • 

+ J' 

+-~~-----+----~------~------~~---+--------+-----~------~------~~----~~------~------~-~----+---~-----+ 
:119: 1933 : 4 :12/10/57:5.0 ip.: 3 : 1939 : 5 :23/10/57:+ : - :106.0 : ? :+ + l -

:120: 1939 : 2 :23/10/57:5.0 ip.: 1 : 1944 : 6 z2/ll/57 :+ + : + :10,.2 : ? :+ + : -
: + 

+ 

• • 

=--~------+-----~------~------~----+--------+----~~----~~----·----~------~.-------+-------~·-------1~--T------+~ :121: 1944 : 2 :2/11/57 :5.0 i~.: 1 : 1948 : 6 :13/11/57:+ + : :105.4 .1 10 :+ + 

:122: 1948 I 4 :13/11/57:5.0 ip.: 2 : 1953 7 :26/11/57:+ : :105.4 : ? :+ + 

:123: 1953 = 2 127/11/57:5.0 1p.: 1 : 1961 : 3 :4/12/57 :+ : :104.8 ? I+ 
"t I 
:124: 1961 : 4 :4/12/57 :5.0 ip.: 2 : 1965 9 :17/12/57:+ : :105.4 : ? J+ + 
: . 

: + 

: -
: -

: 

s 
+ 
• • 

-
+ 

+ 

• • 

• • 
I 
: 

:125: 1965 : 4 :17/12/57:5.0 ip.: 2 : 1970 : 7 :30/12/57:+ + + : :105.2 l ? :+ + : : + : 
:: : : : : : : : : : : : I : 

----------------------------------------------------------------------~------~----------------------------~----~ 
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APPENDIX TABLE D. 
OBSEHVATIONS ON ARTIFICIALLY INFECTED GOATS AND SHEEP. 

: : 
I : 

• • • • • • 
• • 

• • • • 
: :clinical symptoms! : : : 

: Biological : 
: : 
:Gen1Animal 

: : : : : 
: Donor :Date of :Blood i~:Incuba- :EXaLlina-:Oedema 

: &No. : 
: 
: 

:infec- : :tion pe-:tion of 1 
: : :tion : :tiod in :blood : 
I • • : :days :smears 1 

:R 327 :28/9/54 
! ( Gen.20): 

!35.0ml.! 8 ! :++ 
• . : • • : : : : 

: : : : 

: 1 !G.88537 !R 1468 :16/1/56 :30.0 ml.: 
• :(Gen.64): : • 

I 
: • • 

• • • 
• • • . 

: I : : : : 
: : : : • • : 

. • : : • . 
: : • 50.0 ml •• 
• • . • 

• • : : : 0 • 

! 1 !sh.86569!R 327 :28/9/54 
: :(Gen.20): 

!35.0 
• 

ml.: . 
: : 

: : : • • 
: 
: 

: • • : : 

: 1 !sh.89632!R 1468 !16/1/56 !30.0 ml.:: 
; ; ;CGen.64~; ; 
: : : : : : 
: : 
: . 
: 2 ;sh.615 

• • 
• • 
: 

: 

: : : : 

:sh.89632!25/l/56 !3o.o m1.! 
: : : 
: : : ' 
: : : . 
1
Sh.615 :3/2/56 :50.0 ml.; 

I : : : 
&_.;..: ___ .........:::_ : : 

5 

4 

7 

7 

5 

6 

7 

• • 
• . 
• . 
• • 
• • 
• • 
• • 
: 
• • 
• . . • 
• • 
• • 

: 

: 
: 
: 
: 
: 
: 
: 

. • 

• • 
• • 

• • . • 
: 
: 
: 
• • 
• • 
: 
: 
: 

• . 

• . 

; : 
:Highest : 
:tempera-: 
:ture OF : 

Remarks 
: test on:rabbits : 
!Rabbit 

1

2 Severity! 
"No. of re- • . . : 
• :action. 

: • 107.0 
• 
: 
• • 
!106.2 
• 
: 
• • 

: 

!106.8 
• 
• • 
• • 

. • 
: 

. • 
t 
: 

• . 

: 

: s • : 
!Alopecia in anterior half of body. !R 1251 
"Observed for 6 months and recovered;Rl252 !cysts seen in skin sectiona. ; 
• • ;observed for three-and-a-half montm:R 1476 
.and killed. Cysts seen in skin sec-;R 1484 :tiona. 
• 
:Died of acute peritonitis a month 
.later. No cysts seen in skin sec­
"1tions • : 

!Died from haemorrhagia enteritis 
•two-and-a-half months later. No 
!cysts seen in skin sections • . 

:a 1491 
• 
: 
: 
:Rl499 
:Rl500 . . 

!was challenaed 28/11/56 (Donor R !R 349 
:144l,Gen 59)· No reaction notea. •R 350 :Killed 2/5/56. No c~sts seen in ski* 
:sections. • . 
• • :observed for three-and-a-half month$ 
"Aborted 8 weeks after highest tem- ; 
!perature. Killed 2/5/56. fio cysts : 
:in skin sectiona. : 
10bserved for three-and-a-half mont~R1492 
2Killed 2/5/56. No cysts in skin : 
• • ;sections. 

!observed for three-and-a-half 
:months. Killed 2/5/56. No cysts 
:seen in skin sections. 
• 

1R 1497 : 
:R 1498 
: 

: + + 
+ + 

: 
: 
: + + 
: + + 
: 

• + + 
• 
: 
• • 
: + + 
: + + 
: 

: + + 
: 
: + + 

• . . . . • 

' a 
: 
• + + 
• . • 
• • 
: + + : 
: + + 
: 

• • 
I 
I 
I 
: 
: 
• . 
: 
• • 
: 
: 
: 
: 
: 

. • 
: 
: 
• • 
• • 
• . . • 
• • 

: 

: 

• . 
: 
I 

: 
: 

G. = Goat; Sh. = SheepJ iv. = intravenously. + = mild; + + = severe. 
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APPENDIX TABLE E. 

DURATION OF BLOOD PARASITAEMIA IN ARTIFICIALLY B. besnoiti INFECTED RABBITS. 

: 
: Rabbit 
: : No. 
: 
• • 
: 
:1318 
: 
• • 
:1321 
: 
I 
: 
:1324 

: 
:1325 
• • 
:1326 
: 
: 
:1330 
: 
: 
: 
:1331 
: 

• • 
• • 
:1332 

• • 
: 
:1333 
• • 
I 
:1334 
: 
: 
:1335 
: 

: 

: Donor • • No. : 
: 
• • 
: 
:1307 
• • 
¥ 
:1318 
I 
: 
: 
:1318 
: 
I 
:1318 
: 
:1318 
: 
: 
:1318 
I 
: 
: 
:1318 

• • 
: 
I 
:1318 
• • 
: 
: 
:1318 
: 
• • 
:1318 
: 
: 
:1318 
: 

I : I 
:Date of:No. of :bD1osedof 
:infec- :days after: 00 

. 
:tion. :infection. :i.p. ~n 
: 1 : ml. 
: : 
: : 
:11.1.55~ 
: : 
I I 
:13.1.55: 
: : 
: : 
: : 
:15.1.55: 
: 
: I 
:17.1.55: 

I 
19.1.55: 

: 
21.1.55: 

: 
: 
: 

:23.1.55: 
I 
: 
: 

: 
I 

: 
: 
: 

: 
: 

' : :27.1.55: 
• • • • 
s : 
:29.1.55: 
: I 
: I 
:31.1.55: 

• • 

2 

4 

6 

8 

10 

12 

14 

16 

18 

. • 
• • 
: 5.0 
: 
• • 
: 5.0 
: 
: 
: 

: 

• • 

• • 
: 
• • 

: 
• • 
: 
• • 
: 5.0 
: 
: 
I 
: 5.0 
: 
: 
: 
• • 
• • 
: 
• • 

5.0 

: : : : : 
:1340 :1318 I 4.2.55: 22 
: : : : : 

-
: : : : : 
:Incubation: Examination of : Clinical I Duration : 
:period : blood smears : symptoms 1 of diseasea 
:in days ~------~,----------~,--------~,---------, in days : 
: : Date : Parasites: Oedema : Max6 : : 
: : 1 1 :temp. F. : 2 

I 
I 
I 
z 
: 
• • 
: 
: 
: 
: 
I 
: 
: 
I 
• • 
• • 
: 
• • 
: 
I 
: 
: 
l 
• • 
I 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
• . 
I 
: 
: 

5 

18 

12 

12 

8 

9 

7 

9 

11 

14 

21 

• • • • 
:21.1.551 
:22.1.55: 
: : 
:7.2.55 I 
: 8.2.55: 
: 9.2.55: 
I I 
:29.1.55: 
:31.1.55: 
I I 
: 1.2.55: 
: : 
:31.2.55: 
: 1.2.55: . • I 

: 3 .. 2.55: 
: 4.2.55: 
: 5.2.55: 
: : 
: 2.2.55: 
: 3.2.55: 
: 4.2.55: 
: 5.2.551 
: : 
: 8.2.55: 
I 9.2.55: 
:10.2.55: 
: : 
:12.2.551 
:14.2.55: 
:. : 
:17.2.55: 
:18.2.55: 
: : 
:28.2.55: 
: 1.3.551 
• • • • 
:23.2.55: 
: • • 

+ 
+ 

++ 
+++ 
+++ 

+ 
++ 

+ 

++ 
+++ 

+ 
+ 
+ 

+ 
++ 

+ 
++ 

++ 
+++ 
+++ 

+ 
+ 

++ 
++ 

++ 
+ 

+ 

: 
z 
: 
: 
: 
I 
: 
: 
: 
: 
I 
I 
: 
: 
: 
z 
: 
• • 

: 
: 
: 
: 
: 
: 
: 
: 
• • 
: 
: 
: 
: 
& 
I 
I 
: 
• • 
: 
I 
: 

+ 

+ 

+ 

+ 

+ 

+ 

+++ 

+ 

++ 

+ 

: 
: 106.6 
• • 
: 
: 106.4 
: 
: 
: 
I 106.0 
I 
: 
: 105.8 

: 107.0 
: 
I 
: 106.0 
: 
: 
: 
I 106.2 
: 
I 
: 
: 
:. 107.4 
: 
: 
: 
I 106.0 
I 
: . . 

' 
: 106.6 
• • 
: 
: 105.6 
I 
: 
: 105.2 
: 

: 
: 
• • 
: 
: 
I 
: 
: 
: 
: 
: 
I 
: 
I 
I 
I 
: 
: 
I 
• • 
: 
: 
: 
: 
I 
: 
• • 

• • 
: 
: 
• • 
: 
: . • 

• • 
: 
I 
: 

8 

10 

5 

4 

6 

8 

9 

8 

9 

7 

8 

• • 
: 
: 
• • 
: 
• • 

• • 
: 
: 
I 
: . • 
: 

: 
: 
: 
I 
• • 
: 
: 
I 
: 
• • 
: 
I 
: 
: 
: 

18 

23 :1341 :1318 : 4.2.55: 24 : : : 2.3.55: + 
++ 

+++ 

I + : 105.8 I 

7 

10 

I 
: 
: 
l 

: 
: 
: 
s 
I 
: 
2 
: 
: 

: : : : : : : 3·3·55: 
: I I I I I I 4.3.55: 

'---------=--------=--------=-----------=---------·-'--------------=-------------= 

: 
: 
: 

: 

• • 

• • 
: 
: I 

Severity 
of 

reaction 

++ 

+++ 

++ 

++ 

++ 

++ 

++ 

+++ 

++ 

+++ 

++ 

++ 

++ 

: 
: 
: 
: 
• • 
: 

Result 

I 
:Recovered. 
: 
: 
:Died. 
: 

: 
:Died• 
: 
: 
:Died. 
• • 
:Died. 
: 
I 
:Died. 
• • 
: 
z 
:Died. 
: 
: 
: 
: 
:Died. 
• • 
I 
• • 
:Died. 
• • 
: 
:Died. 
: 
• . 
:Recovered. 

: 
:Recovered. 
: 
:Recovered. 
: 
: 
: 

2/ ••• 

• • 
: 
: 
: 
I 
: 
: 
: 
I 
: 
I 
: 
: 
I 
I 
• • 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
I 
: 
: 
z 
: 
: 
: 
I 
: 
: 
: 
: 
: 
s 
: 
z 
• • 
: 
: 
: 
I 
: 
: 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



_:nB_ 

APPENDIX TABLE E (Continued). 

DUHATION OF BLOOD PARASITA]llil!A IN AR.<IFICIALLY B. besnoiti INFh'CTED RABBITS. 

: : : I I . I • I I • : • Bxamina.tion of • Clinical • 

!Rabbit !Donor :Date of:No. of :Dose of :Incubation: I :Duration I Severity • • blood
1
smearw symptoms • • 

:infec- :days aftercblood ip:period I I :of disease • of : : • No. • No. • Result 
: • tion. :infection.:in ml. :in days : : I I zin days. : reaction I I • TeM~·°F: • • • I • : :Date :Parasites : Oedema I : • I • • • • • 
: • • : : • : I . : : I I I I • • • 
: • • • • : • • • I • : : I • • • • • • • • 
:1436 :1431 I 29.10.55: I 5.0 I 12 :15.U. 55: ++ • I 106.0 • 10 I ++ :Red overed. • • • • 
• I : • : • :16.].]. 55: ++ : I • • • • • • • • • • • 
: I : : : : • • • : : I I c • • • 
:1457 :1436 :15.12.551 47 I 5.0 : : : : I 103.8 : : :No reaction. : 
1- 11493 li£15.2.56: I 5.0 : 8 122.2.561 + • I 106.0 I 8 • ++ •Recovered • : • • 
: • • : : : • I I I I I : I • • • 
:1458 :1436 :]5,12.55: 47 • 5.0 : • . I I 103.0 • : :Died during in- • • • • • • 
: I I : : • • I : I a • :cubation period.: • • • 
: • • I I • : ;, : : : : : • • • • • 
: • : I • I • : : • • I • : • • • • • 

il Immunity test Parasites + very rare Oedema + ;;; mild Severity of reaction ++ = :h,airly severe. 
++ rare ++ = fairly severe +++ = Severe 

+++ infrequent +++ = very severe 
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AI'PENDIX TABLE ]'. 

TRANSMISSION OF B. besnoiti BY MEANS OF MATERIALS, OTHER THAN BLOOD, FROM AFFECTED RABBITS. 

I S 
I I 

I : 
JDate of s 
:Infec- : 
:tion · : 

: : z ncu- 1 Examinat~on : . 'Duration= : 
:Dose :Route of:bation: of blood :Cl~nical : of =severity: 

: 
: 
: :Rabbit: Donor 

: No. : No. 
Material used. : in :adminis-:period:_.~sm_.ea_r_s._~----=-S~ym_.P_t_o~m-s~·~-··:disease :Reaction' Result 

: ml. :tration : in : :Para.!. : Ntax.: in : : : . • • • : : : : :days : Date =.sit=.J0edema:0emp.:days : : 
: : I : : : t I • ~ : F. : I : 

I 
I 

----------------~--------~------------------------------~------~------~------~~-: : : I : : : : : : : : : : : 
: 13 :RT 115.2.54 :Oedematous fluid : 5.0 :sc. : 6 :25.2.54 : + : + :106.2: 5 : ++ :Died. • • . • . • 
: 
:1308 
• • 

• • 
:1309 
: 
a 
I 
• • 
:1654 
• • 
:1655 
• • 
:1656 
: 
:1657 
I 

:1659 
: 
• • 
:1660 
• • 
s 
:1661 
• • 
: 
z 
:1675 
z 
: 
:1676 

: 
: 

: : : : :26.2.54 I + • • 
I 
• • 
:1296 
I 
: 
: 
I 
11296 
: 
: 
I 

: I 
: : 
: 4.1.55 'Spleen suspension 
: : 

: 
: : 
I : 
: 4.1.55 &Spleen suspension 
I I 
I 
: 

: 
I 

I : I 
:1641,1643 :14.9.56 :Urine and faedes 
I I I 
:1641,1643 :14.9.56 sUrine and faeces 
J : I 
:1641,1643 :14.9.56 :Urine and faeces 
: : : 
•1641,1643 :14.9.56 :Urine and faeces 

• • 
• 

• • 

• • 
I 

5.0 :ip. 
z 
: 
: 
I 
:ip. 
I 
: 
: 
: 

20.0 :per os 
I 

20.0 :per os 
• • 

20.0 :per os 
: 

:20.0 :per os 
: I : : 

1641,1643 :14.9.56 :Liver and spleen suspension: 5.0 :ip. 
: : : : 
: : : 

1641,1643 :14.9.56 :Liver and spleen suspenaion:lO.O 
1681 :iE16.J0.56:Blood : 5.0 

I : : 
1641,1643 **4.9.56 :Liver and spleen suspension:lO.O 

1681 T 16.10. 56:Blood ~ 5.0 
• • 

: 
:per os 
:ip. 
: 
:per os 
:ip. 
• • 

: : • • • • 

: 
I 
: 
: 
I 
: 
I 

7 

: 7 
: 
• • 
: 
: 
• • 
: 
I 
I 
• • 
s 
: 
: 
: 10 
: 
: 
• • 
• • 
: 
• • 
• • . • 
• • 

6 

7 

:1668 
:1695,1696 
: 

:~.10.56:Faeces and ~rine 
: ':J•ll.56:Blood 

:30.0 : :per os : 
8 

sl668 
:1696,1696 
: 
: 

: : 
:*8.10.56:Faeces and urine 
: g.ll.56:Blood 
: 
: : 

: 5.0 :ip. 
: : 
:30.0 :per os 
: 5.0 :ip. 
: : 
• • : 

: 
• . 
: 
• • 
: 
: 

6 

I 
: 
:15.1.55 
:17.1.55 
:18.1.55 
:20.1.55 
: 
115.1.55 
:16.1.55 
:17.1.55 . • . . 
• • 
: 
: 
• • 
l 
• • 
: 
: 
:30.9.56 
: 1.10.56 
• • 
: 
:23.10.56 
: 
: -:24.10.56 
: 
• . 
• • 
:21.11.56 
• • 

: + 

• • 

: ++ : 
I ++ I 
: + : 
: .. • 
: +++I 
: +++: 
I + S 

: 

' -I 

: -
I 
• • 
: 
: 
: 

: 
: 
: 
: 
• • 
s 
: 
• • 

: 
: ++ : 
: ++ : 
: 
• • 
: + 

: -
I + 
I 
: 

I 
: 
: 
: 
: 
: 
• • . • 

: - : 
a +++: 

: 
: : - • • 

+++: :21.11.56 : 
:22.11.56 : ++ : 

: : 

+ 

++ 

+ 

+ 

+ 

• • 
: 

: 
: 

: : 
:106.6& 
: 
I 
: 

• • 

: l 
:107.0: 
C I 
: I 
: I 
: : 
:l03.0s 
: : 
:103.6: 
I : 
:103.2: 
• • • • 
:103.2: 
I I 
:105.6: 
: l 
: : 
:102.8: 
:106.0: 

. : : 
- :103.2: 

:106.4: 
• • 
• • 

I 
: 

:104.0: 
:106 .• 0: 
: : 
:103.4: 
:106.2: 
: 
• • 

: 
: 

7 

5 

8 

8 

7 

B 

9 

: 
: 
I 
: 
: 
: 
: 
: 

• • 
I 
& 
• • 
: 
: 

: 

: 
• • 
: 
: 
: 
: 
: 
I 

: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
• • 

++ 

+++ 

++ 

++ 

++ 

++ 

++ 

: I 
I I 
I I 
:Recovered. : 
: : 
: : 
: I 
: I 
:Recovered. 1 
: : 
: 
• • 

I 
: 

= : 
1Ho reaction: 
I I 
:No reaction: 
: : 
:No reaction: 
: : 
:No reaction: 
: : 
a Recovered. a 
: I 
I I 
:No reaction: 
:Reco"'rered. : 
: I 
:No reaction: 
:Recovered. : 
z : 
: : 
:No reaction: 
:Recovered. : 
: : 
:No reaction: 
:Recovered. : 
: 
: 

: 

•rmmunity test. Parasites + ~ very rare 
++ ~ rare 

Oedema + = mild Severity of reaction ++ = Fairly severe. 
++ • fairly severe +++ 2 Severe 

+++ = infrequent 
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• • 
: : 
1Animal 1 
: : 
: : 
: : 

Donor 
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APPJ:;NDIX TABLE G. 
SPERMATOGENISIS IN ARTIFICIALLY INF.E.m'TED RUMINANTB BEFORE AND AFTER llli"{:OVERY 

: • • 
: : : z 

!nate of !nose of !Incubation= 
:infection;blood in:period i.n ; 
; :ml. ;days. 1 

E x a m i n a t 1 o n o f s e m e n : 

Date :.Ejaculate :motilitiPercentage !Percentage: 
;1n ml. • :·live :abnormal : 

1 sperms •sperms • : : : : . : 

Remarks. 

: 
: 
I 

: : 
• • 
: 

: 
::Bull 
:5873 
: 

: : 
:Rabbit 1522 :24/4/56 

: : 
:35.0 iv.: 
: : 

a : : : : : 
6 a24/4/56 : 8.0 :Good : 68 : 5 :Developed 

: 
shock after blood injec~ 

s 
: 
: 

• • 
• • 
: 
: 
• • 

. : 
• • 
: 
: 
• • 
• • 
: 
• . 
: 
• • 
• • 
: 
: 
• • 
: 
: 
: 
: 
: 
• • 
: 
: 
• • 
: 
: 
: 
: 
: 

: 
: 
I 
: 
• • 
: 
: 
: 
: 
• • 
• • 
• • . • 
: 
• • 

: 

: 

: 
: 
• • 
: 
: 
: 
• • 
• • 

• • 
: 
• • 
• • 

• • 
: 
• • 
s 
• • 
: 
• • . • 
: 
• • 
: 

: : . 
:Rabbit 1846 :15/5/57 
: 
: 
: 
• • 
: 
: 
: 
: 
: 
• • 

: 
• • 

. • 
• • 
: 
: 
: 
• • 
: 

: . • 
: 

: 
: 
• • . • 
• • 
• • 
: 
• • . • 
• • 
: 
• • 
• . 
: 
• • . • 
• • 
• • 
: 
: 

: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
• • 
• • 
• • 
: 
• . 
: 
• • 
: 
• • 
: 
: 
• • 

: : 
:35.0 iv.: 
: . • 
• • 
: 
: . • 
• • 
: 
: 
: 

• • 

• • 
s 
s 
• • 
: 
: 
• • 
: 

: : !£ : : 
:Rabbit 2350 :10/4/59 :30.0 
: • • • • 

so.: 
: 

: : : : a :tion. 
:27/4/56 1 8.0 =Good ! 68 ! 5 :Highest temperature recorded 
: ; : : ; !106.00F. 
:1/5/56 : 5. 0 : 0 ; 0 : 0 ; 
:8/5/56 : 6.0 : 0 : 0 :All dead : 

!15/5/56 : 5.5 ! 0 ~ 0 !All dead ! 
:22/5/56 : 4.0 : 0 : 0 · :All dead : 
:28/5/56 : 4.0 : 0 0 :No sperms : 
: : : : . : 
:5/6/56 : 6.0 : 0 0 :No sperms :Trichomonas foetus present. 

:12/6./56 ! 7 .o ! 0 0 !No sperms : ' " " 
:19/6/56 : 8.0 : 0 0 :Few dead : " " " 

!26/6/56 ! 8.0 ~ 0 : 0 :Few dead ! " " " 
:10/8/56 : 10 .o : 0 : 5 : 5 : " " " 

:14/9/56 : 12.0 : 0 ! 5 ! 5 ! " " " 
:13/10/56: 10.0 :Poor : 12 : 12 : " " " 
:30/10/56: 7.0 :Fair : 50 : 0 : " " " . . : : : : 
:6/12/56 : 8.0 :Fair : 55 : 0 : " " " 
:21/12/56! : : : ; " " " 
: : 

:22/5/57 
:29/5/57 
!7/6/57 
:13/6/57 
!20/6/57 : 6.0 

• 
; 5.0 
: 6.0 
I 6.0 • • 
s 1.0 

. . 
:4/7/57 : 7 .o 
!8/8/57 : 7 .o 
:10/4/59 : . • 

: 

:Good 
:Fair 
!Fair 
• 
:Fair 
!Fair 
• 
:Fair 
!Fair 
• 
• • 
• • 

• • . • 
: 
: 
: 
• • 
: 
• • 
• • 
• • 
: 
: 
• • 

60 
63 
65 
61 
66 
63 
75 

• • 
• • 
• • 
• • 

: 
• • 
: 
: 
• • 
: 
: 
• • 
: 

5 
5 
0 

0 

5 
0 

0 

: 
!Trichomonas foetus absent 

• • 
: 
• • 
• • 
: 
: 
: 
: 

" 
" 
" 
" 
" 
" 

" " 
n " 
" " 
" " 
" " 
" " 

:No clinical symptoms seen. 
• • 

~ = Immunity Test. 

• • 
• • 
: 
: 
• • 

. • 
• . 
• • 
• • 
: 
• • 
• • 
• • 
• • 
• • 
: 
: 
: 
• . 
• • 
• • . • 
• • 
: 
: 
: 
• • 
: 
: 
: 
: 
: 
: 
• • 
• • 
• • 
: 
• • 
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• • 
:Animal: 
• • 

Donor 

: 
• • 
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AP.PBN.DIX TABLE G {Cont.) 

SPERMATOGENESIS IN ARTIFICIALLY INFECTED RUMINANTS BEFORE AND AFTER RECOVERY • 

. • : : 
: ____ E_.x __ a_m ___ i __ n_a--~t __ i __ o_n.__o~f.__s._e __ m._e~n ________ _. 

=nate of =nose of :Incubation! Date :Ejaoulate:Motiliti.Percentage:Percantage1 

:infection:blood :period in • :in ml. : :live :abnormal : Remarks. 

• • 

: 
: . • 
. . 

: • • :in ml. :days. : • :sperms :sperms • 

~----~·------------~--------~·--------~·-------------------·------------------·----------~·----------2---------------~-----------------: :Bull !Rabbits 1512:26/3/56 :30.0 iv.: 7 :12/3/56 : 5.0 . Good 65 0 !HigheBt temperature recorded 
:5981 :and 1513 : ; ; ; : ; : ;106.2 F • 
: 
: 
• • 
: 
: 

. • 
: 
: 
: 

: 

s 
• • 
• • 

. • 
• • 

: 
• • . • 
: 

: . • 

• . 

• • 

: 
• • 
• • 
: 
: 

. . 

. • 

: 

. • . • 

. • 
: . • 
• • 
: 

• • 
: 

: . • 

. • 
: . . . . 
• • 

• • 

. • 
• . 
• • 

. • . • 
: 
• • 
. • 

. • 
: 
• . 
: . . 

. • 
• • 
: . • . • . . . • . • . • 
: . • . . 
: 
: 
: 
• . 
: . • 
: 

: 

. • 

: 

:15/3/56 : 5.0 Good : 65 : 0 :Animal listless during period of : 
s . • 
:10/4/56 : 
:17/4/56 : . . 
:23/4/56 . . • • 
:1/5/56 : 
:8/5/56 . : 
• • 
:15/5/56 : 
!22/5/56 : 
• • 
:12/6/56 : 
!19/6/56 : . : 
:26/6/56 : 
~10/8/56 : 
:14/9/56 : 
:13/10/56: 
: 30/10/56.: 

!6/12/56 : . . 

. • • . :reaction • • . 
5.0 0 0 0 • • 

5.0 . 0 0 60 :Left testicle swollen and hard. : 
• • • 

3· 5 0 0 : 60 :Swelling increased; animal dejeo-: . . 
4 .o : 0 0 . 
3.0 0 • 0 

4.5 : 0 0 
; 3.0 0 0 : 

6.0 : 0 : 0 
• 8 .o . 0 : 0 

• • 
6.0 : 0 : 0 
6.0 0 : 27 . 

12.0 : Good : 70 
7.0 : Good : 65 

: 
10.0 Fair 63 

6.0 Fair 75 : : 

: :ted and shows stiff gait. 
:No sperms 

sperms 
:No sperms : 

:No sperms 
: 
1 Few dead. a 
• :Few dead 
• 

. . 
.. • 
: 

: 
: 
• . . • 

:Few dead :Absess opened; diagnosis Coryne- : 
:bacterium infection • 

• • 

. • 
: 

• • 

50 
50 

0 

0 

0 

!Left teetivle fibrotic. 

: . • 

. • . • . .. 
• • . • 
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1Animal: • • Donor 
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:;,:;AP:;.;l;.,;;'BN;:;;:;,;;;;D;.;;I;.;X....._...;T;;;,;AB;;:;;;;:o;;;LE;;;:;';.....;;;,G {Co nt • ) 

SPERMOTOGENESI-5 IN AR:ri.InCIALLY INFECTED RUl•UNANTS BEFORE AN.D AFTER RECOVERY. 

: 
: 

: 
: 

: 
Examination of Semen 

• • 

:Date of =nose of :Incubation=. : : : : : 

: 

: : Date :Ejaculate :Motilit;y:.Perecntage :Percentage: 
: : .infection1blood in;in days ; :in ml. : :live :abnormal 1 : 
z ; ,ml. : : : :sperms :sperms : 

• • Remark : 

-=------~=------------~=--------~=--------~---------'~------~=~------~=~----~~---------=----------·'----------------------~---------= : : : ' : : : : : ' : 
:Billy :Rabbit 1922 :21/9/57 :)0.0 iv.: 6 :21/9/57 : 1.0 :Very 76 : 0 :Highegt temperature recorded 
:Goat : : : : : :good : :106.8 F. Animal was listless, : 
:3171 : : : :7110157 : 1 5 !Poor 36 : 50 :and showed inappetance tor three : 
: : • • • • :days after height of thermal : 
: 

: 

: 

: 
I 
: 
: 
: 
: 
• • 

• . 

. • 
• • . . 
• • . • 
• . 

: 
: 
: . • 
: 
: . • 

: 

• • 

• . . • . • 

. • 

• • 

. • 

. : ; . 
!Rabbit 1977 .23/l/57 
• • . • . . • • 

:30 .o iv.: . : 
: . • 

: 
: I IE : 
:Rabbi~ 2307 :19/3/59 :30.0 iv.s 

• • 

:14/10/57: 1.0 :Poor 38 : 50 :reaction. : 
~23/10/57! leO : 0 ; 0 ~No aperms : : 
:28/10/57: 1.0 : 0 0 :No sperms : : 
!11/11/57: 0.5 : 0 0 :No sperms : 
:19/ll/57: 2.0 :Poor : 30 59 
:2/12/57 : 1.0 ~Fair : 49 
:6/1/57 : 2.0 :Good 

:7/2/58 
• 

. . 
• • 

:18/2/58 : 

• •-

• • 

: 

2.5 
1.0 

• • 
!Good 
• 
:Good 

70 
: 
• • 78 . • 
: 75 
• • . • . • 

-

: 

: 

: 

• . 

49 
0 

0 

0 

• • 

: 

I 
: 
: 
:No clinical symptoms • 
1 

: . . 
• • 

: 
• • 
• • 
: 

. • 

• . 
=------~:------------~--------~'--------~'------------------~--------~-------:~---------=----------~--------------------------------~= 
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: 
: 

• • 

2 • 
.Animal: Donor 
• • 

• . 
• • 
• . . . 
. • 

• . . • 
• • . • 
: 
: 

• • . . 
• . . . 
. . 
• • 

• . . . . . 
• • 
• . 
• • 

. • 

. • 
: 
• • 

• • 

• . . . 
• • . . 

: 
• • 

• • :Rabbit 1977 :23/l/58 
• • 

: * 
:Rabbit 2338 :2/4/59 . . 

-123-

APPENDIX TABLE G (Cont.) 

SPBRMATOGENESIS IN ARTIFICIALLY INF~0TED RUMINANTS BBFORh AND AFTER RLCOVERY. 

: 

. • 
: . . 
• . 
: 

. . . • 
• • . . . • . . 
: 
• • . . 
:Jo.o 
• . . 

. • 
: . • 

. • . . . . 
• • . . . . 
• . . . . • 
• • . • 

iv.: . . . 
:30 .o iv.! 
• • 
• • . . 

. . 
: 

: 

:7/2/57 
• 

• • 

:18/2/57 : 
. • 

. • 

• • . • 

: 

• • 

. • . • . • . . 
: 
• 

0 
0 

0 

0 

0 

0 

• Fair 
l 
: Fair 
!Very 
:good 
:Good 
• 
:Good 

• • . • 
: 

. . 

. • 

• • 

: 

: . • 
: 

: . • 
: 

• • 

• • 

80 

30 

0 

0 

0 

0 

0 

0 

30 
30 
60 
80 

78 
70 

. • . • 
: 

: 
• • 
: 
: 

• • 

: . . 
• • 

. • 

: 

• • 
: 

0 

50 

75 
90 
90 

Remarks. 

: 
:Highest temperature 
"106.2° F • 
=No f'urther clinical : 

I 
: . • 

recorded 

symptoms. 

sperms : 

0 

0 

75 
35 
35 
0 

0 

0 

I 

: 

I 
1No clinical reaction. : 

• • 

2 
: 
• • 
: 
• • 
: . • 
: 
: 

• • . • 
: 

• • 

: 
: 
• . 
: . • 

. • 
• • 
• • . . . • 
• • 
• • 
• • 
: 
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APPENDIX TABLE H. 

RESPONSE OF ARTIFICIALLY B. BESNOITI INFECTED RABBITS TO TREATMENT DURING PERIOD OF REACTION • 

.. ! !Examination of 1011nical ' : : : : 
.Inouba-.blood smears ~svmntoms 1 1 =.severitv 1• : 

: I : : 
I :)1 : : 
:Rabbit:Donor :Date of :Blood :tion '----------------·-~--~z __________ :Duration: ___________ _.T~r_.e __ a_t~m._.e_n __ t~--------·o~ v. • "' Remarks. • 

I 
• :period 1 ·nate 1Para- !oedema 11b~. :of dis- : Drug : Dose per Kg. !Method •• 1disease :.· ! 
• :in days: : ai tea • te s ease in : • body weight • • • 

: : :: : : : : : :OF mp • :days : : ' : a : 

sNo. :No. :infection:in ml • 
• • 

~·------~:------~~--------~=------~=------~: ________ ·~·------~----~:~----~:~------~=--------------~:~--------------~~------~~--------~=-----------= I l • I : : : I % I : : : I : : 

: 
s 
I 
: 
: 
I 
I 

I 
: 

J 
J 
I 
: 
I 
: 
: 
I . • 
: 
: 
: 

: 
• • 
: 
: 
: 

' I 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
• • 

: 

5 

6 

54 

55 

57 

58 

59 

60 

61 

62 

s 64 
: 
: 
: 65 
: 

a 67 t20/4/54 :3.0 ip.: 7 :29/4/54 : + ; + :105.4 : 4 :Phenergan :0.5 m1 daily a so. : + + :Died : 
: : : :30/4/54 : + : : sSalfamerazine :500 mgm followedrper oa: : : 
: : : : : : : : : :by 200 mgm.daily: : 
: : : : : : : a : :for 2 days. : : 

I 
: 
: 
: 
: 
• • 

67 

: 39 .. • 
: 
: 
: 
: 39 

: 
:20/4/54 
~ 

: 
: 
: 
:19/3/54 . • 
• • 
• • 
: 
;19/3/54 

I I 
: : 
: : 
: : 
: 49 :26/3/54 
I I 
: : 
: Ui 
:96 and: 19/5/54 
:98 : 
: : 
&54 :31/3/54 
l : 

:54 :31/3/54 
: 
z 
s 54 
: 
: 54 

• • 
: 54 
• 
" 

: 
:31/3/54 
• 
; 31/3/54 
: 
: 
:31/3/54 
: 

• • 
:).0 ip.: 
: : 
: 
: 

• • 
: 

: 2 
:2.5 ip.: 
: : 
: 
• • 

• . 

: 
: 

: 
: 

: : 

: : 

: : 
:5.0 ip.: 
: I 
J : 
:2.0 ip.: 
: t 
:2.0 ip.: 
I : 

: s 
:2.0 ip.: 
: : 
:2.0 ip.: 
: : 
• • : 
:2.0 ip.: 
: : 

: :& : . • 
:96 and: 19/5/54 :5.0 
:98 . : : 

ip.: 

: 

: 

• • 

• • 
56 :7/4/54 

: 
56 :7/4/54 

: 

: : 
:2.5 ip.: 
• • 
: : 
:2.5 ip.: 
: : 

10 

8 

12 

8 

6 

6 

7 

7 

8 

6 

6 

: : l : : 
:105.0 : :1/5/54 

• • 
z 
: 

: + 
: 
• • 
: 

: : 
:29/3/54 : + 
:31/3/54 : + 
:1/4/54 : + + 
• • 
I 

z3l/3f54 
:l/4154 
: 
: 
I 
:7/4/54 
:8/4/54 
:9/4/54 
• • 
: -
: 
: 
:7/4/54 
: 
:9/4/54 
• • 

: 

z + 
: + + 
: . • 
: 
I + 
s + 
: + . • 
: 
: 
: 
: + + 

: + 
: 

: + 
: 
: 

: 
: + 
I 

: 
: 
: 
: + 
• • . • 

' 
l + 
: 
l 

a 
: 
: 
: + + 
• • 
: + 
: 
: 

I 

' : 
• • 

• • 
: 
I 
: 

:106.2 : 

: 
' : 
• • 

: : 
:L65.4 : . • 
I I 

: I 

' : 
:105.8 ' 
: : 
: : 
: : 
: : 
: : 
• • : 
:lOi.O : 
: : 
:106.6 : 
: : 
• • : : 

:10/4/54 : + + +: + + tl06e8 I 
• • 
:9/4/54 
:10/4/54 
• • 
:9/4/54 
: 
: 
t 
: 

: 
: + 
: + 

: + 
: 
• • 
: 
: 

1 : 

:14/4/54 : + 
: : 
: : 
:14/4/54 : + 
: : 

: + 
• . 
: 
: + 
: . • 
: 
: 

• • : 
:106.4 : 
: : . . • • 
:102.8 : 
• • : 

: : : 
:+ + + :106.2 : 
: . • 
:+ + + 

.. • 
: : 
:106.2 : 
: : 

5 

4 

8 

7 

4 

5 

3 

4 

7 

7 

25 

: 
:Phenergan 
:Salfam.erazine 
: 
: 
: 
:Phenergan 
:Sulfamerazine 
: 
• • 
: 
:Phenergan 
:SUlfamerazine 
: 
: 

• • 
s0.5 m.daily :sc. 
:500 mgm.followed:per 
:by 200 mgm for 
s5 days 
• . 

. • 

:0.75 ml.dai1y :so. 
:600 mgm.followedtper 
:by 300 mgm.daily: 
:for 2 days. : 
I : 
s0.75 ml.daily :sc. 
:600 mgm.followed:per 
:by 300 mgm.dailya 
:tor 2 days. 

: 
: : 

oa: 

: 

+ + 

: + + 
os: 

: 
: 
: 
; + + 

os: 
: 

I : s : 
:~lfamerazine :300 mgm daily 
s :tor 4 days 
: 
I 
: 
: 
: 
:SUlfamerazine 
: 
:Sulfamerazine 
: 

' :Sulfamerazine 
: 
:SUlfamerazine 
• • 

: 
• • 
• • 
: 
: 
:400 mgm for 1 
:day 
:400 mgm daily 
:for 2 days 
• • 
z400 mgm for l 
:day 
:400 mgm daily 
:for 2 days 

l : 

:Sulfamerazine :400 mgm.daily 
: :for 4 days . • 
: 
: 

: 

: : 
:Sulfamerazine :400 mgm for l 
: :day 
• • 
:Sullamerazine 
: 

: 
:400 mgmodaily 
:tor 4 days 

:per os: + + 

I 
2 
s 
: 

. • 

: 
: : 
:per os: + + 
: : 
:per os: + + 

: : 
:per os: + + + 

: 
:per os: + + 
: : 
: : 
&per os: + + 

• • 

• • 
• . 
: 
• • 

I : 
:per os:+ + 
: . • 

• • 
:per os: + + 
: I 

• •Immnnitv test ~ Rabbit unless otherwise stated. 

. • 
: 
• • 
:Died 
: 
• • 
: 
: 
:Died 
• • 
: 
• • 
: 
:Died 
: 
: 
• • 
: 

• • 
• • 
: 
• • 
• • 
: . • 
: 
: 

' ' : 
: . • 
: 
• • . • 
• • 

zRecovered. : 
: 
: 
• • 
:Immune. 
: . • 
:Died. 
• • 
:Died 
: 
• • 
:Died 
: 
:Died 
• .. 
• • 
:Recovered 
• • 

:Immune 
: 

: 
• • 
• • 
: 
: 
: 
• • . • 
• • 
: 
: 
• • 
: 
• • 

: 
• • 
s 
: 
• . 
: 

: : 
:Recovered. : 
: : 
: 
:Died 
: 

• • 
: 
: 
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APPENDIX TABLE H (Cont.) 

RESPONSE OF ARTIFICIALLY B. BE~NOITI INFBCTED RABBITS TO TREATMENT DUHING l).J.::RIOD OF REAiJTION. 

: l : : ~ : : 

1
Rabbit;nonor 'nate of :Blood 

1
No. 

1
No. !infection!in ml. 

: : : 

1 :Examination of :Clinical : 1 

=rncuba-·blood smears 1
1
symptoms 1 

: T r e a t m e n t =severity1 Remarks. =tion '--------------~------------:Duration: ______________________________________ ,-of dis- % 

:period ~ Date :Para- :oedema:Max. :of dis- 1 Drug • Dose per Kg. :Method 1eaae : 

: : l 
: 
: 
: 

: !in days; :sites ;. ;.~;mp. :::;: in ! · body weight ! : ! 
~·------~=------~--------~=------~'------~--------=~----~·~----~·------~=--------~: ______________ ~: _________________ : ______ ~'--------~'-----------· 
l : : : : : : I : : l : : : S I 

: 
I 
z 

• • 
s 
: 
: 
: 
: 
: . • 
: 
• • 
: 

75 

76 

77 

78 

79 

64 

: 

• . 
: 
I . • 

: 
• . 
: 
: 
: 
• • 
• • 

67 

67 

67 

67 

67 

80 

:20/4/54 :3.0 ip.: 9 :30/4/54 : + : + :105.4 : 4 :Sulfamerazine :400 mgm daily )per os: + + :Died : 
: : : : 1/5/54 : + : : : : :for 4 days s : : : 
I 

:20/4/54 
: 
!20/4/54 
• 
: 

!20/4/54 
• 
• • 

• • 
!29/4/54 
• 

: I S Z : : : S I : : : : 

:5.0 ip.: 9 :1/5/54 : + : :106.4 : 7 :SUl~amerazine :400 mgm daily :per os: + + aRecovered. : 
: : : : : : : a :r or 5 days : : : : 
• • :3.0 ip •• 
• I 
J • • 

8 

9 

10 

8 

: 

: 
: 

: 
• . . • 
: 
: 
: 

:30/4/54 : + 
;1/5/54 ; + 

!l0/5/54 : + 
• 

! !104.8 ! 7 :Sulfamerazine :400 mgm daily !per os 1 + :Recovered. : 
· · · · ! f' or 5 days • : : : 
: : : I • : S I : 

: 

• • + 
. • 
: 
• + . 

. • 
• • :104.0 : 
• • 

6 

5 

4 

:sulfamerazine 1400 mgm daily !per os= + :Recovered 
=tor 5 days • 1 

• : z : : : 

!SQlfamerazine :400 mgm daily :per os 1 + + !Died. 
• 

1for 5 days • 1 

: : : z : 

I 
I 
: 
: 
: 
• • 

!sulfamerazine 1 400 mgm tor 1 !per os! + + !Died 1 

· ! day • • • 1 

: : : I I : : : I • : : 

: 85 ! 80 :29/4/54 ~2.5 ip.; 11 !13/5/54 ! + . !106.4 ! 6 !sulfamerazine !400 mgm. daily !per os! + + !Died ! 
: _______ : _______ ; __________ : ________ , ________ ;1_4_/_5_/_5_4 __ :_._+ _____ ; _______ ; _______ , _________ ; _______________ :_t_o_r __ 3 __ d_a_y_s _______ ; _______ ; _________ ; ___________ : 

I : I I : : : : l : : I : U I I 

: 
I 
: 
: 
: 
I 
: 

: 
: 

• • 

• • 
• • 
l 
: 
: 
: 
: 
• • 
: 
: 
I 
: 
• • 
: 
I 
: 
: 

39 

41 

42 

43 

46 

47 

48 

49 

50 

:4/3/54 :2.5 ip.: 13 :19/3/54 : + : + :107.0 z 3 :Su1famez•thine:l.O ml.daily for: iv. 1 + + :Died 
:20/3/54 + + : : : :(16~ solution):2 days a : 

24 
: 
: 
: 
: 
: 
• • 
: 

30 

30 

• • 
:6/3/54 
: 
: 
:6/3/54 
: 

=· : :96 and:l9/5/54 
:98 
• . 
:5870 
: ox 
: 28 

: 
: 

. • 
:6/3/54 . • 
!8/3/54 
• . • 
: 

: 28 !8/3/54 . . 
:5870 : !10/3/54 
:ox : 
• • 
: 
• 
:5870 
·ox 
: 
: 

: 35 
• • 
: 

: 

!10/3/54 
• 

• • 
: 
:12/3/54 . • 

: • • 
: I 
:2.5 ip.: 
: I 

ll 

• • 
:10.0 
: 

sc: 
• • 

: : 
:5.0 ip.: 
: : 
: 

8 

:3.0 ip.: 12 . • 
: : .3.0 ip.. 5 
• • 
: : 

: 

S c : 
• • • 

9 

:3.0 ip.: 12 
• • . . • • 
: : 

!3·0 ip.: 13 

: : 
: : 
:2.5 ip.: 7 
: : 
: : 

: : : : : : : : : 
&17/3/54 : + 
:18/3/54 : + 

: + :104.8 : 4 :SUlfamezathine:1.0 m1.dai1y for1 iv. : + + 

: : 
:16/3/54 : + 
:17/3/54 : + 

• . 
: 

. • 

:22/3/54 : 
• • : 

+ + 

: 

: + 

; 

. • 

: + 

: : 
: I 

:106.2 : 
: . • 
:103.2 s . • 
: : 
:105.6 ; 

: 

:16/3/54 : + + 
:17/3/54 . + + +: 

+ + +!106.6 : 

;18/3/54 : + + + •! 
:20/3/54 ~+ 

!22/3/54 :+ 
:23/3/54 :+ + 
;24/3/54 !+ 

!26/3/54 !+ 
• 27/3/54 : 
;29/3/54 ; 
: : 
:22/3/54 : + 
:23/3/54 : + + 
: : 

: 

: 
• • 
: 
: 

• • 
. • 
:+ 

J 

. . 
: 

: 
• • 

!106.0 : . : 

+ !106.2 : . . 
: : 
: : 

!106.0 : 
: 

: : 
I : 
:106.6 : 
: : 

: 

7 

4 

6 

7 

9 

7 

5 

: :2 days : : 
: : I 

:SUlfamezathinea1.0 ml.da11y 

: . . 

:3 daye 
~ 

: 
: 

• • • • 

for: 

. • 
: 

:Sulfamezathine:1.5 ml.for 1 day: 
: : 

:sulfamezathine!1.5 ml.daily for! ; ;2 days ; 
: : : 

!Sulfamezathine!l.5 ml.for l day: 
• • • 
:Sulfamezathine:~.5 ml.daily for: 
; ;five days : 
: : : 

:sulfamezathine 11.5 ml.daily for 1 

; ~ 5 days ! 
: : l 

: : : 
:SUlfamezathinesl.5 ml.daily for: 
: :3 days : 
: : I 

iv. : + + 

iv. 

iv. 

: 

. • . • 

:+ + 

I 
: 

iv. 1+ + : 

iv. ! + + 

: 

• iv. ; + + 
: 
z 
: 

iv. :+ + 
: 
• • 

-

. • 
• • 
:Died 

: 
:.Recovered 
: 
• • 
:Immune 
• • . • 
:Died. 
• . 

• • 
: 

:Recovered 

!Died 
: 
: 
• :nied 
• 
: 
: 
: 
:Died 
I . 
• . 

: 
: 
: 
: 

: 
: 
: 
: . • 
• • 
• • 

. • 

: 
• • 
• • 
: 
: 
• • 

• • 
: 
: . .• 
: 
: 
J 

: 
: 
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I : 

: :~ 

:Rabbit!Donor 
1
No. ,No. 

: 
: 52 

: 
: 
: 

I I 
I 
I' 86 
I 
I 
: 87 

: 
: 
: 
: 
: 

: : 

40 

80 

80 

I 19 I 1 
I : 
I : 
I I 
: : 
I 25 
: 
: 
• • 

: 2 
• .. 
• • 
• . 
: 

I Jl I 18 
I : 
I : 

: 
: 
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APPENDIX TABLE H {Cont.) 

RESPONSE OF ARTIFICIALLY B. BESNOITI INFh~TED RABBITS TO TREAT~mNT DURING PERIOD OF REACTION. 

: :Examination of 1Clinical 1 : 1 1 1 : 
: 

: 
: 

1Date of !Blood 
!infection;in ml. 

!Incuba-:blood smears !symptoms =nuration= :Severity: 
• i • • : 0 f : T r e a t m e n t :of : 
: t on .----..... ---.---~.---. • • : :reaction: 
,period : Date :Para- 'Oedema'Max 'disease • Drug • Dose per Kg 

Remarks : 
: 

. 
• 
• • 
: 

!12/3/54 
• 
I 

:29/4/54 
: 

:29/4/54 
: 
116/2/54 
: 
: 
I 
: 
:18/2/54 
I 
: 
: 
: 
:25/2/54 
I 
: 

'i d • $1 tea : 1 tem~ : : : body weight :Method: : : n ays : • 1 : Op • : : : • : : 
I : : : : : I l I : : : 
I : I I I I I : I I I Z 

:2.5 ip.: 7 !23/3/54 : + ! + !106.4 ! 6 :sulfameza'thine:l.5 m1 daily for! iv. ! + + !Died 
1 24/3/54 : + 1 : 1 1 1 2 days 1 1 1 : : 

I : ,2.5 ip., 
: 1 
: : ,2.5 ip., 
: : 
:2.5 ip.: 
I I 
: : 
I 
I I 
:6.0 ip.: 
: : 
: : 
: 
: 
:3.0 
• • 
: 

: 
: 

sc.: 
: 

6 

6 

6 

5 

11 

• • 
I 
I 
: 
: 

! - ! :105.6 ! 15 :Sulfamezathine!l.5 ml.daily for: iv. ! + !Died 
1 1 1 ; 1 3 days 1 : : : 

: 
: ! !106.6 ! 6 :sulfamezathine!l.5 ml.for ~day! iv. : + !Died 

I : 
124/2/54 I+ 
&25/2/54 I+ 
:26/2/54 :+ + 
:27/2/54 I+ + 

: 

: 
I+ + 
I 
I 
• • 

I 
:26/2/54 
:27/2/54 
:28/2/54 
:l/3/54 
: 
:9/3/54 

: + :+ + + 
I+ + + : 

• • 
: 

I+ + + : 
:+ + + : 
: 
I+ 

: 

• • 
: + 
• • 
• • 

: : 
1105,2 I 
: 
: 
: 
I 

• • 

• • 
: 

:106.2 : 
• • 
: 
: 
: 

: 
: 
: 
: 

:105.0 : 
: 
: 

: 
• • 

13 

7 

3 

: : 
:Aureomycin :10.0 mgm.daily 
({1% solution) :for 5 days 
: n 
: 
I 
:Aureomycin 
: 
: 
: 
• • 
a Aureomycin 
z 
• • 

• • 
I 
:10.0 mgm.daily 
:for 3 days 
: 
• • 
I 
:10.0 mgm.daily 
:tor 3 days 
: 

: 
: 
I 
I 
: 

• • 
• • 
J 

: 
: 
: 
: 

• • 
iv. : 

I 
: 
: 
• • 

+ + + 

iv. : + + 
: 
: 
: 

iv. : 
• • 
: 

+ + 

: 
:Died 
I 
: 
: 
: 
:Died 
: 
• • 
: 
• • 
:Died 
• • 
: 

• • 
: 
• • 
: 
I 
: 
: 
• • 
: 
: 
• • 
• • 
: 
: 
: 
• • 
: 
: 
I 
• • 
• • 
: 
• • 
• • 
: 
• • 

S : : I : : : : : : : : : : : 
a 33 : 19 :17/2/54 :).0 ip.: 9 :8/3/54 :+ : + + :105.6 : J :Aureom,cin :10.0 mgm.daily : iv. : + + + :Died : 
: : : : : : : : : : : :for 2 days : : : z 

~t------~=----~=~------~=-----~=------~:~------~=------~=----~=~---~=~-----~=--------------=~-------------~=------=~------~=----------= : : : : : : : : : : : : : : : 
: 92 : 89 
: I 
I : 
: : 
: 93 : 8J 
I I 
: : 
: : 
I 95 I 83 
: : 
I • 
: 
: 96 83 
I 
: 
I 
: 97 83 
: 
• • 
• • • • 
: 98 : 8J 
: : 
: : 

:8/5/54 :2.5 ip.: 6 :18/5/54 :+ : + :106.2 : 10 :Phenergan :0.5 ml daily : im. : + + :Died 
: : : : : : : :Achromycin :10.0 mgm daily : iv. : : 
: 1 : : : : : : :{1% solu'tion) :for 4 days. : : 1 
I : : I I : : : : : I : I 
:10/5/54 :2.5 ip.: 6 :19/5/54 :+ :+ + + :105.4 : 6 :Ph~nergan :0.5 ml.daily : im. : + + :Died . • 
: 
I 
:10/5/54 . • 
• • 
• • 
:10/5/54 
: 
: 
: 
:10/5/54 
: 
: 
: 
:10/5/54 
: 
• • 

: : 
: : 
I I 
:2.5 ip.: 
I : 
l : 
: I 
:2.5 ip.: 
: I 
• • : 
: : 
:2.5 ip.: 
: : 
: : 
: : 
:2.5 ip.: 
: : 
: : 

7 

7 

6 

9 

: 
I 
: 
: : 

:22/5/54 :+ + 

• • 
r 
: 

: : 
:19/5/54 : + 
• • 
: 
• • 
: 
: 
: 
• • 

: 
: 
: 
: 
: 
: 
: 

+ 119/5/54 I 

: 20/5/54 : ·+ 
• • : 

: 
: 
: 
: 
• • 
• • 
• • 
• • 
: 
: 
: 
: + 
: 
• • 
: 
: -
: 
: 

• • 
• • 
: 

: : 
:105.0 : 
: 
• • 

: 
: 

: : 
:105.6 : 
I I 
I I 
: : 
:104.8 : 
: 
• • 
: 

: 
: 
: 

:105.2 : 
: 
• • 

: 
: 

11 

52 

4 

7 

:Achromycin :10.0 mgm.daily : iv. : 
: :for 3 days : 
: a : 
1Phenergan :0.5 ml.daily : 
:Achromycin :10.0 mgm daily : 
: : for 4 days : 
: I 2 
:Phenergan :0.5 ml. daily : 
:Achromycin :10.0 mgm.daily : 

: : :for 4 days 
: 
:Phenergan 
:Achromycin 
: 
: 
:Phenergan 
:AchroDlycin 
• • 

: • • 
:0.5 ml : 
:10.0 mgm. for : 
:one day : 
: : 
:0.5 ml daily : 
:10.0 mgm. daily : 
:for 4 days. : 

: 
: 

1Ja. I + + 
iv. : 

• • 
im. : + + 
iv. : 

: 
: 

im. : + 
iv. : 

: 
: 

im. : + + 
iv. : 

• . 

: 
• • 
: 
:Died 
: 
: . • 
:Died 
: 
• • . • 
:Died 
: 
: 
: 
:Recovered 
: 
: 

: 
: 
: 
z 
• • 
: 
• • 
: 
: 
: 
: 
• • 
• • 
: 
: 
: 
: 
: 
• • 
: 
• . 
: 
: 
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APPENDIX TABLE H. 

RESPONSE OF ARTIFICIALLY B. BESNOITI INF~TED RABBITS TO TREaTMENT DURING PERIOD OF R~CTION. 

: : • • : . • 
: :fi : : 
:Rabbit: Donor:Date of :Blood 
:No. : No. :infection:in ml. 

! :Exwuination of 
;Incuba-:b1ood smears 

:clinical 
"symptoms : =nuration: :=severity! 

2 of dis- ..... _____ _.T......,.r_e__.a_...t....;;;;m.....,.e......,..n_t......, ____ ...o.of • 
: 

Remarks 

: 

• • 
: 
: 34 
• . 
: 
: 
: 35 
• • 
: 
: 38 
: 
• • 
• • 
z 40 
• • 
: 

: 
: 
: 
• . 
• • 
: 

: 
• • 
: . • 
• • . . . • 
• • 
: 
: 

19 

19 

24 

30 

. • 
: . . 
:27/2/54 
• • 
: 
: 
:27/2/54 
: . • 
:4/3/54 
: 
: 
: 
:6/3/54 
• • 
: 

I : : 
: 1550 :1539 &:16/5/56 
: :1541 : . . . . . . 
I 1552 :1539 &:16/5/56 

:1541 : . . . • • • 
: 1553 :1539 &:16/5/56 
: :1541 : 
: 
: 
: 80 . • . . 
: 81 
• • 
• • 82 
• • . . . . 
: 89 
: 

: 90 
• 

: 88 
: 

: 
• • 
:67 . . 
: 
:65 . • 
:65 
• 
• . 
:74 
: 

:80 
: 

: 
: 
:20/4/54 
. • 
:21/4/54 . . 
:21/4/54 
• 
• • 
:29/4/54 
: 

!29/4/54 
• 
I 
:29/4/54 
: 

:tion : 
:period : Date ~Para- :oedema!Max. 

. . : . . . 
:ease in • Drug Dose per Kg. ;method;diaease ; 

. • . . 
• • :in days: :sites • :temp • 

• : •OF 
:days : body weight . : : 

: 

• • 

• • 

sea 
• • 
: 

% : 

:3.0 so.: 
: 
: : 
:2.5 ip.: 
: : . • . . . . 
:2o5 ip.: 
: : 
: : 
: . • 
' : :5.0 ip.: 
• • • • . . . . 
:5.0 ip.: . • 
: : 
:5.0 ip.: 
: : . • 
• • • • 

12 

10 

7 

6 

15 

14 

14 

:3.0 ip.: 6 

• • 
:).0 
• . 

. • 
• • 

ip.: 
I 

ip.: 
• 

: : 
:2.5 ip.: 
: • • 

:2o5 ip.: 
• • • • 

7 

7 

5 

5 

5 

: : : : : . • 

:12/3/54 ! + 
:13/3/54 
:14/3/54 

:+ + + 

• • 

z + + 
: + + 

• • 

:12/3/54 : + + :+ 
: : 

• • • • 
:12/3/54 : + :+ + 
tl3/3/54 : + + 
:15/3/54 + + +: 
: I 

:12/3/54 : + + 
:13/3/54 : + + 
:14/3/54 : + + 
: 
: 
:6/6/56 
:7/6/56 
: 
:5/6/56 
• • . • 
:7/6/56 . • 
: 
: 

. • 
: + + 
: + + 

: + . • 
: 

• • 
: 
• • 

:29/1/54 :+ 
:30/4/54 :+ 
: 
:1/5/54 
: 

:+ 
• • 

:30/4/54 :+ 
;1/5/54 ; 
:8/5/54 :+ 
• . . . : . . 
e 1 

:10/5/54 :+ . • : 

. • 
:+ + 

• • . • 
• . 
. • 

. • 
: . • 
: . • 

• . 
: + 

• • . . 
• • 

• • . • . • 
• • • 

• • 

I 
• . 
: 

+ 

+ 

. . 
:105.2 : . • . . 
: 

: 
• • 

:105.0 : 
• • 
z : 
:106.0 I 

. • 
• • 

• • • • 
:105.8 : . • 
• • . . 
• • 

• • 

:105.4 : . • 
: 
:105.4 . . 

: 
: 

• • 
: : 
:105.0 : 

: 
: 

• . 
• • 

:105.6 : . . • • . . • • 
:105.8 : 

: 

:106.0 : 
• • 
: . . • 
:106.8 : 
: • • 

I t 

:106.0 : 
• • • • 

5 

5 

7 

5 

7 

15 

7 

5 

8 

3 

7 

10 

7 

. . . . 
:Babesin(Hoeo~~3.0 mgm for 1 
: :day 

. • 
:Babe sin 
: 

: 
:4.0 mgm. for 1 
:day 

: : 
:Gonacrine (5~ :0.05 mgm for 1 
:solution) :day 

: 
:Gonacrine 
: 
: 

: 
:0.05 mgm for 1 
:day 
: 
• • 

: : 
:Pentamidine :1.5 ~. daily 
:(1% solution) :for 2 days 
: 
:Pentamidine 
: . • 
:Pentamidine . • . . 

: 
:2.0 ml. for 1 
:day 

:2.5 ml. dai1j' 
:for 2 days 

: 

: 
: -
' 

. • 

: 

• • . • 

: 

• • • • 
:Phenamidine :0.4 ml.for 1 day: 
: ( 5% solution) : 
: 
:Phenam.idine . . 

• • : 
:0.4 ml. daily foe 
:2 days 

!Phenamidine :0.4 ml. for 1 : 
·= :day : • • 
:Phenamidine :0.5 ml.daily for: 
: :2 days : 
!Phenamidine :0.5 ml.daily for! 
; ;2 days ; 
:Plasmoquine :0.5 ml.for 1 day: 
:(16% solution): : 

: 

• . 
iv. :+ + + 

: 
• • . . 

iv. r+ + 

iv. :+ + + 
1 

' iv. :+ + + 

• • 
• • 
: 

so. :+ + . . . • 
so. :+ + 

: . • 
so. :+ + . • 

• • 
: 

sc. :+ + . • 

so. :+ + 
• • 

• • 
so. :+ 

so. 

. • 
: 
• + • 
I 

iv. : + + . • 

: 
: 
s 
:Died . . 
• • 
: 
:Died 
• • 
: 
:Died 

: 
:Died 
• • 
• • 
I . • 

• • 
• • 

. • 

: 
• • . • 

: 
: . • 
I 
: 

. • 

: . • 

:Recovered. : 
J 
: 
:Died 

:Recovered 
: 
• • 
• • 
:Died. 
• • 

. • 
: . • 
• • 

. • 

: 
• • 
• • 

• • • • 
:Died. : 
: : 

:nied. 
• 
: : 
:Recovered. a . • 
:Recovered. : 
• 
I 
:Died. 
: 

• • • 
: 

----+------+------~~---------+ 
:1251 
: 

:79328 :12/10/54 &6.0 ip.: 
:(goat): : : 

13 :27/10/54:+ :+ + 
:28/10/54:+ + : 
:29/10/54:+ + + : 

:107.0 : 
: 
: 

• . 12 :Sodium iodide •·2.5 ml. twice f;\tl 
:(10% solution):) daily intervala 
: a 

iv. 1 + + + 
: 

:Died 
• • I 

• • 

• • 
: 

• • 

: 

: 

• • 
: 

. • 

• • 

9 !25/10/54: + : + 
:27/10/54! + + : 
;28/10/54;. + + ·~ 
: . • : 

• • . : 
;106.0 : 

' • • 
: 

: 
: 
: 

13 !Sodium iodide !2.5 m1 for 1 day! 
: 
: 
• • 

• • 
: 
: 

I 

.. 
iv. ; + + 

: 
: 
: 

. • 
:Died 
• 
: . • 
: 

. • 
• • .. • 
: 
: 
: 
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APPENDIX TABLE I • 

REPEATED TR~ATMENT OF 26 RABBITS DURING INCUBATION PERIOD, CONTINUED IN 19 CASES ALSO DURING REACTION PERIOD. 

: : : : : I : I : : l : 
I . • : : : :Examination of :Clinical :Dura-: T r e a tm e n t : • 

sDate of =controls=Incuba-=-.b.-1.-o.-od..._s..,.m-.e ... a_r_s...._ ....... :,..s,.J:m~P .... t.,..;.o.-m.s,_ ____ :tion : ' : : :s~;erity; 
: 

Result. : : : 
:Rabbit:Donor 
zNo. : 

: t : • : : a : : of : : : : s • : : 
:;~Oe~:on!Ta~le ;~!~od : Date :Para- :Oedema:Max. :dis- : Drug. : Dose per Kg :Days sMethodsreact1 on: : 
:blood ip • :in days' :sites :~emp. :ease : : body weight :after : : : 
: • : : : : : F :in : : : intec- : : · : ' : 

I : 

~:------~=----~~------~=------~~------~=~------~=------~'----~:~----~=~dMa~y~s~:----------~~~----------~:t~i~o~n~--~----~------~: __________ 1 

!15~6 ! 1556 !30/5/56 !Gen.76 : 16 !19/6/57 :+ !+ :106.0 ! 8 !Trypan blue : 4.0 mgm :2,4,6,8; iv. :+ + :Recovered 
• • . • : : • . :(1% solutionl .10,12, : : 

: : : ~ ~ =· : : : :14' 16 : : : 
:1567 
: 

: : • • • • • • • • • • 
: 1556 :30/5/56 :Gen.76 : 8 :10/6/57 :+ : - :105.4 : 7 :Peni:i~.ditl\3 :0.5 m1. :2,4,6,8& sc. :+ + 

: : :(1% solution) :10,12 : : 

:1568 
: 
: 
: 
z 
:1569 
: 

;1583 
: : 

. . . . 
: 1556 :305/56 
• • 
• • . • 
: 

• • 
& 

• • 
:Gen.76 
• 
• . 
: 

• • . • 10 
. . 
: 

. . . . . . . . 
:1556 :30/5/56 :len.76 : 10 
• • 

!15/6/56 
• 
: 

: 

: 

. • 
• • 10 
• • . • 

: : : I : 

:1584 :1563 :15/6/56 :Ger .• 77 : 7 
: 
!1630 
• 
:1631 
!1632 
• 
:1684 
:1686 
• • 
:1685 
: 

!1707 
: 
:1724 
: 

• • 
:1726 

. • 

:1614 
• 
:1614 
!1614 
• 
:1668 
:1668 
• 

: 

:20/8/56 
• 
:20/8/56 
:20/8/56 
:8/10/56 
!8/10/56 

: • • 
! Gen.82 : 
• 
:Gen.82 : 
!Gen.82 : . : 
:Gen.86 : 
!Gen.86 : . : 

: : : • • 
:~668 :a/10/56 :Gen.86 : 
: :1696:--s/11/56 : : 

!1695 !9/11/56 ~Gen.89 ! 
: 
:1714 
: 

:1714 
• . • 
:1714 

• • 
:1/12/56 
: 

~1/12/56 
: 
:1/12/56 

: : 
: Gen.91 : 
: : 

!Gen.91 : . : 
• • 
:Gen.91 : 

: : : • • 

:1912 !1907 !22/8/57 
: 
11913 
: 

;1914 
: 
:1915 
: 

!1928 
• 

: 
:1907 
: 

:1907 
• 
I 

:1907 
: 

!1920 
• 

a 
:22/8/57 
a 

!22/8/57 
• 
: 
:22/8/57 
: 

!21/9/57 
• 

:Gen 115: : . : 
: : 
:Gen.l15: 
: I 
I • 
:Gen.115; 
: : 
:Gen.115: 
: : 
=Gen.l17: • • . . 

7 
9 
77 
9 
8 

15 

14 

9 

9 

8 

7 

8 

7 

8 

7 

. • 
:13/6/57 • 
• • . • 

: 

I 

. • 
: : 
:13/6/57 :+ + 
• • 
: 
: 
: 
: 

: 
I 

: . • . • 
:2/7/56 :+ + . • • • 
!31/8/56 :+ 
• • 
:4/9/56 :+ 
• . . • 
• • • • 
:20/10/56:+ + 
!20/10/56!+ + 
: 
: 
• • 

: 
: 
• • 

!28/11/56: 
• • 
• • • • 

+ + 

:13/12/56: + 
: • • 
:14/12/56: + 
: : 
:13/12/56: + + 
: 

:4/9/57 

: 
: 
• • 

: : 

+ + 

:10/9/57 : + 
: 

:8/9/57 

• • 
: 

: 
+ 

: 
: -

:2/10357 : + . . 
• Immunity ~est 

. • 

.. 
• 
: 
: + 

. • + 

: . • . • . • 
: . • 
• • 

+ : 
: + 
: 
• . 
: 
: 
: . 

+ + 

• + 
: 
: 
: 
: 
• • . • 
s 
: 
: 

: 
I 
I 
: 
: 
: 
• • 
• • 
: 
: 
: 

+ 

!106.0 . 8 
• • 
: 
: : 

. • 

. . . : . 
;Pentamidine ;1.0 ml :2,4,6,8 1 sc. :+ + 
• • :10,12, ,· . 

• 6 : :14' 1 ' • • 
: : :18,20, ; • 
; ; 22 : : z : 

:105.0 9 :Mycostatin :500,000 units:2,4,6,8;per os:+ + 
:Phenergan :0.75 ml. :10, 12.: im. s 

:107.0 ; 5 :Phenamidine :o.6 m1 !2,4,6,8! so. :+ + 
• :C5~ solutionJ .11,13, : : • • . .15 . • 

: : : : : : : 
:105.4 a 11 :Arithiomaline:0.04 m1 :3,6,10,: ta. :+ + . • 

~105.0 : 
:106.2 : 
:106.6 ; 
:L04.4 : 

:104.8 ! 
: : 
:105.0 : 
:L03.0 : 
!103.8 : 
• • 
• • : 
:105.0 : 
: . • 
:105 6 11 
• • • • • 
: . • 
:105.8 : . • l . : 
;107.0 : 
• . : 
:105.0 : 
• . : 

I : 

7 
8 
5 
5 
6 

7 

5 

8 

7 

7 

9 

7 

:105.6 : 10 
• • • • 
!106.0 : 7 . : 

: : :13 : 
:Pamaquin 
• 

. : . 
;o.2 m1. :2,4,6,s; 
:0.4 ml :2,4,6,8: 

iii. 

im. 

. • 

:+ + . :Aralen 
:Aralen :100 mgm !2,4,6,8! per ot + + 
• 
:Jdixtam.ycin :400,000 units:2,4,6,8; im. 

!Mixtamyoin 
:Phenergan 

I • • . 400,000 units:2,4,6,8: im. 
im • :o.75 m1 : : 

• . . . 
:Terramycin :10.0 mgm :2,4,6,8: iv. 
• • 
• ;Terramycin 
• • 
:Quinacrine 
: 

:Quinacrine . • 
:Quinacrine . • 

: 

: 
:9.0 mgm 

• :9.0 mgm 
• 
t 
:9.0 mgm 
: 

!spirotrypan :o.2 ml. 
• • 
: : 
:Spirotrypan :0.4 ml. 
: : 

!spirotrypan :o.4 m1 
• • 
: : 
:Spirotrypan :0.6 ml 
: : 
=Formalin '0.4 ml. 
: (1% solution) 

: 

:3,4,5,6~ iv. 
;7,8, ; 
:3,4,5,6;per 
:7,8. : 
: 6: • 3, 4, 5, • per 
;7,8. ; 
:3,4,5,6;per 
:7,8. ' 
:2,4,6,8: im. 
:10,12 ; 
':2,4,5,8; im. 
:10,12 : . . 
:2,4,6,8; im. 
·1o 12 · 
: ' : 
:2,4,6,8; 1m. 
:10,12 : . : :2,4,6,8. iv. 
• • 

• 
: + + 
• • + + 
: 
: 

• • . 
+ 

• + + . • 

os: + + 
: 

os= + + • • 

os: + + 
• • 

: 
I + 
: 
: 
: + + 
: 
: + + 
: 
: + + 

. • . • 
:Recovered . • 

. • . • 
: . • 
: 
: 

!Recover d. 1 
• z 

: 
• • 
: 
:Died . • 
:Died 
I 
: 
:Died 

!Recovered 
:Recovered 
;nied 
:Died 
:Died . • 
: 
:Recovered 
:Immune 
!Died 
• • 
:Biedvered 
I 

!R•covered 
• 
: 
:Recovered 
• • 

: 

: 
: 
: 
: . • 
s 
• • 
• • 
I 
• • 
: 
: 
: . • 
• • . • 
: 
• • 
: 
: 
• • 
• • 
• • 
• • 
r 
• • 
• • 
• • 
• • 

• .. 
: 
• • 

: : 
:Recovered. : 

: 
: I • Recovered. • 
• • 
: 
:Died 
I 

!Recovered 

• • 
• • 
: 
• • 
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APPENDIX TABLE I (Cont.) 

REP.l£ATED TREATMENT OF 26 RABBITS DURING INCUBATION PERIOD1 CONTI1WED IN 19 CASES ALSO DURING REACTION PERIOD. 

: : 

:aabbit!Donor 
1No. a 
l : 
: : 
I I 
I l 

I : 
I : 
:1929 :1920 
: : 
: 
:1930 
• • 
:tl931 
: 
:1950 

• • 
:1920 
I 
tl920 
: 
zl944 
: 

l : I I - ---- · I : l I : 

'Date of :control(Incttba-:ExAf~..._ion of : Clinical 1Dura-= T r e a t m e n t :severity! · 
!infection;!~le ;tion~ .;~b~l~~~4~)~~~-~~~~~s~~~~s~~~p~t~i~m~s~,~:tion !~~~~~~~~~~~~~--~~~~~~of ; 
·5.0 ml. C period • • • .of : . 1 • 

1
reaotion. 

1blood ip.! !in days: Date !Para- :oedema:Max. "dis- Drug • Dose per Kg Days aftMethod • 
1 • • ·sites : "

1
tem:p. 1

1
ease =. : bod·" weight 1t-i!r in- 1 

: 
I J I 1 · ; 't • 0 : tJ l & • • 

1 1 t lL··~f.1~ t ·--~ 1 t l 1in ; : :fl:iotion1 ; ; 
: : 1 1 -1 ;;..': 1 : 1 days : 
l : I I ·. • : : I : : 

• • : 
: 

. • 
: 

Remarks 
. • 
: 
: 
: 
I 
• . 
: 
: 
• • 

:21/9/57 :Gen.ll7: 8 J':I:4/10/5.Tv; + t - :105.4 : 7 :Formalin :0.4 ml. 
: : 
:2,4,6,8: 
: : 

iv. :+ + :Recovered. : 

• • 
:21/9/57 
• • 
:21/9/57 
: 
:2/ll/57 

• • : 
: : 
:Gen.ll7: 
: : 
:Gen.ll7: 
: : 
:Gen.l21: 
: : 

6 

5 

8 

: ' : : 
:1/10/57 : 
: I 

:2/10/57 
I l 

:l)/11/571 . • : 

+ 

+ 

+ 

: 
• • 
: 

: 
I 
I . • 

+ 

-

. . 
: 

: . • 
:104.8 : 7 
·J : 

:105.0 7 . • 
:105.0 : 8 
: 

f1~ solution): 
: 
:Formalin 
: 
:Formalin 

• • 
:0.6 ml. 
: 
a0.8 ml. 

• • • • 
:Tubomel(INH}:20.0 mgm 
:P.A.S. :200 mgm 

• . 
: : : 
:2 1 4,6,8; iv. :• + 
a : : 
:2,4,6,8: iv. :+ + 
a : : 

· : 3,4, 5,6;per os:+ + 
:7,8. : . • 

• • : 
: 2 
:Reo overed • : 
: • • 
:Reo overed • : . . • • 
:Reo overed. : 

s : : : : ' : : : : : : : : : • • : . 

&1951 :1944 :2/11/57 :Gen.l2l: 9 :13/11/57: + : + :105.4 : 8 aTubomel(INH):20.0 mgm. :3 1 4~5,6sper os:+ + 
I I I : I :14/11/57: + : I Z zP.A.S. :200 mgm.. :7 ,8. I : 

:Recovered 
: 

• • 
• • 

-·------~'------=----------=--------=------~:---------=------~: ______ , _______ : ______ : ____________ , ______________ : _______ : _______ : _________ : ___________ : 

Parasitesa + • rare 

+ + • infrequent 
+ + + • frequent 

Oedema: + • mild 

+ + = severe 
+ + + = very severe 

Severity: + = mild 

+ + = severe 
+ + + = very severe 
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