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SUMMARY t

Research into the pathogenesis and pathology of bovins
Petechial /ever baa been stimulated by the fact that tha
dlaesaaa is an important limiting factor in keeping oattla

in many areas of tha Kenya Highlards* Tha clinical and

gross pathological syndrome of tha disaaHa was atudisd both in
fiald natural oaaaa of tha diaaasa and in expensental bull calv
The calves used werethigh grads" animals (6—32 months old) and :
ware infected by intravenous inoculation using dO-25G*l of infec
whole blood froa clinical cases* bome of tha calves ware infect
with blood from tha heart of a hoifor that had died three hours

previously from the natural disease in tha field*

Aft'rr a varying incubation period (from 5-10 daysj there was a
sudden elevation of body temperature (to 103°F or above)
accompanied by serous discharges from the eyes and the no«™ with
grinding of the teeth* Ore to two days after this elevation of
temperature, some haemorrhages v .lying from pin-point petechias
to ecchymoses appeared on the visible mucous membranes* About
20/ of the experimental animals developed a varying degree or
diarrhoea with blood in the faeces* Some developed conJunotival
oedema, pulmonary oedema and submandibular oedema. The pulmonar
oedema was manifested by a very harsh cough, and sometimes by
frothing from the mouth and the nose* Respirations became marks
fast with the animal tending to be dyspnoeic* The haemorrhagic
uyndrome caused a tremendous reduction of both the leuoocytee an
erythrocytes of the blood with s persistent profound anaemia

being observed in the recovering animals*



The animals also e/o*t*d a leucocytosls in tbs period of the
disease incubation and the recovering ones durinj convalosuer.ee*
The duration of the disease course has been between four and tee

days*

In the early pyrexic stage of the disease blood smears stained
by Gieasa Method showed intracytoplasmic Rickettsia in the cslls
of the leucocytic series* Smaller organisms were more conmon
while giant bodies and morulas became predominant during ths let
course of the disease* After the appearance of the extensive

haemorrhages| the organisms became difficult to detect in the bi<

smear*

42*a> of the reacting experimental animals died while another
25k were sacrificed at various stages of the disease course to
obtain fresh or”an tissues for electron microscopic examination*
At autopsy the most striking pathologic ohangs was extensive
haemorrhage into connective and muscular tissues* About 30> of
those examined st post mortem showed a varying degree o. oo<i'jpa
in the connective tlssuee of the sub-cutis. All ths aniaals
examined at post-mortem showed grossly haemorrhagic myocarditis
and a varying degree of haemorrhagic involvement in other organs*

Over 55£ of thee had mucosal and submuoosal haemorrhages oi the

gall bladder*

Histological examination of organ sections showed ths extensive
hseaorrhaiea <» areas of capillary vasculitis with call dejjeaeral

and an accompanying perivascular hystiocytic call Infiltration.



In tbs longs and brain9 these degenerative changes wars
aceonpanitd by oedena of the iliiut sad oongostlon of ihs
vonnols* Tho liver oolls showed degenerative ohangos ranging
from vacuolation and fatty degeneration to extensive eoagulative
neorosis of the liver oord cells* The heart showed narked

haemorrhagic nyocarditie with extensive syooardial cell degene-

ration*

Bieohenieal investigation showed a narked inoreaee in the serua
glntanate oxalacetate transaninase ( *G*O.T*) which supports the
observation of the tissue degeneration* Liver excretion test with
Bronsulphalein revealed a very prolonged excretion tine in sickness
Which indicated inpnired hepatic function associated with the

do onorativs changes*

Prosh tissues obtained fros sacrificed aniaals were proseseed for
electron nioroeoopio studies. Ultra-thin sections from the liver,
spleen, heart ausole, kidney and third eyelid were exaslned
together with huffy coat preparations# Different shapes sad sises
«f the Hiokettsla representing diff erent etagee of dovelopaeat of
the parasite were observed in the syteplaaa of different types oi
sells* Their presence in the organ sells was associated with
degenerative ohanges of tho hoet soils* They were obaov d either

singly or inclosed In vaouolea within the oytoplasn of tho host cell*

The Ultra-otruoture of the organise was found to oonsist of a douole

ne”orane onolooing a dense nueleold a.ass with so notlsable oytoplasn.



The inner layer of the membrane n& finely apposed to the

nucleoid mass which was rich in ribosome*. The replication
process of the organism observed showed a binary fission and
Multiple fission for the smaller and larger organism* respectively.
Pha&ooytic action of the host oella was observed in soae cases to
cause changes in the parasite involving lose or degeneration of
the double membrane*. All the replicating parasite* had their
double aeabrans* intact and no observation wa* Made of parasite*

multiplying without the aeabrane.

Tho organisms found in the buffy coat cell* were oi*ilar to those

that sore found in the cells of the other tissues.
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bovine Petechial Kwver, coaaonly known in Kenya a* "Ondiri Jleeaae"
lo a dieeaae of rualnanto that ocouro in aany areas of tho Kenya
Highlands, with altitudes between $9000 ft* and 9|™0 ft*
(1fi>00-2,800 a)* Tha natural ooourronoo of tho diaaaao ia aoon
only in c«ttla9 out other ruainanta (dheep aul io”~ta) Can oca
infected experimentally* The diaaaao syndroae ia characterised
clinically oy fever9 appearance of pataohial haaeorrheffos a, tjo
vial Ola auooua aaaOranaa* Occasionally tha diaaaao also cauaaa
sudden collapse and death* In silkm* cowa, tha firat noticaaola
aign la sudden drop in ailk production and fever with anorexia*

The duration of tho disease courea la vary variable froa two to

ten daya (Piercy 1933)*

It la possible that Bovine Pataohial Kavar (*e*e*'s) haa bean
preeont ia Kenya froa tlaa ianeaorial even though the disease le
not known in any of the lanffua_.ee of cattle-keeping tribes of
the Ksnya Highland** Kvidenoe of tha oxiatanoa of thia disease
were firat noticed in 1$29 whan imported cattle on a quarantine
station at Nairobi developed a hseaorrhatfic ayndroae that waa
difficult to aasoolate with any other known eattle diaeasa
(kattan, 1$2*). atuilea undertaxen than ravelled no causative
a”ent a/id experimental tronealwaion was not successful* Tha

disease condition was tentatively called "Nairobi .uarantine

£laease”*
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Pour ye~rs later tr» luiai* assumed now significance when deaths
ocourud a&ong ailklr . cows on Ondin Pars at Kikuyu (Dept. of
Agric. Ar.n. hept. 1933)* Studies ssrs then carried o«t st the
Veterinary Hesearoh Laboratories at Kabete which established
this as a new disease entity different froa all other known
ailmmte affecting cattle (3anks 1933)* The disease was then
variously naaed "Omdlrl miiosaae”, "bovins Infections Petechial
Fever", Speclfio Transmissible Petechial Fever"”, "Haemorrhagic

diathesis" and also "Ondiri-itis".

Piercy (1933) indicated that the disease is widely distributed

in the aenya Highlands, where cattle erased in or near indigenous
forests. He reported that the incidence of the disease was higher
during the rainy season and further that "needle" pa sage Increased
the adaptation of the virus to artificial transmission and its
virulence (The Jaat African Ajnc. Joarn, 1933). Ms attempted to
transmit the disease naturally using ticks, stable flies end
mosquitoes, but this gave negative results. He concluded that
arthropod transmission aust be responsible for the sporadic nature
of the disease. Studies on this disease were then undertaken by
several workers both at Muguga and kabete. Plowright (193%)
observed morula-like {ranul&r oodles in tissues of dying

animals examined with the light microscope. Haig anu Janskin
working at Veterinary Research Laboratories at kabete followed
these observations and demonstrated the constant presmr.ee of these
pleomorphic Hloksttsis - Like bodies (h.L.b)» in the ~lymorphs
and monocytes of circulating blood obtained from clinically

reacting animals (Haig and itanskin 19b2).



This demonstration then opened a n«w chapter iu the study of tils
"Ondirl - disease” and stimulated further research into the study
of the characteristics of this pleomorphic causative agent, with
a view of classifying it and eventual 1/ finding aothoda for control

of tha disease.

Ths disease occurs sporadically with varying ae,;r<*n of the

clinical syndrome. Nettam (1929) had rsportod that ths duration
of ths dlssass varied between four to eleven days. Piercy(1933)
on ths othsr hand rsportsd acuts oasss where ths animal oollapsss

and dies aftsr two to throe days.

Daubs and co—workers (js”~t. Agrio.Ann.aspt. 1933) had put ths
mortality of ths dlssass as low as 5 or sorksrs at ICabete
(tfet*b#pt.Ann.ttei>t. 1950) oarrisd out experimental transmissions
and thslr findings showed a mortality higher than 53 !m on# caai
during our investigation at a Kaivashn untf ws examined a herd of
33 yearling heifers and found alx of thsa with typical peteshtation,
liwtlenessnese and high tospsraturs 10> - 107°P*» threo showed high
temperature and no other sign, while two had few potoobiae and pals
mucous membrane# without pyrexia. This confirmed earlier recite
by Dansxin and durdin (19¢3) that la ths field only the most severe

oases are noticed and there is undoubtedly s high rate of Inapparent

infections.



In ny scoriaental transmission, tht incubation period baa beat
found to rar/ froa 4 to 10 da/a (averag# 6*2 days)* Ona infected
calf (No. 33) showed only teapwrature alavatlon to 104°F for twa
da/a and ha*aatolot,ic changes without at®1?r obvious aanifastations

of the disease.

In aany areas of tha Kenya Highlands, Borina Petechial Paver
continues to hinder cattle farming by causing actual dsatbs9
and by retarding production* ifowever9 until sore Knowledge la
obtained about tha behaviour of the causative parasite9 tha

oontrol af the disease will still present difficulties*

This investigation was undertaken for two purposes* Tha first

was to stud/ ths clinical syndrome of dovina Petechial Paver
(Ondin < niaeaaa) and its correlation with pathological changes

in blood ard other tissues provoKed by t»e oauaatlve agent in
infected ariaal* The second purpose was to study the sorpholo y and
the ultra—tructure of the agent in the ifferent tissues of tht
affected anlsal as a aeans of dsteraininj the *oat suitable material

for dia.yiosis of the dluaaae when it is tiepeoted*
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Xoct.t--r,gay » a,;nsS »

Danskln and fcurdin (1763J thought it was extraordinary that ths
hovins Petechial Fever did not occur even in adjaocnt countries that
have similar topography to tha Konya Highlands* Tho dieoaa™ ia
enaootie in Kenya Highland* where it occur* sporadically* Tha
incidence of tha disease vary from one far* to tha other and fro*
year to year# Occurrence sees* sore frequent when short periods of
rains follow aright sunnyweather, (Plowright 1962). On the farsa
in tha enaootia areas, the infeotion persists in the absence of
cattle for sany years and often only a particular snail area of a
farm or paddock appears to harbour the infection* The incidence
of the disease is consistently associated with parts of fares
covered with forest and thick scrub. In tises of drought farmers
are teepted to aove aniaale into these thiox scrub areas of thair

farms, and then the disease occurs*

Outbreaks of this "Ondiri-diseaas" have shown coneiderabj. ;
variation in the olinioal signs und the course of the diso*M<*
(Danskin and berdin, 1963). The severity of the disease in cattle
varies from leapparent infection to a highly fatal syndrose

(Haig 1966). The disoase noraslly has an insiduous onset in the
h»rd which say go undetected when aniaals aro not frequently
handled (Hattas 1929). The eost severe cases are noticed

while a high proportion of insppsrent infections go unnotu 4

(Oanskin and Kurdin 1963).



Dank* (1933) reporting on ita outbreak in dairy hard on

Undiri faru at Kikuyu aaid that the principal symptom was a
wuduun riao in temperature and a maraud drop in milk yiald*
Latar on (1936) he raportad oaaaa of auddan daath whore aniaaia
would look Mall ona day and be found daad the nazt morning*

Tho paracuta foraa of the disease with aui .an daath ar not oftan
aaon in tha experimental disease* In experimental transmissions
tha couraa of tha diaaaaa hua oftan baan acuta or aub-aoutaj with
duration of tha diaaaaa syndrom* varying from 4 to 11

followed aithar by daath or alow recovory* Inoubation period in
tho artificial tranemianion have baan between 5 and 14 days
(fat*Dapt*Hapt.1956). Thera are no figures for tha incubation
period of tha natural diaaaaa baoausa ita nodo of natural

transmission to data la not Known*

Tha firat sign that ia aeon la a ayatanic diaturbanca aanlfaatad
oy a dry coat, anorexia and grinding of teeth (Msttam 1929)e

In a silking hard these aigns accompany an immediate and atrlxlng
drop in nilk yield of tha affected cowa (Aaius 1936)* Mildly
affected aniT.ala uaually tat and behave narxally during most of
tha parted* In non-lactating animals hi~fe temperature 105-107°F*
accompany tha systemic diaturbanca, and it precedes all othor
signs by 1-2 d*ye* Profuse serous nasal * d lao”riaal discharge
are passed* Ona or two days following elavatiom of temperature,
tha visible mucoua membranes (gums, lips, ¢induralde of tonjue,

vulva and oonjunctivae and naraa),



An even light an.ti of the skin, show the developant of
haemorrhagio areas varying from fin# petechias to extensive
flacking, in a congested background (Plowright 1962)* Kith

th« onset of thAAA signa, respiration And pulAA beooa# fast.

3o0a« of thA aniaale develop pulmonary oAdAna which In shown by

a abort harsh ooujh that IAtar progresses to severe and prolonged
coughing* done anlaala develop alight diarrhoea with fluid faecea
which aay be tinged with blood. Othera develop severe diarrhoea
that progreeeee to frame dyjfsentery* In a few of theae aniaale
oedoaa develope in lists, trunk and neck* Aniaale aay collapee
and die due to heavy loaa of blood and fluids, or eoae aay
progreaa in 2-3 days to prostration and weaknesei that aay lead
to death or to prolonged recovery* In the recovering aniaale the
course of the dleeaee lasts 3 to 10 day# with develepaent of
anascola and disappearance of the petechias* This is then followed
by a protracted convalescence during which tine aniaale are likely

to go dowmn with secondary ooaplicatione*

Gelatinous oedeaa of the oonjunotlvae develops in about 3" of

the aniaale affected with bovine Petechial Fever (Piercy 1953).

This syndroae when it occurs le seen after the staga of the
development of petechias. This gelatinous oedeaa of the conjunctiva#
causes the eversion of the eyelids and aay be aocoapanied by
haemorrhage into the aqueous huaor* This appearance of the yellow

gelatinous eye with haeaorrhage le referred to as a "poached egg"

eye.
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Xettaa (1?729) in hi# inveetigation of Nairobi quarantine diaaaao
had notioed that thara were circulatory diaturbancaa in the
capillaries of the akin, da observed a delayed coagulation Use
of the blood9 and draw the conclusion that the disease set up
specific changes in the peripheral vascular aystea. These
changes led to hypereaia or stasis in the solid viscera9 and 10
extensive haemorrhagic syndrome. Danskin and hurdin (l1?0j,
supported this observation and added that there was an
accompanying basophilic stippling of j erythrocyt a end a
thrombocytopenia with a resultant inoreaae in clotting time.
Studies undertaken by Danks (1936) had oonfiraed an earlier
observation made by Mettaa that there was Uso an accompanying

groue deficiency of fibrinogen.

Invoetidalien or the behaviour* of th# w i«»* blood co«pon.>n«
H»u ooMoncod .rup 1953. Ploroy (1951) bod roport.d tb.t bovine
Pet.chi.l INwor hud boon oau.inc problo.a in several im i bf the
country. Plowriiht (1962) bn.fly atudied tbo ha.aatolo*io
picture In nine natural oaa.o or tbho diseaao and found tb.t tboro
ua. a drop 1. both tbo .rytbrooyto count* and tbo paohed ooll
volume, nils view mi later oupportod by --anakin and ourdin
(1963) who roeordod a drop in tb. erythrocyte count fro. .bout

7 * 106 to 6.5 * 106 oall./cu.sa. Plowright carried out .o.t of
bi. haasatolofic obaarvation# whon tbo aniaals »*r. alr.ady

visibly sick and roeordod white ooll oounU of 1,950 5,05

cells per caxmm.



At this stag# of the disease ho oOoorvod that tho leuceponla
appeared to affoct tho monooucltar cells predominantl/* In
about half of tho anlaals ho examined ho observed a couple to
disappearance of tho ooainophila in tho terminal stages of

tho disease*

ilansain and Burdin (1763) carried out thoir haeaotologlc
examinations on flftoon experimental animals and nunerous natural
casoa* Tho/ noticod that thoro was a dooroaoco in tho loucoc/ts

[ ] SUAKVMINLasms of
count oonocaittant with p/roxia arid bofora clinical signs appeared,
and that this changed rapidl/ to a marked laacoc/to increase,
sometimes to as high aa 19 x 10” to 20 x 10" cells/cu.mm*
Tho/ rocordod that tha initial drop wam dua to raduction in tha
I/aphoc/ta*aonoc/ta groups* Juring thoir otudios tho granular
oariaa roaainod constant, till tho appoarauco of clinical signs
whan tho 1/aphoc/to - aonoc/to groups increased with tho appoaranco
of raar/ inaatv.ro colls* Thoro was also a proportional reduction
in Haemoglobin concentration of tho blood* kxauss ot al (1972)
in thoir experlaenta to determine tho morphology And oharactoriatics
of tha causative agent in tho blood of ahoopt supported those
observation* The/ found that thoro was a drop in circulating
1/aphoo/tes from about 4 * 10~ to bolow 2 x 10~ oolls per cu*sa*
when toaporatura raaotion started. Unlike ~anskin and hurdin (19*3)
they observed that there was a reduction in tho number of neutrophils
during tho oourao of tho dloaaoo* This docroaoo was very aarkod on
tho 7th da/ poet - infection and that thoro was a return to normal

counts with tho dlaappoaranoo of tho agent from circulating blood

colls*

10



The AgiS* 1

tfhen Banks (Vet.Dept. inn.iiept* 1933) succeeded in tranaml tting

the disease from natural oases of visibly reacting cattle, he
noticed that the oausative agent was present in the blood of
reacting animals* Ke further observed that this agent could oe
preserved for up to 12 days Hat cold - rooa teaperaturs in the

form of virulent blood"* It was reported (Kenya Vet* Dipt# Ana*
kept* 1333) that kiokettsla - like bodies had been seen in sections
of heart muscle from a severe case of the dleeaee but this

incidental observation was not immediately pursued* Burdin and
N&wkin, working at Kabete established the fact that the infective
agent was present only in the leucocyte portion ol the blood

(Kenya Vet* Dept* Ann. kept. 1957)* Brscklssby (193®) observed

the hiokcttsia - like bodlos in the leueotytos of blood from

animals of Muguga setato, but ho bollovod those were the agent of
tick-borne fever and he did not aesooiate thom with "Ondiri- Disease*"
subsequently, Burdin and Danakin (Kenya Vet* Dept* Ann* hep* 1957#
195®t 1939)i Haig and i*uR»kln (1962) and Plowright (1962) investigated
the disease end observed the presence of the pleomorphic oausative

agent in the blood cells using the light microscope*

Krause ot* al* (1972) omploying both the light and the electron
mioroacopes wont further to study the morphology end ultrm-
structuro of this plsomorphlo agent* Their studies wars carried
out on the a”ent present In granular leuoshM** of th# circulating
blood* In the light mioroacope they could, readily recognise the
blue-stained nokettsim - like bodiae in the cytoplasm of the

noutrophils, monocytes and eosinophils*

11 -
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The organise appeared either aa single plaoaorphic lores or as

aorulae in the later stages of the disease#

tilth the eleotron aicroecope, they studied the aorphology of the
tingle pleocaorphio fores and the wall organic ish e
morula# They took eeesureaente of these organises and observed
that complication was by binary fission which appeared to take
place at any stage of the developsent of the saall organises to
giant bodies. Kron their observation, they oonoluded that the
aorula was a group of ssall organises (initial bodies; released
by a breakdown of a giant body# They also observed that there
were phagocytic cellular aotivlty against the parasite with
degenerative ohanges induoed in the organise# In their studies,
they suggested that this agent be plaoed tentatively in the genus
Cvtoacotes (Tyseer 191#) within the Tribe ghrlichieae.

9
Plowright (1958) observed eerula-like granular bodiee in Von-
KupfiT cells and vaeoular endotheiiue in other organs# Plewri™ht
(1962) later observed vaeoular proliferation with «naotn«ii*l
swelling and aonoauclear and hyetissytic infiltration. These
observations supported Metten's suggestion (Mattes, 1929) tbet

the er”anisa sot up changes In the peripheral vascular eyetee#
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PAHIOLUOXC CHANCES, 1

Jrowe Lesions i

The lesions of bovine Petechial are very characteristic,
the aoet striking charges being profuse localised subcutaneous,
submucous and aubssroua haemorrhages (Plercy, 1V5J)* These
haemorrhages vary in extent and else froa fine peteohlae on a
background of congested or pale auoous aeabranes to extensive

extravasations into Muscular and connective tissue*

Plowright (1*62) reported on the post-mortea appearance of 25
oases he examined, aoet of them being steers* He observed that
la tho acute lorn of the disease there were extensive flecking

in a congested background on the underside of the tongue, lips,
tue« and conjunctivas* He further observed that the haeaorrhaglo
condition involved aany other organs ef the body Including

lymph xxode cortices and spleen capsule, besides the haemorrhages
he observed gelatinous oedeaa and swelling which oaaaed these
organe to bulge on incision* The peritoneal, pleural ana peri*
cardial oavitles showed excessive blood-tinged yellowish fluid*
The ruaen had large splash haemorrhages on its serosal nurface and
tha abomasum showed extensive gelatinous oedeaa of the wall and
folds* All aniaals that died showed extensive haeaorrhagee of the
heart involving epicardiva, myocardium and endocardium# About
half of the aniaals he examined showed eongeetlon and oedema of

the lungs, with frequent observation of froth in the trachea and

bronchi*

-13-



Haig (1766) states that lung oedesa is seen 1r no»t peracute
casus and it appears to be the immediate causs of death* The
central nervous systes presents congestion of the Meninges with
occasional haemorrhages in the dura aster (Flown ht, 1°62)*
Plowright (1762) also observed that the liver shewed a aarked
congestion with a distinct greyish mottling* Histologically
this revealed an acute congestion and parenohyaal degeneration
or neorosis st the liver cell cords* The g™l bladder showed a
characteristic swelling of the wall with subaueosal and aucosal
haemorrhages* This haemorrhage of the gall bladder is a v*ry

characteristic pathologic change of this disease*

He further examined the kidneys and reported cases of cortical
haemorrhages with flecking around the hilus* Pitechiae and
larger haemorrhages were constantly found In U - mucosa ar.d
submucosa of the urinary bladder with very little exsanguination
into the urine* He then said that these hatsorrhagee of the

urinary bladder suat be regarded as one of tbs aost conetant

lesions of the disease*

bana* in and Burdin (X963) axaain.d anl.al. 4jrin fro- acuta and
eubacute ayndroao of th« disaaaa and found that aniaala dying

during th. anaeaio .tag. .boa f.a of th. ha.-orrhagio laaiona.
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Microacoulo Lollop* 1

Rattan (1929) in the study of Kalrobl quarantine disease bad
found no naked eye lesions on the blood vessel#* Ho thought

that the haemorrhagic eyndrone woo duo to circulatory
disturbances in tho cnplllarles* In oonoluolon ho stated that
tho causative agent suet have spooific injuries in tho ondotholial
lining of the peripheral vascular ayeton which woro so slight as
to escape detection oven by tho aicrosoopef but which lod to
stasis or hyporesie and extensive haenorrhx”os in tho tissues*
This observation is supported by Plowright (1962; and Haig and
Danskin (1962) who observed norula-like granular bodies in the

von-Kupfer oolls of tho liver and vascular endotholiun of other

organs*

Plowright furthor stated that the presence of these granular
bodies on the endotholiun oaused vaeoular proliferation with
endothelial swelling and aone oononuclear and hyatiocytio

infiltration*

k part fron thoaa praliainary histological examination! and
reports by Plowright (1962)* very littls slss has bosn rsportod

on tho histological appsarancs of other organs and tlaaues*
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ILi»..alAU> aNU

Tha Cauaativa atiant |

Tha causativa agant was initially obtained in blood froa clinioally
sick natural casas of "Ondiri-Diaaaaa" at Naivasha Covarnaant
kxpariaantal Fkra* Ona inatanca was infactad with blood obtained
froa tha haart of a calf that had diad of tha diaaaaa at Liauru*
Subsaquent trar.aaiaaiona in tha aniaal coapound wara dona uaing

blood froa clinically aiok axpwriaantal calvaa#

kautina clinical axaalnationa (taking taaparatuit, chocking
aucoua atabrandOf lyaph nodea* chocking pulaa and respiration)
wara carriad out on tha natural oaaas* Tha aniaala that ware

at thoir aarly raaction phaaa with high taaparatura (over 105°F)
and faw potachiaa wara ohoaan aa tha donor patients* Thay wara
than bind into bottlas containing disodiua athylanediaaine-tetra-
acatic acid ( A.) as tha anticoagulant in tha basis of 2 ag.
&*D*T*A* par cec* of blood* Tha voluaas oollactad varied batwaan
80 al. and 2¥0 al. of whola blood* After gently aixinf tha blood
and tha antiooagulant, tha bottla containing tha blood was quickly
put in an ics«paoksd flask for transportation to kabsts* At tha
SAlaa tine fresh lyaph nod# and blood aaaara wara aada froa tha
donor aniaalt than air driad and brought to JCabata* ahara thay wara
firat fixed with aathanol for 3 ainutes, than atainad with fraoh
Oieaaa Stain for 30 ain* and axaainad aicroacopically for tha
praaanca of tha kiokettsia - lika bodiaat and also for tha praaanca

of athropod-boma diaaaaaa (Anaplaaaoaia, Babeeioala, :rypanoaoaiaaia

end iaat Coast Favor)*



tfhon thsae slides wers found negative for other disease and
positive for iiickettsim, then the sample blood wee administered
intravenously into t "susceptible* experimental oalf. In the
subsequent transmission of the disease ueing blood from clinically
elok experimental calves, these preliminary screening stages were
always used before blood was adalnlstered into a "susceptible”
calf* In this respect, no anticoagulant was used but transfer of

blooc*. wes done with oalvee standing side by side usin®, ™0 c.o.

B/rin.o»«
2. .0 L or.M i.
These experiments were oarried out using 27 omttle. ihe oattle were

"high grade” bull omlves of the various exotic breeds (Guernsey,
Friesian, Ayrshire and Jerseys); aged b to 12 months* These cattle
were bought from faraers in the Uthiru area near Kabebe Iron where
dcvine Petechial Fever hae not been reported over the last ten (10)
years# The calves wore routinely examined both olinically and
haeaatologloally for tick-borne diseases* They were housed In
stalls in ths animal compound in groups of 4 bulls per stall* faecal
samples wers examinsd in th# laboratory for helminth eggs end
coccidial oocysts. Those that wers positive for these parasites were
routinely treated with tetremieole (Wilvers - 1.C.l) for helainthe
and sulfadimidine tmblets (vesadin-*uy S Bmker)] the dosage given
depending on the wrlght of the calf. Fmecal examination wae
repomtod weekly after to chock the parasites, and any that -ere

atill positive were treated with a hi“h”r dosage of those drugs.
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Paring this period, tho calve* were hied for hassatologioai
determination of the baseline* Onoe weekly the calves are

sprayed with toxaphene spray to prevent tick infestation*

3. *>@m” 0/ INACTION 1

A eeasured amount of whole blood between cDel* and 270 el, from the
donor patient was administered into the jugular vein of the
experimental calf using a flutter valve* In the stalls, the
transmission was done using JO si* syringe and the needle with calves
standing aide by aide. The day of infection ia recorded aa day

~ero (0) for the purposes of subsequent examination and clinical
raaotion of ths calf* Infaotion was rsitinely dons aftsr th*
collection of the daya* hasaatologic sample was obtained* Tha

control oalvas were not given any bleed, but ollnioal exanination

was always dona*

4* i CAL JIAKIKATIuB 1

Daily ollnioal examination was carried out* The appearance uf tho
coat of the oalf and ite deeaanor wars observed* Meotal tespuraturea
wars taken and reoorded in /aranheit da- rees* Than tha respirations
and pulse ratea were counted per sinute* bhen these ollnioal
sxaminations wera done, the mucous meeuranan of the gums, undersiae

of ton, us and conjunctivas were examined for moistnass, palour and

tha prsaanca of pstechiaa*



Then the di estiva system was examined with special emphasis
on tho consistency of tho faeces, frequency end strength of
ruminal movements* These clinioel examinations were always
done in the sld-aorning* Lynph nodes were examined for changes

in else and consistency*

5. duLLww.K'K cdLoca sample 1

All samples for hasmatologloal analysis were collected after

the olinioal examination in the morning* Bleed staples for
haematology were collected fros the jugular vein using a I*xIfl"
gauge disposable needle and a plastic ($00*) syringe* About

4 c.o. of wholo blood wae traneferrod into a bijou bottlo containing
approximately 4-5 mg* of dried d.D.T.A. as anticoagulant and shaken
gently to allow the blood end tho anticoagulant to mix* For serum
dotarsination, about 20 ml* of whole blood wam ooliactod at the
same time lists universal bottlea with no anticoagulant, and then
allowed to stand In an incubator at 37 C for about 30 minutes te

olot and the serum immediately processed*

For electron microscopic studios, about 20 ml* ol whole olocd «e»*
collected into a universal bottle containing about 30-40 ng*

a*J)*f*A* and taken to tho laboratory for the preparation of tho

buffy ooat layer* '*

6. P-,PA- .luK UP THwvw BT CvjT LAT.:1 W* jj*CTHON KICnO "P 1.1
Tho 20 ml* of wholo blood wan transferred late centrifuge tubes
and centrifuged at 2000 g for 15 min* in a note uni centrifuge.
Tho plasma wae then decanted and the buffy coat on top of tho

erythrocytes layer was overlaid with "Yellow-rix (ITO-Karnovaky,

1963).
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This was then placed at*4°C for 15 aln* to aoii ny ior th«

preparation of blocks*

The flxinj of blood and tissue specimens was according to the
method of Ito-Karnovsky (19<>8)« *n thJ fixa.iv*>
referred to as "yellow-fix" was prepared aa foliowai-
4 ga* of paraforaaldehyde wore added to 1Q0 al* of distilled
water which waa then heated to near boiling* The eolation
was then cleared oy adding 1I* HaOH drop ise and ahaking
well* The clear foraaldehyde solution was diluted with
an equal amount of 0*2 M phoephate buffer of pH 7*2*
Then a few ailligraaa oOF 0.02a trinitrophenol waa added
and the solution stored in the refrigerator . To aske
the final fixative 2* glutaraldehyde waa added to the

stock solution Just before use*

The .peciMM (Mood) «.ro fixed in thi. -T.ll.w-m* for 2 hour,
at +4°C. This »a. than followed by 3 change. of 15 oinutoo ooch
in 0.2 H oold (.4*0) phoophoto buffor. They iNro thon poet-fixed
in cold 1> oaaiua totroxid. (0.04) in 0.2M pbo.ph.to buffor for
4 hour.. Th. apeci.en. .or. thon rin.od in phyaiologicl .Mia.
uiih three ohan.o. of fifteen alnuto. each and d hydrated in

30! aoeton. conoe.tr.tion at 4°C for 15 -In»U .. bo -P.oi.en.
(buffy coat) wa» Won d.hydrat.d furth.r through .ta.:o. of
increasing aceton. ooncentraiion. ol 50>, 70/, .= “ J IrJ

acotono (100*) oaoh otaje taking 10 .inute..
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Por embedding the specimen*, DUIICUPA* AC* (Pluka AO, Buche 30,
Switzerland) was used in various concentration in aoetone,
through three *tate« at room temperature i
3 parts dry acetone to 1 part — Dureupan No# |ACQW for 1 hr#
(b) 2 parts dry acetone to 2 parts Dureupan Ko# 1 AC* for 1 hr#

(o) t part dry acetone to 3 parte Dureupan No# 1 AC* for 1 hr#

The epecimens sere then paeeed through undiluted Dureupan No# 1
for 4 hours at jO°C (122°f) with a change of the Dureupan at

2 hours] and then through Dureupan No# 2 for another 2 hour* at

50°c#

The pieces of tissue (huffy coat) were then removed from the last
stag* and placed in dry gelatine capsules which are then filled
with No# 2 Dureupan mixture and the capsules closed# They are
here after hardened in the drying cupboard at >0-dO»C (122-176°K)
for 48 hours* Seotione from the hardened blocks were cut with
~laas knives on the JUICHan? O* W2 ultramierotouie# Phase seotione
of about 1 u *«re cut and stained with 3> telui tine blue in 1,
borax solution and examined with the light micx ->jcopa for
orientation of the respective tissue blocks. Ultra-thin sections
(bQ-~Onm) were then cut with glass knives from Ine selected area
of the blook and these ultra-thin sections sere picked up on
formvar-coated copper gride, stained with 2> aqueous uranyl

acetate for 8 minutes and O#4j& lead citrate for i min#
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The specimens were tn«n read/ to be examined and photograph*
taken In a Carl <mlss =] 9A electron mloroscopSe Too eaaplee

of blood from two reacting anlaale wore subjected to partitioning
by centrifugation then plasm was decanted* 1he corpuscular
elements of tbs huff/ ooat were haeaol/oed by being washed and
oentrifuged in distilled water with two changes* The precipitate
from these washed huff/ coat were prepared for examination under
the electron microscope* The fixation, embedding and section

preparation were as described above*

7. -ofIMTUN Uf TH> BLOoS VAbWA L

Houtine haematology was done to determine the usd blood cells
counts (&bo)9 white blood oell count (both total and differential)!
Haemoglobin concentration, (Hb), total protoin (TP) and tho packed

coll volume (PC?)*

(i) TH« PAw j C.AL VulLUh;. (Fill

Thio waa done using the Kiorohaeaatoorit Method* Comasrcially
available unheparlnlsed eicrohaeaatoorlt capillar/ tubes

(Arthur H. Thoaas Co. Philadolphia 5, U.S.A*) with longths 75 -
and internal diameter of 1*3 - 1*5 Thoao capillar/
tubas were filled with the uncoagulated (~*D*T*A) blood by

capillar/ action until about J full, than tho dry sealed over

a Bunsen flame*

- 22 -
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Th® sealed tubes were then placed In a aicrohaesatocrit
oentrxl'u.® (Measuring and boxentlfie Aviuirmont Ltd*, 3ussex]|
England) with their sealed ends towards the periphery* The

KSn aicrohaesatocrit operates at a fixed speed of apprsxlaatcly
12,400 r*p*M (15,000 g). The tube® were then spun for 15 sisutes
and the centrifuge stops automatically# The tubos were then
removed and placed on an MOL microhaematc'crit reader and the

packed cell volume read*
(li) Yd.. y-XathlKATIOK Thw H4*400U>*IK CCMCbKTrtATju- (HAIL-

The haemoglobin concentration of blood was determined ly u-*
cyanwethaenoglobin method using s Coulter Heseglobino-aeter
(Coulter electronics Inc. Hisleah, Florida, U.d.A). Forty

of whole blood was diluted with IdOTOI®, then six drops of *ap-
Oglobxn * (Containing 300 ag* K~Fs (CM)»®, per 100 al* )was sddud
and gently shaksn to mix. The mixture was left to stand for aeeut
10 ainutss and then the solution was placed in the curette of

the Coulter Heaoglobinoaeter* The raises #f hssaoglsbin

then observed on th. numerical n.adout of t* ~ UflU###t ~
The leadings were directly recorded aa f~sse per 100

blood (with a 0*1 error).
*(I30TOS k LAP-OOLOBIK are available from Coulter Uectronlc.

Inc. Hialeah, Florida, U.8.A.). j
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(Ui) g i a «<o00i> asu. (Kfco) courts .

The re* blood cell count non done onlug the Coulter Kleetreele
Couater(Coulter dlectronics Ino. U*lukf Florid*, U.3.A.),
Model Mg with a mercury nanometer, lor the red blood oell
count, a blood dilution of 1 t 50v&0 in required. Thin
dilution in prepared in two steps, the first step involves
asking a It 500 dilution by nixing 40 banhdaa (X) "hole

blood to 20nl of ISOTOM. The blood if nsasured by the

sucking action of the neroury manometer. Then 0.2 nl of this
dilution is further nixed with 20nl of leoton to give the
derived dilution cf 1t50,000. The diluted blood in an
auxiliary beaker is placed on the honker platfom and the
electrodes are inserted into tho fluid* The Aperture Current
Switch is then adjusted to dianeter between 0.177 and J to
control tho Aperture Current and aliminate counting snail
pnrtioles that pas* through the aperture. The Threshold is
also adjusted to 6-6 setting position (for bovine) to sneers
that only particles of the right disaster (lean Partiole Telane)
are ssimted. The readings on tho Mends*t of the Coulter Cecnter
suit!piled by 100 In equal to the number of red oelle per eu”™n.
of the sanple counted and the figure eeapeted thus was -

expressed as the nunber of red bleed sells (in millions, 10 )

per eu#as.

Krythroeyte indices were oaloulated to determine the oiee sad
hemoglobin content of tbe erythrooytsf using the method

described by Benjamin (1961).

ee2d. .



(a) Tii- * .A/ OtHPUOCULAa VOLU*.. (MCY)

Was calculated to find the average volume of t:i# individual

erythrocyte in cubic aicrona (U”) from the formula i

HCV = PCV X 10

xtbc count (ailliona/cu#aa)

Prom the fi urs obtained ons determines tho typo of anaoaia
in Bovine Petechial Fever as noraocytio (normal HCV),

Macrocytic (increased MCV), or Microcytic (decreased MCV)#

(b) M AS -LBPUSCULAH H”~OGLOBIM COMTMT (MUIC)

Tho mean corpuscular haeaoglobin concentration was calculated
to determine tbs concentration of the haeao.;lobin in the
average erythrocyte. Since t>is is a saturation degree its
value is expressed as percentage# The figure is determined
by dividing the amount of haeaoglobin (ga/100 al# blood) by
the Packed cell volume and aultiplying the result by hundred#

MCHC - Haeaoglobin X 100
PCV

Prom the fi J% obtained, the cell can either be noraochroalo

(normal cone-ntration) or hypochroaic (reduc d concentration)#

o i bl )&V *il*$ Oftt %4 ,
(iv) - . i: BU-UD CfLL (Wbo) COUNTS

both the total and differential white blood cell counts were
done# The total white cell count was also done using the

Coulter electronic counter (Coulter iileotronica Inc# Hialeah,

Florida, (J«S«A#)#
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For the whit* blood cell count, a blood dilution of ItJ>00

is required. Thie dilution is prepared as the first step of
the red blood cell count, by Mixing 40 Lambdas (7]) whole

blood to 20 ml. ISOTON. The blood is measured by the sucking
action of the Mercury Manometer. The diluted blood is put in
an auxiliary beaker on the beaker platform and the electrodes
are inserted into the mixture# Ihe aperture ourrent switch is
then adjusted to between 0.177 and 4 and the Thru&ftold in raiBfed
to 16 for white cell counts. The reading on the Readout of the
coulter counter is equal to the number of white cells per am ol

the sample counted, and were expressed as an absolute count of

the wnite blood cells (lovV®®")*

For the differential white cell count, blood smears were made,

air dried and stained with Wright's Stain, Then the differential
white cell count was done under the mioroecope using the Battlement
Method as described by Schalm (1965), Two hundrsd whits blood
calls were counted, recording lymphooyt s, neutrophils, eosinophils
and monocytes with a Marbel Blood - Cell Percentage Calculator
(MARBLE BLOOD CALCULATOR CO, ILL,. U.S,A,)» The total count of
each blood cell type was then expressed as a percentage of the
total number of the cells counted. The number of immature
leucocytes with various maturation stages of development were also

counted and expressed as asperate percentage of the total leucocyt
count,

(r) Mt, iIJWTAUIIMATIOR Q> TOTAL CTi ) UU\CONTKATI1ON
Determination of total protein cont«nt was dons using a

refraotometer ( ATAOO, JAEAN).
-26«
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A tingle drop of plasma fro* the Mntrobe lierohaematocrit
tube was placed on the priea of the rufreetea*ter and viewed
through the eyepiece by electrical illumination* The reading
was aade at the point where the dividing line between the
bright and dark fields oroeses the scales* The total protein
value was obtained directly fro* the seals* and recorded as

grass per 100 ml* of blood*

8* toTMiHi iIONS OK SoiiUll A*P LIVaH KUHCIIVI TItt

Preliminary studies were done on the activity of serum glutasato
oxalacetate transaminase (3*0*0*T*) and serum Alkaline

Phosphatase (A-P)» and soae studies were donme on the Bromsulphaleia
dye excretion by the liver* Samples of 20ml of whole blood was
collected from the jugular vein into universal bottles without

any anticoagulant* The samples were then incubated at 37°C

for 30 minutes to clot and the serum pipetted off and used for

serum enayme determinations*

(i) OLUTAMATa OXAUCATATa T&AAM AAA  (S«Q.0*T).

This was dome following the modified method of Heitman-Frankel

(1957)* 0*2 si* of serus was nixed with 1*0 ml* of substrate

(aspartioh ve Ketoglataric acid) *** iooubated at 37 C for

1 hour* The aotivity of the S*G*O*T* was istim.itjd by »6ii8urin
the optical density in an *£EL spectromio 20" (BauschALomb,
Inc* Rochester 2# O.S.A). The readings were taken at a

wavelength ef 505 nm and the results were expressed in Signs-

Pranksl (3»F) units*
.27



- 27 -

(1i) ,JtUK A-LKALUt, iHOSKHKT*A U-P) J_

*hiu was dona following ths method of Bessty, Lowry and Brock
(1946). O.lal of scrum was added to 1.0 ml* of buffarad aabatrata
(4 - nitrophsnyl phoaphata) that has bean incubatad at 37* for
about 15 min* Ths mixturs waa further incubated for 30 ainutes9
and tha final pH 10*5 waa established by adding 10.0 al* of
0*0211, HaOH* Tha optical danaity of tha yallow 4-nltrophanol
produced la read at 400 na against a water blank, using tha

"iShi apectromc 20**. Tha readings obtained ware expressed in

I>igma-Frank#l (3-F) units*

This was done following tha method described by benjamin (1961)*
The clearance test was performed at three separata stages of the
experimental disease* (a) the preimnotion period, (b; tha period
of the height of the fever (o) tha period when the aniaal ere
prostrate due to advanced sienna. The animals were weighed and
a 5*0 ml. pre-injection blood sample waa takan followad by
intravanous injection of Bromthalaln at tha rata of 2 eg* por Kg.
oody weight* four 5 *1. blaod ammplea wera then taken at 3 ain.,
5min, 10aln., and 30min«, after injection. The blood samples wera
than inoubatad at 37°C till clotting occurrad and serum was
asperated. 0*5 mi* of the serum wee then taken and an equal volume
of 0*2 M FYOH wam added to the test serum. In the alkaline

solution tha Oye gives a purple color.
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0.5 al. of 0. 2 V HCI MO added to tbs blank to retain acidity*
The aaount of (lye In tho t«at s«rua is asaourod by rs ding its
eptical density at 54b no using an tippsndorf Photoaster
(&ppendorf, Ceratebau Vstbsr 4 Kins 3abH, Haaburg, Germany).

The results obtained were plotted on a seallog paper and the half-
tiae (Tt) was calculated. This is the tias required for the dye
concentration in the ssrua to be halved and is direetly related

to the rate of the dye excretion.

9. H”CTuPoT I'MOCUJJ-.a |

All the aniaal that died froa both the experiaental and natural
infeotion of the dlssaae were exaalned by standard nooropsy
procedures. Gross changes in the organs were noted and tissue
sections were obtained and prepared for histopathologic
examination. Houtinely these tissues (2x2x2 o«) were oelleoted
froa the liver, heart, spleen, kidney, lungs, lyaph nodes,
intestines and brain* Tissues were fixed in 10> fomalin for
48 hours, then eeotioas prepared were routinely stained with
Hasantoxylin and assln (HAH) and Oisasa. The hlstolegle
preparations and staining procedures were according to the
Manual of Histologic and staining Methods (3rd. edition, 1$68) of

the Araed Forces Institute of Psthology.

A few of the anlsais were sacrificed either at the height ef
the fever or when in extresis. Fresh tissues were obtained
froa these aniaale and laaedlately fixed with **yeilsw Fix

(ITO-Karnoveky, 1988) for 2 hours at 4 C.
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Place® of tissue® about (2x2x2 bub) for this procedure were
routinely obtained fro® the liver, spleen, Kkidney, hsart suede
and the third eyelid* The stepe followed in the preparation of
these tissues after fixation with the "y«U°w 1ix" sere sisilar
to those described for buff* coat preparation in g ction 6,
examination of the ultra-thin sections sisilarly was the saae

as described in suction 6*
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h c ULT&

CUnioil Observations,_1

Twenty bull oalves of &Ee> 6-12 souths were infected* The
volumes of blood administered varied from 60 «1. to 250 *1#
dope*.aing on tho weight of tho recepisnt animal* Oowjm other
bull oalvee wort kept under similar conditions no tho controls,

but thooo euro not given blood*

Of tho twenty Infected bull calves, fourteen (70>») showed the
typical reaction* two showed elevated teaperature (above 103°f)
for two daya only and the resaining four did not ehow any clinical
reaction to the disease* Six of the fourteen animals (42*8jt) that
reacted clinically died of the experiaoatal disease. Another
four of those Visibly slok were sacrificed at the height of the

sickness to obtain tissues for ultra-aicrosoopio studies with the

electron aicroecope*

The incubation period varied oetween 3 and 9 <ay* (average 0,2
days)* The first cllnioal signs were high teaperature

(above 103°F) with appearance of staring coat, grinding of teeth
and a profuse serous nssal and laorlsal discharge* Ihe anisal
showed no other abnornelity at this perisd and will sat and behavs
liks the non-infectod anisale* The following day thia teaperature

olevation la even sore sarked and neat animals showed a teaperature

higher than 106°F*
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L»t« tha ita« dijr op on tho third day of roaotiona tho

mucous M«Mbr«n«* ahowod pinpoint haSMorrha&aa which woro soon
roplaood by oxtonaiva sxtravaaations brought aoout by canfluonca

of tho potachiaa or by occuronca of sort oxtonaiva haaoorrhagaa.
kith tho appoaranco of theas potachiaa on tho nucouo Moabranoa

tho roapirationo and tho puiaa ratoa bocoao vary foot (over

40 and 100 raapeotivaly)s Tho grinding of tooth bocoaoo ooro

fro quant and tho aniaal gruntad - appoarontly duo to ooao abdoMinal
pain* Kuoination ooaoad and ruainal and intoatinal movements

beoa-.i0O woak and irrsgular giving tho aniaal a constipated appoaranco*
Tha aniaalo than ahoood varying dagrea of anaraxia. Tho roapirationo
becaao very haroh and vara accoapanlsd by a ohort cough which uoro
latar prolonged. Tha anoraxic aniaal prafarod standing at csrnsrs
of tha atallv away fr©» light and disturbance. Aftar tho appoaranco
of tha basssrrhagss tho fascos bocaaa loooo and at tiaos ol<;od-

tingadi which condition latar progroooad to frank diarrhoaa with

tarry black flucei.

Thrsa axpariaontally aick aniaala dovalapad ocd»a of tha
conjunotivas of both ayaa, but tha da”oa of tha osdaaa variod
in saob cass. Ona of thoa had bilitsrally advancad oadaaa with
protrusion and avaroion of tha ayalida and blooding into tho
antorisr chaaborj giving a typical -poaohod agg aya- appoaranco.
This java tho ineldanco of tho "poached ajg aya" appoaranco at

about 7> of tha visibly aiok aniaalso
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In the oboervation of the nutural casee in the field, only
two out of 34 anioala examined showed a slid degree of

oedeaa of the conjunctivaoj but without everaion of the eyelids*

Tho duration of tho sickness aleo variod between 4 and 11 deye
(average 7*2 days), with tho anioal oithor progressing into

death or to alow recovery* Tho aniaalo that woro advanced in
sickness to tho advanced otago of tho diaoaao appowr-.-d

and depressed* Thio waa tho tiae when petechiation and ecchyaoaes
woro very advanced on tho auooue seaCranes# Tho sii aniaalo that
died of tho experimental diooaoo died at tho height of tho
patechiatiua# They become recumbent prior to death but tho
recumbency did not progress to coma* .vxraln*tlon of tho reouabent
aniaal revealed a very fast weak puloo rate, and faot respirations
that woro accompanied by vary loud grunting and groaning*
itecovenn; aniaalo showed an initial fading oi the potochias
leaving pals aucouo membranes followed uy a drop in temperature*
Tho pale aucoua aoabranoo poraiatod for aoout 5 to 6 days aftor
tho disappearonce of potochias* boas aniaalo okowod tho development
of aubaandibular and briakot oodoaa during this anoaic etago of
tho disease* A suaaary of tho clinical oboorvaticna aado are
shown in Table X* hyaph nodoo ohowod alight snlargsaent which

was rather pronounced in tho oaooo that sho*od oedema in other

organs*

iidratttolo.lic .xaajn"tlona 1-

Heoulto of »ho hooaotologio otudio* aro auoaarlood In Tool. II.
Mhon tho anlaala **ro inouhatlnj tho dlaaaoa, th.ro nan < olight

olovotton of ooth tho Paohod Call V«J*a »nd tho MaoaogloDIn

levels*
-33
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Once vlilblt clinioal rtMtioa bad occurred, these paraaoUri
ehowad a drop which moo vary marked la tha animals that diod
of tin ezp«ricuUIl diMMi (Appendix 3(b) d 4(b))* Recovering
animals showed a slight drop during tha clinioal reaction and
oxom return to normal values* The control calves showed little
variation in these par—etern during the none period* Total
protein levels dropped markedly in the dying animals while it
showed a alight drop in the recovering animals followed by a

slow return to normal mines*

A striking change in the haomatologioal studies is the marked
drop in the erythrooyte mount after the appearanoe of the
peteohiae* Values dropped from an average oell count of 7*106
per outnm* to an average soil count below 4*10* per ou*nm« on the
day prior to death or dlnappnuranoe of the petechias in recovering
animals* Five of the six animals that succumbed to the disease
died at this oritioal period of anaemia* it this same time there

wan marked leuoopenia whisk was both a neutropenia and a lympho-

penia*

RICHOSCOPIC sJLAMINATIoa w alLOOP 9dr:A48 J.

Blood smears were examined for the presence and the behaviour

of the Rickettsia organism* Changes in the bl -od cells were

also noted*

The blood oolls themselves showed various changes during the

course of the disease*

e **3 A ««



At the ties of the thermal rtaoUon there wee an increased

number of immature neutrophils in circulation, kiwi the

nuclei showing several stages of segmentation* There was also

an increase in the number of circulating monocytes ar.d
eosinophils* yellowing the haemorrhages the erythrocyte* showed
sous immature stab cells with several showing basophilic stippling
of the cyteplasa when stained with Wright** stain* ...rumination
of Giemsa-etained blood saears at the tiae of the thermal reaction
showed the initial bodies (saall organises) of the causative
organise in the cyteplasa of the neutrophils and at tiaes monocytes
and eosinophils* These organises appeared as pleoaorphio purple-
staining intra-cytoplasaic bodis* (about 0*2 u)* different fro*
the reddish staining cellular granules* The initial codles wore
core predominant during the early stage of the disease, but later
other stages of development were seen* They appeared as lar”e
bodies (giant bodies, scout 3 u) of homogenous purplish intracy-
toplaaaio inclusions different fro* the deeply staining nuolear
segments of ths host cell. Thoy could also be seen as a purpls
staining granular mass with a aulberry appearance, enclosed in a
halo sithin the s/teplaea. Soae of these aorular-lihe bodies had
a peripheral peeltion in the c/toplaea with the end tesarde the
cyteplasaic periphery often pointed which indicated an area of

weakness that would soon break to release the initial bodies

fora the morula*

The occurrence of these organisms was aor# frequent in the

neutrophils and the various shapes and siaes of the initial

oodles wore seen*



The morula is a giant boil/ shots innsr aaas has segregated into
tho tiny initial bodies but thoao aro still contained si thin ono
vacuolee It saa coomon to as# two or throo giant socles within
tho cytoplaaa of tho same neutrophil, and at tiaos an initial

body and a giant eoay could ho soon at difforont positions in

tho oytoplasa of tno sans neutrophil. Interaedlute stages of tho
orgaaioa botwson an initial body and a giant body 'oro occasionally

observed.

Aa tho disoaso advanced into tho tiae of tho appearanee of peteohlae
tho intracytoplaooio inclusions of tho paraoito boooao raro on olldo
examination. Tho internal characteristics of tho various stages

of this parasite aro revealed acre by tho electron aioroooopo.

Groas Lullonp J,

Tho aniaalo that died of tho disease and thoao th-it wore sacrificed
wore all subjected to routine post-aortea exaalnatlon* Six aniaalo
died of the experimental disease and four others died of tho natural
disease in tho field* Those aniaalo and the four that woro
oaoriflood woro subjected to aystoaatlc study of lha gross and
microscopic patholot.ioal ohanges. Tho pathologic appoerance showed
variation froa animal to aniaal. Tho aniaalo that lied after a
prolonged courts of illness had a general oaaciation of tho body.

Tho other animals which disd of the acute disease had a saroaeea of

good body conditions



The Bucoui Mc«i)rait«i bad aany areas of haeaorrhagee on a pal*
bsok~round. Three amwale in the ex*«ria«ntal group had
developed varyinf d*~r*«* of gelatinous *adea* of th* oonjunttiva*.
Whan th* shin was raaoved th* subcutaasou* and th* Interauacalar
tiaauan war* involvad In extensive extravasation and haeaorrhagic
aorta* intermingled with araa* of gelatinous oedeaa. Th* araaa of
the peripheral lyaph nod** showed gelatinous o*d**a involving th*
lyaph n«at* and tha connective tissue* la fiv* anmale (Xos* 42,
>p9 cl] 97} tha cutaneous trunol ausolee had *xtau*iva *h*at*

of haeaorrhagee running longitudinally along th* sued*.

In tan of tha fourtaan carca**** examined th* intarooatal aatcl**
w*r* involvad in extensive extravasations (Kig. 6)* These
haeaotrhagee war* aora pronounced in tha araa of tho auaol** of
co*toobondLral junction. Tha thoracio cavity praaantad varyinf
ai*aa of haemorrhages on tho parlatal plauraa and tho theraoio
organa with blood - tinged transudate* Th* psrioardial sao
contained *xo*aaiv* blood-tinged perioerdial fluid which **a*urod
about * litre in two oa*a*. Th* a*diaatinua and th* mediastinal
lyaph nod** war* involved in gelatine** *ad*aa of th* lyaph **da*
and th* oonnectiv* ti**u*. Tha heart praaantad a striking appearance
of extensive epioardial haemorrhages* All tha aniaals that ware
«uaiMd at tha poati-mortea showed haemorrhages of tha heart
ranging Iroa nuaaroua petechias to extensive aoohyao***. OCa
inoiaioa of tha haart thasa haemorrhages ware found to involve tha

epioardlum, ayocardiua and endooarduim*



On the eniooardiua they appeared aore extensive in the pillars

supporting the chords# tondinae.

The lunge exhibited varying decree of oedeee with froth in

the bronehlolee9 oronchi end trachea and occasionally covered by
few petaeniae* On opening the tracJd.ee, this organ was found to
contain peteehlee on ite Mucosal surface especially at the areao
of the Mueeular dorsal aspect* the diaphragm ehe”ed areas oi

longitudinal haoaorrhagio striations in ths hiatus eueclss*

Ths abdoainal organs wsre covered by peteohisev ecchyaoete end
extensive bletchss* The ruaen showed large arose of haeaorrhage
on the dorsal sac in’ ths region dost to ths parsluabar

fossa (fife# 8)] thle being ths srsa of aaxiaua ruatn noveaents.
Thera wars no eucooal or submucosal haemorrhages noticed on
opening ths rii*aat reticulum and oaaoua. Tho rest of ths alimentary
canal froa aboeasua to large intestines showed both suhserosal a a
submucosal haesorrhagso with osdsaa that is oaxled in sboaasal
folds. Tho serosal sirfacts of the intestines appeared as i!
sprayed with bleed and these hasaorrhagea had a con*ant pattern
running longitudinally dom the organ. Mesenteric lyaph nodes

showed varying degree of oedeaa.

The livor roeely appeared congested and very dark brownf and in
four aniaala showed aany subcapsular haeaerrhages on the pa- ’a
earface. It was always difficult to judge the changes in the also
of the liver. The gall bladder was distended -ith bile. Five
aniaals showed subsorosal haeaorrhsgos that varied in extent

froa petechias to extensive eochyaosee.
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Incision of tho gall bladder showed oodoaa and thickening of the
sail* Eleven cam showed extensive subauoosal petechlstlons
and ecchysosee# In ono case tho haemorrhage had boon so sovoro
that tho oontsnts of tho call bladder wors a clotted tarry-red

saoo of olood and oils (Pig* 10)*

Tho sploon showed both oepsular and euboapoular haosorrhagos on
both tho partstal and visceral ourfaces* Tho decree of haeaorrhags
varied botwosn ssall petechias to extensive sheet extravasations
covering sost of the organ surface* The sploca general 1/ did not

show appreciable change in its siss*

The Kidneys showed congestion and a fos aabcapsular peteohias. The
oapauis always peeled off soli and eho«ed few cortical haemorrhages#
One anitaal had extensive haemorrhage and oedoaa of the capsule* The
adrenal glands showed capsular haeaorrhagea and oedena* The urinary
bladder on the other nend showed extensive aubaucoaal petechiation
without any evidence of discoloration of the urine* The peteobiae

tended te be confluent towards the neck of the organ*

bhon the joints of the oarcaes were opened they showed many
peteohias on the articular eurfacs but the Joint fluid did not
show alteratlsn in its volume or color* Tbs sumiages she*..-;.J

oedena with a fsw petechias often seen in the area of th# foremen

nagnun#
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In ths animals that Mr* sacrificed the meningeal oban”ea
n«r« marred by the bleeding duo to tho captive bolt* In
thou* that died, these changes were ofton notlcod with an
accompanying congestion of tho organ vessels* A summary

of tho troow pathoia”™io observations mad# la shown on Tabla ill*

Microscopic oxamiastiw of tho Tissues”

Histologic aootiona fro* organa of tho dying and tbo sacrificed

animals wort examined for pathologic alterations*

In tho tissue sections, tho main pathologic ohango observed were
tho extensive oxaan uination into ausoular tieeuss, cuve
tioauoa and occasionally into opltholial tisauoa. 21bo muscular
tissues showed extensive areas of tissue neoroois accompanying
tho extensive haemorrhages* Muscle colls showed degsn ~ -ion
with lysis of the oell nuclei and tho coll cytoplasm losing its
continuity and staining properties* This tissue necrosis usa
very narked in the haemorrhagic areas of the heart muse e* In
spite of the extsneive haesorrhage the capillary endothelium

showed no deteotaole break in the continuity of the capillary

endothelium*

The lunge showed areas of lymphoid ocll infiltration especially
around the walls of the pulmonary blood vessels* In thess areas
tbi p.rlv*ircul*r tlaam and Inril trUr>( Ijmphooytlc oalla
ebo*«d daganopattaa ob*n«.n landing froa pydnoala ta aall n.crnala.
eib.ra ana an tncraaaad intaralaaolnr aapUl anil daaaoaa of tba

lymphocytic csll infiltration*
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T his inUretitlal pnwUAonla was accompanied by the presence of
froth la the alveoli* The bronchi and bronchioles showed a
tendency to 1/aphoid coll infiltration hut this was not aa marked

u» it wae with tho pulmonary blood vassels*

Tho allawntary canal showed areas of subaueesal haemorrhage* with
tissue necrosis in tho aubauoosal aroaa of tho ton;ue9 aboataua

and the intoatlnal villi* The aubauoosal haemorrhages wora aooa

to occur in tho vioinity of tho auacularia auooaaa* It waa
difficult to dotoot an/ haeaorrfaagio aroaa in tho llver9 but tho
ainuaoldal apaooo aho*iod a degree of oongastion* Liver colla
ohowod nan/ degenerative changes aapociall/ around tha portal vaina*
Tho parenchymal oolla ohowod swelling, fattj degeneration, piknooia
and llqusfaatlve nocroaia* Tho ainuaoldal colla woro proliforatlva

and Hono showed nocroaia*

Tha spleen showed areas of h/perplasls af ths 1/sphoc/tio colls*
Many oolls in tho white pulp showed degenerative changes ranginf
from pyknoais to cell degeneration* Haemorrhagic aones oeparated
areas of lysphooytie cell proliferation* ooae of the lyaphocytea

in the haemorrhagic areas and in tha red pulp were pyfcnotio*

The kidneys sho*ed aroaa of interstitial lyaphold call infiltration
and soaetiaee there wora haemorrhages* ihe most affected area in
theeo 1/aphocytlo oell infiltration were the area of renal

cortical capillaries and especially in tho periglo*ire 1lii

tiaaue*
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Kidney tubulee showed areas of extensive hyaline degeneretioa and
haeaorrhagic sones* The renal pelvis siowed areas of haeaorrhage
and isterstltlal lynphoid call infiltration* Generally the organ
v«u»)l8 ahowad Marked congestion* The urinary bladder showed
eubaucosal haenorrhoges in a nuaber of eaaeo with pwnvuwcular

hystioeytlc cell infiltration*

The brain ehowed extensive congestion ad an aocoapanying peri-
vaeoultr tieeue neoroeia* Oedaaa wan Very narked with the glial
cells undergoing degenerative changes with narked plknosls9
vacuolation and neoroeia* There were aleo nany areae of

lynphocytio cell infiltration around the senlngeal veeoele*

The adrenal glands ehowed haeaorrhaglc area# involving the soea
fasoleulata of the cortex with an aooonpanylng cortical cell

degeneration*

Giwnsa etained aeotione of the liver and epleen revealed the
presence of the bluish - pink Intraeytoplaealo organise* The
liver showed granular inoluelone in ike von Kupfir cells and
the spleen showed these granular bodies in the naorophuges*
Their position was always intracytoplasnlc as wsre revealed sore

by the electron nloroeoope*
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Introduction |

Although the Morphological appearance of tha stages of tha
Rickettsial organlaa in tha blood of cattle and experloantall/
infacted aheap arid goats have baan daaoribad by many workera
uaing tha licht Microscope, no work hao baoa dona to study tha
ultra aturctura and behaviour of thla causative organise in
tha organa of tha affected aniaala. Tha original work to uae
tha alaotron eleroacope to obaarva tha Hlaxettsla - Lika Bodies
(H.L.B) waa that of P rof. k.O. koita (Hal*: and Danskin, 1962)#
followed nora recently by that of Krause at# al* (1972)* Thaaa

studies wore dona using blood obtained frse clinically reacting

cattle and aheap*

In thla studyf tha Morphological appaaranoa of tha nicketteial
organise Mae studied under two eeotlona] the lirat dealing with
the study of tha organise in the Bovina Dleed, and tha other
section dueling with the organise within ether tlaeues of the
enieals whan thane tissues ware obtained at the height ol the

sickness and at tha advanced atagaa of tha disease course.

lhu bload |

In tha atediea on blood, wont of the organise that ware aeea
were elongated, ovoid, ro.md or ooeea abated# They wara

eaan .ilfa.r nin<ly, in <roupn or *i vnriMa - <llI*i*ion*
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In the buff/ coat where the corpusoles Mara haemelyeed that*
organisms were demonstrated either singl/ or In elumps* These

I'oruie and shades ara daaonatratad In Kig* 26 to 29

The single organleme are small initial bodies* iboaa found la
groups would apjear in the light microscope either as aorulwe

or as giant bodies* The initial body has a doable aeabrano

which encloses the inner denser saso of uniformly denae protein*
This inner east is not differentiated into nuclear and cytoplasmic
components* lhe shape and else of thia inner mass varies greatly
as shown in Fig* 27 where 4 organisms can be seen inside one
vacuole within the cytoplasm of a neutrophil* doao of tho initial
bodies in tMs vacuole have bean out tangontimlly and these appear
ae eapty membranes* The large organ..- within the vucuole would
appear to be a stage of developaent between the initial body and
ths giant (large) organleas* The multiplication of these organises
appears to oe by binary fisaion which appears to occur at any stage
of development of the Initial body* The two medium slsed organless
in the seme vaeaole appear to have just cospl 'ted this prooeee of
binary fieelos resulting in the two initial bodies* The double
membranes of these initial bodies are not wary clearly dafined*
The host cell appears to have a membrane lining the inner side of
the vacuole* rhe cytoplasmic membrane tower s tho periphery shows
an area of weakness that la depressed inwards* These obeevatione
would Indleete that the organisms have been pha ooytosed and the

host cell is in the process of enclosing them at the periphery*
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Pits* 2d to 29 art alcrographs of the organises obtain#* froa
washed buff/ coat of a ale* bovine. The ainglo erganlsa has
it* oaur mauurano slightly detaohed. Thoro aro i«m doublo
aeabranee released froa other paraoitee that have brakes down*
The other figure ahaea oluape of tho organise# pracipitatod with
cellular aeebranea* It appeara that their outer aeabranea have
endured the lyein;; action of water even though their denaer
inner aaeeea aeea to have been affected by the aotioa of the
dietilled water ueed for washing. The organises in Hg. 29
to have ooae froa one granular aaea aa they are atill

onolooed to aoae extent by a aeabrana.

The Liverzt

The electron aicroacepio etudiea of liver eeotioae oi infect-ja
oettle revealed the presence ef the dicksttsial organlea in
the alnuaoidal (von hupfor) oelle* in the endothelial lining
cella of ihe hepatic oapillariea* and in the liver aolnar cells.
The stages of tho erganiae found in theao cells were the eingle
initial bodies* giant oodles and the Interaediute fores. deny
of the organises* however* were found in vacuoles jnolosing several
(at tiaea as aaay aa 20) organises. Tha organises wars found in
the oytoplaea of the affacts* oelle. The nueber of veouolee in
eaoh liver o«ll alae vailed froa one to aa aany aa a coaen. In
this reapeot one liver cell could at tiaea ba s«#n to contain up

to fifty initial bediaa and Interaediate atagaa* aaolaaed in aoout

sight to 10 vacuola a#
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At times the presence of these vucuolss oould distend the
oytoplasai©® mssbrene oo suoh that th© sinusoidal spaces or
capillary liuson sere ocoludsd ths distension* Ths nuolsus

of ths affected csll would appear very squtoaed* hlth ths
distsndsd endothelial or sinusoidal csll filling ths capillary
or sinusoidal space, ths erythrocytes arc either forced to
squess* through or escape Into ths psrlvasoulxr spaces, fig. 31
shows these erythrocytes squatting their way through ths narrow d
capillary* At Uses aany andothallal oelle could he loadod In
series with vucuolss containing ths organisaa* Hg» 35 shoes a
capillary out tangentially with about six vacuoles in three eells

that a*e adjacent*

tic* 37 shows e bo*r enclOMd In th* of a0inar

cell of ths liver* The giant body haa internally divided into

v
about flva Initial bodtaa which hava not saparatad. ‘ha liiaa of
division can bo aoan aw thin lataraactlny dark Unow. Tha hoot
call haw laid about tbroa layora of cytoplaaai* aanoranaa to

anclowo tblw slant oody, and thara ar. four llttla aapty apaocaw

around ths or”anls«*

J6 show a vaouolw in anothar acinar eall which oontalna cbojt
ai“btacn Initial bodl.n. Sons of tbaaa or«anlaa. ar. at vartou.
eta,;.. of binary flscion. 3o~ of th. -all oryani— bar. b.an
cut Unyantially and the anpty aonbranac ara naan. Tha pratanca
of thoaa oryaalsaa In tha pnranohynatoua oalla of tha livar waa

not na ooanon aa th.lr praaanoa la th. andathalial and alM M Ual

calls*



This finding of the organ!** in the non-phageoytis acinar cells
would indioato that the rickettsia invaded the oell9 unlike tbair
presence in tho von Kupfer oolla and circulating aoutrophila

whoro it could bo duo to cellular phagocytosis of tho parasite.

Tho proaonco of those organise in tho von JCupfer oolla and
ondothollal oolla was a oosaon finding in tho liver sections that
wore examined# In Pig. 31 there are about five stages of division
by tho organisms* The middle larger body is Just starting the
process of binary fioolon seen by the kinking of tho organisms
both sides of tho middle. The eeoond9 third end fourth steges are
juot intorsedists bstween this stags and stage live whoro tfca 1*0
resultant bodies ara separating. Fig. 33 and 34 show another vacuole
with about 14 organisms. Tha organism in tho miculs is dividing
by binary fission9 but another stags of division has already
commenced before tho first one is oompleted. This would indloute

that multiplication of this organism is a very rapid process.

The 3pleoH.._L

In Fig. 3d to 40 there are three vacuoles containing organisms, on#
giant body and two initial bodies within s sasrophags sell of tho
spleen. One of tho small organisms is auout to oe extruded out

of tho coll while another appears to have undergone degeneration.
Tho giant body contained in an adjacent parens*** call contains
scout 4 initial bodies one of which is about to divide by binary
fission. The higher magnification brings out the detail of the

lines of division of the components of the giant body.
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In Fig* 40 the Higher magnification shows the uncompleted stage

of division of one of the organises Into two initial bodies of
snout eiual sices and similar shapes* The ease spleen cell
oontains an initial body that has enlarged to about s giant bod/
stage within the vacuole* Its inner sees hss not divided into

sore than one organists* Uose of the organisms h-ve been out at

a tangent and the eapty membrane is seen inside the vacuole* Higher
aagnifioatlon shoes clearl/ the t«o aeabranea enclosing eaoh initial
bod/ of ths organisms* The host cell has aeoreted seme dark
granules into the oytopiasm arouna the vacuole* Seas of the
parasites in the vacuoles seem to have degenerated as seen by the
absence of an enclosing membrane and loss of density in the inner
mass* This condition is mors pronounced in ths organism that is

about to be extruded by the host oell*

The Kidneys

The examination of the kidney seotions revealed the presence of
this organism in to* interstitial kiuney cells and the sndothalial
oslls of (he renal oapillaries* Fif* 41 shows s kidney
interstitial osll with s vacuole that oontains shout 10 organise
of various shapes and sixes* Fig* 42 is s hither magnifiestion

of the ease vacuole that shows the presence of three giant bodies
that are starting to diviaa into sany initial bodies* uie is Just
starting to fora the membranes that divide the organisa while
another has already formed four ooaplete sasll organism of various
eisss and shapes* Another giant organisa is ju*t dividing into two

organism*

ceetlb*e
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The enclosing meebrans* around theae organises ms* aor« clearly
defined* Xhe outer ae«crane la looeely attached around tha
or™anisa and la seen aa a wavy oontlnuoua line* The inner

membran* la aara oloaely appaaed to th« Inner denser aaaa of the
organism* doaa of the organises hava bean out tangentially and
shows their eapty outer aeabrane in the pictae* Tha Initial bodies
that can ha aaan to result froa the division are round, ovoid and
ooaaa shaped* Tha denser inner aaaa of the initial body has denser
and lighter areas* Tha dark areas that giv® the organiaa a granular

appearance are tha riboaoaea and nucleic aciia of the denser inner

aass*

In tha division process the organlsa sees* to develop a distinct
line of cyteplasa to separata the two portions of the granular ease*
Than the inner aeabrane ia developed along V la cytoplasalc line,
while tha outor loosely attached aeabrane still enclose the whole
organise* The final stage of diviaion is the separation of the

outer aeabrane to release each separate initial body*

Tha heart auaole aeotiona euaained under the electron aioroecepe
revealed the presence of tha rickettsial arOaniaa in the endothelial
cells of the cardiac capillarieo and in the iateretitial oell*
oetwoen the euscla cello* These foraa found in theue aituation* w*rt
initial bodies individually and aaall organioaa enclosed in aorulae-
like vacuoles an tha endothelial ©all*. endothelial call* in the
vioinity of the aorulae and alaeswhara where tha organise ware not
deteoted showed oellular degeneration* vhieh include vaouoletion

of tha o/taplaaa and leas of cell oontinuitj#
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In the myooardial oella that wr« not affeoted toere were notable
ohun, ee that had been obeerved in tha light elorosoope, namely

oallular degeneration*

yin-ures 44 to 48 ara micrographs of tha organian whan examined

in the myocardial tissues. In tha lowar magnification, many
erythrocytic call* ara found outaida the capillary and spread
into the interKUsoular connective tiesue. Tha endothelium in
nany areas has loot most of its continuity with areas of distinct
cellular meorosis. Tha myooardial oalla in tha vicinity of the
haemorrhage show soma degree of degeneration* iheir cytoplasmic

myofibrils show degenerative changes with lose of continuity*

Figures 44 and 45 show these degenerative changes of the
myocardial cells and the interaueoular connective tissue cells*
Figure 45 further show areas where there is a breach in the
integrity of the endothelium and gives an indication of the eseapa
route through which the extra - vascular erythrocytaa must have
eooaped* Figure 45 further shows areas of the endothelial cells
where there are no parasites but tha endothelia '-.  coil*
show degenerative changes including vecuolation and increased
intercellular spaces within the capillary wall. Some of the
parasites enclosed in the vaouole eeem to be attached to the
membrane of the vaouole well as there is no separation visible

between their outer aemoranes and the inner wall of the vaouole

formed in the endothelial oell*

dhan tha vaouole and its organises ara magnified in Fig* 4&t

there are several stages of development shoving division in these

organises*
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Whtt orgaaissn present variation la both thflr ilm and their shapes
as havw been aaan in other tissues* The double aeabrane of oaeh
individual initial body of tha paranlto it visible* Tha wavwy

outar aaajraaa that la loosely attached to tha organism la atili
continoua lor thoaa organisms that have not completely separated*
Tha nucleus of tha affaotad andothailal call haa bean puahad to one
aid# and slows aoaa defenerationa. Tha bulging colon/ of tha aormla
haa in affect occluded about one quarter of the voluac of the
capillar/ lumen. In addition to causing call degeneration, the
distension of tha call c/toplass has brought about degenerative

chan&as in tha nuolaus due to pressure*

Figure 41 o/ows an initial bod/ in a vaouoio in on# of tha
myocardial calls* In addition to tha vaouoio that contains tha
parasite tha call cytoplasm shoes the praocoace of other vacuoles
that would indicate tha degenerative changes brought about in ths
affaotad o«ll* Some of tha paraaites in IU vacuola hava own out
tangentially and their eapty membranes are visible* Sona of tha
organisms also arc underline defeneration within vacuoiec in the
same cell cytoplasm and in another adjaoent cell* The affaotad
cells are undergoing vacuollsation while the parasite within the
big vacuole seems to still retain both of its double membranes*
Some parasites have also been cut tangential 1/ and their eapty
membranes arc visible within the vacuole* The presence of the
parssite both in the endothelial lining of the heart oaplliaries
and ths interstitial cells, and the visible necrotic changes
observed on the endothelial lining demonstrate the cause of the

presence of er/throoytec cutcide the oaplliaries*
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The rickettsial parasite seems to attack both the cells lining

the endothelial wall and olher organ calls* «ha parasite also
does not sees to undergo degeneration when tho host call
degenerates* figure 43 la an advanced stage of call degeneration
in « haart call as a result of the parasite invasion. Man/ Initial
bodies ara seen within vacuoles In a host o«ll that has undergone
necrosis* Man/ eapty veouolsa have also been out with only tha
vacuole membranes hut without parasites* The hast call shows
degeneration of tha oall oytoplaaa, nuolauo and thair membranes*
Tha parasites within tha collapsed vaouolas aid those that scour
singly in the cytoplasm of tha oall seem to havs lost thslr double
membranes* Thin appaaranoe indtoatas that these organisms had
bean overcome by the defenoe meohaniama of the host oall* Ths oall
suebrana snows s breaohed area that la continuous with an intraoy-
toplasmic vacuole* The other side of the cell ehews areas where
tho oytoplwale membrane has disentegrated completely MXpoeing tha
cytoplasmic contents to the outside*

Serum Glutamate Oral acetate Tranemlnaae (3« #<'"e) And
mx -Uicttim* (k-f) -m - —

Serum Glutamate Oralacetate Treeeasiness lev la inoreaeed in the
eick animals during the course of tha sickness* The increases were
recognised after the animals developed the haemorrhagic syndrome*
Increased levels rows from on average levels of 80 3ig«a-Krank«l
units at the begglning of the slokness to levels between 140 and
190 Illijma-i‘ronkel units at the height of the oickneaa. During

the recovery period of the disease these lord* showed a gradual

return to tho original levels*



The results of the preliminary investigation are summarised

in Table IV.

Serum Alkaline Phosphatase levels did not change in the
sickness. The recorded levels remained generally the same
during the course of the disease, although there were day to
day variations. The daily variations that were observed with
the sick animals were similar to the variations that were seen

in the cases of the control animals (Appendix $)e

BROKSULPHALaIN ~XCHi~“TIUM BY TH™ LIV-11 t

This test was undertaken aftor the observation that there was
an extensive involvement of the sinudoidal cells of the liver
by the organisms. The investigation was carried out on three
experimental animals. The pre-infection excretion rates of the
dye were determined. Then the animals were again tested for
the excretion rates at the height of the fever and when they
had showed extensive extravasations. There was a marked increab
in the clearance time when the animal showed advanced RicKnsso.
The clearance time was about double that of the pre-init.ction

test and the results are summarized in Fig. 4 (for No. 40).






m n J S.lo»t

Th« dIMiH ayndromo of Soria* P.t.oni.1 P.v.r la tho .xp.rla.ntal
transaia.lon ahow.d roaarkaol. iliilW IV to tho o»o«n oi u.»
Hotter r.port.d from th. fl.ld and aapevtoental WaaaatoolM by
oarli-r worh.r.. Thor* to “raeajnt hr.uehont tho Ittoratur.
that tho discana la ©attl. produe.a a Haaaorrhorfte myndroa. with
tbo doproooion of both tho orythrooy”o »nd loucocytoo. In this
study a mortality rats of 42.®> rooordod which coaparot
favourably with tho finding of Burdin sad Bna~la U956) «ho
roportod a mortality rato of 5 1» » oap.rU.aWl anlaalo.
Darks (1516) had roportod that tho mortality to tho natural
outbrralco of th. di.oaoo vari.d ooauiaorably and put tho tigurr
at about 20* of tho affootod aalmalo. ho thought tho m.rtolity
r>t in exp.ria.ntol lafootloa nao aoout 5 *® ™ tloroy (15S1)
thought that th. diaocaoo nao v.r, virulont hut <av. no ftl* f

of what ho con.ld.rod th. rot. of viral .nc. ti.to varU.tlity la
tho clinical ra.poau *“e dio.a.0 and It. -orWlit, ha. bu.n

observed by aany oif th. wora.ro on tui. dlwaso.

After th. oap.rtoo.tol odmlni.tratio. of blood Into oap.rto.atal
aninuo, th. dl.o... ha. oh... awrUbl. .Unlcal -anlfoototlon.
>omx anlaalo hav. ohown toop.raturo mutton lor 2 d y. tlsa
rocov r.d whllo o.V,r.I hav. ochowmn an tout, and total h...o.rrhadf
syndrom. oharaotoriutlc of th. bovin. t.t.ohlal tov.r. Th. port,
batwi.n lafoctlon and th. al.v.tlon ol tody t.ap.r.tur. ha. ala.
b..» v,ry varl.ol., «».t...n 4 and 11 d,ya. Th. t..p.rat»r. rl..

ha. rue*.dad th. .PP.ar.no. of th. ktotorrtodto *

or two ddgrw*
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Several animals have sho*n grindxr ; cf tho teeth, gruntinft
profuse it«roui dUoh&rge froi th*> nui* and the eyes* This

«/0 auid noae disobar”ei indicate an irrltsUoo of th? =30 uwb
aatabranue before the development of the haemorrhagic eigne.

Thu petechiations start as small pinpoint haemorrhage ar«aa
that are caused by the injury of tho fins capillary walla sf the
auooue membranes. They also start on the organs that are vury
actively contracting and expanding (tongue, eyelid, lipo) aa
observed by Burdin and Danskin (Ksnya Vet# Dept. Ann. Report 1956)*
Tho extensive hemorrhages and the hi.:h temperature have been the
very outetanding and oonetant clinical observatione. A varying
decree of anorexia and the develop*® t of osdeae Doth on the
conJunetivae end later on in the eubnendibular and brieket areas
have been oboerved. Piercy (1953) ban reported the incidence of
"poached egg" *y« aa being between 5 *** 3°~* |B thi*

the incidence has boon found to be a out 7>. but unlike the
observations of Danskin and Burdin U><>3) #b##rrU ha*

been bilateral, even though the de roe of involv/eaent varied in

eaoh aye.

Th« ond.«. emel> clinically nnd »t pot «r«»* both d” **1/ *Bd
hl.tol.glcnlly nny *>» r.nuUnn* trom th. daMtf* of th. blood

. >, M1, .y th* pnra.it. lending to V* l.dt.g* of plnonn. It t
nino b* du« to UMM o*ll dl.traction nnd nnM.io chwij** «' *<Im
di.larb th. Int.rntltinl fluid bninnc Th. injured blood «meeels

nr. pnrn.nbl. to blood fluid uhloh thnn noounul.t. In V.

interstitial spaoen.



The degeneration of ths endothelial and interstitial sails
aggravates an already serious situation whore haeaorrhags had
oaussd many blood oalls to escape into the interstitial spaces*
The toxic substanoes released b/ cellular breakdown accumulate

and cause further tissue daaaje*

The oedsaa of the brain with congestion of the organ vessels would
seu* to indicate the origin of the dull deaeanor that ia seen in
the protracted oases of the diseaao* This situation ia aggravated

by the muscle weakness due to cellular degeneration and tissue

hypoxia*

Haemorrhagio areas on the skin have been observed oonctantly on the
underside of the tailt the inside of the ears and other light
coloured areas of the skin* In theuo areas and otifil situations,
the skin haomorrhagss, on recovery of the animal, havt shown a
regression without aiowing any other pathologio abnormality, unlike
the loss of hair and skin neoroeis reported by ksttaa (1J2")»
Danskin and Jlurdin (I<>63) indicated that death invariably followed
in cases whore pulmonary oedeaa developed or whore there was s
heavy loss of blood in the fasces* oevorsl of the experimental
animals and some observed in the field have shown marked coughing
and frothing froa the mouth, which would indicate pulmonary oedema,
but some of these cases have later recovered. Thjre have also bssa

cases that died without diarrhoea and showed no signs ol pulmonary

oedema at post mortem*

In the animals confined to the stalls, there are no o-*se» that
have shown sudden death as described by ttanks U93*j# The severity
of the clinioal signs however have shown no guide to prognosis, as
several of the eurviviog animals had advanosd to reoumbency while

a few died after the extensive haemorrhages without first goin(

down*
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In tha natural and experimental disease, weakness and a profound
anaemia haws been found to follow on the haeaorrhaglo stage of the
dleeaso* The profound anemia had been observed by Burdin and
Panskin* The weakness that ie observed in the disease could due
to the extenoive busolo degeneration that is seen histologically*
It oould also be due to the hypoxia of nusoles resulting from the
endothelial danage and anaemia* or it aight come about as the

result of a combination of both sueole tissue degeneration

and hypoxia*

The post sortea examinations have reveeled the extensive haemorrhages
to be aore pronounced, in those organs or erase of organs that are
aotively contracting ana expanding* Plowright (1962) had found that
the haemorrhages of the heart were a constant feature* In ay
experiment* all the aniaalo examined have shown e varying degree of
heart haeaorrhages from many fine peteohiae to extensive ecohymosea
and suffusions. This results from the injury to their capillary
walls which then booooe weak and cannot withstand the normal changes
of blood pressure brought about by muscular contractions* This
conclusion ie supported by the observation that the rumen has the
naemorrha*ee aore pronounced on the area of tne paralumbar loesa
and the neart endocardia has oaeaorrhagee aore pronounoed on the

pillars supporting the chordae tendinee*

The injury of the endothelial oella leads to tissue reaotion in
perivascular areas* This reaotion ie then observed as
infiltration of the eras by oella of the hyetiooytio mononuclear

series* The involvement of the oeueetive parasite in the

interstitial oella causes the infiltration of the organ oy

histlooytlo oella*

L J .57..
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Plowright (1962) had euepeoted that tha hyperplasia of tha larger
oalla of tha lymphocytic aarlaa was dua to a dtract affaot of

tha causal agent* Ha furthar raportad caaaa of nononuoleer and
hyetiocytle infiltration around tha blood vessels In tha
haemorrhagic areas* Tha hystlooytio call infiltration around
blood Teasels have been confirmed in tha kidneys and tha
urinary bladder* Tha lyaphoid organs including tha spleen hava

shown a proliferation of the lynphold cells*

Studies undertaken with the eleotron microscope have deaonatratad
tha diraot injury to tha tiaauaa of tha effected bovine host* In
tha light oioroecopa tha tissue damage are seen ae extensive oell
degenerations aoooapanying the extensive haemorrhages hut the
endothelial lining appear to retain their internal continuity*
Rattan (1929) ned suggested that the organise had a specific
damage to the endothelial lining out that the leaage was sc
slight aa to eaoape detection by the aioroeoope* These studies
with the eleotron aiorosoope neve revealed the presence of the
oaueative agent in the cells lining tha oaplllary well* In theae
situations tow organists has been observed to aultiply and cai”e
degeneration of the effected oelle* Several sndothslial oslls

in ons arse have bean observed to undergo neorosia oeoause of tha
invasion by these parasites. The physical growth of the peraeitio
agent in the oytoplasalo environment causes e epetiel dislocation
of the oellular organelles end ultimately induces oell damage.

Nuclei are forced to a peripheral position and oauaed to shrink*

5*



Other cellular organelles boooae affected by the dislocation
and the rupture or the cellular membranes are the final

stages of the dielntegration of the affeoted oell.

In the examination of the blood smears stained with Olemea, the
parasitised circulating cells show the distensions of the
cytoplasmic membranes. The studies carried out using the eleotron
aiorosoope indioate that the phagooytio oells phagooytoae the
elementary bodies and the initial bodiea of the parasite. «noe
inside the oytoplaamio vacuolea, the parasites start to grow and
multiply by several prooessea including binary fission and multiple
fission. 8y multiplication ths psrssites fill the vacuole and
distend the oell cytoplasmic membrane in addition to dlaplaoing
the oell organslles. Ths prooess of sultiplioation by binary
fission seems to occur at s vary fast rate, hrausa Jtls. lit
(1972) had o©served the sultiplioation of this organiaa by

binary fission and found that it ooourred at any stage during the
development of the small organise to the giant uooy. They further
observed that the giant body could break down its protein tv
release several elseentary bouiee. The present study nas revealed
the sultiplioation of this or”snisa in ths liver spleen kidneys
and heart of the sick bovine, in the endothelial oells and in other
interstitial end acinar oella.

The studies revealed that the phagocytic aotion of the macrophage
oells does not heve ouch effeot on the multiplication of the

parasite as lon* as the parasite retains its doubls membrane. The

organise has bean observed to divide when the outer end inner

membranes are still Intact.
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In soaa cases tha organise h*a baan observed to nave lost the eater
wavy aenoraae and tha inner denser aa«a baa ahown degenerative
changeihara la thua a Very oloaa relationship between tha
oultiplicatlon of tha organiaa and tha degree of daaage tha boat
call oan inflict on tha invading paraaita. In tha waehed buff/
coat tha double aeobrane la separated froa tha danaar Innar aaaa
by tha lysing action of water* It la dIifflvult to dataralna tha
possible alterations in tha antlgsaio properties of thaaa separated
me2brans* and tha uae to which this can ba put in praparatlon of

a vaccina*

Organ sjoticne have baan examined with aiaatron atcroaoopa and tha
organises have baan found to cauaa a diraot dsnags on tha organ
calls and tha capillary endotheliun* Slant todies in the calls
of tha ha rt endotheliun, haart nuscle, spleen macrophages and
kidney interstitial oslls and livar acinar calls hava baan found
in tha saaa situations as ths elementary and initial bodlss. Tha
division of tha various slsss of ths orga.isn, obsarvad by tha
electron aicro*copef into alaaantary, initial and giant bodies
bacoaas difficult baoauss of tha different ibai and shapa observed,
dithin on# vaouols in any of tha organs, tbs organise could b#
observad together aa initial bodies, elementary bodlss and Urga
ones which could bo tsrosd giant bodlas. Slingls initial bodias

could alsc bo soon singly in vaouolos within ths oytoplasa*



In the light aloroeoope, the glia* bod/ eppesrs m imiforsly
dense nase, herons in the eleotron stcrosoops tnu ci&*- Q0
is seen to be »any eaell orgsnieae, that uove resulted, “.rou
a multiple division, but tbs various components are still held
together within one outer seabrans. Anotnei giant body would
appear in the eleotron nloroacop# as a o*OUP «a*H initial

bodies enioa neve U tU | epeoe in the vacuole to sno» = distinot

MftrtUiB)

Multiplication by binary fUnion in tbnnn organises nonnn to

start by thn invagination of thn danear innar mass and the Innar
aeabrane on both aides. Than a thin plats of a oytoplaaalo disc

is developed joining the bait of invagination across tha innar
denser ease. This line is further rainforoad to be continuous

with tha inner meabrane of tha parasite. Tha denser Inner aa-000

ao separated than move apart ahlla tha two daughter organisms are
still enclosed together by one outer and loosely attached oeaUune.
In tha aultlrlication of tha initial bodies this separation

of thaae anall organisms produces a bipolar appearsnoe »hen
examined with tha lo» aagnlttoation of tha electron aioroacopa.

Tha final eta*# of aultiplioation la the separation of each
organise by the eeverlo* of tha outer naabrana. In the aultlpliceti-
on of tha giant body into aany elementary and initial bouiee, tho la,
dean of tho thin layer of oytoples. ooouie in aavaral direction,

and planes. Tha eaall organlaa produced hy this aultiplioaticn

are aorphologioally alailar to those that raault from tha

binary flaaion of tha initial bodies and tha alaaantary oodlee.

e Holae
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The modes of multiplication observed la the blood oella heart,

liver, epleen and aidney asotione were similar.

Tha cellular damage inflicted by the parasite impair* the noraal
function of the affected organ. In this respeot, ayooardial oell
degeneration with the hypoxia resultant from the haemorrhages and
endothelial damage would be aufficient to cause heart failure.
On the other hand, the loading of tha Retioulo-eniothelial oella
©specially the liver ainudoidal calls and aacrophagas in other
situations would essentially be sufficient to hasten death. Tha
delayed bromaulphalein excretion by the liver confirms further
the impairment of the retiouloendothelial system of the liver.
The decrease in the blood protein content and blood haemoglobin
concentration indicate further an impaired synthesis of these
compounds. Bioohemical investigation hava shown an incrssas in
the levels of S.0.0.T. which would be due to inoroaaed cellular
pomeability from degeneration leading to the eeoape of these

enzymes into olroulatlon.

Having therefore established the oauae of the haemorrhaOee in
Bovine Peteehia Fever as being due to endothelial damage by

the parasite and aeoape of the blood into the perivaaoular areas,
the oauae of death ia still difficult to detexsine. Cellular
degenerations in various organs oomplicated tty tissue ,hyptxia
due to anaemia would lead to organ failure in the neart, liver

and Sidneys whioh would seem to be responsible for the final of

death of the animal.



CONCLUSION



CQffCLVSIQgt

Bovin# Peteohlal Fsver is essentially s haemorrhagic oattle
disease in vhloh thsre is extensive extravasation of blood
into epithelial, nuooular and connective tissue followed by

a disturbed tiseue metabolism. The haemorrhagic syndrom# is
caused essentiallgr bp the invasion of the capillary endothelial
cells bp the Rioksttsial parasites leading to narked capillar/
permeability. The organism also attacks interstitial oells and
acinar oells in glandular organs. The resultant oell degenerations
loads tc metabolic impairment and or6an function. The initial
inflaaaator/ pxcoast of the disease oaueee a leucocytesla with
tho presence of an increased number of immature neutrophils in
circulation. The haemorrhagic syndroms precipitates s narked

haemorrhagic anaemia with s marked hypoxia and tissue degeneration.

Complex phenomena inoludIin”™ heart failure due to myocardial
degeneration, hepatic impairment and s probable renal impairment
are suggested to oe contributory factors in causing death. Tissue
hypoxia and excess fluid loss from haemorrhage sad oedema are

further incriminated as contributory lmotors to organ failure in

infection with Bovine Petechial Fewer.

it poet mortem the carcasses of the anlaale haw# demonstrated
extensive haemorrhages in many organs of the body, arid about

3£ have shown an accompanying tissue oedema. Histologically thors
in extensive cell degeneration accompanied by e varying degree

of kystiooytic eoll infiltration in the porivaeoular arses due

to peripheral vasculitis.
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The para8itlc richettele appear in various el e» of lev*lopaent
within the cytoplasm of circulating leucotytea and other tlsaue

cello.

electron microscopic studies reveal the presence of these
Uickwttaia in many organ tissues. The individual organism it
found to potNH a douDie membrane, the inner layer more firaly
appoaed to the inner denser msee while the outer one is a
loosely attested wavy membrane. There is no citetintt separation
of ths inner denser mass into oytoplaa* and nucleus, but it is
observed to be rich in ribosoaea. Various ttv e+ of development
and the intraeytopiaaaic presence of the parasite ere concluded
as the cause of cell degeneration and cell death which precipitate

impairment of the organ function#
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TABLE IX t MEAN HAEHATOLOOIC VALUES OF 12 CALVES
*,

DATS
AFTER
INFECTION.

10

11

12

13

1*

15

I. Day #Of
2* Pea
J. TP.

Hb.

5. Rbc )
wbc.)
6. TRALTHP.

INFECTED rtiITU BOVINE PETECHIAL FavEH

PC?. T.P. Hb. Rbc. Vbc.
29.0V 6.73 10.01  7.32 10.52
28.22 6.81 10.v6 7.58 10.67
32.33 6.82 10.77 7.91 10.91
3i*00 6.52 10.7v. 7.W 10.0?
29.50 6.57 10.0? 6.83 9.11
28.83 6.33 9.56 6.89 8.02
28.58 6.23 9.52 6.59 7.%5
27.7*> 5.32 7.82 6.** 6.59
2k. 16 5.19 8.13 5-wW 7.20

a

21.v1 * 59 6.53 *.68 6.98
21.M *.29 6.*2 V.2V 7.35
15.20 5.62 5.55 3.82 8.9V
16.VI 5.92 5.37 3.57 10.38
23.17 5.90 7.55 5.06 10.v7
22.67 5.95 7.52 5.01 u .os
2V.17 6.27 8.02 5.20 12.1

average of 5 days pracaadiag iafactioa.

Packad call aoluae (50
« Total protain (ga/ZlOOal)
Haemoglobin concantration (ga/100 al.).

m R#d blood call counta ilO~/wa?)

m fblta blood call ©ount(103/nm3)

TN.

2.62

2.26

3.02

2.25

2.32

2.06

2.10

1.29

1.87

1.16

0.79

0.8*

1.69

1.31

1.73

1.67

LIMP.

7.71

8.70

7.53

7.*1

5.76

5.VO

V.77

5.10

*88

571

7.29

8.75

9.07?

10.31

9.91

10.01

m Abaolute counta of neutrophil (rN) and Lyaphocytea(L

(L(P/m ™).



TABLE 111 : POGT-HOHTEH CHANGES O B | N  CASES
of bovins X~r™aiAL feyes

ANIMAL HOHB5KS

ORGAN CHANGES ~O0 A2 52 55 5¢
Conjunctival Oedema .4 ¢ m

Costochondral

Extravasation - * *»” ¢ *
Cardiac haemorrhage 4 " * . *
Pulmonary Oedema + * . * .
Subserosal Kumen . *” . . .
Haemorrhage

Splenic haemorrhage ¢ ¢ * ¢ 144
Gall bladder +e o o .
Haemorrhages

Urinary Bladder . * +¢ ¢ .
Haemorrhages

Meningeal ° 4 ¢ - ¢
Haemorrhage

positively present

its extensive involvement

-* not present



TABLii 111

ORGAN CHANGES

Conjunctiva®
Oedema

Costochondral
Extravasation

Cardiac
Haemorrhages

iulmonary Oedema

Subserosal
Rumen haemorrhage

Splenic
Haemorrhages

Gall Bladder
Haemorrhages

Urinary bladder
Haemorrhage

Meningeal
Haemorrhages:

POST-MORTEM CHANGES IN ANIMALS
TIMfl QF BOVINE PKTSCHIAL FEVER

ANIMAL NUM
8I 97 L20 N529
. . . *
PR . . *
. . - ¢
. . . *
* ¢ *
. *+ "
PR 0 . .
R X
¢ « Ppositively present

+¢ & extensive involvement

not present.

»3*

*

*

¢

*
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TABLE IV : MEASUREMENT OF DAILY EEHUM GLUTAMATE OXALACETATE
TRANSAMINASE (S.F. UNITS) OF THREE CALVES INFECTED
WITH BOVINE PETECHIAL FEVER AND TWO CALVES USED AS
THE control®* S

ANIMAL NUMBERS
INFECTED CONTROLS,

DAYS OF _—— = —

SICKNESS. 1 42 74 *3 v*
1 97 84 86 96 58
2 110 77 80 50 50
3 116 87 77 68 52
4 104 86 86 60 50
5 147 Diad. 103 68 58
6 190 116 80 42
7 147 127 84 52
8 127 142 63 40
9 137 143 99 S0
10 03 147 88 42
11 8o 147 72 52
12 % 96 84 55
13 92 104 63 47
14 105 35 62 53
15 90 116 78 48

Racoverd Hacoaarad

No. 42 - Died aftar 5 d»y* Sickntoe.
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Fig. 1

Typical Temperature Response in Bovine Petechial Fever,( 3 .)

Ti MAYioc,<Atyi The rote?

Six ip/Fec?kb (0,t"0x) Np-*F*cTEA

P>AYy *  attel Jjtreci>o

Fig. 2. Thermogram of the Mean Temperatures of 3ix B.i.F. infected
and six non-infected bull calves.
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in i-jnphocjt. and Hautrophll count, in wlatlon

Fig. 3. , th. tenp.r«tur. ruction in can., of B.i*.F.
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Fijj. 5. Extensive haemorrhages on the thoracic Wall of a c ase
of B.P.F.

Fig. 6. Extensive petechiation and marked pneumonia iIn a ease of
B.P.F.
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Fig. 7. Harked haaaorrbagic endocarditia eapeclally around the
pillars of heart.

Fig. 8. Typical eub a.roa.1 ha.oorrb.ga. on th. run.n in 3.UF.

«.69.-



Fi = 9 ~xtonaivo aubcapaular aplanlc haoaorrhageB in a caao of
B.P.K.

i . 10# ~xtonaiva mucosal haanorrr.a.«= of thn gallbladder (gB)
with clotting of tha contorts (CI).
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71

rig* 13. Submucosal hauaorrha”as and cull nocrooi*
tonjuo of a cafl#» Gluaoa 1 370*

rig. X4. -iton.ivo haMorrb«fie «jroe«Utls -itr
coll dogenorationo in a caao of

In the

4-72-
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Fig*® 15* Marked perivascular hystiocytic cell infiltration with
cell degeneration in the lung of a B*P*F* case
Giemsa Stain X 390*

Fig. 16* An oblique section showing marked infiltration of
hystiocytic cells in the perivascular and the interalveolar

septal walls of the lung® Giemsa Stain X 390*

e/3-



Pig*

17* Section of liver showing arse
in the liver cell corde. H.

degeneration* HXtf* X 390«

of coagulalive nhaoroeie
g* x 390.
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Fi " 1$. Section of kidney showing coll degeneration with hyalir.e
and cell caet» in the tubalj» 1| HAS. X 62%

Fi = 20. Section of Kidney showing cell degeneration with
hytiocytic cell infiltration and congestion of theva>

HAii# X 025*



ie.

rig.

21. Section of th. .id brain eboom* P~lva.cular ced...,
pykno.i. of «li.l «woll« e»* conso.Uon of th.
ujt K Stain X 166*

dwo.r .ho.ind M !-«.tor. n.utrophll -1th »"
»eytopl.w»ic filont bod, . Cl.... Sfln X 625-
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Fig# 23# Blood sntar shoving two neutrophils* one with a giant
bod/ and one with s conns shaped initial ood/ |
Jietasa -tain X 1563

Flc >». Blood » « r showing . n.utrophil .itnintr.cjtopU.oic
morula* giant body and initial body! tiensa otain 1563*



Kitr. 25 . Buffy coat sntar showing a neutrophil with a peripheral
intracytoplasnic oorula ready to rupture the cytoplasmic

membrane* tiieasa Stain X 1763*

e *7 8»»
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Fi£. 27# Highor **Qtunoi\lou of too »*e« vacuola (V) an *i<*
eho-ing initial bodiaa (ib) aith daabla aaabranaa (da),
wytoplaaaic aaabrana (CM) ia bam* cioaad ah«ra it «aa
inw,inatad. Mota alao tha vaeuola aaabrana (rca; ia
aiailar to and continuoua witn cytoplaaaic aaabranat

X 51»000*

..30..



ao

Fig* 28#

19" e Moo (1N froa the washed huﬁy ooat. Koto tha
A single g SfOBO%SJbIa eoabranes (da) fro Dﬁ%&b or%a0|aaa
presence

X 31,000.

cect)ioee
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© & G E - T2 97 Bkt o v

E 0. — o
(vca) X 12.C00*



30. ction of liver showing sinusoidal csll loadsd «ith *crs
than a demon vacuolso (V) containing -ore than 40 parasitss

(ib) in all. luclsas (m) ia under <prsat Vi lie
seas of ths parasites are do*enor*ting » | 12*000.

Fin,

...J 3 X J
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Pi, . 31* Section of Liver ehoeing vacuole* in sinusoidal cell
filling the *inu* and forcing eryti rocyte* (Kj to
m'iUeeee through n»rro«(»” several *teg«* (1“5)
binary fission of tte organise eitlin the vacuole X12fb ~



Pig. 32. Motion of Liver showing cospltte occlusion of ths sinus
lumen (L) arresting Erythrocytes (a)»

are completing binary fission S X 12,0G0«

Fi.K* 33# Section of Liver showing sinusoidal

csll

Mustered parasites

with

several vacuoles. Ths organism in the center
shows a double division (1f2f33 while U
organism below the nucleus (*) ie degenerating X12,6 -

« sin,; e



. 4<n. nf th eamo vaouolo a* Fig. B3

Fig.

S S S u * s ss s — e 1 U *60°-



Tig*

30*

86

ciion of Liver showing a
inar cell of the liver Uo).
(@ ole.entsry body i» clearly

vacuole (V) within an

iJ0 outer aoabran™ of
duaarcated. X 12*600#
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Kig*

87

Section of

call

(*e)e

ino

8

T w
-acuole (T) ani tha paraaita.

«
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par». U« m »oul«. (J). ‘<l t bodjr V
within *n aoinar o«ll * 4f~ J»



HIfth*r of sa*s a. a*. 33 .howl.* divl.ion
i /_+ ) of ths parasits. lots also ti« «sfv g mnSAf
N_a*_*** of usraaiiss cut tsngsntiall/ withlr. ¢

X 12,600.

Pig.



Mg* 40*

*e fit* 39- ShOWing th«

of
th# vaouolts.

double aaabrana (s> Of aaeh paraait® in
1 31,000

91
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a vacuole (V) in Kidney

41# kidney eaction showing Ny 12 coapxeeeed

inteetitial oell* The ¢!l nucleon (
by the presence of the Vacuole X 9#600#

Fig*

92
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42 Higher nagnificitior
ANNTYr ST FEANT
fitftion * 12t600«

oi

y

»*¢*tnolo»ing ox<f

T S S S .  «-— - -
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>3

a .till hichor magnification o

»*»e vacuoia (V) a* ?i0«

“»t" SSron.1*0 of -ch P— 1»= cl.arJ

i + a kultiDlication division la naarly coapi-te
S r ; ; t r r j K r a r
atm encloaad in on« oatoP ««branc 3.
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m c*

>QJ

Hoart motion ahoNin* a “ranvla* aasa (V)

wall of a blood voaaol. Th*»0 aro aanjr orytfarocyt*»U J

outeido thu vooool luaen (LJ wbll« ™* J _ "x°4*00C
call. nr. .bowing .tafia, o! aa.an.r.tlon (d-Htj. * 4,000.
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Fi~r« 45. Heart auction iu~nur Bonification of Fig* 44 ofcowin#
nuorosia of tht indothjlial colls (-inti) sad tho diot#r.lion
of the capillar/ endothelial coll k/ tho vacuole of tho
paraeltea* Oth*r aajacont endothelial oolla show tho
preaenco of c/toplaamic vacuoloo which Indicate de”eneratii

chan"Ja* X 12,600

- 96 «



fX . 46. Hoart Motion blfihor me.jniflcalUon a! Fig. 45 <~°*anc

th« douole a.obranaa (d») of tho paraait.a.
sarsalt.a or. ahoaing Unoo of diviaion(-» ) xhllo otn.r

pSaaltaa to bo attachad to tho oacnolo meebrana»
X 3i,000.

a1
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Fir. 47. Hoar* ..ctlon sho.lng »dy«r.cd d#...".-isratlon of tue *'e*'*
o.ll. (d-Ht) and th. pr...nc. of d.<;.n.«IUM p.r..it.(th)
an vaouolo (»). Th. ptfMit. h». lo.t It. out.r

acii>braiic * X 12(600*
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Fig. 48.
J S T * - -»ye of "U jU S(« «?2 "~
*&ny d#te«n«r*tInS paP».ttw» lxox Xo»t th.tr

U .»e« & th* VT ti S'ttoehondrton) |
outer aeabr*0*** v*x
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APPENDIX 1 |

DAIS
AFTER
INFtATIOK.

10

11

12

13

15

DAILT TiHPSKATtIIS iKACTIO* (o0 j
INFECTED WITH BOVINE PSTMCUIAL FMEa

-ANI MKL
"0 k2 52
101.2 101.2 101.6
101.6 101.6 101.6
102.1 101.7 101.6
101.8 101.3 100.6
103.5 103*1 102.6
106.3 107*0 102.6
107.6 106.8 106.6
105.1 105.2 107*2
106.9 99.0 105.8
98 _ 105.6
) 106.6

103.6
103.0

NUHB srs

101.6

101.0

101.6

101.0

102.2

103.6

106.6

105.7

102.0

106.0

103.2

102.3

102.0

101.9

101.8

101.2

59

101.8

101.8

101.6

102.5

103.3

102.6

105.7

106.1

105.0

105.6

105.0

103.3

102.8

103.0

102.8

101.6

OF SIX CALViIS

?6

101.8

101.2

101.7

102.7

106.9

106.6

105.0

105.8

105.3

105.6

102.2

101.8

101.6

106.6

102.8

101.8

MuAW

101.5

101.6

101.7

101.6

103.3

106.6

106.2

105.9

106.6

105.1

103.7

102.7

102.3

103.1

102.6

101.6



APPENDIX 2 :

DAYS.

10

11

12

13

14

15

16

DAILY TLK*3KATU3K KiCOhDINGS (°F) OF CALVES

USoD AS CONTROLS IN BOVINE PLT-SHIAL FEVER

ANI MAL

23 43

101.2 101.3
101.8 101.8
101.6 101 .~
100.8 101.2
101.6 101.8
101.8 101.8
100.6 101.6
102.0 102.0
101.6 101.2
101.* 101.3
101.8 101.8
101.9 101.5
101.6 101.7
102.1 100.8
101.1 101.6
1015 102.0

NUMBL 385,

101.6

101.0

100.8

101.0

100.8

101.6

102.0

102.0

101.3

101.6

101.8

101.8

101.1

101.9

101.3

101.7

61

101.2

101.6

101.8

101.2

101.0

101.6

100.6

101.6

100.6

100.6

101.6

101.6

101.6

101.3

100.8

101.0

62

101.0

100.8

101.2

100.6

100.6

102.0

101.6

100.6

100.0

101.4

101.6

100.6

101.6

101.6

101.2

100.6

101.6

101.0

100.6

100.8

101.0

101.0

100.6

100.6

101.6

101.6

101.6

101.8

101.2

101.2

100.8

101.8

101.28
101.16
101.23
100.9

101.10
101.63

101.13
101.63
100.98
101.28
101.66
101.3
101.6;
101.6
101.30

101.40



APPENDIX 3 U )t

DAys
AFT-i*

INACTION |

10

11

12

13

1*k

15

7.8

10.4

9.8

9.9

9.2

9.9

9.5

9.2

8.9

8.8

9.2

7.9

7.7

7.9

DAILY HAEMOGLOBIN CONCLNTRATION(ga/10Gal)
OF HALVES INFECTED WITH BOVINE PETECHIAL
FEVEfl (HLCOVETIIES).

ANIMAL

50

8.8

9.0

8.6

9.2

11.0

8.%

10.5

10.7

10.4

10.2

10.3

10.3

9.8

10.1

11.7

NUH3S33

53

10.9

12.9

12.5.

10.7

9.7

10.6

10.9

11.%

9.6

9.7

10.4

9.1

9.8

10.1

9.8

10.6

54

7.0

7.3

9.8

8.8

9.2

8.1

7.8

6.3

6.U

51

6.3

*¢9

5.7

6.0

5.9

55

59

9.5

10.4

9.8

12.6

10.2

8.8

8.6

8.0

5.8

V.9

51

5.%

7*

11.5

12.5

11.2

12.2

11.5

11.7

10.8

8.2

7.0

6.3

S.k

6.3

6.7

6.8

7.0

MEAN

9.25

10.25

10.21

10.65

10.23

9.58

9.40

9.58

8.37

7.65

7.84

7.40

7.74

7.55

7.52

8.02



APPENDIX 3(b)

DAYS
AFTUS
INACTION.

10

11

12

13

1*

15

40

12.8

13.9

15.7

13.5

12.8

12.2

11.7

9.9

6.7

5.9

DAILY HASHOOLOBIH COHCLKTRA7ICB(™]/100»l)

OF CAL7i3

AKIMAL
42 52
9.6 u.l
9.4 12.3
9.9 12.8

12.0 12.3
10.0 12.0
10.1 11.7
10.9 11.6
9.9 11.7
7.* 9.9
v
*.3 7.3
. 5.0
3.7
3.2

IHF/ICTSD »17H BOVINS PETECHIAL
UVSR (DEATHS),

HUH BLR.
55 58
9.1 9.6
8.6 10.0
8.6 10.6
8.6 7.8
6.3 5.9
7.0 5.8
7.0 55
8.3 5.3

10.2 4.9
- 4.2

9.9

72

12.4

9.8

10.%

10.8

10.3

10.5

11.2*

9.5

8.3

REA*

10.77

10.67

11.33

10.83

9.92

9.55

9.65

6.07

7.90

5.42

5.0

3.7

3.2



APPENDIX 3 (c) t

DAYS.

10

11

12

13

14

15

16

23
9.1
9.6

8.7

9.0

9.2
8.9
9.4
8.9
10.2
10.2
10.1
9.7
9.2
9.8

10.1

DAILY HAEMOGLOBIN CONCJITRArIQN(f*/100»l)
OF SIX CALVES USED AS CONTROLS IN BOVINE
PETECHIAL FEVER

ANIMAL
43 44
12.4 10.2
12.2 10.4
13.5 10.8
12.0 10.3
12.0 9.8
12.2 9.4
10.6 9.9
12.1 10.2
11.2 10.0
11.3 9.8
11.9 9.5
9.40 9.1
9.54 10.3
12.4 9.8
11.2 9.9
10.6 9.4

NUMBERS#

18

10.3

8.0

11.0

11.1

9.9

11.7

10.8

10.0

10.1

10.5

10.1

10.3

go

9.3

9.8

9.6

62

9.2

10.3

9.1

9.6

11.1

9.3

9.6

9.2

9.6

9.2

8.9

9.9

10.1

9.4

9.8

9.2

10.0

10.1

9.7

9.6

9.1

9.8

10.3

10.2

8.7

8.6

8.5

9.9

9.4

8.0

8.3

9.4

10.2

10.1

10.4

10.2

10.1

10.2

10.0

10.1

9.7

9.9

9.9

9.7

9.5

9.6

9.6

9.7



KPPCHOIX 4(a) i DAILY PL2CLKTAQS PACIAOD CILL VOLUK*
OF CALVLG ZKFLCTKD »ITH BOVIJlg PETECHIAL

fSVER
DAIS
ATtcA
mrscTioN. *Q 50 53 56 59 ?6 HEAR
ji e u
0] 23 31.5 31 23 33 3* 29.25
>
X 26 31.5 37 2k 33 3* 25.78
a
2 27 37.9 36 22 30 36 31.50
* U
3 25 35 31 23 35 35 30.67
» » W
< 27 31 30 20 32 36 29.00
5 27 2k 33 20 28 35 27.85
* %h
6 - 30 33 21 26 . 27.50
48 » A *
7 25 31 3* 19 25 33 27.83
#
8 27 30 30 18 18 27 29%00
9 23 30 28 18 Ik 21 22.33
10 26 30 32 20 Ik 21 23.83
fom ¥ v '
11 26 29 28 18 - 19 20.60
f 1
12 25 28 30 19 16 19 22.83
» *
13 26 27 32 18 16 20 23.17
I*f 23 28 29 19 15 22 22.67
#
15 23 31 31 22 16 22 26.17



APPENDIX A (b)

DATS
AFTER
INFECTION.

11

12

13

14

15

40

35

3«

*3

39

36

36

36

29

20

17

«

57

DAILY PE2CDYTAO2 PACKED CELL VOLUME
OF CALVES
PETECHIAL FEVLa

A N

k2

28

30

35

30

31

31

31

22

1%

30

INFECTED A DIED VITO BOVINS

MA L

52

31

32

36

36

33

35

33

33

28

22

16

10

10

*9

NUMB U s .
55 59
25 2k
25 28
26 28
26 28
25 2k
25 20
2k 2k
25 2k
20 28
_ 16
_ 16

m

72

30

30

31

31

31

32

32

33

30

27

25

28.83

30.66

/A

33.16

31.33

30,00

29.83

29.66

27.66

23.33

20.50

19.00

10.00

10.00



APPENDIX 4 (f)

DATS.

10

11

12

13

14

15

16

23

26

28

26

27

29

26

27

28

28

27

29

26

28

30

29

S DAILY PERCENTAGE PACKED CELL VOLUVE OF

CALVES USED AS CONTROLS IN BOVINE

PETECHIAL FEVEa

a

*3

39

37

41

37

37

35

3*

35

36

37

37

33

n

KAL

44

27

29

31

27

28

31

30

31

32

27

29

28

29

30

27

NUNB SRS

61

30

27

32

35

32

30

31

29

30

30

26

27

29

32

62

27

29

25

31

30

27

29

27

28

27

29

27

28

30

28

29

27

26

26

26

28

29

25

28

26

27

MEAN

29.3

29.6

50.8

31.3

30.0

30.3

30.1

30.3

30.3

28.8

29.5

29.1

29.0

30.3

29.00

29.6



APPENDIX 5 (a)

DAYS
AFTER

INFECTION.

10

11

12

13

14

15

49

5.3

6.6

5.6

5.2

6.2

6.2

5.9

5.2

4.9

4.8

4.8

4.4

5.4

5.0

54

54

DAILY MEASUREMENTS OF TOTAL PIOTJSIf
(gm/lOOnl) OF CALVES INFECTED WITH

BOVINS PETECHIAL FEVER

ANIMAL NUMBERS.
50 53 54 59
7.4 6.2 6.0 7.4
6.6 7.0 6.0 7.8
6.1 6.8 6.0 7.2
5.9 6.2 6.2 7.0
6.4 6.2 5.9 6.6
5.6 6.2 5.9 6.4
6.7 6.4 5.8 6.2
6.4 6.7 5.8 5.8
6.4 6.2 5.4 5.4
5.6 6.4 5.4 5.4
6.0 6.6 5.6 5.8
5.6 5.8 5.4 5.9
5.8 6.4 5.4 6.1
5.8 6.4 5.4 6.4
6.0 6.0 5.4 6.6
6.6 6.4 5.6 6.8

74

7.4

6.3

6.8

6.2

6.8

5.4

4.5

4.3

4.6

5.0

50

5.6

6.4

6.4

6.3

6.8

MEAN

6.62

6.72

6.42

6.12

6.35

5.95

5.92

5.07

5w

4.68

4.88

5M

5.92

5.90

5.95

6.27

%



app™DIX 5 (b) s DAILY MLASUiteHLNIS OF TOTAL P*OTLIN(i«/100c«l)
— e OF CALVES INFLCTLD WITH BOVIN. PLT™CaiAL F-Vi,*

ANIMAL NUMBERS

DATS
AFTLR
40 _ 42 5 ..55 S8 72 HAN

0 6.6 7.0 7.2 6.0 6.8 7.4 6.84
1 6.6 7.4 7.6 6.0 6.6 7.0 6.90
2 7.3 8.2 8.0 6.4 7.2 6.3 7.23
3 6.8 7.2 7.4 6.6 6.8 6.7 6.92
4 6.6 71 7 * 6.6 6.4 6.6 6.80
5 6.4 7.0 7.7 6.4 6.2 6.6 6.72
6 6.4 6.2 7.6 6.4 6.2 6.4 6.54
e 53 4.8 6.4 5.3 6.2 54 5.57
8 4.4 4.8 5.7 3.6 6.0 - 4.90
9 4.2 _ 4.6 - 5.2 4.0 4.50
10 - 4.0 3.4 3.70
11 5.8 5.80
12 5.8

15



iPPKWDIX 5t«) t DAILT M3A503EHOIT 0T TOTAL PROTEIN(g«/100«l)
OF CALVES USEO A GOHtdQli IN BOVINE PETECHIAL

ATS.

10

11

13

14

15

16

6.0

5.8

6.2

6.6

7.2

6.8

6.8

7.3

6.9

6.6

6.7

7.0

6.5

6.8

6.6

m-VV H«

$2

6.9

7.1

6.8

7.2

6.0

6.4

7.0

6.7

6.9

7.2

6.8

7.0

6.8

6.8

7.2

6.8

7.0

7.4

7.2

6.9

%

7.0

7.2

7.4

7.0

6.9

7.1

7.2

7.6

7.6

61

6.4

6.0

6.8

7.0

8.0

7.6

7.0

7.8

7.6

8.4

7.6

6.4

6.8

7.0

62

6.6

6.5

7.0

7.0

7.2

7.0

6.8

6.8

7.6

6.8

6.9

6.8

6.6

6.8

7.0

6.9

6.6

7.0

7.0

6.4

6.0

6.0

7.0

6.6

6.2

6.4

6.7

6.4

7.2

6.6

6.3

MEAN
6.6

6.6

6.7

6.9

6.7

6.9

6.9

7.0

7.1

6.9

6.8

7.1

6.9

6.8

7.0

6.8



appendix 6 (a) s DAILY HDD BLOOD CELL COUMTS(I06/"3)

DAY3

,C?ICN.

10

11

12

13

1*

15

OF CALVES W/LCTcD *I7H 307IXL ?*?ECHIAI

*9

*e. 56

5.26

Ne66

6.12

5.60

5.5*

5.15

5.65

5.55

5.66

5.15

*.93

5.30

6.68

6.06

6.78

ANINA L

_ 50 5}
7.8 7.53
7.31 866
g.35 800
8.0 7.00
7.10 6.72
NG ) 7.66
6.86 7.36
7.07 7.9
6.59 6.71
6.12 6.23
6.96 6.59
6.8 6.55
6*9 6.77
7.02  6.67
20 6.80
6.90 7.23

1 UHBS RS

5*

*.8

6.76

5.66

5.5*

5.50

6.82

6.65

6.09

*.O?

3.62

3.7

3.27

3*61

3.92

3.5*

59

7.59

7.79

7.85

7.05

7.27

3.55

552

*.21

3.01

3.60

3.53

3.27

3.%0

3.26

ft

8.92

8.2

8.62

8.36

8.17

8.82

8.0?

8.11

6.31

*_5*

5.05

*.7*

3.01

5.03

3.30

5.37

JLLLI

6.83

7.00

7.18

7.01

6.38

6.%2

6.28

6.39

3.37

t.86

3.1*

*eO08

5.02

5.06

5.01

5.20



APPENDIX 6 (b)

DAYS
AFTER
INFECTION.

10

11

13

14

15

40

3.81

9.60

10.76

9.23

8.78

8.24

8.10

6.76

6.78

4.20

FEYSR

OK CALVES
ANI KAL
m 52 55
6.35 7.4 6.48
7.67 8 5.82
7.62 9.8 6.76
8.49 8.85 6.13
6.92 8.36 5.69
7.87 8.0 -
7.79 7.9 5.43
5.58 8.12 6.08
3.1+ 6.76  6.18
- 4.69 -
3.35
2.66
2.12

NUNBSZ2S

58

9.6

10.0

10.6

7.8

5.9

5.8

5.3

4.9

4.2

DAILY RED 3LXD CELL COUNTS (10 ~/i*3)
INJECTED WITH BOVINE PETECHIAL

22

7.79

8.11

6.51

6.79

6.91

6.89

6,66

7.42

6.18

4.91

MEAN

7.82

8.17

8.64

7.88

7.09

7.36

6.90

6.50

5.32

6.50

3.35

2.66

2.12



AYo.

10

11

13

1**

15

16

addi VDIX 6 (c) 1

23

7.25

7.12

6.67

6.88

7.67

6.51

6.91

7.26

6.89

6.32

7.62

6.74

7.23

6.88

8.03

7.85

DAILY BED BLOOD CELL COUNTS (106/m *)

OF SIX CALVES USED AS CONTROLS IN BOVINE
PETECHIAL FLV&a

ANIMAL
*3 13
8.55 6.88
9.40 7.56
9.54 7.67
8.11 7.52
8.71 8.11
8.12 7.87
7.84 7.26
8.25 7.56
8.40 8.03
8.59 6.26
8.38 7.18
8.42 6.83
8.36 7.25
8.30 7.53
8.11 6.64
7.05 6.05

NUMBERS

61

6.51

5.04

6.35

7.26

6.19

7.49

6.71

6.53

7.23

6.55

6.32

6.60

6.55

6.95

6.55

7.19

62

6.13

6.06

6.83

6.17

6.35

7.18

6.52

6.43

6.25

6.31

6.60

6.00

6.17

6.83

7.22

6.98

7.10

6.48

6.35

6.27

6.00

6.45

6.83

6.71

6.88

6.94

6.75

6.40

6.35

6.64

6.23

6.48

MEAN

7.01

6.94

7.23

7.03

7.00

7.27

7.01

7.12

7.28

6.82

7.10

6.83

6.98

7.18

7.13

6.93



APPENDIX 7 (=) 1 DAILY WHITE BLOOD CELL COUNTS (107/«B5)
OF CALVES INFECTED WITH BOVINE PETECHIAL

FEVER*

DAYS

AFTER

*9 50 53 _ y* 59 74 L
0 5.8 12.3 13.4 10.0 14.4 11.2 11.18
1 £3 14.5 121 9.2 14.2 12.3 115
2 8.0 11.0 12.0 8.8 13.7 10.7 10.70
3 7.9 11.8 12.0 7.8 13.2 8.3 10.17
4 8.5 14.6 11.0 7.2 11.4 7.2 9.98
5 6.7 7.2 1.0 7.7 9.6 4.0 8.20
6 6.5 11.8 17.0 6.2 7.2 4.0 8.78
7 8.4 10.0 15.8 5.4 5.4 4.1 8.18
A

8 6.4 7.9 16.6 6.0 6.9 5.65 .90
9 6.0 6.3 10.** 8.0 9.1 5.0 7.46
10 9.1 6.7 11.3 10.7 10.6 6.5 9.15
11 11.9 8.9 12.0 10.6 12.1 9.8 10.88
12 15.3 10.6 10.6 8.6 14.6 9.7 11.57
15 10.3 10.3 10.8 8.4 15.6 7.4 10.67
1* 7.1 12.8 11.9 9.5 14.4 10.8 11.08

12#4 11.6 15.8 12.6 12.1
15 8.0 14.2



aupkndIX 7(b)

10

11

13

n*

15

s DAILY WHITS 3LOOD CELL COUNTS (103/m 3)

or calves mrscTSD sith bovine pstschial

SSVSFr.

11.7

9.0

9.5

7.8

6.2

3.6

3.1

2.5

THN

10.3

8.8

7.2

6.6

*4.9-

3.1

8.9

10~

11*6

11.5

11.1

6.25

4.5

5.0

7.0

9.2

10.8

11*6 6.1

15*6
10.6 7.8
5.7 7.3
89 81
8.9 6.2
8.8 5.9
12.0 5.6
57

12.5

11.5

11.7

10.5

6.2

6.9

H.8

5*7

9.1

9.91

11.13

9.98

8.25

7.85

6.12

5.01

6.50

5.55

7.0

9.2

10.8



APPENDIX 7 (c)

DAYS
AFTER
INFECTION.

10

11

13

14

15

49

1.16

1.63

1.60

1.03

1.28

1.07

1.11

3.69

1.85

1.02

1.82

1.79

1.14

1.75

1.28

ABSOLUTE NEUTROPHIL COUNTSac/™N/*. op
VKRS INFrX™D WTH BOVINE WtffiCHIAI

AN INAL
2.46 2.52
3.19 2.72
3.08 6.48
3.07 3.32
7.15 1.23
1.51 2.03
7.32 2.16
2.70 1.38
2.28 1.62
0.88 2.14
0.82 1.24
1.34 0.75
1.42 1.14
1.06 0.86
0.62 2.10
1.28 1.48

NUMBERS.
1.80 518
1.66 3.83
1.76 3.97
1.49 3.96
1.96 m
1.74 5.09
0.89 ;
0.60 0.86
1.62 0.83
0.88 1.36
0.43 1.38
0.21 2.07
0.69 2.03
1.12 1.66
1.93 1.88
1.90 1.70

74

5.66

4.60

3.24

2.45

1.04

0.61

0.40

0.05

0.78

0.49

1.16

1.63

3.24

2.14

2.43

3.13

2.93

3.35

2.55

2.53

2.28

2.74

1.17

1.68

1.31

0.89

1.22

1.45

1.51

1.73

1.67



APPENDIX 7 (d)

DATS
AFTEK
INACTION.

10

11

13

14

15

40

2.20

2.22

1.71

1.87

2.05

1.15

0.36

0.42

0.29

ABSOLUTE NSUTKOPHIL COUNTS (10 ~/W ) OF
INFECTED I1ITH BOVINE PETECHIAL

CALVES
=EVER.

A NI

42

1.11

1.34

2.66

1.44

1.65

0.88

1.24

1.96

1.02

MAL

52

3.96

2.28

2.20

2.30

6.07

6.77

2.19

0.53

0.56

0.25

0.70

0.46

1.9

«©

NUK3 ERS.

35

1.53

2.20

4.53

2.76

1.31

2.76

3.43

6.36

3S

1.27

0.73

2.66

2.12

1.94

1.70

1.53

1.96

1.43

2.66

0.82

2.62

1.43

1.52

0.48

0.56

0.63

2.18

1.60

XIAN

2.11

1.59

2.69

1.96

2.12

1.84

1.66

1.161

2.06

1.02

0.70

0.46

1.94



appvNDIX

AFTtiH
INFECTION.

10

11

12

13

1*

15

7 (=)

*49

4.58

*.'*7

6.2A

6.87

6.97

5.*3

5.20

6.70

*_5*

A .86

7.28

10.11

15.16

8.65

5.75

>N |

50

9.84

11.51

7.81

8.75

7.01

5.62

*.37

7.30

8.01

6.95

5.29

5.56

7.48

9.5%

9.48

11.59

MA L

33

11.66

14.28

9.01

15.28

9.15

9.27

9.8A

9.22

9.18

9.76

11.04

8.65

11.45

15.44

12.90

13.17

NUMBERS.
25 22
7.80 9.07
7.27 9.51
6.86 9.59
791 9.24
. * 52
- *53
4.81 *.37
458 6.07
7.12 7.73
10.27 9.22
1059 12.75
7.40 15.57
6.38 12.16

750 10.62
g8.12 1.0

_Zi

6.64

5.99

4.90

*e68

2.96

3.32

3.1*

0.45

572

9.02

8.54

577

7.24

10.33

10.24

ABSOLUTS LTUPHOCTTS COUNTS (103/«i3) OF
CALVSS INFSCTED WITH BOVINE PSTSCHIAL
FSVSR.

ME A

8.25

8.80

7.40

8.45

6.52

6.21

5.51

5.67

5.46

6.97

8.28

8.77

9.29

10.51

9.91

10.01



adpttiidlX 7 Cf)

DAYS

aft. k
INFECTION*

10

11

12

13

14

15

ABSOLUTE LYKPHOCITS COUNTS (103/®*3 OF

———————— * CALVES INFECTED *ITH BOVINE PETECHIAL

FEVKH.
ANI MAL NIiKBii
42 52 a —
8.19 6.29 5.94 8.96
9.36 8.96 8.32 8.81
7.61 5.98 9.60 9.52
5.77 5.76 8.85 6.78
4.15 6.75 6.93 3.99
2.65 4.02 6.33 -
2.76 1.86 3.88 6.05
2.08 6.96 3.78 5.01
2.11 - 3.68 5.60
- 6.65 -
6.30
8.76
8.86
a
5*0

KS.

5.37

6.36

511

6.07

5.60

6.37

3.64

6.27

10.88

*eo

7.66

6.71

5.17

4*08

5.07

6.91

7.19

8.61

7.71

6.37

501

4.59

6.03

4.54

6.30

4.46

6.30

8.76

8.86



APPENDIX 8 («)

DAYS

INFECTION*

10
11

12

13

14

15

49

44.8

<*5.0

46.3

<*3.6

41.5

48.2

>*7.8

<*9.0

48.0

<*1.5

46.0

51*0

51*0

<9.0

51.0

48.0

DAILY MLASUKSH.JIT OF MEAN COHPO3CULAH

VULUMii OF SIX CALYLS
BOVINiu PLTSCHIAI

(HACOYLaiWO CALVES).

AftiIMAL

50

32.5

34.5

35.%*

33.2

30.7

<*0.3

<*3.9

44.0

<*5.5

<*9.0

43.2

39.9

39

**0.5

41

IKF3Gr*D
FLVLR

KUHBE HS.

33

<5.0

<37

<7

<6.2

<07

<3.0

44.8

<5.0

5<*.0

<*3.0

44.5

48.0

<*3.0

<27

<*7.3

54

<*3.0

48.2

42.6

44.8

<*3.6

45.6

44.2

<*6.5

44.5

51.0

<*2.5

55.0

53.5

46.0

51.0

59

<2.0

42.4

38.%*

40.0

38.6

45.2

42.4

46.7

41.0

<k5*

52.0

45.2

46.2

<<7.0

<*9.0

«ITH

74

41.3

45.5

<*2.0

41.7

40.0

41.0

42.8

<6.2

41.5

41.6

39.0

40.0

40.0

41.5

41.5

42.8

<*1.92

<*2.63

41.10

<3.06

<*3.33

<>6.68

<*5.76

<K TT

<t<*.50

<KTX*

<6.30

<>6.80

46.04

<*7.27



1 v A (b) : DAILY MEASUREVENT OF MEAN COSAUSCULAfi VOLUVE
G GXX CALVS& INFECTED WITH BOVINE PET ECHIAL
FEVER C DYING CALVESj). (p3)

DAYS ANI MAL NUMB £ HS.

AFTER

INFECTION. <0 *2 52 55 58 72 KEAN
0 *0.5 *5.0 39.2 33.0 38.* *3 % *(0.05
1 *0.0 *1.5 36.2 *3.0 39.0 *5.6 *1.82
2 *2.2 *3 * 36.7 40.0 36.2 *% 7 *0.86
5 38.0 *2 5 *6.5 *2.33
* *3 7 39 .* 39.5 *4.0 37.8 *7.0 *1.90

*2.0 39.8 *3.8 *2.* *0.7 ** o5 *2.16

5
6 *3.0 *1.0 42.0 **e2 *3.1 *2.* *2.55
4 N.
7 *2.0 **e( *1.0 *2.0 *3.3 *3.7 *2.66
Ae
8 *0.5 *3.2 *1.5 *3.7 39.* 51.0 *3.22
9 *7.0 *2.2 ** 60
10 *7.8 *7.8
9 - %
11 37.6 37.6
12 *7.0 *7.0
13
1* A

15



APPiaaiX 3 (c)

DATS
AFTER
INFECTION.

10

11

12

13

14

15

49

33.9

36.0

36.8

41.6

39.2

37

37

37

41.5

35.6

33.5

34.3

DAILY MEASUREMENT OP THE KEAN CORPUSCULAR
HAEMOGLOBIN CONCENTRATION OF CAUES

arlTfl BOVINE PETECHIAL FEVER,

ANIHAL
50 53
30.5 35
33.2 34.5
34.5 32.3
32.5 32.1
33.5 33
35.6 33.5
35 32.0
36 35
35.5 32.5
36.6 33.0
34.7 32.5
35 31.6
36.8 34
35 34.2
37 39.6
39.0 33.5

)

fi DM B « K S.

54

33.2

32

40

33.1

35.6

28*4

31.4

27.1

30

33.6

32.8

29

30.8

27.7

31.3

59

35.0

288

31.5

32.7

31.4

32

32.2

32.1

35.0

30.6

31.9

32

30

31.2

27

IKFuUCT&D

74 VEAN
33.1 33.65
34 33.10
32.8 36.30
33.2 34.2
33.4 35.1
32.7 33.1
30.5 33.0
33.3 35.1
30.0 31.9
33.7 36.2
33.1 32.9
33.4 32.6
33.4 33.6
30.8 33.6
31.7 32.0

31.8 32.6



appendix 8 (d)

DAYS
AFTER
INFECTION,

10

11

13

14

15

*0

33.6

36.5

34.6

33.8

34.1

33.2

34.8

32.6

A N |
42

32.9

34.1

33.3

35

35.1

33.6

30.7

29.8

32.7

MA L

52

36

36.4

35.6

35.5

33.4

31.2

37

32

55

36.5

34.4

33.0

33.0

33.2

29.2

33.3

38.0

35.8

NUMBESsS.

58

355

34.4

36.5

31.0

36.2

31.3

32.6

32.3

33.8

33.8

33.5

33.0

32.8

34.0

35.1

33.0

32.6

DAILY MEASUREMENT OF THE MEAN CORPUSCULAR
HAEMOGLOBIN CONCENTRATION OF SIX CALVES

INFECTED BITH BOVINS PETECHIAL FEVER, (*)

MEAN

34.7

34.6

33.9

34.5

32.6

33.3

33.8

33.7

33.0

31.2

37.0

32.0



APPENDIX 9 X  DAILY MEASUREMENT OF SERUM ALKALINE
PHOSPHATASE (S-F.Unit») OF THREE
CALVES INFECTED VITHi BOVINE PETECHIAL
FEVER AND T#0 CALVES> USED AS CONTROLS

ANI MAL NUMBER S.

DAYS INFECTED CONTROLS

gI:CKNESS. 4 42 74 Js2 s
1 1.00 0.90 1.38 0.70 1.45
2 1.10 098 144 2.50 1.23
3 1.10 1.00 1.60 1.36 2.24
4 1.38 1.35 1.90 1.37 2.08
5 1.20 Died. 0.90 0.75 1.80
6 1.07 0.80 1.50 0.80
7 1.07 0.80 0.60 1.20
8 0.90 0.70 0.60 0.75
9 1.20 0.90 1.10 1.25
10 1.10 1.62 1.20 1.15
11 1.08 e 1.55 0.96 1.37
12 1.12 1.70 1.13 0.98
13 1.00 1.60 0.75 1.15
14 0.98 1.30 1.30 1.25
15 1.05 1.45 1.20 1.08

Recovered. Recovered.



