
C E L L U L A R  A N D  H U M O R A L  I M M U N E  

R E S P O N S E S  T O  Q.otojnzh-acU'dum. filzadatu&e'icidaiU 
I N F E C T I O N  I N G O A T S

Afc Al° lT-0

By

V. J A Y A P R A K A S A N

THESIS
s u b m i t t e d  in  p a r t i a l  f u l f i l m e n t  o f  

t h e  r e q u i r e m e n t  f o r  t h e  d e g r e e

Qoctor of <P()ilogop!)p
F a c u l t v  o f  V e t e r i n a r y  a n d  A n i m a l  S c i e n c e s  

K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y

D e p a r t m e n t  o f  M i c r o b i o l o g y  

C O L L F G E  O F  V E T E R I N A R Y  A N D  A N I M A L  S C I E N C E S  

M a n n u t h y  - T n c h u r

1986



DBCLASATXON

x hereby dscslare that thia  thesis  entitled "em uoM  

mid humoral moms assaonssa to mrinia»iximiitiin  psoudotaibsx- 

49l0lift m n c n o m m  goats* is  a aonatKie «m om  of research 

wade dona tav ma *-»*'» tha tufWHPite af ssMMfeacish ^  that tha 

« i — t* Kyi not MfaytaM*4Y famed the bents tor tha amesd toJ*^^P ^P lP ^^W P p^^ V i a —  P^PPP^ ̂ ^P ^^P * P  p p  Ip ^PP^^P^PN^^PPIP^H ^^P^^PP^^^pp^P. PP^F^^^^F ^p^P^^^P^ pppt^*pp^^^p^^p w —

na af ary dogma* diploma* moncr! f  nohip, fellowship* or 

other sim ilar title *  of any other university or society.

t f e i e a B M n V H a

*10*1996*
(V. JMTAPRAKA3AH)



CBKTX7XCATB

Cartiflad that thla thaala, antltlad •CBWOtAR *m 
HtIfORM. ZMftjBS HB3P0K8C3 TO SKX&tfMOtiKyM SNtittMUB*
g]H(l snracRQN xt» oown* ti a mart of raanarch work 
dona iadqpaadaatly by Sri. V. Jayapaabaaan ay
taUanaa and inawliiai and that it haa aat paaateucly 
facaad tha baaia Cor tha award of any datftaa, («Uonhip, 
of aMadsfeMtitp to hV*t

V
nr« »♦ 9tk»&«»CaadawetdfleneyBwd), nadaaaar and hand*

Maaoothy*
-xo-iaea.



AOQKMUnQBMBVr*

I an deeply XniWiMi to or. (Hra.) s. soloohana.
>wlMiac and Hnad, Dapartnant of HtanMology* Collaga ad 
vatorlnary and Animal Solanoas. Kanantby for bar inaaluablo 
guidanea and oonatant auppoct in ttta punott at this work 
aa Chairman of tha Advisory Coaaittaa*

My haaxtfalt thanks ana das to tha waabara of «hs 
Advisory Ooanittaa. Dr. m. Kriatnan Hair, nuaotac ad votnri- 
nary saaaawh and Waaatlaii or* a. xalyana awndaran» Director, 
COOttO Of ttlOOJLlOOaO fQC StOOOOOOtl Aft JUkImI MOOOOOOf 
or* A. Rajan, Ptofaaaar and Head* Dapartnant at Pathology 
and or. K.P. aomndranathan* a—neiata Profaaear, Departnant 
of Phyaloiogy. collaga of vatoriaary and Aninai aeianeas, 
Mannuthy. tar thair eraatlv* euggosti ona at aaary ataga of 
thla work.

X an grataful to or. K.T. Puanoooa, Dr. P.C, Annas,
Dr. R. MaOmaaodanan Pillai. or. 0. iwUfnan A ir and othar 
iliiir fMHtaom of tht Doptftiwnfc of monMolOflgrt ooUiqi of 
vatortaary and Anitas! sdanoaa for thair hind haip and 
snoouragansnt*

X sinoarely aftnwMp tha haip randarad hy tha staff 
nadiara of tha Dapartnant at Anataoy, nayift—nt ad Pntha&ogy. 
Doparttaont of atatlatioa and Dapartnant ad Ayatdogy* Collaga 
of vntarinaey and Aninai 3elanoas, Mannuthy.



u s t  or •sm tm

Tlfcla £iSBI

Dotaila of aalnala uaed fo r onpafflinoiital 78
attadioa

notftoo of inoculation adoptod «o* oqpocfe* 80
mental infootion of gsoqr X goato

ttatxilm tioii of loslon in  tho lynptaodas 89
af oxporlreantaUy infaotod and control g o U i

Una value of tota l aonaa protoln Co 90 of
OOdtXOl 0% OOOltly

intervale
87

fiBOtn ooImo of MJhw^U>K|lobiiLtii «»
ra tio  Of «t yj Mttiŵ yai
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Augmentation of tha tettl output of animal pradusu( 
q m U ttk ln ls r  and qualitatively can oootrlbute a lot In 
bettering the living oondltlona of smell and marginal U » *  
■took farmers. in rural arena, one of the main impediments 
that interferes with animal graduation la the lose due to 
various microbial infections, a thorough and proper health 
coverage of tha animals haa to bo provided for reducing the 
soooonlc loss doe to infeetiono diaeeeee. Tha baaie inf cre­
mation regarding the nods of perpetuation of tha diaaaaa. 
pathogenic propanaity of the infective agent. tha relative 
euaoeptibility of the spectrum of beets* tha immuna status - 
naturally existing or artificially induoed - and tha posslhl- 
lity of developing e suitable vsocine ere all helpful in 
formulating suitable control measures.

Among tha umpteen number of infsotlous agents causing 
diseases in divergent speciaa of livestock. Corynebaoterial 
infactions pose great problems for tha farmers rearing goat 
end sheep (Nairn mid Robertson. 1VT4| Campbell ft al». 1983).

is ubiquitous in distribution, infeatlxin due to this bacteria, 
oonraooly hnoun as oaaaoua lymphadenitis is world wide. Though 
this infection runs s chronic progressive course in tha affeotod 
hard, the cumulative total lose resulting fra poor reproductive 
efficiency, lowered growth rate due to stunting and emaciation.
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of m w m i m  and lofdtor quality of tha hide 
is considerahly high (stoops ̂  al.. 1984). ta tha diaaaaa 
is chronic and progressiva. Involving mainly lynphmdes, and 
to a lesaar extant spleen end other viaoeral organs causing 
partial or total damage of tha affected tissue, there la every 
likelihood of reduction in the iraaune status of the animal.
Hare over this organism, during multiplication, releases fairly 
potent toxin in the system which heaps the animal under con­
stant stress leading to the reduction in general resistance to 
several other Infections.

K review of literature reveals that several alas ale 
research works have bean carsind out an caseous lymphadenitis 
with sheep as tha cHperlmeatal animal nodal for tha diaaaaa.
But, well documented splsootiologic informations on morbidity, 
mortality. Inflnsnoa of age an the incidence, mode of trans­
mission, pethogsnesis and laraane raapcnao in eapriaa apaeiea 
against £. gtfUdBftll&SBBttflllA tomtliin are scanty (Ayers,
1977j Helm si 1983). The paevelsnue of thla disease in 
goats of narala was reported fey Vawegopal (1981). zt
has been observed that oarteia haste differamees exist between 
tha diaaaaa in ahaap and gaats with regard to lesions, disease 
trsnmsisaion, pathoganioity and Inanity. Nature and nmcha- 
nlam of liamailty to £. BtUdBtttiaBBMlfitlft infaotion in ahaap 
taava been debated very extensively but, still it requires 
clarifications as to whathar tha Inanity in cellular, humoral 
or both. Than la daarth of information regarding tha
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ever since the Isolation and elucidation of the identity 
of the etiological agent at aaaaaos lysaphadenltia (CIA) made 
far the first tine independently fay Noened (108*) end Preiea 
(18*4) a lot of information an its verioua aspects has accu-

is aooaptad as the principal causative agent for CIA 
in a wide spectrum of animal boats (Jubfo and Kennedy, 1970i 
Bruner and Ciliaspin, 1973| donas and Hunt, 1983), Many 
specific names have been used in the past to designate* this 
organism. Of thsse various synonyms. S&ft
(£. ovla) is tha ana most aooeptad and frequsntely used 
(Buchanan and Olbbans, 1974). CIA la considered as a primary 
dianaan of ahaap and goata all owar tha world, characterleed 
by suppurative infection of lymphnodas and laaa frequently other 
organa of tha body (Maddy, 19S3| .Tansen. 1974| Blood ft lln 1979).

lha flrate record of £. naaudatyftf|pg’l̂l"eis Infection of 
shaep auffering from renal ahaaaaa ana raada by Prelas and 
Ouinacd (1891). Then onwarda different forma of thia infection 
generally caseous lynphadenitla and caaooua bronchopneumonia 
warn reported fnm all over teha world.

The morphology, staining property, cultural characters, 
hlochsmlcal and biological propertiea lncluslva of toxigenic!ty 
of c. ovis warn reviawad by Benfcam at ni* (1942). Corns 
(19S6) damonstratnd a toxic surfsoa lipid in this organiara and
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further daaansbrobed that aonsvsl ad th is  1*1*** by 

soehtetBfefefrsfe fî Lid asti etfjffekô k tfrs feKbshkmfetjĵ  at fete oagsaian* 
QutRfeifeteiw pcopondssoaos od tfMi# tflwlft pslasipls* a m  In 
fHnteafe f if i lM  was d o m it e  by JfelXf (191ft) soft Kuctkle 

sad Oylas (IM S )* twm r̂ Hiriritrifl t in  v tw  that  th is  beads

wiwwlrf* thO DOkhOOanlB ftfBBiM itv. BteM IIM iM

^ m r m m t l a thlflfc 1 dpio layey as to  electron dassse f lT ts*1!! s** 

Itv tf  tedMHBftter fee a e ii M i l  of oirtiienb C* ovln by eleeteoo 

yftlflfffurbflte t f lu  snrdsos **—*e* tMw î xi with the lv tlc  

fanstisn at phagocytes (Used* 197S )«

Transformation of M e  haamoiytla $p gwia bo alpha hoarwi 

lyfele fevM with d ta n e  in  eelenr naaroholocnr tilnniamlnal 

dhsrsctors* ooaanxiiSBt to  rooest ssfaoulttnrlnci* w i  rooorted bv 

8as»tek g& |^» (1070) • Xn tho yoar 1974 shlgldi roportod 

sim ila rity af ppwpstyflfy î#—̂  y iy yj  ^ns w s^^w  fy y

*•*•• Of ^  fitttfsfeaibtcasiiflft&ft ***** d ifd m a t sources. Based 

aa I— m p y o lp ito i lon» nitrato redtaobion sad animal pathogeni­

c ity , B u m  a l (1984) d jf f m n tlito l straino of 

C* BOoadotsftsaMRilosis in to  too onooaaraes x pmpo t t . n >ô̂^̂ H B H H H H n H H H  ̂ŝŝ̂ yas tn̂ô̂p B̂̂^̂tetb̂̂sPijPd̂̂ t̂ecy ia ttôaa ^̂âS'ffe ssr̂*9
infootion by tho fanasr typo which ass nitrato negative cul­

minated in  ths death of guinea pigs in  IS days tin s  with tha 

ssedeetiea af |*w*1 a*v* oeneralioed abscesses. wherese thoV P V P P W V  ^ ^ P P P ^ w  rr^ ib p o t^ ^ p ^ P ^ W  B P P ^ B ^ P B m ^ m P  M  ^PBRPRI^RiRBPUIPBBB W i R i p

la tto r typo tdiiett was nitrato positive osuasd m ortality in  

itevfear bias i .e . ,  S days with t i ssue necrosis bad without 

formation af abscesses*
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CBltlwtkn
£. MMuantnfmiifliii gam poorly on ordinary nutrient 

media, but growth m m  often litprovod by the addition of blood 
or aarun (Carna, 1939i Banhaei â ., 1942). Tha peptic digaat 
broth prepared by Carna (1940) supported pcofiuaa growth of tha 
organism and tha madiiaa m m  reported auitable for production of 
toxin (Doty ft *!»■ 19ftft| tolly, 19ftSat Lovell and Zaki. 19««aftbi 
shlgidi, 1978). Cameron and Mart (1963) uaad a nutrient broth 
without incorporating blood or serum but supplementad with 
yoaat extract and lactalboain hydrolysate, for high yield and 
toxin production from £. or la. KMkintepe (197ft) further modi­
fied tha medium by Incorporating proteoae peptone and glucoaa. 
ProtaoM peptone broth oontalnlng yeaat extract and gluooM 
enriched with aheap serura m m  reported to be • auparior medium 
for production of exotaxln from £. awls (Burrell, 1979|
Burrell, 1980).
Toxin

£. peeudotuberouloala m m  known to produce a powerful 
exotoxin which accounted for lte virulence and pathogenic pro­
pensities. The tswin w m  end w ed with several biologic proper, 
ties auch m  lyala of red calla (zaki, l9ftSi Burrell, 1979), 
deraanscrotoxlclty (Came, 1940| Doty 9& 19641 Lovell and
zaki, 19ftftb), inhibition of staphylococcus beta haamolysin 
(Itortvigk. 1963b| Fraser, 1964), potentiation of staphylococcus 
epsilon haamolysin (Fraser, 1964), enzymic ectlon of 
phoapholipaeo-D (Souoek al.. 1971) and toxMmio death of
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experimentally injected laboratory anitaele (Jolly, I963a»
Lovell and Zaki, 1966a).

ibex* m i  dlngraanent with regard to the haamolytlo 
property of the toxin (Came, 1939i rraaer, 1964), but roeulta 
of the work of zaki (1966) and Burrell (1980) gave conclusive 
evidenoee that the toxin had lytic action an oat, sheep and 
horse erythrocytes. Beotian £& (1962) mpocted about the
prevalence of non* toxigenic attains of £. ovia. MMtmiflh 
Rottgardt (1930) reported lose of toxigenic!ty of one of the 
strains studied, several other Markers have shewn toxin produc­
tion as one of the distinct ahsraetar of £, fltfcl (Oeaeaaeaux, 
1929i Came, 1940| LoveU and Zaki, 1966ai Burrell, 1980).

Delaunay (1942) observed delayed leutooytic ehemotaxis 
followed ty Inhibition of leukoaytic migration when eevem  
lntoxiaatlan mu induced. £. ovis atainsd with msthyl vlolot 
failed to attract leukocytes on subcutaneous injection but 
ebeoeoB formation resulted onos the dye had diffused sway from 
bacteria (Bun and Dickinson, 1939), Maddy (1953) reported that 
the leukoddin, which killed the leukocytoa and deposited 
IB AUai aa0 rsaponalbla far ebecoee fometian by £. ovia

optimum toxin production mu reported when the organisms 
Mere incubated at 37*c (Rottgardt, 1930| Lovell and zaki, 1966ai 
Burrell, 1979) aerobically (Came, 19401 Lovell and Zaki, 1966a). 
though P ra a e r  (1961) and Burrell (1978) recorded an atmosphere 
containing Increased oarbondiaxlda u  superior.
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Filtration of toxin through — rthsn wn ,  eaboetas and 
glass filters n m U d  In low oar reduction in toxicity 
(Bull and Dickinson* 193*1 Awad, 1900| UwoU  and Zaki, 1944b| 
Mmll, 19791 Burrell* 1M0) but filtration through callulow  
filter did not ndn* toxicity (Burrell, 1930).

Tha wnwatn of £* oain m  daman at r» tod to bo thaaranlahlla 
at 3S*c in 30 adnutoo tint (zaki* 1MS| mmll* 1979). Potency 
of tha toxin remained unaltered at 4*c (iiottgardt, 1930| Lovell 
and Zaki* 1966bi B u m  11. 19B0a)| at -20*C (cxasron and anit. 
1970i Burrell, 1931) or than dialyaed against diatlllod wtar 
and lyophiliaod (canoson and anit* 1970).

Afnan (1999) reported that fax atralna of £. ovia produoad 
wide aane of alpha haanolyaia while majority of tha strains 
produoad bate haanolyaia around the oniony whan grown on ahaap* 
rabhlt, horao or bavins blood agar. Tha haanolytic activity 
of the toxin was shown to be influenced by pH of the laa&ltsn 
(Burrell, 1979). Though the toxin at acidic pH (pH S to S.S) 
oauaad haanolyaia both in aerobic and anaerobic conditions, 
tha extant of haanolyaia waa noro at anaerobic conditions indi­
cating that gaseous pressure wss also one of tha factor 
influsncing the haanolytic pattern.

Dermaneerotexleity of owntonln from £. acU an guioH pig 
ar rabbit skin was used as oritarion to measure the potency of 
tha toxin (Cams, 19401 Doty gg al. . 1944* Lovell and zaki, 
1964b| Burrell, 1930i Garg and cbandiranani* 1983). Doty gfc 
(1944) obaorvad sntlganlc similarity batiiasp laolatw of £, oais
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from divergent apedea of an Inal a through croaa neutralisation 
of iiBm>n»i irin iwrlnt ly  of in  trilflirti pig  and rabbit skia#

Jolly (I965att>) thscugb • aarie# of enparlnanta had shown tha 
ability of giftyfa ntnot of snotoadLn to inovoooo tht vasculBf 
permeability. He alao showed that the antitoodn retarded the 
dissemination of £. git to thB hod lynph nodaa or jin w iitort 
multiplication jn altu or both.

hiploylng a modified ckmp technique Hectwlgk (194%) 
d a m a t n M  tha ability of £. gat to produce antlhaaraolyeln 
agalnat beta haaraolytic stapttrlooooci. Fraeer (1964) damoa- 
otratad that tha metabolic products of £. ovia and C.haamolvtlcun 
Inhibited tha haanolytic property of both alpha and bata toocina 
of staphylococci on aheap, on or goat sad cells, while tha 
heenolytie effect of epellon tada was potentiated. Lovell 
and zaki (1966a) using tha nenaa protection test showed that 
toxins obtained from sheep, horse and buffalo strains ware 
related to oaoh other.

Synergaetlc haanolytic effect produced by tha mined 
cultuna o f  £ .  avia a n d  £ .  eaul o n  ahaap, g o a t ,  o k  a n d  rabbit 
red oalla waa demonstrated by Fracas (1961). He alao ebeorvod 
that tha dlffualble aubatanoa pcodooad by £, ovia waa Inactive 
agalnat horae sad oalla but tha activity could ho potentiated 
with 10 per oant cartooodl oxide.

£• poeaaaaad a heat labile toocic
oawpanant and a heat stable pyoganle factor and both were
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pcow d to be Uthil la action independently (Pefcrta and 
McClaan, I934j Bull and tHohanaon, 1933). Caoaron (1964) 
established that apart f m  M da lipid. C.orla oalla oontalnad 
a psroganlo factor aa m U  aa protoplasmic tcoclns. Blood 
tryptcee agar supported high production of endotaacln and 
pyogenic faotor. Both endotoxin and pyoganla faetor m n  
haat labile, tha former waa destroyed at 30 *C within an hour 
and tha lettor by autoclaving.

Tha nature of protoplasmic toxins and its ralationahlp 
to the aaotoBdn was studied by Cameron and salt (1970). Tha 
laukociclal activity and daawonaerotooddty of the eruda proto- 
plaamlo toocina, fractionatod protoplaamlc toxins and axotoadn 
were assessed, Tha raaulte lndioatad that axotaxln preparation 
contalnad antigems derived from products of baeterlal lyala. 
crude anatoxin waa purified and oonoantratad by fractional 
pcocipltatlan with amnonitan sulphate and dialyaatlon agalnat 
dlatllled water (Ooel and 3ingh. 1973i Oarg and Chandlramanl,
1983).

souoak g£ d*7*) daaonetxatad an enayma which belonged 
to tha group of phoapholipaaa o in £• ncauflotab«w»wm 7*1*7. Thla 
en ay n a  could split sphingomyelin to tfeaoatyl splngoayl phos­
phates and ohollna and lyaophoaphatadyl choline to lysophospha- 
tldlc oeida and oholine. The pcoaanca of anayiae phoopholipeae-P 
with exotoxln of £. ovia waa attributed to be one of tha rwaaons 
few its tcodlc action an blood caplllarlea leading to Increased 
permeability and extravasation (Carna and Onon, 1978).
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caseous ijqphatailtti is an lsfMUoa naan In a wida 
spectrum of animal hosts but the records of Incidence In ovine 
species rank first. since the report of £. neeudotuberouloaia 
infection In aheep appeared in the year 1391 by Praia* and 
Oulnaxd, Incidence of this diaeaae was frequently reported 
(Denham ffc 19621 Ayers, 1977* staooa aft 1984).

CIA often occurs aa an inapparant Infection In aheep and 
goat but occasionally it causes overt disease and rarely death. 
Specific clinical symptoms are not exhibited by this diaeaae 
except for the enlargement of superficial lymphnodee and sub­
sequent development of abscesses, lesions are generally 
produced in lyiqphnodes, occasionally in lungs and less frequently 
in kidney and other visceral organa (Jones and Hunt. 1903). The 
results of tha survey made by Kadira (1966) indicated
that norv-palpahle lymph nodes of aheep were more frequently 
affected than superficial palpable lymph nodes, cia was con­
sidered to cause little effect on the general health of the 
animal unless tha diaaaaa became generalised (Blood Mid Henderson. 
1974). Tha diaeaae insidiously occurs with high inaldence 
causing extensive wests and economic loss to ahaap industry 
(Jansen and awlfit, 1932| stoops gft al.. 1984).

Casea of £. ovia Infection involving tissues and aitea 
other than lyn̂ ph nodes are alao on the record. Marsh (19S8) 
reported the Isolation of £. paeudotuberculoaia from inf leaned 
joints and bursae of young lambs. An outbreak of mastitis in
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•m m  in R u m  « u  reported fay erobet (1950). Abortion in 
sheep in the later half of pregnancy and reproductive failure 
due to C. ovia Infection eeee reported (Seenerdl and Temeri, 
I9601 Dennis and Baraford, 1966| Mostafe al.. 1973» Oates 
Si Si.* 1977| ilenahaw st *!•» 1979). Orchltle and epididymitis 
In rams were reported and semen from such Infected animals was 
shown to be of low quality (KnUdbekw si ay . 1961i Galloway. 
19661 shegidevlch, 1969). wllllamson and Haim (1900) reported 
palpable lealone due to £. ovia Infection within the scrotisa 
without lnvolvemant of testes or epidldyraus, in which case the 
eemen quality waa not effected.

Fatal £• ovls Infection In adult sheep wee considered 
rare and the Infection usually anded in eompleta recovery when 
the pus escaped from tha ahnoeee (Zaki* 1966). 3ut Kallnskl 
(1962) obaerved 30* mortality la an infected flock of sheep 
with lnvolvemant of lung, pleura and skin. Perinatal lamb mor­
tality was reported by Omnia and Hereford (1966) due to C. ovia 
Infection with Involvement of brain, abomasum and lymph nodes. 
Sbegldevich (1969) reported the association of £. oeeudotuber- 
culoala with Pssfeenreiis and g&ganlMn epeoiee In
puruiont neerosle of lyraph nodn. pleuropneumonia, arthritis, 
raaetltls, orchitis, epididymitis and auboutaneous abeaeeem.

San-palpable deep seated lymph nodes, thoraaie and 
abdominal viscera were reported to be frequently effected by 
£. ovls (tladln gi ai*» 1966| seddlk gi al.. 19831 stoopa gi gi.,
1984). But according to several other workers superficial
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lymph nodes wax* tha prlnelpel altas affected In Cia (Aktaa.
1971| Awod gg |1., 197V). A ahronlc debilitating condition In 
mts generally known as *thin ewe syndroms" wee reported to be 
due to the Involvement of visceral organs with lesions produced 
by £, ovls along with several other bacteria (Renehaw gg gg.. 
1979).

Csaeoua lymphadenitis la oonaldered as an important 
disease in goats but the gravity of its prevalence. apiaootio- 
logy. pethogenlolty and Immunity have not bean studied In detail 
(Ayers* 1977). Only scanty reports have appeared on CIA In 
goats (Show and seghottl. 193V| stafseth gg gi>( 1M5| Purchase. 
19441 Sallow and Morris* 1969| Mds and Bid. 197S| Hsln and 
Cargill. 1981| Burrell, 1981). The early record of CIA in goats 
In India was about an outbreak of this disease In Uttar Pradesh 
by Dhanda and slngh (193S). Since than few mote reports have 
appeared about CIA In goats from India (sarkar and shattaeharya. 
197S| Hatarajan and HUahaatan, 1975| Lelkrishna gg gg., 1977| 
Vanugopal gg al.. 19811 Garg and Chandlraraanl. 1984).

Though there la an overall similarity between clinical 
picture of CIA of aheap and gotta, there exist differences in 
distribution of affected lymph nodes, morphological appearance 
of the lesions and frequency and severity of the visceral form of 
Infection. The distribution of ebeoees wee mare In the head and 
nook lymph nodes of gotta infected with £. ovia (Ayers. 1977|
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Campbell a t al.. 1982). The involved 1709(1 node had no 
wonflnlnhle parenchyms remaining by the time the ahaaeaa 
ruptured spontaneously (Ayers. 1977| Burrell, 19011 Malm 
at 19B2| Campbell et al.. 1982). Progressive emaciation 
and sporadic death In goats w n  attributed to the deealopaent 
of Internal absoess by £. ovia (Ouoa, 1977).

Thoradc (on of tha diaaaaa with lung Involvement waa 
found to be frequent In goats and thla resulted in broncho­
pneumonia and death In badly affaotad goats (sarkar and 
ahattactterya. 1975| Sbarms and Dwlvedi, 1977| Haim &
1982). Incidence of cia in goats was found to be lnereaaad aa 
tha age advanced which lndloatod the deficiency of natural 
aoqulred Innunity (Ashfaq and Campball, 1979j Campbell £  al..
1982). Muekle and oylea (1983) reported that strains of 
£. oaeudotuberouloala Isolated from lesions of cia In goats 
were found to be uniform In cultural characters, biochanleal 
reactions and susceptibility to antimicrobial agents.

several animal apeclea Including runlnants and non­
ruminants suffer from cia caused by £. ovia and tha clinical 
manifestations are more or lesa similar to what has bean des­
cribed in amabera of capddae. £. toa toon
reported to be aasoolated with dlaoaee oondltlon of the following 
animal species1 3wlne (Baglle at al.. 1978) ant bear (Roth and 
Victors, 1966), hedge hog (HoAlllator and Kealay, 1971), cheetah 
(Boomtor and Hanton, 1980) and primates (Holt and Gaffe. 1961).
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Cattle occasionally softer from £. pccudotutitmillTff̂T 
In faction and only e tew oeeea have se far been reported 
(Benhara al.. 1942). Cattle developed pathological syndrome 
Milch reeamhled that of ahaap hot under natural conditions 
only localised infection was ooraraon, and tha lealon confined 
to one or two regional lymph nodes* draining an Infected 
surface wound (Jubb and tennady* 1970). Rising and Heseelhoit 
(1973) reported laolatlon of C.orla from abeoeeeed lynph nodes 
of cattle. Acuta mastitis due to this bacterial Infection waa 
alao reported fay Adaksye &  |1> (1980). Karlnkl and Poulton 
(1982) obaerved that £. avia played a major sole In producing 
skin lesions of oat tie. either elans or in association with 
other microbial agents.

Infection with £. ovia in horse wes shown to produos a 
clinical picture of ulcerative lymphangitis or local ahsoeaaa- 
tlon (aenhara al* • 19*3). Hughes jl. (1963) reported 
eaaes of genera Usad inf action in mares with large retroperi­
toneal ahecacaaa involving kidney, cervix, abdomen, muscle 
and popliteal lymph nodes. Acute preunfeilioal, pectoral and 
abdominal wall abscesses were alee reported In equlnea due to 
£• wls Infection (wlaecup n  , 1964| Mayfield n  al.. 1979| 
Moira and ley, 1980). serologloal evldenoe for CIA In equlnea 
was reported by Knight (1970). Zaki ^  (1980) reported 
Isolation of £. Dssuflotuborculoals from two aborted equina 
foetuses and this formsd the ttm reoord about the aasoale- 
tlon of £. oeaudotuberouloeia with abaction In meres.



(Mac natural condition, tlw mote of umaaltsloa of 
this disease was Observed to bs mainly through eoatsmtnatlon 
of skin wounds (Jensen and Swift, 1982). The rols played fey 
tha contaminated dipping fluid la tha transmission of cia In 
aheep was astabllahad (Halm Md Robertson, 1974| Malm 
1902), ttagy (1971) observed a daflnlta relation batwaan tha 
route of lnfaetlon and tha lyngto note abscessed, aurrell (1981) 
pointed out that Ingestion of pue containing £. owls in large 
quantity accounted for the development of many abaoasaas In tha 
lymph nodes at tho head and nook region of goats, C. naaudo- 

was not voided in tha faaoas or naaal secretion 
of infected ahaap and goata (Ashfaq and Campbell, 1980| 
Chandlramanl and Gang, 1982).

Though seddon (1929) demonstrated tha poaslbla role of 
ticks in the transmission of CIA in sheep, Nagy (1971) however 
could not establish My relationship between tick Infestation 
and Incidence of cia in aheap. Haahanloal transmission of 
£• ^  houaa fly faadlng on ooalng lasiona
of ulcerative lymphangitis In hocsa was reported by Mto (1982). 
Naim and Robertson (1974) hava abown the possibility of infeo- 
tion through intact skin also, whan sheep wars dipped in conta­
minated dipping fluid. Main and Cargill (1981) reported 
frequent ocounanoe of lasiona in tha thoracic lymph nodes and 
pulmonary paranohyma in goata which suggested that inhalation of 
&• SXift nay also result In infection in goats.
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qaHHrtmntrt totmnim
BVHlmnUUl U I M I M 7 m l n U  u  wall aa domestic 

animals wan shown to tea sueoeptlhlw to £* oaeudotuberouloals 
Infection. Though Infection oould bs readily reproduced In 
ahtap sod goats* laboratory animals liha mice, gulnaa pig sad 
rabbit wane* commonly uaad as sgarlnsnttl animal medals Cor 
pathogen lolty and immunity atudlas considering economy and 
nanegsraantal conveniences (Jolly, lMWbi Csmeran*1972).

as early as 1930 Ceaarl* reported experimental infection 
of guinea pigs with £. neeadotubegouloala Stleh resulted In 
local abeeeee formation. Among other laboratory animals* guinea 
pigs were frequently used dor assessing virulence mad pathoge­
nicity of £# ovia isolates end Its toxin* since this species 
exhibited a high susceptibility (Holt and Goff a, X961| Cameron* 
1964i Barakst and aeyour* 1M7| Hodlm end Farid* 1973j xhatar 
at al.. 1978). Injection of virulent bacteria or toxin often 
caused death In guinea pigs which made the species unsuitable 
Cor immunity studies (Lovell and zaki* 1966ai Hard, 1999a).

since rabbits ware extremely susceptible to £. neeudotuher- 
culoals infection or to its toxins* this species was extensively 
utilised for testing the dermonacrotaxlclty of the SKataadn 
(Doty s& al.. 1964) Cameron* 19ft4i Burrell. i9aoatt>).

Certain doubts existed about the auaceptiblllty of mouse 
to £. paeudotuberculoals infection and the lethal effect of 
exotaocin (Ouillot* 1934). The classic experiments reported
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by J o lly  <1965b) and I« « iU  and fcakl (1966a) e s tab lish ed  th e  

uaafulnaas o f th is  speolaa a s  «a SMparlraontai modal fo r  caseous 

ly sp tiad a ttitis  in  animal a* i t n  experiment a l  In fe c tio n  In  mouse 

slG U klnS n a tu ra l in fe c tio n  o f  CXA in  sheep (Jo lly *  1965b). 

Besides c ia ,  o steo m y elitis  and a r th r i t i s  were induced in  mice 

by in travenous ad m in istra tio n  o f £» £& £  (2 a k i, 1966)*

Mice were ex ten siv e ly  used fo r  ie s m l vat wi t h 

various an tigens from £♦ rseudotulfflffigiflTy^ (Cameron and Minnar, 

1969| Hard, I969et Hard, 1910* Cameron and s a l t ,  1970* Caraeron 

and Purdom, 1971* Cameron, 1962* Brodgen a l *. 1985)* zak i 

&  al*  (1990) rep o rted  th a t  mine were su p e rio r to  guinea p igs 

and golden ham sters fo r  determ ining p a th o g en ic ity  o£ £* o v ia .

Vhm experim ental in o cu la tio n  o f £* 

to  sheep d id  no t prodiaoe in fe c tio n  s im ila r  to  n a tu ra l disease* 

P assive dose o f b a c te ria  o ften  oaueed death  in  sheep due to  

eoute to x ic ity  (Cameron &  1972* Gamsel and T arto u r, 1976*

Carg and Chandiram ani, 1996)* Percutaneous in je c tio n  o f b a c te ria  

in v a riab ly  produced looei ebsoesa in travenous

culm inated in  death  consequent to  absoeeeetlon  o f lunge and 

Hidneys (Cameron f i t  &L*, 1972),

N aim  and Robertson (1974) prodnoed esperim antal in fe c tio n  

in  sheep by d ire c tly  sm earing £• b ro th  c u ltu re

over in ta c t  sk in  and. a ls o  misting th e  c u ltu re  in  dipping flu id*  

They observed th a t  sheep developed le s io n s  o f lym phadenitis
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starting from mmd days port inoculation, sines lesion 
developed also in visceral organs of acne experimentally 
infsetsd aheep. they suggested a possible haamatogenoua 
dissemination.

Pregnant ewes aborted on experimental infection with 
£. ovia during tha ascend half of pregnancy (Mdo, 1979). 
bocal and lung abeeeeees suggestive of C l* wore reported to be 
produced uith auboutaneoue injection of £. ovia and simultaneous 
Infection with XEfeftBttlSMKiSft gsAMttttlsnlJI (Bergstrom 
at ̂ 1.. 1980). carg and Chaadlramnl (1984) showed that the 
clinical manifestations in egsrtwr m U y  infected aheep had 
direct correlation with the doee of bacteria attain!stared.
They observed that subcutaneous injection of masaiue doee of 
£• SX&S produoed aoute intOKloation while smaller doses developed 
eubacuto to ahranlc foot of Infection with lesions in super­
ficial lymph nodes.

Jolly (1965c) could successfully establish infection in 
aheep, using single cell suspension of £. ovia prepared in bile 
salt saline. Cameron &  (1973) reported the suitability
of C. aaauflotuhar"«>mflt grown in shahs culture for experimental 
infection of sheep by intravenous route. But Cameron (1983) 
claimed the superiority of surfsee pellicle in broth culture 
over tha shahs culture for inducing experimental infection, 
seddik (1983) failed to produce Infection in aheap
through skin sgerifloatlan but auooaadsd in establishing 
infection by intravenous injection of 3.3 at 10* colony forming
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unit* of £. ovls. sheep thee experimentally infected deve­
loped multiple ebeaeee la long* end lymph nodes 38 days poet- 
injeation.

Successful attenpts to study the pethogeneele and Immune 
response were made by Husband end wetson <1977) and Burrell 
(1978) by injecting UiVUUad baotarial suspension of £. ovis 
through intnlymphetio route end oollaetlng the efferent lymph 
to monitor the inraunologioal eweuta ensued.

ttRjrtnwatt jtotmUm In awia
information an pethoganesla and immunity in caprine* with 

natural or experimental £. aria infection is scanty as is seen 
on perusal of available literature (Ayers, 1977* Campbell gfc ql..
1983).

Abdel Hamid (1973) had Injected euboutsneouely varying 
doses of £. aertf«»ai3ISVU9ftU t*oth culture to study the 
olinical manifestations of the dlaesee in goats, Ha reported 
that a two millilitre dose of culture had produced severe 
Intoarlostlon in goats while 0.01 to 0*33 ml culture produoed 
subacute to ahranlc form of infection aharecterised with lesions 
in regional lymph nodes and at the site of Injection or scari­
fication. Hamid and zaki (1973) have sham prevalence of 
specific antibody in the serum of artificially infected goata 
detectable at 4 to 8 weeks post infaetioo.

According to AShfeq and Campbell (1980) 1 x 10* single 
oell suspension of £. ovls injected intradarmeUy, aubeutaneoualy
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or aubrouooeally oould produce pathognomonic lymphadenitis 
in ngianX lytuph nod—  off goats vlth —  average incubation 
period off 93.2 dare. They oboar— d that a large majority off 
animals infested In this procedure did not produce generalieed 
leeions in thoracic or ebdomlnal visas— . £. avia — a shown 
not to be e- t od through naoal diaeharge or ffaao—  off 
clinically inffected goata.

Xntradormal inoculation off 0.3 x 10® oolony forming units 
off a. iiaaud2fa1isJESaii2fi4a «t «» «•*»* oe Jdde produoad
multiple abaoaea—  both peripherally and in visa— al locations 
(Brown at al.. 1983). Zntranasal inoculation of bacteria 
failed to produce infection which indicated that raaipiratory 
tract would not be a portal of entry *or £. ae*tiSSl8aiBailfl84l» 
Infected goats mounted speelffio antibody raapon—  dataatad by 
synarg— tic hasraolysis inhibition test within ana month poet* 
infection.

Eagaerlmental infection off buffalo steors and oattlo ate— s 
with £. owls bad been reported (Haesan at lb • lWSg Rater 
at 4b » 1982ett>). leukocytosis, da—  in red oall oount. 
haemoglobin content and patind cell voluaa ha—  bean obaar— d 
in infected animals, the pathalogioal changes induced in these 
apeoiea wen of powerful cytotoxic nature, both in lymph nodes 
and vleceral organs.
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anate

Norml blood values at goata have been reported tut the 
observations an tarn In tnafcars and not adequate ear statis­
tical presentation and generallaatloo of values (Sqtialm. 1970). 
The tentative oall counts of goats as reported by aehala (1979) 
were anc 13 x 10*, leukocytes * x 10*, neutrophils 3.25 x 10*, 
lynphoayteo S x 10*. monocyte# 250, eoslftcghUs 430, basophils 
0 to SO par cubic milllmotre of perlphsral blood. The percen­
tage distribution of leukocytes ware reported as neutrophils 
9M, lymphocytes MX, laonocytos S.3K, eosinophils 5% and 
basophils o to 0.5*. Tbs plasma protein concentration was 
eotlnated to be 6 to 7.3 g percentage. Haemoglobin content la 
estimated to be 11 g percentage and tba patind cell voluae aa 
33 ran In normal goata.

several reports from India (verme. 1947| valdya s t  

1970| Rana Krishna Pillel, 1972| nhargeva, 19301 Ghosh |L«, 
1981) and from abroad (Holman and Daw, 1933| lewis, 1974| 
Sdjtahadl, 1978i fieri and Carcsnaa, 1980) prsaantad hasmatolo 
glcal values of normal goats belonging to different breed, sax 
and aga. Valdya &  (1910) oftearsefl that tba lymphocyte
percentage wea significantly (P'- 0,01) more In kids conpered to 
adults. Edjtehadl (1978) also reported the age associated 
changes In tha haamatolagloal values of goata and further 
observed that the changes In the neutrophil counts wore 
Inversely related to changes observed In lymphocyte oounte.



The T~iym phacytae and 8-»lyn9 bQeytae danoto tha fu n c tio n a l 

e n titie s  o f th a  two m ajor classes o f i mmunocompetent c e lls *  

id e n tific a tio n  o f lym phocyte oubpopulation is  o f g re a t impose 

tansa in  understanding th e ir  fu n ctio n s in  h e a lth  mid disease* 

m m e ra tlo n  o f T  and B o a lia  in  p e rip h e ra l M ood and tis s u e s  

hare w ide spread a p p lic a tio n s  in  both d ia gn o sis and understanding 

o f p atho ph ysio lo gic mechanisms o f many disaaaa sta te s  s o p o c ia lly  

ln n un o d eflcle n o y, m alignancy o f lym phoid c a lls *  antoim aana 

d ia aaaas » a lte ra tio n s  in  inroune competency o f cancer p a tie n ts  

and se ve ra l in fe c tio u o  diseases <Mybran and fodeoboeg* 1974$ 

w inchester and anas, 1974) .

to  d e lin e a te  th s  v a rio u s  oubpopulatlons o f lym phocytes 

se ve ra l methodology and protocol®  are  in  vogtas*

Mammalian T-lyraphocytes are  ro u tin e ly  ch a ra cte rise d  and/or 

qu a n tita te d  through reo sp to rs fo r  heterologous e ryth ro cyte s 

<B»ro*ette re c e p to r) (w inchester and Boss* 1974) ,  re ce p to rs fo r  

re  p o rtio n  o f im tm oglotoulins (Gro#w al &  a l» »  1978)  re a c tiv ity  

w ith  heterologous a n tib ra in  o r a n ti thym ocyte serum (Brown a t it*  • 

1974)# a b ilit y  to  re a c t w ith  blood groqp A re a c tiv e  hem agglu tin in  

from  H e lix  pom atia (Haame re tra m a t it* » 1773$ M orein a t a&*»

1979$ Btostrom at at* • 1783) non-specific enayras alpha naphthyl 
acetate esterase activity (Mueller a t l ^ i  1973$ Rank! at at** 

1974) purine nueleosido phosphorylaes activity (Botgwrs a t it** 

1977$ Bargers and Thane* 1978) lymphocyte specific cell stir* 
fees antigens such as T-osu surface antigen of err series
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Shiraa §A at** 1976* Y« 8  AA lA*» 199?* M A h a  and Reddy, 1981)* 
B*roeette technique had baan assayed to enumerate T-cello from 
several, animal apeclea via* bovlnaa (Crewel ft dA** 1976» 
wardley, i977t and *tacfc# 1977* wilkle at il** W7»i
Gra#wai and Babnik* 1978* M i  jfc ail** 1979bf Knchroo at ftA«* 
1982* BaXdten aA dA** ****! Oottaridqa and oufty* 1991) ovineo 
(iteron fit aA** 1970| Biima* 1978* Outtorldgo fA AA** 1981) 
caprine (Yang and Shaln* 1988* M i a  and Wang* 1982* Suloahana 
aA dA** 1992) aquinei (Terr aA l&»* 1977* riayur and sohlegan* 
1978) aaiaa (Raoajedillo and Sima* 1975a and b* 3h±rau*u at AA** 
2976) canines(Bowles aA lA*« 1975f Miller aA AA** 1998) and 
felines (Taylor aA iA** 1975)*

neoults obtained by several wosMra indicate that the 

heterologous sad ce lls asa to be ohoaan depending on epeeles 

of anlmaie whoee lyrapboaytoe are oubjocted to  B-roaette forraa- 

tion* TVlyraptwcytea team human belnge formed martini ** rosettes 

with sharp erythr ocytes (Jondal aA AA** 1973§ aaOh* 2973). 

Taylor aA AA* (1973) showed that todant erythrocytes formed 

highaat roaattea with feline TUceila* According to several 

workora, M ap sad ce lls  were the choloe fo r E-rosette formation 

with bovine T oella (crewel aA lA** 1976* ftlgglxis and stack, 

1977* Kstsra a t aA** 1979)* Bpia* (Te rr a t at** 1977) rabbit 

(wixaoci and Coorabe, 2973) and eanina (Bowles aA lA** 1979) 

T-o e lls  formed maximum roaatta with guinea pig erythrocytes.

s-rosette formation by T*lynphoeytes was reported to be 
«i£*oiai) by many variables. ;ueh aa incubation time* temperature,
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serum concentration in tha modiura and the proportion of popu­
lation density of erythrocyte* and lymphocytes (Mandee &l*> 
19741 Tarr at U-> i977* «oody, 1975» Grswal St A*. 19761 • 
Treatment of orythrocytos with neuraminidase (vainer at A*.
1973| Tarr at al., 1977» oraval and Babul*:, 19781 Grswal ft A*. 
19781 viilkio at at.. 1979). trypsin (Chapal, 1973), papain 
(Becajedillo and Binna, 1973b), AST (Kaplan and Clarh, 1974|
Paul at at*» 1979sMoi Orewol and Babulk, 1978), dsxtran (Brown 
at at*. 1975l Mol at at*. 1979att>) and bromalin (Florey and 
E’oet xxn, 1974) have shown to enhance roast to formation by 
T-oslls, Higher rosette forming ability was reported with 
T-oslis idem suspending rasdium was lnoarporated with foetal 
calf serum (Higgin and stack, 1977| Xuchroo at It*, 1*81) nr 
bovine sarum albnaln (Higgin and Stack, 1977) or FlooU 
(Outteridgo and Oufty, 1931 j outteridge at At*, 1*81),

wybran and Fudenberg (1973) had recognised two oubpopula- 
tian of T-lymphocytes as active E-rosette farming oslis and 
total E-roeette forming colls. The fatnor group required shorter 
duration of incubation with erythrocytas while the latter 
required longer incubation, The proportion of these two 
populations of oalla waa reported to vary in clinical con­
dition and tba active roeette forming cell ranters reflected 
tetter T-oall competence (tfybran and Fudenberg, 1974).
fttaftft mnhWrt vnnwit mmmm [WNti. wttvtty

The earliest records about the non-specific alpha naphthyl 
acetate eatoraae activity as a marker for identification of
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o w n  Twiymphocytas wan mad* by wttlat sfc A*  (1*73) and 
Rental *fc A *  <i*7»). sines than thla marker had been reported 
to bo efficient In delineation of T-lyrphocytae from other 
oolla (Totterman jJ..■ I977j Kuiantampff ft A«> 1*77*
Pangalla sS> A** 1*7*1 MnHn* S& A »  1*7»>. »  oryostetic 
sections of lymphoid tissue Knowles and nook (1978) demonstra­
ted characteristic monocyte and T-lyapbocyta staining pattern 
of miae reaction. They considered cytochemical and histocha- 
raical demonstration of amae activity as a useful marker for 
7-lyraphooytea in tissues aa well as in peripheral blood.

Knowles (1973) compered the officlency of histo-
chsmlcal demonstration of MAS activity with that of K-cosatta 
assay as markers for T-oolls in human peripheral blood and 
lymphoid organs of normal and lymphocytic lauhoonlc patients.
Tha results obtained by them showed that tha percentages of 
B-rosette and anae positive lymphocytes war* always camperable. 
They further described the amae staining pattern, characteristic 
for T-colla, as single prominent cytoplasmic rad brown nodular 
reaction product scan adjacent to call raanfcrane (T-oall pattern) 
while in monocytes as diffuse cytoplasmic rad brown reaction 
product <M pattern).

Khowlaa (1979) ovaluated Aims activity as a T-cell
marker in human lynphoid malignancies comparing with several 
other markers such as E-rosette formation, presenoe of la 
antigens and surface immunoglobulin. Tha percentages of 
brosetts and Atsus positive cells from patients with T-oell
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malignancy w h  strikingly similar which established amak 
activity as a 9008 T cell marhar. Tha moplMUe oalla Iran 
patients with 8-cell malignancy, acute lymphoblastic leukaemia 
and null cell malignancy liUad to exhibit M M  activity.

T-lynphoblaata obtalnad by stimulating T-oelis with 
raitogane such as phytnhaamaqolut.lnln. poke wood mitogen or 
alloantlgan warn able to retain tha k-rosette formation pro­
perty but loot their miMi activity (Knowles gg al.. 1978| 
Totfcenaan gg al.. 1977), the M M  negative bleat cells regained 
atm activity on revision to lymphocyte* (Totterrnan gg gg., 1977).

Grossl gg gg, (1979) had shown that 9-cell aubpapulatlon 
bearing reaeptor for Fa portion ad Xtft only prosentod atm 
activity o£ T pattern while oells hearing reoaptoro for to 
portion xgo were devoid of this property,

alamo and aeverly (1981) developed a rapid method far 
demonstration of akab activity In lymphocytes. Whloh required 
Incubation o« lymphocytes In the reaction mixture dor one hour 
as sgalnat overnight Incubation required with the procedure 
described by Knowlss gg gg, (1979), They have also observed 
that aaears fixed in aaetone-eodlum citrate fixative could be 
dried and etonad dor relatively longer time before staining 
for ahas activity.

Reddy gg gg. (1980) showed that akas activity wee a useful 
marker to distinguish T-lyisphocytes from other blood cells when 
bovine blood smears were directly stained. Rajan gg gg. (1982)
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and V U t U M w i  gfc al.(19S*) had uaad iuke activity aa a 
marhar to eniaaerate T-eella of piga. Valaala ft (1901) 
had demanatrotad u m  activity in tha peripheral blood lyst>ho- 
oytea of duckn and tba paroantaqa of poaitlva lym̂ iooytaa 
ranged from 12 to 1? with an «verage of 13.5.
Srvthrocvta amboceptor newnUrwnt (MCI raaatta

Bianoo jfc al.(1970) wara tha flrat to demonstrate a 
rosatta eyatam employing erythrocyte asnaltlaad with comple­
ment fixing antibody to dataet oooplamant raoaptoca an lytho* 
oytaa. Tha anmpl ament onmponanta for which raeeptora daman- 
atrafead on lymphooytaa included several degradation product#
In oonpUnant activation prooaaa but tha recaptora for c3 waa 
tha ana moat oommonly detected (McConnell and U d n m ,  1977). 
sidnan and ttumua (1979) rapoctad tha appearance of wplamm 
receptors at a fairly lata etaga of poatnatal davalopmant while 
Hammerliag ft ak. (1974) obaarved that thalr appearanoa on 
B-cells followad tha appearance of eorface membrane inrauno- 
globulin* and la crttigan during aotogany.

Higgins and stack (1978) described sk roaatto formation 
employing mauaa serum aa tha aanraa of cotcplataant and uaad 
thla property aa a mar bar for B~«elle anumaration from peri­
pheral blood of oattla. creaal &  j&. (1978) oharaetarlaad 
surface raoaptoca on bovina leukocytes employing five surface 
markers vis., aurfaoa immunoglobulin. ahaap arythrocyte 
receptor, oamplaraant raooptor and Fc raoaptoca to both Xgg 
and X04. To further aaeartain tha value of aurfaoa property
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•s a cell typ# iiarhtr. tbsy parforuad double marker techniques. 
The results *>«ln»l by than Inrtioetad that ealla do bear naan 
than ana marker. Thary demonstrated that theucfi K  raeeptcra axe 
ooraraonly shared by T aa w U  aa B-oaU subpopulstlons. ooeo- 
mnoe of combination of aaca than ana marker distinct to aaeh 
subpopu)atlon had boon uliuarvod aa snatltfiad by aurfaoa 
ianiawalabuXln and oomplnmaat reeaptare by a-oeila and abaaaoa 
of E-xeoaptor characteristic far T»oella.

Etc  roaetta formation waa conraonly applied for quanti­
tation of B-oella from w a rd  aoiaaX opcodes (shimusu si 
19761 Hlkis st al.. 197*| Kaura ft 1979» outtarldga St ax.. 
1981i Outtarldga and Oufty# 19dl| auloehaaa St al.. 1983).
Though ahaap arythroeytaa senatelead with haannXyain and 
cavtaaoat are regularly uaad for me roaatta foeiwtion, tha 
suooasaful uaa of bovine axythrooytaa aanaltlaad with haamoXyain 
and eouao ocnplaraant (outtarldga and Dufty, 1981| outtarldga 
at al.. 1981) or ohlokao xad ooXJLa ooatad with naturally 
occurring porcine antibody agalnat oh token xad calls and nouae 
oetapXement (Shinuxu st 197*) was also reported, stites 
(1980) suggaatad that though rtwqi rad oalla could be used for 
me roaetta aeasy, o k  rad oalla trtiloh do not spontaneously bind 
to lymphocytes would ha preferred to avoid confusion with T-oell 
roaottna.
Im D o c v ta  auhoOoulatloaa In  g aa ta

on paruaal of tha available literature it could bo soon 
that nopocta on aharaotaxlsatioo and enumeration of aubpopula- 
tlona of lymphocytes In goata axe only San.
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Tang ana Shain (1*80) antilnylnq M owttt, BMC roaetta 
and aurfaoa ionunoglabulla tlaaceeaant eeata identified T and 
B-ealla and determined tMtr NlatlN and abooluta valuoa in 
pariphoral blood of nacnutl Taiwan goata. when erythrocytee 
fson alann hetarologoue aninai apooiaa w a  triad, fowl 
erythrocytes w n  found noat ouitobla for B-roootte. Tha • 
eolation valuoa of oaoh typo of oalla obtained ware s-roaatf  
pooltlv« oalla (T-oella) 9.39 j 2.04% (rang* 9.19-13. 5X),
BftC positive oalla (B-eella) 33.12 £ 7.02* (range 23.34-47.700 
and aurfaoa irammoglobulin poaitlve calls (a-oolla) 36.22 £
0.9<J* (range 85.o-87.29S). the naan and range abooluta valuoa 
warn found to be xoapaetivaly 474.9 £ 185.4 (438.1-1094.4) for 
T-coUs, 2.49 * 10* £ 0.74 x 10* (1.42 x 103-4.34 x 103) for 
B-oella by bnc mathod and 7.10s £ 2 x lO3 (4.97 x 10S-9.39 x 103) 
for B-calla baariag aurfaoa < — por niocolltra of
blood.

aanks and oraonlao (1982) have eto idled tha lymphocyte 
aubpopulafclona in peripheral blood, thymus, sploon and lymph 
nodea of goata. Density gradient oontrifugation using ricoll- 
Hypaque waa employed for adoration of lynphooytee from peri­
pheral blood and the separated lymphocytes warn further frao- 
tionatod and conoantratad to T-oolla by nylon wool salving and 
to B-oella fay complement binding matbod. ttifraotionated 
lymphocytes, and enriched t and B-oella warn furthsar characterieed 
for nonapedflc eeteraee activity, praaanoa of aurfaoa imuno* 
globulins. receptors far eagplanat. and lsmnoglobulln and for
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peanut agglutinin binding. M ajority of tin  thyraoeytoe and 

nylon wool pu rified blood T-oaH* (76 + ISX and 91 ^  4* saa» 

pactlvoly) paamtt agglutinin* Moca than 85* of B-ealla

oanoantratad by tytb**fng abound InKmnoglo*

>in\<w aiK9 m u  g won nr rneaptocs *4*41# a anallnr portion ( 

a tm  haawd to  peanut  agglutinin* Xn pnripbnral btood lymptio* 

cytaa tba moan paroontago of oalla positive for non-apao lflc

iatfl»aAt« meaHtmgtm twammntnt wtitiKii- ĵ hhiO rOCMKStOT* XO

noMoftor mm< rmnwifi aoalutlnin MmUmi m it*  vara 4 4 4 .

19 l», 17 £ 7* 14 £ 12 and 69 £ U  raapoctlvely. The tbyno* 
cj<tM inUbad surface fiiâ ffa*g*-#,*i|iiiM :n§ tooofldiefr for gogpiafTnti 
and lotsunoglobuUn. & 40 to 50* of lynphocytaa fraa aplagn 

lystpbnoda to rovaal aurfnon- raarteara distinct for
aithar T or o oaUa*

Tho usefulness of E»roaatta and sac roeette technlquee 
tor enumeration of T and B lyupbooytoo baa boon shown by shaUi 
«aad wano (1982) in an suert"wtiil w|toi|W|<,i Ifflpmoaiiin >rawfltno 
affaot of ppmmi in cioat aaa studied.

identification and awmaration of T and B-cells la peri- 
pheral
lji£«at0d M h B t t U i  tositMr b t u i i K i  ocMfeia o a m l m - l n a  If imiMti m

sac roeette and aims activity earn repeated by sulochana &  al* 
(19821* *ban arytbrooytaa Ina aheap* cattle and ehidfem aaxa 
triad* only aheap erythrocytes tonaad roeette with goat lynpho- 
cytaa. In normal goata tba peraantege of 8-roeette rangod from 
15 to 41*7 (amm 26.57 £ 2*051 and XAC roaatta frora 14*29 to
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39.07 (Man 12.3 £  0. 83) .  O n u  with J ,  naairtotahnr~.i««<- 
infection had only 4.4 he 14.3 (Man 10.30 £ 0.47) paroaotaga 
of htoNUt poaltlwa T oalla. i Man pocoantaga at 34.39 £ 
0.43. 19.19 £ 1.37 and 34.44 £ 1.79 oalla warn poaltlwa for 
K-roaatta. kmc coaatta and mall oalla xaopoetimly In goata 
with malignancy. Tha maan pacoantaga of aim poaltlwa oalla 
wa*o 24.44 i 3.94. 11.90 £ 1.94 and 33.91 + 1.43 in aoanal. 
infootad with £. MHtfiftndfllil and tana baarlng goata, 
raapectivoly. It waa alao doai that 0*xooatta formation waa 
inhibited by antigoat thynaa m m  without oonplaoant but not 
tba nc coaatta focMtlen.

MMaatlnl f t  §£• ( 1993) atodiad tha abnaamalltlaa in 
nuabac and duration at parlphacal blood lyaphooytaa o f  goata 
auftaring team Obcanie oopcina arthritic anoaphalitia (cm). 
Charaotarlaatlon and quantitation ad lynphooyta auhpopulationa 
waca dona baaad on pauaanoa od oa^plamnt caoaptor, Zg caoaptor, 
aurfaoa ianunoglahulin, m  binding and nitogan induoad blaato- 
ganaaia. I n  normal goata thay caoocdart an w arago of 17 ♦  2,  

97.4 £  4,  10 £  3 and 14 £  4 poroantagaa o f  B-oolla, T-oolla. 
nanooyto and null oalla raapeatiwaly, out o f  tha nina infootad 
goata, aovan had tha mho proportion od lyaghocyta walwaa aa 
did eatkmb. It w m  alao ahown that o a M t n m l l o u  induoad 
mom dlvlaion in T̂ lymphoaytao of infootad goata than tha 
lyaphooytaa od non«infoetad goata, whila caaetion to rat, pint 
and bacterial lipopolyaaoaharida warn not difforant.
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Nadira &  (1966) observed algniflcant reduction In
erythrocyte >y*M | hftiftrnfftgl fihj.fi and masted leiflewfyt****!*
with noticeable monocytosis In sheep suffering teen cia but 
tho lymphocyte-monocyte ratio waa found to toe relatively con­
stant. Osawl and Tartour (1976) reported varying degrees of 
hasmolytie anaemia characterised by reduction in m e  count* 
fiMmnril oiitn twynterit and paqHisd cell volume* when sheer were 
infected with large dose of £* nsendnttiT̂ yg^gfl^p. Though 

-1 ff with rise in neutrophils with corresponding 
decraaaa in lyaphocyts oount wee noted* monocytosis was not a 
unique feature of cia*

Total ffrfd alhmta increased in animals ̂ iflh
^nf^evad septicemia and wit i** ̂  (*i daorease
was noted in animals with subecuta to Chronic form of infection* 
sheep suffering from CIA had a reduction in total seme protein* 
*^W*nlw jgyyS «*lY>jnw as reported by si Abdln j& ̂ Jk* (1977) * a 
substantive increase in ganraaglobulia content with associated 
decrease in beta globulin was reported lay Mottelib n  
(1979) in sheep with chronic for» of cia* similarly iiesfderio 
£& Ilk* C1979) observed a significant increase in gamma. globulin 
content associated with a compensatory decrease in alĵ ho-2 and 
hats globulins in serum of goats suffering cia* significant 
differences were also noted with alpha-1* alpha-2, gwama globulin 
and total serum protein content between young and adult healthy 
goats*
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M W  tt A >  <Ud not afaarcw  any 4UA«iom la
P acted « U  valutas awl plants protaln values butnesn goata 
infeated with £. jaMfe&itt&EBUaUft *nd controls. Ml Infootad 
animals displayed slight persistant leutoaytools with an 
increase la fibrinogen oontont of about 3 to 5 times than that 
of controls.

ms total protaln oantant and protaln electrophoretic 
pattern of aosum of goats have boon docuaented only In few 
reports. M s  (1976) estimated total eerura protaln. alhwain. 
alphaglohuiln. alpha-3 globulin, bata globulin and gammaglobulin 
bp alactrophareala and tha values obtained wart 8.35* 4.03* 0.19. 
0.89. 0.S6 and 3.04 grams par 100 si of oanm. respectively.
Tha micro kjeldahl method for eat t met (on of total aacum protaln 
and paper electrophoresis (Whatman 3 am filter paper, barbital 
buffer pH 8.4 with Ionic strength 0.075) for fractionation and 
quantitation of normal serum protein of goata were employed fay 
Caatro &  4 .̂ (1977). lhe values obtained ware total aacum 
protein 7.3 x  0,7» albumin 3.3 & 0.8. alph»>l globulin 0.8 x  

alpha-2 globulin 1.0 4 0.3. bate globulin 0.5 j 0.1. globulin 
4.5 x  °*6 and alhmrfn globulin retie 0.8 4 0.3 mg per dl. may 
also observed that albumin and albumtn-globulln retie showed 
significantly different values due to oon dlffacenoo.

naalderlo ft |1. (1979) used oallulose aoetsta mambrana 
alactrephoreala to quaotltete earns protein fractions of normal 
as well aa aheep affected with cia. using pevloan block
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electrophoresis waag and She In (1960) asperated goit nnn 
Into tt«t boob vis.. gonna, beta. alpha-3, alpha-1 globulin* 
and albumin. n n M r  atb fractionation and purification od 
bata and gamma globulins van dcna hr column chromatography 
and tha purified subtractions, igt(M and IgQ awe* utilised 
to raiaa specific antlaara in rabbit*.
TlTiTHTWtft

£. naoudotuhai— f la a knouu facultative Intracellular 
bacteria (Jolly. lMSalbt Hard, IMIbt Campbell ̂  al.. 1983) 
producing a powerful exotomln in eltan and la v im  (smith,
1966t zaki, 1960i Burrell, 1978). Thla baotarla produce 
chrcnlo diaaaaa la animals aspect ally In ahaap and goata. 
Characterised by stvpuratlve laalana althar in lynph node 
aIona or bath In lymph nodaa and vlaoaral organa. Tho patho- 
ganeala la apparently ralatod to tba organism's ability to 
produce anatoxin (tovell and zaki, 1966aAbt Jolly, 196Sei 
zaki, 1976i Burrell, 1970) pyogenic factors (zaki, 1976) and 
tha ability to aauaa call aggregation Imposing laoal physical 
hindrance to host's defence mechanism (Jubb and Kennedy, 1970) 
Burrell, 1970) Gillespie and Tlmoney, 1981). Ja vitro atndlos 
damonatratad that the tough outer llpld ooat of the organism 
resisted digestion by phegocytoa and remained as a facultative 
Intracellular paraalto (Hard, 1973| Taahjian and Campbell, 1933) 
and ultimately aaaaod destruction of tha host oell (Hard, 1973).

Jolly (1965c) damonatratad that tha anotoain facllltatod 
the apraad of bacteria to regtooal Inh nodaa by Increasing
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vmmmJUmt Bn poMnt ncokttiA which n m  lytic
for endothelial oeUa Am  to «Im  phagMfaaae snsysaa activity, 
promoted looal ifnMiig of taAMto (aouoak ftl»» M71|
Came and Onon, 191®), aheap aaxiaatiaUy ampaeart to hlA 
doaaa of eatotoatln either by mgr of infection ac by Injection 
of toocin developsd ictarue, haemegUbtmirla and daath (Cameron 
at. 1973i Caiaaran and Fula, 197J| OaraaeX and Tartour, 19741 
Garg and ChandIraroani, 1984), Tha laukocidln which ana shown 
responsible Cor tha progressive aaoroaia that oeuaad persistent 
lesion la ahaap (Marsh, 1930) waa latsr idantlClad aa nothing 
but anotoxln (Jubb end Kennedy, 1970i Jenson, 1974).

Tha prsaenoe of antitoxin in tha aacum oC naturally 
infootad ahaap indicating sxotoprtn production fa vivo has baen 
damonataatad by aavaral woman (Zaki, 19«8i zaki and Abdul tixald, 
19711 zaki and Abdul Hamid, 1974j Sorrell, 1981). Though acute 
intoxication and daath were not a faatura of natural diaaaaa in 
domestic animals, tha amtoxln waa ahown to be produoed and 
liberated in tha body in maall amounts not sufficient to kill 
the animal but sufficient to elicit tha formation of antitoxin 
(zaki, 197ft) bat Camaron and Minnar (19ft9) and Cameron and Sait 
(1970) wan of the opinion that tha axotmin waa of little 
importance in tha pathogenesis of ehaonlc lesions of cm In 
natural infaction.

Caaaoua lymphadenitis la eharaetarlsad by abaoeaaatlon of 
peripheral lymph nodaa especially praaoapulmr mad prafaraoral 
In sheep (Marsh, I9ft9| JUbb and naansOr, 1970i Jensen, 1974)



submandi bular  and ptxoild l i  g t it i (Ayers, IfT T j Mfcfaq 

C M pblU i 1M0| B im U *  U O l Camphsll a t 1982) with 

thick awv* dry greenish uhfho purulent exudate, occasionally 

tt)S disease t-p y —  ganSraHsnd and abSOCSS (Iw elnp la  many 

abdominal and thoracic vUwHa§ including internal lymph nodes, 

akin and subcutaneous tissue, bcaln and spinel cord {Marsh, 

1963i JUbb and Kennedy, 19701 Jenson, 1974)* PKogxasdfi

In  goats hare baan

to  an fch* internal abaoesaea develoood

(Qhanda and singh, 1959f Marsh* IM S i Quaa,l977) * when massive 

doao of virulent C* awle wares inoculated to  t*w> norlitftnl

lymph node, sheep exhibited haamogloblourla and icterus, two 

days poet*»in£eotian u n til death (B u rre ll, 1981),
On iwfeaiiwpfeeita Inxmlatlock af viable G* atfi* cells* 

Muatasad *«** wetaon (1977) »***^ A» —n „■*,*■»» of ratar* *.t-nM-i<ivimn 

with greyish yellow pus in  hypertrophied, congested and 

in&esasd popl ite al  lymph node of Sheep w ithin three days 

post inoculation, oedema and *llgk* degree of haemorrhage 

were the macroscopic  leeione in  the lymph node at early stage 

(B u rre ll, 1978) • 7l»a chronic abaoaaa of lyiaph nodi wee coveted 

with a thick fibrous capsule and wea M o n  adherent to  edjeasnt 

muscle fa d e  (B u rre ll, I978t c«apbeii gfc g ^ ,, 1982) • Distlno~ 

tlve  laminated appearance wea observed in  lesions of advanced 

oases of c ia  in  sheep due to  the enlargement of lesions through 

progressive necrosis and reformation of the capsule (Jones and 

mint* 1982)*
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In goats, severely lanlwt lysuph nodes had no recogni­
sable paranehyne remaining by tha tins thay ruptured spoo- 
taoaously (Ayers, 1977), Tha natural abscsss m bs found to 
contain thick pasty purulent material within a thick fibrous 
oapsula (Ashfaq and Campbell* 1960). The reason for this 
contrast waa suggested to be due to tha difference In tha 
nature of enaytass in tha phagocyte oalla of goata from that 
of ahaap,

Sarkar and ahattaOhsrya (1971) aeported tocoocSiow
pnaunania due to £, owls infection In goata which waa fatal 
In majority of easaa, cross imtltlpls abscesses of varying 
slaas In lungs with adhaslan of pleura and thickened inter­
lobular septa ware noted la badly effected goats. Infected 
lungs of ahaap and goats showed dlsaeats and extensive area of 
consolidation with slightly raised awhplnural or deep seated 
round circumscribed greenish yellow easoo purulent/caseoaelel- 
fisd enoapeulatsd nodules embedded neatly in tha anterior 
lobe and in few cases in tba diaphragmatic lobes (shame and 
□wiuedi, 1977). Pleural adhesion was also noted in sans esees.

S tt tf lB f l tlB tf iS K

congestion, oedacne, hyperplasia, oallular infiltration, 
naorosle and calcification tan reported to bo tha sequential 
events taking placa in the lymph nods affected with 
£• neaudetubar»"»i«w«w (Zaki. 1974» Garaeel sad Tartour, 1974| 
Shams and Dwlvedl, I977j Husband and wataon, 1977| Burrell, 
1978| Ashfaq and Canpbell, 1980| stoops 9 1 (],«, 1984)
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Brown , IMS)» Caaoatad naarotle m u  surrounded with
epithelioid gttu odwtwod with lysftiocytM peripherally 
nlnfontd with layers of IUm w  oomwaU m  tlaaua wan 
deaorlbed to fa* typioal for lulaw of cia la Ijqh nodaa. 
Calcification of tho necrotic m u  nay oocur In advanood 
laalana. conMnttloiUr UtiiiiM appoarenos for tha lesions 
may fa* produced fay tha auooeaalwe naeroals of oalla oxtamal 
to tha fibraua oonnactlwe tlaaua layara (Jonaa and Hunt* 1983).

BttrrwU (1938) 4nonMfua4 data of bactarla surrounded 
by nuclear debris from oalla Whleh had undergone lyala in tha 
poplltaal lynph noda of ahaap infootad through lntralymphatlc 
inoculation of £. gala oalla. Ha had observed that lyqphooytea 
warn only randomly distributed inalda tha lagrar of fibrous 
tissue but aamaroua ooslnophlla and aunty neutrophil* war* 
notad at tha border of tho oaaooua naarotlc material. Plasma 
call a at dlffarant atagao of deaelopaant and mononuclear 
macrophages ware tha pradomlnaat oalla at tha periphery of tha 
laalana. Tho Infiltrating oalla warn superimposed In tha 
daganaratlng fibrous tlaaua and tha laalana wara wallad off 
with a aona of Intact fibrous tlaaua. Occasionally daganera- 
tlng nut oalla w h o  alao onoountaaud.

tynjph noda paranchytaa whfcft had not boon oblitaratad fay 
dewelopoant of laolons had undergone hyperplasia. auoh lynph 
nodaa t i m M  several actlva port leal folllelas and Intar 
follicular araaa and tha madullaiy ooada wore denaoly linod with 
plaane oalla at various stages of daaalopmant (Burrell, 1938).
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Brown i| 4 1. (IMS) observed that goata which « m  ino- 
aulated with £. ovia intradermally developed moderately seven 
multifocal acute suppurative lymphadenitis. Hlatoloo 1 oal ly 
tha parenchyma ctf tha affected lymph nodaa m m  pushed aalda 
by tha aapandlng ahacaaa which oenparlaad amorphous central 
eosinophilic maos of daad macrophage surrounded by a tin of 
degenerating neutrophils and peripheral to this a band of giant 
oalla and fibrous tlaaua. Bacterial naaa ware alao aoan dia- 
parsed through the central nacrotlo area.

iUstopatho logical changes alnsrvod in lungs of shsop with 
absoeaa wore similar to changes daaorlbad In lyngph nodes emoept 
for Infiltration of polymorphs noelaar leukocytes (osmeel and 
Tartour, 197*). Giant colls warn demonstrated In tlaaua sec­
tions of lung lesions of CIA along with macrophage and lympho­
cyte infiltrations (sharma and Dwlvedl. 1977). stooge 44 *1. 
(1984) obearwed prominent plaane oall infiltrations in the 
fibrous capsule of advanced laaions of Cl* in aheep lunge.
Pirn red to grey sonee varying from a few millimeters to several 
centimeters in thickness wen noted in the lung parenchyma 
adjacent to aboooaeoo. Tha grey annas revealed Interstitial 
fibrosis and compression of long parenchyma. Peribronchiolar 
lytqphald Infiltration* bronahleotasia. bconehiolar epithelial 
cell hyperplasia and peribronchiolar fibrosis wan tha changes 
associated with in tin air ways.

bevell and zaki (1966a) observed that mica injected with 
lethal doee of £. ovia amotOKtn produced symptoms of acute
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Intoxication and death. Hlatapathnloqlcal ohangaa observed 
la met anironla « m  ooogaatloo la tha (Maadt, aad m U  
Intestine degenerative changaa In tha liver calls and the 
epithelial oalla of tho convoluted tubules of tho kidney.
In Caw animals. lungs sad adrenals wan also congested but 
tastes were found unaffected.

zaki (1M() anperlasntally produced osteomyelitis and 
arthritis In alee by injecting £. cola oalla Intravenously.
The earlleet detectable leelaas noted were congestion and 
haemorrhage la the narrow cavity of long bona metaphyees and 
la the intramuscular and Intraartlouler speoee.

damsel and Tertour (1974) abssrwsrt cloudy swelling in 
tbs hepatic calls of Sheer end tba nuclei of hepatic cells 
ware hyperchromia. The parenchyma was partially degenarated 
and Infiltrated with round oalla. Eosinophils ware alao 
oboarved In moot of tba liver eeetlona. catarrhal enteritis 
and increased numbers of glohlet cells were noted in Intestine. 
Reticular mad lymphoid hyperplasia were observed In spl ee n  and 
lymph nodes.

Abortion In ewes whan MqMKimantally Infected with 
£• paoudotufafflflTllTiffalt *■* reported fey Adde (1979). cross 
lesions Included reddish brown coloured placenta enlarged 
oedsmatous and autolytlc cotyledons. Htatcpatbolagioal 
changaa observed were hyperemia of septal vessels, vasculitis 
cellular Infiltration In tba hilar central and basal sones and 
necrosis of tbs ahocianlc villi and maternal septa.
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TQKta hepatitis and nephrosis tan observed to occur 
along with abeoeaastlon of akin and lyn*>h nodaa of buffalo 
calves ana cattle experimentally infected lntraderaelly with 
£• aala (Huber gfc al«. 1983efcb).

fitriKBSttlA

Animal affected with CbA Aaa to £. ovia infection ejdilfalto 
no specific ollnloal algaa other than tha occasional pressnae 
of detectable superficial abscesses, Although there am no 
pathognomonic ayraptoraa indicative of CIA In anlmale suffering 
from tha vlaoaml fora of tha diaaaaa* lasiona In lungs may 
produce algna of respiratory tract infection (Marsh, IMS), 
for dlagnoala of CIA In animals, palpation of lyaph nodaa la 
unrollabla since tha detection of early aa well aa deny seated 
abcooaaaa Is not possible, the lack of dlatl.net clinical 
features warrants tha naad for specific and sensitive inaono- 
loglcsl methods for dlagnoala (Ayers* 1977| Shlgldl, 1979). 
several laboratory testa wasa reported for tha diagnosis of 
thla Infection but none waa found to be completely aatlafaotcry 
In tame of almpllctty* accuracy, sensitivity and econony 
(Shlgldl, 1979| ShenabAL... 1983).

Pflnnmintian m u
Awad (I960) uaod agglutination teat for the first time 

to detect serum antibody agalnat £. owle In aheep. barring 
eutoegglutlnetlon exhibited by several laolatee of ovia 
used aa antigen In ogglutlnetlon test* UiU test was reported



to bo convenient and sensitive for dlagnoala of cw In aheep. 
Caneron al* <1*78) uaad agglutination eaat to monitor 
antibody response to various inactivated £. ovia vaodnea in 
aheep. stable agglutinating antigen from £. OKlB culture was 
prepared by Aaklag In ethanol or by subjecting to frequent 
freezing and thawing (shlgldi, 1974). n» alao reported 
instances where In known infected animals and anlnala without 
deteatable Infection revealed low titroa whan their sera ware
subjected to agglutination teat.

Kosklntepe (1976) reported that apantaneoua agglutination 
of antigen prepared fran £. neoudotubaro«t«w»<« could ba pre­
vented bp suspending them in saline containing maqneelum 
chloride aupplemanted with 1* two an 00. !«on-innunoglcibulln 
nodiated agglutination reaction wee obaarved by Burroll (1978) 
whan £, ovia calls were incubated with precolastral and young 
lamb aera. Ha auggeated that agglutination teat cannot ba 
reliably uaad aa a diagnostic test for cia In young sheep, 
land at al..(1981a) used both agglutination and haemolysis 
Inhibition teat for detection of antibodies to £. neaudotaberw 
■eiieaia in naturally infected adult goats.

shlgidi (1979) oanparad tha efficacy of five aeralogloal 
tests via., tube agglutination, ooreplsraent fixation, gal 
diffusion, antihaeranlyain inhibition and Indirect hsamagglutl- 
hatlon tests for diagnosis of experimental £, ovls Infection 
In sheep, ns observed that tube agglutination Mat was of 
value for diagnosis of cia between three and eighteen weeks
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•(  t a H s t i o n .  M t w  U  «MM «  iaAMiea t i l  tin  lafteM 
animal remained NMNgMit* With MM aqglutlnetloo tut 
while they m m  poeltlwe with M M t  Matt*

Zn India, chandiranaal and Oarg (1994) aeqdoyad aggluti- 
nwion taw dor {laid eurvwy of cut la aheap and goata. out 
of 1302 ahaap aara, *1 (4.4X) aanplu and 48 (10.3W aanpiea 
out of 447 goat aara ware poaltlwa by tha taw.
Aatmaanolvmn InhJhltlan taw

Kartwlgk (1943a) duoaatrataJ that £. aria produoad 
filterable entl-heerwlyeln agalnw bata haamolytlo 5S*a6octe* 
ggggtt »T Modified cvw taduiga. Tha nautrallaatlan of tho 
hounlytlc af Saw of M g d f l g m  on ahaap rad aalla by tha 
inalhaanwilytlo f aotor didfaramlated £. mrla from £. a B M H U
£• flBBlfU UttHShk MMBttfiSMM a*d M o W f t M n  iMtiUUflM
(Rartwigk, 1943b). taaar (1944) and aaU (IMS) ahawd that 
a flltarahla product from £. owla lnhlbdtad tha haamolytlo 
affact of alpha and bata towlna af ttHtadaBSBBHK 011 ahaap or 
goat rad oalla while dalta lyala ramelaod unaffaotad and tba 
aotlan of opallon toxin waa anhanoad. Tha dlffuslhla natura 
of tho entlhoanolyaln *u oanflrmed by taaaU and zaki (1944b) 
and a quantitation tuba taw waa raoaawnndod for tha aaaay. 
Thay furthar showed that the antlhaamolyaln proparly of the 
toxin m m  Inhibited by antlaarun.

Tha inhibition of the wtihaanolytio property of the 
£• fltl toodn by lta apaolflo antlaaruw wee euooeeefuUy
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utilised ear tha development af a serological toot via., 
antlhaamolyaln inhibition test (MOT) far tha diagnosis of 
cuv In animals fay zaki (M68). aacum antibody raspanaa In 
goats after experimental infection with £. naaadotv^ffg||flĝ g 
waa dataetad. ooawanolng 4 to 8 waaka of infection using ahxt 
(Herald and zaki. 1973). zaki and Abdel Kamid (1974) evaluated 
and compared AHXT with that of vivo mouse protection teat 
and observed that ahxt waa easier, cheaper, rapid end leas 
liable to experimental error than nouae protection teat.
Though comparatively high percentage of falee negative results 
were recorded with ahxt. title test was reeaamendad as a 
screening teat for cia in animals* The ahxt wee reported to 
he Inferior to indirect hemagglutination teat for detection 
of serum antibody agalnat £• ovia In aheep (Shigldl. 1978| 
Shlgldl. 1979). The ahxt failed to detect antitoxin in a high 
proportion of Infected aheap while no falee positive raeulta 
were recorded (Helm end Robertson, 1974).

Indigent h-mgaaltttlMftlg) Wfffc
Indirect haaragglutination teat (ift\T) using erythrocytes 

sensitised with exotoxin of £« ovls far the serodlegaosls of 
CIA in sheep was developed and described by Shigldi (1978). 
Purified £, ovia toxin was uaad to sensitise formalinlaad aheap 
erythrocytes treated with tria-diaaobensidins. xhkt waa found 
to give a high percentage of false positive reaction when 
compared to ahxt. Shigidl (1979) evaluated and compared
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serological teats for tba J U M d M  of cia in animals and 
reported that ihat «m  nllihla and could dstsct antitoxin 
far longer periods in tbs aarura af infootad animals.

"TT—  Mff
In an experiment designed to dstaot tha relationship of 

toxins of reprseantatlvo strains af £• aais to that of 
£• diphtherias employing mouse protection test (MPT)■ Lovell 
and zaki (1966a) oould not establish any relationship with 
diphtheria. Thay also oboarvod that £• oris antibacterial 
serum pcetootad oiaa agalnat tha lathal tomln, provided tha 
eerum contained sufficient lavol af antibody to neutralise the 
toxin.

hpt «m  successfully uaad by Kaadd and zaki (1973) to 
detect eorura antitoxin in experimentally infootad goata. 
Aooording to zaki and Abdul Hamid (1974) mpt «h  man valuable 
than ahxt for dataoting antibodies to £. ovia. Abdul Hamid 
(1975) reported e high sensitivity of the toot when one milli­
litre of the serum was uaad to neutralise 3 hu> of C. ovia 
toxin.

Doty n  al. (1964) developed a diagnostic akin teat in 
rabbits for cia in animals. in tha toot* the ability of anti­
toxin to abrogate tha dermal reaction produced by the toxin 
of £. ovia in rabbit akin waa aaaaaaed. The rabbit akin test 
was alao found suitable to study tba antigenic relationship
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hatwaan strain* of £, art*. Awad ĵ . (1*79) reported that 
tha taat waa uaaful to daaocting ct* in animals though a Caw 
falsa poaltlwa reactions wan notad*

•mrmwrir hMmhUi IrtHMtlm nn
synsrgastle hnamnlyala liMhtUwi taat (shit) waa a 

aarologleal aathnd davslopad by ntgbt (1978) Cor dataatlan 
° * £• nWMftttttWWlaill infoetlan In hacsos. Tha taat was 
baaad on tha principle that antiasrura to £. owl* idblhltad tha 
aynargaatlc haanolytic offset of £, awla toxin to tha arythro- 
oytaa aanaltlaad with atarlla filtrate of £. aoui culture.

WwlariH* lafttttUttn Wit
Haemolysis lnhlhltlon taat (HIT) dawUad by Hurra 11 

(1980) waa baaad on tha prinalpla tha* antiaaruro to £> awl* 
lnhlbltad tha hanalyala by awotartn. na ahowad that tha 
taat waa afflolant In dlagnoala of cia In naturally Infootad 
■nlatUjM datoatiea of paaalnly transform) asternal antibody 
In latab aarura and to monitor tha antibody raapooao In vaoolnatad 
animal*. bunII (1981) aumyad two dairy goat hards for 
£• a'rtM inieaticn by clinical aanlaMloo, cultural raoovary, 
haanolytic inhibition and dotabla laraunodlffusion toata. n»
(aid double lmnunodlffualop aa a battar fiold diagnostic taat* 
tMad U  aL> (l*81a) raoooraaodod haanolyaia inhibition and 
agglutination toata for namajildaw( nlngteal inraatigatlon of 
cia In goata. bund si (1963b) opined that tha lewel of 
raatamal antibody agalnat £. owia in klda could ba dnoostratsd 
by tor.
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SpaotUe precipitin Carnation In gala an reaction between 
purified fractions of £. ovie culture supernatant and antiserum 
was first noted by Caraeron and anit (1970). Later in 1974, 
3M.gi.dl datectod antibody to £. owls in tha serum of cia 
affected sheep using Immunodiffusion technique. Tho antigenic 
relationship between Isolates of £. ovia was also conveniently 
evaluated by this test (Awed &  al.. 1979). dhlgidi (1979) 
reported that gel diffusion test gave a high percentage of 
false positive reaction when coopered to other serological 
testa used for diagnosis of CtA in eaqwrimentally Infected 
sheep.

Burrell (1980) modified the gel immunodiffusion test by 
employing concentrated supernatant of £. ovls culture as 
antigens and reducing the concentration of agar to 0,37s for 
gal preparation. Ha had ubsacvort that culture supernatant of 
£• astft having haecolytla titre of 1 In 16,384 or more produced 
readily detectable precipitin linae with specific antitoxin in 
tho range of concentrations eamenly found In aara of naturally 
infootad animals. The tost provided an exfcrwnely economical 
and convenient method for screening lvge msnber of animals 
with cia within 34 hours of setting tbs teat.

Field survey for £, asdi infection In anliaala was under­
taken using thia teat (Burrell, 19811 Naim ̂  al.. 1984) 
end the test was found reliable since there waa no falee 
positive reaction.
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Addo (1978) uaad fluorescent antibody technique (fat) to 
identify £. ovls In pus ameer prnpnrad Inn «* h  of cia. 
Hyperimmune aarura prepared in rabbits labelled with (luonaetn 
lsothioeyanete was used For tbs purpose and tha method ailowad 
rapid identification of organism la oaaas of cia of horsas. 
Direct and indiraet methods of fat aara uaad to identify 
£• i»l« in tha aanan from oasaa af oaiaa epididyraltia (Ajai 

1980).

Tha of EUSA foe dVtMtlOB of sntlbody
agalnat £• namliiMfT"^"“<» in goata waa first reported by 
Shan jfc fll. (1983). Tha taat waa performed with oaii wail 
antigen to eont a solid phase and alkaline phosphatase to 
conjugate antigoat inmunoglobulin. The oell wail antigen 
produced only specific raaation sinoa It did not eross react 
with antibody to £, kusa was oonaldnrnd to bn
Spanifle* sansltive. simple to perform, readily reproducible 
and tog apisootiologioal studies.

Oarg and Chandlramani (19M) reported the use of soluble 
antigen prapscad from sonioatad £, asls oalla. The toxin and 
cell wall antigens ware independently triad as antigen in 
KUSA to assess antibody level in aara of laaba experimentally 
infected with £. twin by Maid, n  al.. 1988. Tha results 
obtained by them indicated that tnwtn was better for the
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purpose. Hsu (1984) wpstlsa that sonicated calls and cell 
wall antigens were unsuitable to bn ngUysd in busa for 
as— aolwg antibody to £, osla in goats.

sun was reported to be cooperativeiy superior to 
synargeetlo hesmolyeia inhlhition tost (awn &  1982)
agglutination tost (Garg and Chondlroneni, 1984) and antl- 
haanolysin inhibition test (Maki S& fljk*. 1983) for tha dotoo- 
tion of serum antibody to £. osla.

cams (1933) w—  tha first person to mow that lntradarmal 
Inoculation of ailorgenle agent prepared frwt £. avia in a 
similar manner to tuberculin preparation. Induced looal delayed 
reaction in animals suffering from CIA. Camaron and MeOmle 
(1940) doserlbad tha preparation of antigen from the so called 
's' strain of £. osla. Hypersensitive reaction produced in 
sheep and cattle on intradarmal inoculation of this antigen 
indicated that the method was of value in detecting cia in 
these animals. Farid and nahraoud (1941) used filtrate of heat 
killed broth culture of £. ovls for Intrademal injeetion to 
diagnose cia in ahaap. They observed that in known positive 
animals there was an increase in tha thickness of the akin 
ranging from 1 to Q mm after 48 hours of infection while in 
known negative animals there was no such increase in thickness. 
Aenshaw pfc (1979) used a skin testing reagent prepared by 
sonicating £. neeudotats»»w»î -*a to detect internal abeeesa due



'thin m  syndrome*. Tbs — its lndloated that tha iatn> 
dermal taat waa of United value since tha taat produced 
several falee positive and negative reaction*.

««htw«eit « «
leukocyte migration inhibition teat (uttT) wee used a* 

an j£ vitro measure of cell-mediated tarn response (suenlng, 
1973| Carson ̂  1977ett>t Hyindo ̂  , 1980| Asadegan
ot mi.. 1981). Antigen dependent inhiMtiac af leukoayto 
migration was auggeeted aa an in vitro correlate of delayed 
type hypersensitivity (George and Vaughan, 1962| Roeenberg 
and David, 19T0| Timas, 1979| Chamber* and Klesius, 1984). 
Peritoneal exudate calls and peripheral bleed leukocytes were 
used in both capillary tube method (Buening, 1973| -valdehlwit 
and soott, 1983) and agaroeo plate method (Carson ai., 
197?afibi Ragarajs &  al.. 19S3| Bandiwsn, 1977| Asadsgan .
1961) of W IT . Direct migration Inhibition assay under agarose 
was proved to be convenient, rapid and easily reproducible 
method for leukocyte migration inhibition assay (Clausen. 1971| 
Bendlnsn, 1977| Asadegan et al., 1981). uirr was successfully 
employed far sssoseing OH end for the diagnosis of many 
bacterial diseases like tuberculosis (ulttla and Maylor, 1977), 
Johns's disease (Bendlnsn, 1977> Timas, 1979) and Brucellosis 
(Aaadsgan S£ nl. * 1981).

According to the available literature, there waa only a 
solitary rsferense about tha use of UUT to demonstrate CMI
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in anlmalo effected with CIA* Chandiraraanl and Garg (1903) 
performed capillary tuba method o£ urr using peripheral blood 
leukocytes o* indeoted'lanuniaed shoo? and aonloatsod £. ovia 
ooU extract as antigen. Results obtained by than indleatad 
that then ass gradual riso in tho mean percentage of migro- 
tion Inhibition in infecteO/vaoainatsd aheep. Depending on 
tha type, route, dose end pariodiaity od vimnlne eddniatiwd 
dor imunlsatlon, tho parentage of migration Inhibition ranged 
dram a raaxiaun od 61.7 to a mtnlaaai of ll.S over a period od 
3S waafee.

Esmmltv
The aecaot taadhaniam conferring immunity to animal a against 

£• oenpietaly understood,
shathar tha lnmmlty oondexxad by tamanl msohanlsm or eaU. 
mediated events or a ooupled action od both is yet to ba olari- 
diad (Ayers. 1977i Caasron, 1982| Cwweirrn and Water. 19M).

studies on immunity to cia were earlier carried out by 
several workers using didderant vsocinea. Cabaaa and Alvares 
(1934) used aa autogenous vaccine treated with penicillin to 
tamnniee horses. Preventive wool net ion with decmalinised ad* 
ture waa tried at tha dace od an outbreak ad cia in aheep 
(Van Dorsaan. 1932). ouevedo jfc (19S4) reported auooass in 
curtailing £. MfltlttBaitlit indeotlan in aheep with the uae 
od alixsinlum hydronida/potaaslum aims edoorhed vasolnaa. Antitoadn 
pconoltdi npir I— ni ii 1 anisili agaiMfc 4dmni of cnMWMDUk
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loltaklaB la animal*. Jolly (1945c) postulated tha functioning 

of oallular Immunity to this Infection in imouniaod m u m .  m  

proof for thla* ha showed that alliaination of lnfoetioo and 
raaolutlon of laaloa la Immunised mouse v a n  aaaoci atari with 

local development of mature ead apadaliaad macrophages with 

enhanced bactericidal activity. 2B vttxo culture* of macro- 
phagoa from £, oaaudotubarculoala infected s m n  showed strong 

baoterlolrial activity oempaced to that of control calls.

The morphological changes oauaad to mouse peritoneal 
macrophages following £. ovia infection were suggestive of 
strong oallular immune reaponaa against tha bacteria (Hard, 
1969a). Xnmunized mioa with attanustad strains of £. ovia 
resisted Challenge with virulent organism (Hard, 1067b). 
Morphological changas associated with Increased bactericidal 
proparty of macrophages includad* Increased lysasamee, poly 
riboeoraaa and hypertrophied golgi apparatus (Hud, IMMb).
Tha lnmunlty thus produced was of nonspecific in nature, since 
the imuniaed mica afforded protection against Listeria 
IMnTBVtBBIWIf Hard (1973) darasnatrated that lncraeead
lysoaaaea of activated meerophaga broha down the lipid layer 
of the bacterium and lyae them,

Barahat (1979) reported lew Incidence of CIA In ahaap 
which were inoculated with the non-specific antigen - Bacillus 
Celmette cuerin (ncG) within one month after birth.



Sheep which were repeatedly injected with toxoid and 
crude toxin (culture filtrate) of £• neeuaotutoy m ^ j f  found 
to develop acquired insanity mediated by antitoxin (Jolly* 
1965a) • Ha opined that antitoxin neutralised the vascular 
penaablUtr increasing power of the toxin* thus reduced the 
apread of bacteria from looal aite in immunised animal on 
challenge infection, Cameron and Buahan (1966) demonstrated 
that the toxic factors and lawuntmlng antigens of £• paeudo- 
MIWITfffllMll distinct. Cameron and Mlnnar (1969) 
immunised ralco with formal ini nod £* neenrtcMiharouloaia cells 
to which various adjuanta were added* immunity obtained even 
with washed whole sells alone* indicated that antitoxin played 
little role in conferrina immunity to this infection*

Purified cell walla of £. vmfiatotemLnkfl *«* sueoese. 
fully used to icnunisse mioa by Cameron fi (1969) and the 
Immuaogonlelty of tha oaH wall wee found unaffected by purifi­
cation procedures. This observation suggested that tha antigen 
which conferred immunity was an integral part of the cell wall 
itself. Cameron and arait (1990) were of opinion that the 
exotoxin preparation obtained from culture filtrate ought to 
contain antigana derived from bacterial cells which would 
induce immunity in animals* These wortaars fractionated the 
protoplasm of £*g&g£ into two toxic fractions, a and 9*
Traction B was shown to be identical to ths exotoxin by neutra­
lisation test*
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The cell valla and protoplasm were shown to possess 
oottraon antigens (Canaron end Purdon* 1971)* They observed 
that no single oell wall or other antigen was solely respoo- 
sihle for inducing protective inanity hot the intact cample* 
configuration of the cell wall or a combination of more than 
one antigen was required to induce effective immunity* A 
substantive evidence for hraoral immunity to £• paaudotubercu- 
loaia wee reported by Cameron and Sngalbrocht (1971)* They 
could passively protect mice with hyperimmune rabbit serum 
preparod against killed bacterial cells. Attempts were also 
made to passively transfer Immunity with transfer of peritoneal 
macrophages but without auocaae. The protective effect of 
serum wee not due to its antitoxic activity or its ability to 
promote phagocytosis but was do* to tho retarded secondary 
multiplication of bacteria.

Cameron (1972) reported that in sheep, immunised
agalnet CIA with formalin inactivated, alum precipitated whole 
culture vaccine, the level of immunity produced was not absolute 
and incorporation of adjuvants or repeated doee of vaccine did 
not accelerate the level of immunity. Attempts were also made 
by Cameron and Fula (1973) to enhanoe the level of immune 
response in mice, guinea pig and sheep to £. owls vaoolnee.
In sheep, concentrated inactivated vaccine was found to acce­
lerate antibody response and gave comparatively better protec­
tion, while use of live attenuated bacteria did not have any 
beneficial effect.
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Husband and NitMB (1877) studied the immunological 
•vents following iaj«oU«i of live/killed £* oeeudotubexoulosls 
into the afferent lymphatics of popliteal lymph node of aheap* 
h high lyaphoeyte output with increased blast oelle end imnuno- 
globulin bearing oelle were noted in the efferent lymph* a 
moderate increase in the antibody titre wae also dnened in 
the lymph and serum.

Passive transfer of specific antibody to £• paeudofcubag- 
culoaia from infected mother to bide through colostrum was 
reeorded by bund j&* (198D»)» Anderson and Haim (1884) 

observed that the passive immunity acquired by the kids through 
colostrum aocounted for the inoreaaad resistance of the kids 
to C2*a infection*

A combination of aluminium hydroxide and saponin as 
adjuvant in vaccina was found to produos fairly good immunity 
in oheep against Chh (Camston and teeter* 1984)* Brogden 
£& dl* (1883) compared protection induced in lamhe by £• ovls 
whole cell and cell wall vaccine and reported that none of 
those vaccines stimulated absolute immunity* Among the two 
vaccines the cell wall vaccine with adjuvant was found to evoke 
superior serological response in mouse*
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Mornui
Baotarla.

Carvnabaotarlm flMflBMlMHtfllil ototainad from Amsrieaa 
Typo Culture Collection, Maryland, osa (1TCC 19410) waa uaad 
throughout tho study.
RnlmalH.

Twenty-four clinically M a W v  Kalahari taroas-hred goata 
(30 males and 4 tamales) of a to 12 months age. procured from 
household hards ware uaad as expatirasntal animals. Before 
procurmaont. these goats were eoraaned for serum antitoxin 
of g , tm n m b m O fta iM . **y **»•• whieh ware found 
negative were purchased. Theas goats wars deworaad by giving 
'Thlahendaaole' and were ulaarsed for aerologies! or clinical 
evidence of c» for a period of ana month before the start of 
the experiments. The goats were randomly grouped Into three 
groups. Crot«> Z comprising eleven goats (8 males and 
3 females). Group XX six goats (all males) and Group 111 seven 
goats (aix males and one female) and individual animals were 
Identified assigning english alphabets (Table 1). Ml goats 
were put on same feeding schedule which included pellettad 
concentrate, leaves/gross and water.
Xnanulum.

Homogenous single oeU suspension of g . neeudotubagn"* ]Cwee prepared following the method 'assort,bail by Jolly (IMS).
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Moderately heavy growth of baoteria on blood agar slope 
was washed with is ml of ohlUod bile salt solution containing 
0*1*1 sodium chloride end 0.01* sodlin daaoxychloeta, pH adjusted 
to a.9 with 5* sodltsa oarbonato. This bacterial suspension 
was shaken with sterile glass beads on a ‘vortex cyolaralxsr' 
for 30 minutes and then osntrlfugsd far IS minutes at 1200 x g. 
The supernatant was discarded and the sediment was easuspandad 
again in chilled bile salt solution, ahalma for another 20 

minutes, followed by centrifugation for five minutes at 
1000 x g. After centrifugation, the cloudy supernatant waa 
filtered through sterile Whatman Mo.l filter paper* The bao- 
terial oount In the filtrate was taken by using Petroff-iiauaen 
counting chamber under phase contrast microscope at 900 x magni­
fication. Tha bacterial concentration In tha filtrate was 
adjusted to 1 x 10* par ml using chilled bile salt solution as 
diluent and uaad as Inoculum.

Culture supernatant which had haanolytic property to 
aheop red cells and dermonecrotaacialty to rabbit skin was used 
as the source of exotawln from £. gaeudatuberoulosis. tha 
method followed by Burrell (1979) was adopted with Blight 
modifications for the preparation of toxic culture supernatant.

£• aeaudotubarouloala waa grown In faemao proteose broth 
containing lot sheep serum, aerobically Incubating at 37*C 
for 72 hours. The culture was than centrifuged under sterile 
conditions at 4*C for 45 mlnufa at 1500 x g. Decanted



aupamatant waa 6061a oaotrlfugad wgwW ly andar tha abooo 
oonditiona and bactorfal load la tba aupornataat waa dotor- 
mlnad by cal taring it on blood afar. Tha oaltara aupamatant 
whlah was mada fcaa of baotarla was taatad few its damnoaero* 
txadoity to rabbit akin and haamolytia affect to ahaap rad 
aalls. Tha toxic culture supernatant diatributad to aaaU 
quantitias was storad at -18 *C until uaad and toa hsmolytto 
titsa of too storad toxin was parlodioaUy checked.

IHMBMl— t "*lt" — —  narfahawl. Mood.
wonoiawlaar oalla wsca aaparatad from heparlntead blood 

by density gradient centrifugation using riooU-paqua 
(Pharwaola, appeals. awodaa) following tha nstood rapartsd 
by auloohans i&* (URt) with osrtaln modifloetlens.

Rom alllilltra of whole blood was oarsfully layered 
osar 1*8 al of Mooll-paque sad oaatrlfugsd at 4*c for 
49 stootso at 780 x 0* Tha oall layer on tap of tha riooli- 
paque waa onllaotail togatoar with littla aloud? riooll-peque 
aod waahad to atari la phsaphato buffarad aaltoa (pH 7.4) at 
4*c for IS atoutas at 300 x 9 to avoid platalats to tha oallular 
dapoalt. whan than waa eontmtostton with rad oalla. too 
auoponolaa of wawanoolaar oalla in phsaphato buf for aaltoa waa 
tsaatod with 0.87* aanooton Ohlerida for 1 to 3 wtoutaa. tha 

mupo miiiid imi 4b iUmm oulitiiu*
RMMM40 (w« nartta. Bunfaay) and too oall pallot was finally 
raouapandad with aana medium omtalntrvq heat inactivated aalf
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scrum (u rt final concentration), panldllln (300 In par al) 
and streptomycin (200 mlerograns par ml). Call counts In the 
suspension « u  made using Petroff Hauaan counting chamber and 
concentration of calls In the radius waa finally adjusted 
3 x 10* oalla per ml.

The viability of oalla was aaaaaaad by trypan blue dye 
exclusion test by nixing one drop of oall suspension with ana 
drop of trypan blue (o.OS*) In Hank’s Balanced salt solution 
tmaal and oall types vara determined by Qlamse's staining 
method*

ffiwm.mwranMM ctbs?1»
The source of aheap erythrocytes was from one and the 

sane animal throughout tha experiment. Blood was collected 
In Msever'a solution, tba proportion being equal and stored 
at 4*c until used.

sheep erythrocytes kept In MLsever’a solution for about 
10 days at 4*C was washed four times with sterile normal saline 
and the washed erythrocytes ware mada up ae a 2K suspension in 
RPMX-1640 medium (Hi-Medla, Bcmbey).

suae for HumoiviiAi amthiyon ffl— fc.
sheep erythrocytes stored in aiaavar’s solution upto two 

weeks was washed three times with normal saline and raeuepanded 
In normal saline to make a W  suspension.
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Antlaarua to aorta* amhraartat.
Thla was prepared la rabbit following tha method described 

by Garvey (1977),
Bovine erythrocytes (nanc) collected la Uaant'a solution 

tear* washed five tinea in aoanal a aline and UM cad oell sus­
pension was injected intravenously to healthy rabbit at a dose 
of one mi per kilogram body weight. The injections m m  
repeated on alternate days for IS days and a booster dose an 
the 20th day. Test bleeding of rabbit was done on the 7th day 
after the boaster done and agglutination tltre In the serum was 
determined, when oonm shewed sufficient agglutinating antibody 
tltre, aninai was bled to death, serum separated and Inactivated 
at S6*c for 10 minutes. Tha Inactivated serum waa distributed 
in mall quantities and stored at -18®c until used,
Camleaant.

Fresh mousa aenm waa uaad aa the source of complement.

amrtWiwa wretus mrtanwft ,mim las. tamtu*
The method described by outteridge end Dufty (1981) was 

followed for tha preparation of sennit lead nunc.
Antiserum to nnac waa diluted to sufaagglntlnatlng level 

using normal saline and then raised with equal volume of packed 
traoc far ana hour at 37*c with oooaalanal making, Tha aaaca 
warn than washed five tlraaa In sterile normal saline, reaua- 
ponded In 1 In 20 dilution of fresh mouse sarin aa a source
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of eanplamant and taWbMM for 10 mlnutaa at 37*C, Utar 
incubation tba oolla vara washed thrao tinea with starilo 
normal saline and ware casuapeodad in median rpmx-1440 to 
give a 3% suspension.
Alohanarhthgl anatata astaraeo (AHAK) activity.
Fixative (Glorno and Daaaaly, 1981).

The fixative for \!SUS aotivity was prepared by mixing 
aoatona and sodium citrate (0.038 M) in tba proportion 4i4 
and the pH waa adjusted to 3.4 with o.ol H Hydrochloric acid.
Phosphate buffer (0.047 M, pH S.3).

Solution A.
H«aHP042HJ0 . 1.1*2 g
Distilled voter - 100 ml

solution a.
rh3*o4 - o.eil g
at stilled water - 100 ral

1.23 ml of solution A waa mined with 40.73 od of aolu- 
tlon o and pH adjusted to 3.2 with solution B.
Haaaaotiaad pararosanilins.

Solution a.
Proshly propasad 4X eodiua nitrite solution in 
distilled watar.

solution 3.
one gras pararosanilino was dissolved in a) ml 
distillad watar and to diieh S al 12 w 
Hydroahlacic acid was added.



Equal volumes of solution A and Q was mixed and mllowed 
to stand for 80 seocnda.
Reaction mixture.

Reaction mixture was prepared only Juot before use. To 
40 ml of phosphate buffer (0.087 X, pH 3.2) 2.4 mi haacaaotiaad 
perarosanillne and 10 mg of alphanapbthyl acetate previously 
dissolved in 0.4 ml acetone Mia added. The pH of the reaction 
mixture tea adjusted to 3.S with 3 It sodium hydroxide and 
filtered before use.
leukocyte Migration Inhibition Teat iu a t i  .

Leukocytes from peripheral blood.
Twenty-five millilitres af venous blood were oolleeted 

into sterile bottle containing SO mg of ethylene diamine tetra 
eoetie aoid (dioodltsn salt) (SOTA) as anticoagulant and mimed 
with 43 ml of sterile trippla glass distilled water for 30 
seconds. lootanlelty of the solution was rapidly restored by 
the addition of S ral physiological saline 10 x. The leuko­
cytes were aedlmented from the hsemolyaed blood by centrifu­
gation at 790 x g for 90 minutes at 4*C and the cells were 
further washed three times with sterile normal aaline, the 
washed leukocytes were resuspended in normal saline to contain

Aapproximately 1.3 x 10 oelle per ml.
Antigen for uixt.

Taacln prepared as culture supernatant of C. rmeudotuber- 
ouloais having heoraolytio tltra lil8. pH adjusted to 7.2 with 
0.1 n sodium hydroxide waa uaad as antigen la utzr.

83
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Agarose medium.

The agrees medium wee prepared ficuh on the day of use. 
Two per ant agarose (Sioco, hcmbey) In distilled water was 
boiled and cooled to 45*C to which equal quantity of double 
concentration Hank’s balanced salt solution (HB33 2 x), 
pH 7.2 containing IN lactalhumln hydrolysata, o.4« yeast 
extract* 2K calf serum, streptomycin (200 nog per ml) and 
penicillin (200 lu per ml) was added* this agarose medium 
kept at 4S*C was poured Into even bottomed Petrl-diahoa to get 
3 mm thickness when solidified* Tha plates were then Incubated 
at 37*C for one hour prior to use*

Fixative*
The fixative was prepared toy mixing 7 parts methanol* 

t part aoatone and 2 parte distilled water.

Sleasasaamti^
Trie-barbital buffer.

pH adjusted to 3.6 with 1 N Hydrochloric add.
Agar coated elides.

clean microscope slides (2.3 x 7.3 cm) were dipped in 
O.SK melted agar In distilled water and dried In air by

Barbltona sodium 9.9 g

sodium aside 0.3 g 
3000 mlDistilled water
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kaeping the slldeo horizontally over glaa# cods. Dried slides 
were stand «t roan temperature until used.
Buifared agar.

one grain Japanese agar was ballad In SO ml distilled 
watar until the agar dissolved completely and than mixed with 
equal quantity of hot trlo-barbital buffer. Thla buffered 
agar was stored at 4*c until usad.
Preparation of agar gol on slides.

Agar coated slides were pleeed an e perfectly horiaantel 
surface end 3 ral of melted buffered egar waa poured cm each 
slide and allowed to form gel at room temperature.
Fixative.

The fixative was prepared by mixing acetic add, methanol 
and distilled water to the proportion 1*7*2 respectively.
stein for eXactrcphoretograa.

Araldo black 10 8 • 1 g
sodium aoettte-aaetie (mn 
add buffer 0.2 m pH 3.6 “ 1000 m

Decolourising solutions.

solution It
Methyl alcohol • 45 vol 
Glacial acetic add- 10 vol 
Distilled water - SO vol
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sAotten xxt
Rthyl alcohol - 40 vol
Glacial aoatia add - 10 vol
D1M11M watar - 90 vol

Canpoeition.
Protooae peptone io a
dodlum chloride - 5 a
Moat extract (Lab baraoo)- s g
Yoase oaiwtextrac* - 1 g
nletlllea watar - 1000 ral

Tha Ingredient# ware dleaolvad In distlllad watar by 
boiling and pH adjusted to 7.3 with 1 tf sodium hydroxide. 
Tha median was sterilised at 121 *C tor IS minutes and £11-

rlliaad again at 110*C tor 30 nlnotes, sterile ahsep serum 
waa Man addad to the medium to a final concentration of 
10* (v/v).

Phoanhata buttered aallna (PB8) (pH 7.3, 0.1S M). 
caqpoaltian.

terod. Than l.S g glucose waa addad to tha medium and ste-

sodlwn ehlorlda 
Mtrnlao ehlorlda

- 8.00 g
- 0.30 g 
• 1.1S g
- 0.20 g
- 1000 ral

«a,H pc4 

*¥*4
nlstlllad watar
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solution a .

Calcium chloride -  0.23 g

D is tille d  watar 200 ral

Tho aaltttia n  m m  e te rilia e d  a t 110*c fo r 30 atnubaa and 

ooolad to  atmospheric temperature.

Solution B.

The Ingredients M ta  dissolved in  d is tille d  watar by 

b o ilin g  and s te rilis e d  a t 110’C fo r 30 ninutaa and ooolad to  

atmospheric temperature. U r n  tha aolution a  uaa slow ly a&led 

to  solution o w ith continuous m ixing. Tha medium was stored 

a t 4*C u n til uaad.

Titration at tnflnatoato»

HMmolytle t lt r e  of the to xin  waa determined follow ing 

the procedure daaorlbed by B u rra ll (1ST*).

Glucose

HaCi

NCI
Mgso4 7 HjO 

* V ° 4
NajH » 4 12 HjO

Phenol red

• 2 J
-  14 g 

• 0 .8  g 

■» 0*4 g

-  0.12 g

-  0.24 g

-  0*04 g

-  800 oilD is tille d  water

MBrmoa

Toadn from £ .



A Q.S ral quantity ef double fold dilutions a£ culture 
aupamatant hawing lytic property to red oalla (haamolysin) 
was prepared in normal saline and to each of tho dilutions 
0.03 ml o£ sheep rod cell suspension (SK srbc) m b s  added. 
After thorough mixing of tho contacts, the tubes wore Incu­
bated for 18 hour* at 3?*C end examined for haaraolysia.

Tha reciprocal of the highest dilution of toxin which 
shooed complete haemolysis was taken ae the hemolytic tltre 
of the toxin.

Perraonaqrotoxlclty
Rabbits were employed for aseeestng dermanearotlc acti­

vity of the toxin. its flank region was chosen as the site 
of tost which wee shaved clean before injection. Xntradertaal 
Injection of 0.1 ml of tcxxln wee given et several sites and 
the dermoneorotie changes were observe .1 after 48 hours baaed 
an the development of palpable dermal plague with inflamed 
centre overlaid by s tdiite pustular caudate.

Xnaune Response studies

The animals were experimentally infected with 
£• TTTlTllllliaiBrattmrtll soUowing the procedure described by
AShfaq and Campbell (1980).

Group X goats (A. a, D, P. », H, 0, R, x, Y and z) ware 
inoculated et both aides of the body with a x 10® baotarla 
(0.2 ral of Inoculum) per site of injection. The details of

TO
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Inoculations « n  as foUowet all the alavsn goata wore glmo 
outnucosai Injection at tha ventral slda of tho lower jaw In 
tha nouth cranial to tha incisor taeth, six of than (a, D, H, a, 
x and Y) were given intmduaal injection at tha scapular 
region cranial to the superficial osrvicol lymph node and sub­
cutaneous injeotion at Hank region dorsal to the sublllac 
lyitpti nods and tha remaining five goats (B, r, s i .  a  and z )  ware 
given lntredormal lnjaation at the flank region and suboutaneoua 
injeotion at the scapular region (Table 3). unlnooulatad 
group III goats <0, M, C, T, K, 3 and J) served as controls, 
bqperlaentel and aontrol group of goets were houasd separately 
in different shade and precautions were taken to prevent direct 
or indirect contact between the grata.

a Afllfflfll .a&pervatlona.
Rectal temperature of all goats were recorded daily toe 

a period of 7 days posfe-lnoculstlon. The animals were observed 
for any clinical symptoms enlargement and abscess formation 
of palpable superficial lynph nodes suggestive of eaaeoua 
lymphadenitis. for a period of three months.

Goata (oroup z and III) ware sacrificed at tha end of 
the experiment. Detailed sueopey was oonduoted on the oazeassea 
and gross abnormalities ware recorded.
sampling orooadure.

Blood samples were collected from all IS goets (Oroup I 
and zzz) prior to experimental infection to determine the base
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data* ***** myurtimm tX iafaotlan blood mm atUaoM at 
MdOr lidMw l C m  all «Im (NM (oroup z aad Hi) to dator- 
M&na total lauhoeyta ooont* m n w ntltl M « v u  oount* total 
h m  protoin. ohngoa <■ tho m a m  protoin fmotlOM* spool fie 
antibody nativity in tho n m  and t and B-lynphooyta counts 
Car one a porlod oc M  daya* tar lauhoayta migration inhi­
bition toot, blood waa ooUaetod Cirat on tba IStb day and 
mibaaquantly door non ooUaotians wan nada at an intarval 
of is daya*

Aliquot voluna of blood m m  oaUootad by jugular vain 
punatur*. ono portion of blood m m  antlqoagulatod with bapodn 
(10 iu  par od) fo r aaparatloa of ooramuoloar  oo llai anothor 
portion m m  ninod with ram (a ag par a l) fo r to ta l Xautocyta 
ocMMt taVltf iMlMytA — i bht
WftlalHQ potftlflQ Ulid lo f MpttttfelflB Of m yBs WlftlXl 
anaara wan d irao tly  pcapand m  tba Madia  tip  a fta r tba 
vain punstun for d lC fan o tia l lo f a y w  oount*

Tba total protaln oootant in tba blood aarun waa aatl*> 
natod by following tba Blunt Mtbad daaorlbad by Inchloo* 
(1964).

turn mwttwtwwala.
f lu  xjyrru of m n n  siwdttsd

upl^lag igir ̂  c|gQtfQp))Ofiiii pngiAwi dMranUMdi by 
Hndaon aad Kay (19S0).
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Kleatrophoreala was carried out on lit agar gal taken on 
glaaa slides using Tria barbital buffar hawing pH 8.6 with 
Ionic strength of 0.075, la an alaotrophoreala chamber 
(ToShnlwal). Tho strength of current waa adjusted to 3 milli- 
airpare per alide and tho running time waa 140 mlnutas. Par 
each sangsla, 2 pX of aerum waa uaad for charging the gal.
After the run, the agar matrix waa fixed In fixative (raethanol- 
aoetlo add-distilled watar mixture) for 30 minutes. The fixed 
slides were than transferred to solution containing go ml 
aoetone and 10 ml distilled watar and kept for 4 h and later 
dried and stained by flooding with anidoialaok 10 B for 
45 minutes. Tho stained preparation were cleared by changing 
over to decolourising solution X and XX and subjected to 
densitometer readings.

qanwhmiB infflttlUm vnffft-
Tha method described by Burrell (1980) waa adopted for 

performing thla tost.

a O.S ml quantity of doubling dilutions of serum In normal 
saline were mixed with an equal quantity of haamolysin (culture 
aiqpernatant) hawing a tltre of 1 In 8 and Joept for two hours 
at 37*c. Following Incubation, 0,05 ml of 5* suspension of 
sheep red cells (saac 3tt) was added to each tube and mixed 
wall. This mixture was further incubated at 37*C for 18 hours 
and examined for inhibition of haanolyaia.
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negatl—  oontcola van eat tagr adding 0.05 ml of a* srac 
auapanaion to ana ml at aa— al aaltoa aad poaltlwa oontrola 
by mixing 0.9 ml at Han— lynto» 0.9 al of noaaal aaltoa and 
0*09 al ot W  mac a— pa— Ian.

Haanolyaia Inhibition tit—  waa — ooadad aa tha raeto 
peoeal af tha highest dilution of aa—  thawing apaolflc inhi­
bition af haamolyala.

m*mA  au a— itofc TtimnYit ami

to— a— at—  of total aad dltia— atlal laufcoeyte oounta
OX VMI ObOOu — M  M M  Mi  piT tCM MtlnQfll  QBVCh U M

by aohalm (1970).

Mjatoey—  to—  an— atad baaad on ita erythrocyta- 
ambooapta— oa— 1— t coaatta (me aaaattal foaming peopncty* 
following tha — ad dsaarlbsd by — Idga and Dufty (1981).
bmc naaatta t— hnlg— .

A o«2 al of Tww rnrfr̂ r* M  mjpinitnn nhtatrwul firaa 
paciptoaral blood waa ralxad with 0.4 al at aanalttaod baotoa 
cad oalla (9K auapanaion of sme to glwe lymphocyte-— d call 
catlo a— atoataly li90) and 1— uhatad at 97®C for 19 ml— boo. 
Tha oall atofea—  waa th—  oaotdfugad at 900 a g tea 9 wlnutaa 
at 4*c and left at 4*c few eee— leht. ftaa wall pallet waa than 
gently — a— pawdad by hlowtwg air with a wide — had Paataur 
pipatta. t drop af thla a— pa— Ian waa placed on a clean glaaa 
allda and ooao— d with a ooaer slip, a— attaa warn e—
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ponor (400 x> of
a lig h t micraaoopo* Bosh lyrmhocyto b ind Ang them  o r aaco 
sod oaU a nor oomtnd as * cqmH»« a to ta l  o f 100 lynpho- 
cytaa wars oomfcod and tho mnftsor o f roaotto forging o o lls  
worn lndlcatod aa posoantaga of to ta l  oaU a oountod.

For OBMwar a t lon of M ynptnoytos# too  aarkara v ia ., 
anas a c tiv ity  and s-roao tto  formation « n t  aaployed*

xrythrocyt* ro aatta  (JBt) toehniqm*

Total s-rooatto  fanning ooUo mm dataacminod araploying
(1971)*

of tha wonowoolaar o o ll ampanalofi pcopaxod f  rom p o ri- 
pharal blood# 0*9 «1 waa Aland with 0*4 ml of IX srbc m >  
ponaion (Lyaphooyta-rod o o ll ra tio  appconimatoly t»30) and 
iaooSaatod a t  J fC  fo r 19 nAmatoo* stfeooqoNst atapa wara 
oarriad  out aa wara dona fo r sac soootto toehniqua.

asab activ ity*

Steaara  x ry rttad  f**—» w»«i,vyai*ifl'tiiiT aoparatod fson
mod to  o ta ia  fo r a m  a c tiv ity  of

iynptnoytna#

awaara wara rxnan r oAtomng too RnanoGi raparcwa oy 
oorino and Bavorly (1981), aefora tha araaara wara dry# thoy 
wara dippad in  fiiia tivo  (aootooModiom c itr a ta  raintura) fo r 
10 aooonda of»o ianodiatoly rlnaod in  s io tf -llod m tor# driod
dHQQ n Q n | |  fKK n̂ panwl mQmnfmCnKnimwm tHnoNodt orwMBnodWWMi
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The fixed smears were stained fall awing the method of 
Knowles a k . (1978). The fixed smears wore lnoubetad for 
18 to 21 hours «t coca temperature In the reaction mixture 
containing phosphate buffer, hexaeotleed pareroeanlllne and 
alph&napftthyl acetate, pH adjusted to 3.8. Following incuba­
tion, tho slides were washed with distilled water and counter 
stained with 1*4 aquoua toludine blue for 60 minutes. The 
slides were then rinsed la distilled water, dehydrated in 
ascending concentrations of lsopropyl alcohol, cleared in 
xylol and mounted with ni>X.

The slide preparations ware examined for atjae activity 
in calls using 1000 x magnification. To work out the percen­
tage of AMAB positive T-lyraphocytoo, s total of 200 oells per 
elide ware examined aad oounta were made.

m m aortM rctamvm w m m m  v n t  i y m i -

The test was carried out aooordlng to the raothod described 
by nendixen (1977) with minor modifications.

The leukocyte suspension prepared from tha peripheral 
blood (1.5 x 10® oells per ral) was divided into two equal posts 
and to one portion was addad 0,1 ml of antigen and to the other 
portion 0*1 ml of sterile normal saline. Contents of each tufas 
was thoroughly mixed and then Incubated for one hour at 37*c 
with occasional shaking to avoid oeU clumping, the contents 
of each tube was filled in six wells of 3 ram diameter cut 8 ora 
•part in the agarose gel. The charged pistes wars incubated 
at 37*c in a humid chamber for 20 hours. At the end of
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incubation period, the Mill m m  fixed to tho glass surface 
by flooding tin plates with methanol aoetlc sold fixative 
for IS mlnutoe. Tba agar gal In tha plates waa than partially 
dried to facilitate pealing off agar gal from the pletos.

Migration area af lauhecgrtaa waa measured by taking 
average diameter of tha opaque none around tha walla. The 
migration Index waa ealoulafcad aa tha average area of vlgratlon 
of oalla treated with antigen divided toy the average area of 
migration of oalla treated with normal aallna. Leukocyte 
migration Indax laaa than 0.8 wee oonalderod aa a positive 
reaction.

£• aaaudotahareuloaia toxin prepared aa culture super­
natant having haamolytlo tltre 1 In 64 and mamalian tuberculin 
(xvnx, Xaatnagar) were uaad as tha taat materials for tha akin 
teat, a dose of O.a ml of each of the antigena (taat materials) 
waa given Intradermally ualng a tuberculin ayrlnge and noodle 
on tha nsek region (toxin at the left aide and tuberculin at 
tha rl<#»t side) in experimental as well ao control animals 
(Oroup X and xxx) after shaving and disinfecting the area. 
Measurements of skin thickness at the alts of injections wore 
node ualng vernier callipers before injection and 24 h, 48 h 
and 72 h after Injection. From some animals under each group, 
skin biopsy from the site of Injection were collected at 48 h 
poat-lnjoctlon and preserved In 10* forraol saline, sections of 
these tissues were prepared by paraffin embedding and stained 
by hematoxylin and eoaln to study tha tissue reactions.
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fMdMQPHMMtiUi atttSiOn

Group XX goata (p» X« X, B, n and u) « m  iaw oU M d ts 

fop t h» t apor  I *TTffti% 11 infaation of grmt t  for ixaaona 

raaponoo otsady onoapt that a ll  f M -t l1" wara injaotad anb"» 

auooaaily In  tha intradaanally a t tha aoasatlnr region

a»s ottbautanaotftalv at tha Qf WB* XX ooata ware

alaa taaaaad m ht (m b «—"»■»> XXX oanfen to  «»*« ««> oreaa 

tlon.

Qna fp̂wMfi each* iwa g**1*^ xx y a t*  was aaerifioad by 
on avory 15th day poaa^infaatlQa* Qetaiiad 

aatopay waa y yhiatii* on cnreanaaa and groan a**MM,wtt l It  I a# 

ware raoondad#

xaandiataiy aftor tha alaftighaar of y*atia fr y  g»»*««^> XX*

ô MĤ BoaaaCRSNPiP • 1 SKPapKd !0 B̂poâ p̂ ®JBFBWa aaEPB* aaimpy p̂ f̂dWp €HaaPaP(PBrap̂ P® %rewB» tH*o6i

ananinad for grata aaldanoo of CSfct laalona* Portions of 

lw d h n d a i »p< tlaauan w a t onllaatnd In  !OX c b k m l*ôjŷ ĝp̂ â ooŝ p̂ n̂̂ r oŵ no aatpâ apw< siwô r̂ PB̂ nô n n̂ npaom̂ n̂sponansi Baaa oobf̂ o aatwâ twmaî ^

nM^̂ py faa *»i atTrtt t̂ fli*!*̂***1! onssdnntifln* xiaoaaa ware 

paooaaaad by retstino y f a f f f i osfbodding **»'*-** niti paraffin 

aaetiona o * it  at S  to  % ctioreo thioBoiaaa ware at nlnad r a u t i n a l v  

«4th narrate hawmatonylln and aoaia  aa daaerifeid by Qrery and 

w allington (1987)*

s ta t i s t ic a l  a n a ly s is  of tha data nan doaa aa par th a  

aathoda of fasdaoor and Caohren U W 7 )»



Table 1. MtalU of animals and far experimental atndlM

Oeoop
no.

thaflter of 
goats *0" - Sax of the anlimla

(la sooths) Mate roraate

z 11 8*13 8 3 A#B,D.r,!f*,H,Q,R.X*,T,Z*
xz 6 8*13 7 - P.X.K,*.M,0

XXX 7 8-13 6 1 0,M,C,T,IC.3,J*

* «n VtMMki# goit

*



Table 2. Routes ot inocaU tlsn adapted fo r e q a d a n u l infection o f Group Z goets

RoatM  o€
Id e n tity  
of goat SldX9UQO0Syi

in je o tio n

c a vity

X/o aft 
acNgxtlae 

rnglQa

V c  a t H a s t 
region

x/o  a t flao *  
xsgloo

a/e a t aoapular 
region

K ♦ 4 4
D 4 ♦ ♦
H 4 4 4
a ♦ ♦ 4
X ♦ ♦ 4
T ♦ ♦ 4
B ♦ 4 4
r ♦ 4 4
H ♦ 4 4
0 ♦ 4 4
2 4 4 4

♦ -  indicate Injection a t the site

3
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uniform suspension of wady distributed individual 
bacterial oeU* waa obtained by repeated shaking. oantrifuge- 
tlw and raeuspensloa of £. aMNfeKtfMKBiltiliA *a ***• salt* 
sodium chloride solution, very rarely mall bacterial ol«y« 
were also ohearvsd but for the purpoee of anomarstlon. they 
ware considered aa single oeU units. £. am&SU&SSB&asi*. 
suspended in ohilled bile salt-*sodium chloride solution (4*c) 
rstainsd viability for mare than six hours as svldanasd by the 
comparable growth obtained on blood agar, soon aftor tha pre­
paration of hsoterisl suspension and six hours latsr.

uamco proteose broth oootainlng 0.19K glueoss and 102 
aheap serum was found to support good growth of £. oaeudofcuherw 
ra.ir»M«a under aerobic conditions at S7*C. Tha growth in tha 
broth was charactsriasd by granular deposits in tha bottom with 
apparently clear fluid ooluran on top. Tho granular deposit 
gradually ineceaaad and produced maximgn deposit by the and of 
72 h of incubation. Repeated osntrlfugation of tha culture 
supernatant at this stags at 1900 x g for 45 minutes under 
eterilo conditions made the supernatant free of bacteria as 
evidenced by the sterility tests done by seeding the culture 
supernatant on blood agar which failed to give any bacterial 
growth.



aa

it mu alao obeoraed that than waa considerable reduc­
tion In tha pH of tha aadlua aftar 72 hours of Incubation. 
The final pH of tha tods cuitura aupamatant waa found to ba 
9.00 4 0.2 aa against tho Initial pH of tha nadlvn. 7.3.

Undilutad cuitura aupamatant of j,
■*toun proteose broth waa haanolytic to ahaap rad calls.
Tha haandysla tltra of tha cuitura aupamatant was periodi­
cally tasted and a nanrtaant tltra of 1i2M  was obtained aftar 
72 hours of lnoubatlon of cuitura. Tha potanoy of tha twin, 
whan storad at -18 *C was without any raduotlon for mors than 
ana yaar as proven in auheeguent experiments in which the saraa 
toxin storad at -18 "c was uaad.

Intradsrmal inoculation of toxic aultura aupamatant of 
S» timil'itilllnrrr̂i?**" h*d 1,as* hasamyaln tltra produced
charactarlstlo ila— awn r n t l r  laalana In tha rabbit akin. Hypor- 
   gjdn gear an aras of thraa oantiaatar square with indi­
cations for at******* f emotion ot tho alto of Injection wan 
tha foal iiran at 21 h poet—Injection. 9y 48 h. tha thtdVneee 
of the skin lnoraaaad. thraa fold and the bypenanla diffused 
osar a wider awe of 4 to 3 o» square with tha production of 

mcroals at tha point of injeotion. a snail area of 
tha nacrotie akin at tha alto of injeotion waa aeon to oontaln 
pus (rig.l)• The akin at the point of injection ruptured 
reloading tha eerapurulant fluid which aoeunulatad Underneath
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by 72 h. Tho gaonlatfe cuastloe at tha alto of tnjectiao 
laatad for about a weak fey whlato tlaa tha pustular area 
healed up with formation of aeab.

Xanana taapanaa study

an— mattn*
all goats In group X which wore Inoculated with olngla 

oall auapanaion of £. BHNdStrittBBtltliA at tha rata of a * 10® 
baotarla par alta of lajaofelon developed symptoms and lasiona 
oharaotarlstle for oasooua lymphadenitis In local and regional 
lymphnod— . ill tha goats la group XXX wars normal and without 
any svldanoa for cia throughout tha ported of study.

within 24 hours all eupertasntally Inoculated goats showed 
an laeraasa In body temperature, dilsh lasted for 72 to 96 h. 
During tha first three days these animals exhibited general 
weakness, lethargy, rough ooat, and Impaired appetite. Tba 
sites of Injections showed varying degree of inflamsatocy 
reactions. AH goets had oadametaus lower lips (Mg. 2) panes 
quant to the submucosal injections in tha oral cavity and the 
area was found to be highly painful when touched.

The intradeem al Injection sites showed marked Inflammatory 
reaction characterised by painful, hyper aamic akin whioh was 
thickened and having signs of nsorosls and pustular lesions 
at the points of Injection (Mg.9). Tha reaction subsided by 
10»14 days post-inoculation.

The sites which reaelved subcutaneous injections were
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Mg.3. Mk i  0M m  dawaloped la l a w  Up aftar MbBuoMttla inJMini vitti £» *
S8tt838tik8tiyifc*® tin tattoasl 1—

rig.s. ooat Aiat ftmoti* I— lan at tha all* of 
jUvhnatanaX lajaottan of





34

found to bo highly painful and tho akin over tho a m  showed 

increased end mo to  touch* subautsnootie

abscesses developed in  some goats (goal B and N) at tho alto* 

•boot 14 to 30 days following injection (F ig .4) •

AH  experimentally inooulatod goato developed enlargement 

of ana or non regional/local lyoph nodo (scapular, mandibular 

or femoral) within 31 days (Pig*5 and 4) Irrespective of tho 

rootoo of inoculation onoopt tho goet which showed involve- 

mant of lyophnodee only by 35 days* 3t*e enlarged lycphnodoe

showed cesootlQn, wv* aboooooation. Ttis abscessed lymph- 

yyyS V ft QffflOd d i s O b s r g S d  th lOfc W h lt S  © m a n y

p m *

£• pafQodotuharoiilQoi o mo regularly recovered from tha pm 

discharged from tha abscessed lymphnodo and also fr*»» tho 

cutaneous ataaem aa developed a t th o  a ito of

At tha and of tho 13th mob post-infection, a ll goata of 

group z (except goat *»• and •¥*) and zzz were nooropoiod and 

dotailod post-oorton examination m s conducted* A ll goata in  

group Z had romaled lesions suggestive of osseous lymphade- 

n itis  in  superficial locaVrogional lytaphnodo«(Table $ ), Zn 

few goats (goata s, F and o) the efferent lymphatic channel 

at tho dorsal aida o£ tha mandible was seen with nodules sugges­

tive  of lymphadenitis and few noduloe m m  found omn ohooooood* 

The pus contained in  tha affected lyaphnodoo and nodules ms 

cu ltu ra lly positive for £> neaudofcubagrwiloalg. bo gross
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Pig*4. aasfci
la ja o tic n  o f £ .

pig*5* o m *i iwhglwlUi ia tts — alMiwai M t >  QMS tflV JMgMKtMHfcll IfilMlidB Ifith
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Plg.6. Ooatt ignMMttl* la i toghwHw  aftar < With £. an ‘
Aad MMgM&HT‘ Infection





Table 3. Distribution of laslon In tin lyngtmodaa of aqwrliwitally Infactad and control goats

Anlraal's
Iden tity

Ratropharyngel Parotid HnKmMHI^wy PtM oapttlar P w to o ra l Lygphatlc 
cteoool a t 
tho dora&l 
xoglan of 
aandiblo

baft Right baft Right ta f t  Right LOft Right ifftft

A ♦ ♦ ♦ m, 4 ♦ ♦ ♦ ♦ m,
D ♦ ♦ Hi. ML ♦ 4 ♦ ♦ ♦ Uli ♦
D m. ra* ♦ tn. 4 ♦ ♦ ♦ ftb ♦ I9L
r m. ♦ m. ♦ 4 4 ♦ ♦ ♦ ♦ ♦
H ♦ ♦ m. Hb m* ♦ ♦ ♦ ♦ ♦ in*
Q m. Mb sb Rb ♦ 4 ♦ ax* ♦ ♦ ♦
R HI to. ♦ ♦ Rif ♦ m* m ♦ ♦ m.
X m. m. ♦ ♦ ♦ ♦ ♦ ♦ ♦ m.
2 ra. m. ♦ ♦ 4 4 ♦ m* <4 ♦ m.

♦ -  Specific lealans fo r CIA
rib -  Do lesions detected

M l control animals were negative fo r specific  lesions of CbA

0u»
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abnormality m m  noud 6a wp ttw visceral argpna or tissues 
of goats which caattwd swpart mental infaction. Control goats 
(Group xxt) did not ahoM any laaiona on necropsy examination.

The ranga and naan values of protein eonoentretian of 
experimentally infected and oootrol goats and tha t-values 
are given in table 4. The ‘O' weak values represent tha serum 
protein concentration before tha oonraanoamant of tha experiment 
and the reat of the values rapraaant the oonoantrations at 
weakly lntarvala. The mean values are graphically presented 
in fig.7,

tt *o* weak tha serum protein oonoantratlon ranged from 
7.197 to 9.500 gram paroaotaga in group X goats with a naan 
value of 8,579 £ 0.243 while it ranged 8.393 to 9.750 with a 
mean of 9.071 ± 0.20S in grwv XU control goats and hetman 
tha groups tha serum oonoantratlon was not significantly 
different.

Tha concentration of protein in tha serum of group X and 
XXX goats was not significantly different till 4th weak poat- 
inf action. Significantly higher (PC 0.03) serum protein con. 
oantrstlon in group X goate wera reoorded during 5th, 6th, 8th, 
9th, loth end lath week poet infection compared to uninfected 
controls (group XXX). Tha mean concentrations during tha above 
periods ware 11.113 £ 0.338, 11,103 £ 0.316, 11.346 £ 0.355. 
11.389 £ 0.477. 10.386 £ 0.336 and 10.414 £ 0.305 g X
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W U  4. Man n l w  of total m m  p*ot*in (g *) of experimental and oontroi animate it m tty lntwvali

week Rang* mm SB M n l w Signifi­
cance

0 e
c

7,187-9.900
0.373-9.790

8.379
9.071

0.243
0.203 1.4134 us

1 E
C ft.5*3-9.730 

7.937-9.937
8.337
8.874

0.321
0.324 1.0734 NS

2 EC
6.0*2-10.137
8.312-10.873 8.99310.613 0.3321.376 1.2346 83

3 BC 8.187-11.8128.623-10.000 9.607
9.294

0.337
0.343 0.6670 NS

4 EC 8.000-13.362
8.187-10.437

9.789
9.169

0.448
0.372 0.9693 its

5 E
c

9.300-12.437
9.290-10.730

11.1139.937 0.288
0.222 2.9063 *

ft EC 9.300-12.437
9.290-10.623 11.1029.9*4 0.31*0.181 2.6726 •

7 BC 8.437-11.623
8.437-10.312

10.3749.629
0.393
0.246 1.4369 m

8 8C 9.873-13.3128.187-10.230 11.3469.669 0.3330.281 3.3398 *•

9 E
C 9.062-14.373

8.629-10.623
11.289
9.380

0.477
0.232 2.7037 *

10 E
c

9.230-11.812
8.290-9.812

10.386
9.187 oo s

s 3.3630 *«

11 EC 8.290-13.0008.625-9.937 10.5189.348 0.9060.186 1.8339 m

12 EC 8.900-12.187
8.790-9.623

10.414
9.044 0.3030.117 3.4376 •*

13 EC 3.12S-10.3128.187-10.362 9.3638.999 0.237
0.329 0.9171 m

B - Experimental animal* c - Control animal** significant (p< 0.05)•• significant (p < 0.01)its Hot significant
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(wpwtlMlr Cor group I goats and 9.937 * 0.323 , 9.964 ♦
0.181, 9,668 £ 0.281, 0,880 ♦ 0.238, 9.187 £ 0.207 and
9.044 ♦ 0.117 nupMitnl; Car group xxx. The differences 
In sorua protein oaaontratlons bstwssn the two groups «t 
0th, 10th and 12th week poofc-infaatian ware highly itgUO- 
cant (P<0.01).

ThotwXt higher serum protein oonoantratlons wore xwoordod 
In group 1 goats during 7th, 11th and 12th week poet'-lnfectian 
(10.374 X 0.29S. 11.818 £ 0.908 and 6.283 X °*JS7 8 * roapwo- 
tlvaly) ooopsred to group ill goata (9.629 x  0.244. 9.348 £
0.184 and 8.999 x  0.329 g * respectively), tho dlffosonoaa 
batwaan tha groups wara not statist loelly significant.

aertan proteins won separated into sever ol fractions of 
globulins and a single fraction of albumin by agar gal 
eleotropboresla. The different frantlcne of globulins, whiah 
could be arbitrarily Identified were alpha globulin, beta 
globulin and game globulin (rlg.8). In certain eleotropho. 
rwtograme, there was overlapping between tha subfractions of 
globulins and henoe quantlfloetlon a t all senm protein frae- 
tlons oould not be arrived at beeed an total protein conoen- 
tratlon and propertion of different freotlone. The protein 
fractions which were Identified as globulin was compared to 
that of albumin to find out the quantitative shift in the 
proportion between albunln and globulin (aHaraln-globulln ratio). 
The mean albmin-glObnlln ratio (A/a ratio) estimated for
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gnop Z and xzz goat* am presented In tahla s. Tha 'o' watt 
value representa tha ratio estimated for both groups baforo 
tha atart of tha oaqpwlaaot and than at weekly Intervals aftor 
experimental lnooulatlan of group z goats with £. naaudotutiar 
OllHtfr Zha a m  V® ratio of lafaetsd and control goats 
an graphically represented In fig. t.

Tha naan h/o ratio estimated with group x and III goats 
bafora tha atart of tha enparimant warn 1.94 j 0.26 and 
2.92 £ 0.23 respectively and tha dlffazonsa in values batwoan 
tha two graapa was not significant. During tha first watt of 
inoculation tha R/D ratio wars 1.29 ♦ 0.12 for group z and
2.45 £ 0.18 far group HI goats and tha valuaa wera signifi­
cantly different (p< 0.0S). Tha daoraaaa In a/b ratio In 
group Z lnooulatod goats Indiostad an laeraaaa in the propor­
tion of globulin in aarua. During tha post-infection period, 
from tha lad waak onwards the 1/0 ratio In group z gotta, 
recorded high valuaa till tha and of tha observation period 
owaopt on tha 4th weak. The results thus Indicator! that 
during tha poafe-laooulttlon parioda. the proportion of globu­
lin la tha servsa of infoetad animal was uniformly low. on the 
other hand */o ratios estimated in oontrol goats wore uniformly 
l«f during tha ontlra psrlod of oboorvatlon owoapt an two 
samples at 7th and llth watt. Tha deeraaao in a/ o  ratio in 
turn Indicated tha proportionate rise in globulin fraction 
In aarua. Though thera wan apparent difference in a / g  ratio 
between group z and xzz goats, the difference was not aignifl- 
aant fron watt 2 through watt 12,
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Table 5. Rang* and mean value of Mbumln-globulln ratio of 
■pidantd and control

»Mk Bangs Hoan 38 t-valus Signifi­
cance

0 E
C

1.17-2.84
2.44-3.29

1.94
3.93

0.36
0.35 3.361 MS

1 B
C

1.10-1.89
3.09-2.79

1.39
3.45

0.13
0.18 4.563 •

a B
c

0.78-9.55
1.55-3.15

3.83
3.53

1.39
0.49 0.65S 113

3 B
C

i.as-a.87
a.io-a.ao

1.97
3.49

0.38
0.30 1.279 OS

4 E
C

1.39-3.15 
a.34-2.39

1.76
3.33

0.14
0.06 2.337 ta

3 B
C

1.34-3.63
1.98-2.05

3.69
3.01

1*38
0.03 0.973 US

6 S
c

l.aT-5.96
1.76-2.31

3.67
3.13

0*74
0.18 0.503 ta

7 E
C 1.41-3.63

2.00-4.68
3.37
3.38

0.36
0.77 1.234 MS

a B
C 1.33-4.16

1.33-3.44
3.59
2.03

0.47
0.36 0.746 MS

9 B
C 1.63-3.13

1.41-3.36
3.35
1.91

0.28
0.37 0.968 OS

10 E
C 0.91-3.68

1.18-3.69
3.962.26 0.41

0.74 0.888 MS

11 B
C 0.84-3.53

a.18-4.93
1.93
3.24

0.34
0.83 3.008 ta

ia B
C 1.50-3.01 

1.73-3.18
3.03
2.08

0.23
0.09 0.150 ta

E - Experimental animals c - control animals 
* - significant (P< 0.03) 

m - Hot significant
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Haemolysis inhibition tost was fo tn i to  detect sped** 

fio a lly  tho esruw antibody produced against £• paaudofcubercu- 

iStt&d in  iaiootod goats. A ll the control animals were uniformly 

negative fo r  th is  antibody in  th e ir sets* The s e ra  oangOoe 

collected from group X goats aftor experimental iafoetion hod 

spedfic haemolysis inhibition t itre  which ranged from l i 8 to 

H 2S4 during tho 13 nook observation period while sera from 

group XXX goats were negative ao tho titro  m m  uniformly loss 

than lt4  except with too samples whoee titro  was ltd*

The geometric mean of haemolysis inhibition titro  recorded 

at Meekly intervals in  pro and poot-in ffeotion aonsa samples 

from group z and zxz goats are prosantod in  table 6. The mean 

titro  of group z and i n  geoto are eleo graphically proaanted 

in  fig* 10*

The pre-infection sera of gre^p I  goata had a moan titro  

of 2*43 while group ZZZ goata had 2*24 and thus a ll the ani mals 

used in  these exneuriUnonts mars found necative for hzt. Thors 

was aa increase in  tho mean tltre  (2*92) of aorum from group X 

goats- from tha 2nd week of infection hot tho increase was not 

significant* Prom th is wm&t onwards a m  from group I  had 

shown marked iaoreaae in  the titro  and tho maximum titro  (33*40) 

woo reached fay tho end of tho 9th week* The serum titro  

recorded for group Z goata collected from 2nd Meek to 13th weak 

poet infection Mere significantly higher (p< 0*01) from that 

of grotip ZZZ goats* Throughout tho observation period eenxa
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Tahla 6. Geometric mean value a t earum mtllwrty (Haoraolyale inhibi­
tion) titre «E avidaiMtl and oontrol goats at eeekiy 
Intervals

Meek Range oeorastrio 
naan

SB t-valuB Signifl-
eanoa

0 B
C

2.0-4.0
2.0-4 .0

2.41
2.10

0.10
0.11 U.614 1J3

1 B
C 2.0-4.0

2.0-4 .0
2.91
2.10

0.11
0.11 1.739 NS

2 B
C 2.0-14.0

3.0-4.0
7.04
2.10 1.100.11 4.733 **

3 B
C

3.9-43.*
2.0-4.0

19.33
2.10

1.23
0.11 7.170 »•

4 B
C

7.9-128
2.0-2.0

30.29
2.00

1.30
0.00 7.521 *•

3 B
C

14.0-128
2.0-2.0

38.44
2.00

1.23
0.00 10.127 *•

6 B
C

8.0-234
2.0-8 .0

30.03
2.4*

1.33
0.12 3.802 #*

7 8
C

8.0-44
2.0-4.0

27.84
2.20

1.23
0.11 0.888 ♦ *

B B
C 8.0-44

2.0-4.0
21.932.20

1.18
0.11 9.948 • •

9 B
C 8.0-442.0-2.0

17.042.00
1.18
0.00 3.973 *♦

10 B
C 8.0-44

2.0-4.0
17.74
2.20

1.23
0.11 4.992 • #

11 B
C

8*0-14.0
2.0-8.0

14.09
2.43

0.10
0.12 9.309

12 B
C

8.0-32.02.0-4.0 19.02
2.43 oo

 
* 
# 

H
H

 
M

N 8.421 **

13 8
C 8.0-32.0

2.Q-4.0
17.03
2.20

0.11
0.11 10.134 **

B -  Experimental goata C • COQtfOl** - 31 gyUf leant (P<0.01) 
(B - dot significant
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wrapt—  from thw s a n tn l gawks w an negative w ith h it .

In  group X goata Haamolyala in h ib itio n  t lt r e  ahawod * 

sharp increase during tha and* 3rd, 4th and 9th week post­

infection and tha moan tltro a  warn 7.04, 19.13. 30.39 and 

38.44 n a p e e tlve ly. From tha M b cask onwards the titsa s  

gradually dselinsd and tha naan titra e  recorded warn 30.03, 

27.86, 31.93, 17.04, 17.74 and 14.09 w ith sonm samples co lle o - 

tad —  4 th , 7 th , 3th , 9th, 10th and 13th m ak rsapaotiv a ly .

A marginal Increase in  tha t it r a  was than netsd during tha 

13th and 13th aaak of infection and the titra a  r ecor ded wars 

19,03 and 17,03 respectively.

Tatat miHaami « ■ » »

Tota l leukocyte oount of aaeb goat from group i  and xxx 

Mas made before the experimental infaction and than a t weekly 

in te rva ls  upto 13 Meeks p ost-infection. The range, mean valuaa 

and tha raau lta of t~tsat are praaantad In  table 7 . The naan 

valuaa ace graphl o a lly  represented in  f ig . 1 1 .

Before the aaqpaslMtttal inoculation, group x goata had a 

naan leukocyte oount of 10718 4 437 par an3 (range 8390*14400) 

while tha oounta were 11343 4  430 (range 8900-13400) fo r 

group XXX goata* Tha d iffe r—  in  leukocyte oorots between 

tha groups was not s ig n ifica n t. Throughout the period of 

observation to ta l leukocyte count in  group 3 goata ware uni­

formly high a fter the experimental inoculation with 

S* when ooqparod to  croup XXX control goata.



94

Tabla 7. M u  valua of total lfttttoeyt* eount ia a n t»x /m ? ) at 
watt; lottnali

Mask Range naan 88 t-valna S lg n lfl-

0 S
c

8250-14400
8900-13400

10718.18
11242.84

434.87
430.89 0.5404 m

1 8
C 14200-23300

8900-13900
18244.18
11497.14

1071*42
779.39 4.3748 *•

2 8
C 14490-27700

8390-14000
20790.91 
11897.14

1295.78
841.01 3.1852 **

a 8C 10790-288009900-19090 17881.82 12197.14 1719.28
793*74 2.5432 *

4 8C
10453-17950 
8400-13790

13348.1811300.00 803*30444.39 1.8048 MS

S 8
C 11000-18800

9200-13900 14822.7310490.00
747.41400.79 4.0440 *«

ft X
c 10890-21400

7990-14100
13518.18
11178.57 •23.98

849.12 1.7288 m

7 8
c 10890-14400

8300-11900
13800.00
9971.42

341.92
448.57 4.9153 *#

8 8
C 11400-14990

9790-13000
13094.99
10792.84

497.92
499.49 3.0494 #*

9 8
C 10190-19090

8990-12100
13922.73
10378.97 784.49

931.82 3.2842 +*

10 8
C 9790-170908790-14200 13840.9110714.39 488.43470.08 2.0876 HS

11 8
C 9000-179903400-14900 11848.1811071.43 903.49

833.84 0.6984 m

12 8
C 10200-127908990-11200

13531.82
9944.28 849.85348.34 2.2524 *

13 8
C 9000-14900

3900-13400 11890.9111239.71 448.04
949.32 0.9072 m

x -  XwpwriUiwatal anlraaia C - Central anlm ala 
* - si{pl£tc**t (p <0.03)

** -  Atgnlfioant (pco.01)  
ms - Not significant
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F i e - I I  t^EAN V A LU E OF TOTAL L E U K O C Y T E  C O U N T  ( C E L L s / r v i M 3 )

*  GROUP 1  -  I N F E C T E D  Q O A T



93

The itu m a n  In counts betnsnn egnpedmntally infaatad and 
control goata waa significant at ana par oant 1ml at first, 
•m ali fifth, amath, eighth and ninth veeksi at (tw par oant 
level, at third and twelfth waak and not significant at fourth, 
tenth, eleventh and thirteenth weak poet-lnf action. The 
highest naan leukocyte count <30790 j 1333) waa recorded by 
eaoond week of Infection In group I goata aa oocpered to tha 
naar normal vaiaaa (11857 ♦ 841) in group ill goata. Though 
leukocytosis in experimentally infested animals waa a oonatant 
faaburo, it ahowad varying dagrea af fluctuation.

Mianiiw.«rt»
The differential leuhoeyto oaunte for group I and ill 

goata was dona before experimental lnooulatlon with £• neando 
wtet"11"^! and at weakly Intervale «pto 13 waaka post­
inoculation. The results obtained aa m u m percentage distri­
bution of leukocyte* far group I «nd ixx goato ere prooontod 
in table S,
tgBphQcyti,

nut msan peremntago dletrlbutton of lymphocyte in group X 
and XXZ goata oatlaated bafoao and after iofeotlan is presented 
in table 9 and figure 13* Naan petoenlagss of lymphocytes 
estimated for group x and X3Z goats <58.3* ♦ 3.13 and 38.14 + 
3.49 respectively) at pre-infection pariod wore almost the same 
and tha diffaranaa In values waa not significant. During tho 
first three wseka following experimental inoculation, there 
wee significant reduction <p< 0.01) in the percentage
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Tafa&a a. h m d  am w w tto l a w n  <10 c t t n t U y  lobncvtU

W«ekS ipa(*>a-
eytn MUfcBO-

phil phlls
Mono-
ojrtos Bm o »

Min

A B 36.99 99.18 1.72 0.72V C 38.14 97.37 9.49 0.72 0.14
1 B 98.90 38.81 1.90 1.09 60C 69.00 39.28 9.00 0.S7 0.13
a 8 99.81 81.90 1.94 0.94 0.09C 40.00 34.28 2.98 1.14 -

% B 98.90 81.20 1.90 0.90 0.10C 39.00 40.00 9.49 0.37 an

A B 49.99 49.00 1.18 0.49 m— C 38.89 38.37 2.42 0.13 m>

5 8 49.18 34.27 1.92 0.63 mC 97.14 17.83 4.29 0.72 m

5 8 43.72 90.18 1.90 1.73 0,27C 39.37 40.42 4.18 1.83 -
7 B 48.27 49.27 1*89 0.63C 99.14 39.83 2.79 1.23 m

9 8 33.28 42.83 1.49 0.42C 91.00 37.00 1.99 0.34 «9>
a 8 43.18 51.83 1.90 1.29 «•C 38.37 99.14 2.88 1.44 m

10 8 43.43 32.45 1.89 0.45 mC 37.80 98.20 3.29 0.91 <m

B 30.00 48.00 1.43 0.38 mC 92.37 44.83 2.29 0.29 m

12 B 31.45 49.00 2.00 0.35 mC 34.71 98.37 3.28 1.44 -

19 B 48.00 49.99 1.90 0.74 «•C 38.42 98.71 2.18 0.72 m
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Table 9 . Mean lyaphocyto y moan* age a t weekly in terv a l*

period 
in o— Ian

Rang* Mean SB t-volue Signi­
ficance

0 E
C

40-74
43-71

38.33
38.14

9.193.49 0.0457 tra

1 8C 39-W40-73
38.90
83.00

4.293.30 3.5131 **

3 BC 10-7040-73 35.8130.00 4.98
4.83 3.3323 **

3 BC 33-3441-71 38.5033.00 3.174.27 3.7473 •*

4 E
C 31-70

44*73
49.3838.83 3.004.21 1.8833 PS8

3 B
C 31-3341-7* 43.18

37.14
3.04
4.42 2.3892 *

4 BC 30-78
49-30

43.72
33.37

4.33
1.87 1.3391 m

7 BC 33-74
47-33

48.27
33.14

3.79
3.34 1.3390 m

8 B
e 33-3333-73

33.38
81.00

2.98
7*09 0.7322 m

» BC 34-3343-39
43.1838.57 3.413.43 2.2323 *

10 BC 34-3349-33
45.49
37.30

3.87
3.44 2.4838 «

11 8
C 37-30to an 90.0033.57 2.203.88 0.3490 m

13 B
C

37-33
49-38

31.4393.71 2.90
2.93 1.3440 m

13 BC 31-33
48-39

48.00
38,42

2.78
3.72 2*3239 *

B *• i wi mrlmfwitml an la ili 
c -  C ontrol anlroale * _ ttgtffiawt (»< 0.03)

•* -  sl^tictoant <P <0.01) 
ws . Not slgnlf leant
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W EE K S -  PO ST  IM FECTIO N



d istrib u tio n  of lymphocytes in  th e  pM ipbH tl blood. During 

tb s  1st* 2nd* and 3rd wstk a f  in fection* m u  peroontoge of 
lymphocytes w oordal ware 36*9 4 4 .2 0 , 39,81 + 4*98 and 

36.3 £  3.17 s e le c tiv e ly  fa r  group X and 63,00 £  3,00# 40,00 £  

4*63 and 96*00 £  4*37 respectively  fo r group xxx g o ata , i t  
waa fu r th a r  observed th a t  reduetion in  tba percentage d is tr l-  
bution o f lymphocytes was a  featu re  in  group X goata during 

tb a  pariod of nliaorwai ton but a ig n ifio a o t rad tietiooa

(p< 0.05) wara notioad only during tb a 5th* 9 th , loth and 
13th waak*

Tha aaan values of abao lu ta lvnshocrvte fo r  aroun X

and XXX goats and tb a  r e s u l ts  o f t d r i t  ana given in  ta b ia  10 

and flg u ra  13* naan v a lu es a f  ab aa lu ta  ly sfh o ey te  counts 

obtainad a t  p re -in fe c tio n  period  wara 6301 £ 373 f a r  tb a  

aaqparlaantai and 6589 £ 614 f a r  tb a  a o n tro l goats and tb a  

d iffe ren ce  between tb a  groups waa n o t s ig n if ic a n t, sintiX arly 

a f te r  in fe c tio n  a lso  tb a  abao lu ta  lymphocyte count a t  weekly 

in te rv a ls  fo r  tb a  am parim eatal and c o n tro l goats d id  no t show 

any a ig n if le a s t red u ctio n  o r  i noraaaa ,

n e u tro p h ils .

Moan percentage d is tr ib u tio n  o f n su tro p h ila  in  group X 

and xxx estim ated  a t  weakly in te rv a ls  i s  p resen ted  in  ts b le  11 
sad fig u re  14* During tb s  pre**la§setiaa perled* pare n t age 

d is tr ib u tio n  o f n eu tro p h ils  in  p a rip h sra l b leed  o f group X 

goats was 39,16 £ 3*14 sad in  group XXX 37*57 £ 3*95* The 

d iffe ren ce  between tb a  groups was was n o t s ig n if ic a n t. During
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Tabla 10* Msan tbittlKi a m *  at lyi ĥooytaa laaebme/mi?) at 
m t t y lnfeaxvala

waatai Range Maas 88 t-valua Signifi-canoa

0 E
C

3827-10323
4103-8304

4301.34
6389*83

372.28614.18 0.3313 its

l I
C 3823-12040

3000-9338
4929*37
7007.43

449.70809.49 0.0737 ss

a X
c

4113-12760
4343-10402

7184.00
7130.42

883.09
810.94 0.0240 US

3 1
c

3870-9440
4407-9940

6127.90
4834.00

421.81698.34 0.7273 MS

« 8
C

4807-9340
4180-9342

6473.18
6704.37

403.34683.92 0.2118 MS
3 8C 387S-10S40

3934-7342
4277.435943.00 334.21

498.23 0.3139 MS
e 8C 3337-10340

4034-0178
4142.81
4002.28

483.01
324.80 0.1673 MS

7 8C 3797-109324339-7239 4790.72S484.14
729.42342.62 1.1489 MS

a 8C 4338-100483148-7433 7393.004314.32
732.98641.04 0.9369 MS

9 8
C 4320-93724307-8280

4144*005938.28 439.24
407.27 0.3001 MS

10 8C 4039-80344330-7024
3898.72
3774.80

234.26
437.93 0.2013 MS

11 8
C

3300-83804009-8344
3922.27
3792.14

448.93
347.17 0.1827 MS

13 8C 4717*11384
4340-4704

6459.00
3434.00

392.89373.88 0.9972 MS
13 8C 4138-8073

4420-8300
5714.00
4384.00

437.98
487*03 1.2913 MS

b — f r * i i n *nr nl animals 
c • omtnl animals 

m  -  ** significant
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*
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Tahle 11. Mean neutrophil f u t i p  mb weekly laDunli

Period 
in weeks Benge novel 88 t-valua Signifi­cance

0 E
C

23-59
25-52

29.18
37.37

3.14
3.93 0.3190 ns

1 *e 28-72
20-SS

38.81
32.28

4.2ft
3.11 3.7968 **

2 E
c

28-80
23-54

ftl.9024.28 4.97
ft.aft 3.3922 **

S B
C

42-74
23-56

61.20
40.00

3.23
4.2ft 3.9969 **

4 B
C

20-48 
24-5ft

49.00
28.57

2.97
4.30 2«0ft2 m

S B
C

37-48
20-33

34.27
36.42

3.21
4.21 3.338 •*

ft B
C

24-80
23-47

90.18
40.42

4.70
1.93 1.3838 m

7 B
e 23-43

20-47
49.27
29.83

a.*7
2*02 1.9133 m

8 Bc 22-42
22-43

42.83
37.00

4.13
7.02 0.7513 m

• Bc 20-73
29-48

Sl.ft3
29.14

3.47
2.83 2.5342 #

10 B
c

28-43
21-48

32.43
38.20

2.91
3.29 2.9113 •

11 E
C

33-57
29-40

48.00
44.83

2.22
3.4ft 0.7829 tis

12 B
C

33-41
27-48

46.00
38.37

3.44
3.22 1.8349 m

12 B
C

33-48
28-31

49.3ft
38.71

2.98
2.77 2.4414 •

b • Experimental eniwale 
c -  control animals * - significant (p < 0.05) *• - significant <p< 0.01) 

a s  -  not significant
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peroootago distribution M  MMmitiU* In tlx peripheral blood 
but d«itfl«at d l t t m m  C m  tha* of tho control* won 
■ooondod* only during tba lot* 2nd* Sad* 3th, »th, 10th and 
l)th Mtt o€ observation. foot Inoowlotlon moan poaoontago 
dlotribution of aoutrophllo In group X goat* ranged from 
42.88 £ 4.18 to 61*00 £ 4.07 while In group XXI controls it 
rangod C m  23*28 £ 8,11 to 44.88 £ 2.64,

Range and aaan values obtained aa aboolats neutrophil 
ooonfeo at wtidy Interval* from auporlmantally infaatad group X 
anj unlnfoeted control group XXX goata are presented In 
table 12 and figure is. Tha absolute mean valua* of nautro- 
phlls for groig! X and orap xxx goata vara almost tie same 
(4184.18 £ 238.40 and 4184.88 £ 210.43 respectively) before 
tha ooMaanoanant of eatperlmant. following experimental lnfae> 
tlon* group X goats oanaiotantly ah owed high absolute nautro. 
phil count oanparad to group XXX oontroi goat* throughout tha 
observation pariod of IS vseke. Tha oauota with infected goats 
wore significantly high (p< 0*01) oanparad to control* at tha 
let* bid* bed* 5th, 7th and 9th weak poat-lnfection. The mean 
counts obtained during tho above periods were 10928.18 £ 
1191.38* 13130.24 £ 1487.07* 11157.10 £ 1885.37, 8068.99 £ 
706.13. 6660.90 £ 392.93 and 7319.81 £ 848.00 respectively for 
group X goats and 3424.42 £ 512.44* 4367*28 £ 553.33* 4817.14 £ 
385,97* 3936.85 £ 339.22* 3984.23 £ 299.77 and 4046.43 £ 234.88 
respectively far group xxx control goats. The differences in
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Table 11. Mean absolute oaa 
eoeXly intervale

M  nautrophile (number/oca3) at

Period in ueelw Benge Mean 89 e-value signifi­
cance

0 IC 2228-64013425-3544 4154*184154*85
355.49
370.43 0.0012 OS

1 E
C 4814-140081700-5335 10938*183585.43 1191.28513.44 4.6725

a 8C 4103-173442579-4453 13130.354247.38 1484.07553.32 4.5834 **

3 8C 4333-307343230-7834 11157.104817.14
1535.57
585.97 3.3497 **

4 8
C 3940-138042944-4737 4444.18

4304.57
735.80
500.54 2.3399 •

S 8
C 3134-12594

1990-4114
8048.503954.85 794.13559.32 4.1359 ••

6 8
C 3404-94333454-5499 4740.004485.57 470.41349.01 3.5475 *

7 8C 3700-8287
2700-5340 4440*503984.38 393.95399.77 4.8544 **

3 8C 4077-75922377-4444 5452.143799.33 534.31743.59 1.9394 m

9 8C 4340-133003343-4977 7319.81
4044.42

848.00394.88 2.9813 **
10 8

C 3217-11083
2713-3040

4738.18
3833.40

645.17
373.45 2.8910 *

11 8
C 3960-9314

3834-4575 5703*094995.00 479.53541.18 0.9438 m

12 8
C 4384-84433790-5374 5757.733843.00

475.33384.73 2.8321 •

13 8
C 4108-9456

3010-5890
3861.81
4340.71 444.81345.34 2.4053 •

B - Experimental animal* 
C - Control animals* • significant (? < 0.05)** - significant (P  <0.01! N3 « Mat significant
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the mean absolute counts of infected and control goats w in  

significant only at five  par cent level (?<o*05) A iring tha 

4th* 4th* 10th* 12th and 13th week and not significant st 8th 

and 11th wank poet-infeetion.

ffoaoeytes Basophils.

Tha percentage distribution and absol ute counts of

raooocytes #»y* basophils la  group x goat s during 

pea and f ^  not d iffa r significantly

frera group i l l  control goata*

HononucXaer ce ll*  and platslsts were segregated to  fona 

a hand between tha plasna and flosll«pai3tie layers* when peri­

pheral blood of goat waa subjected to  danaity gradient centri­

fugation using PiooXl-paquo at 798 * g for 45 rats at 4*C, 

Mononuclear ce lls were further separated fr«n> platelets 

obtained la  puxm form# by subjecting the ce lls collected frora

apaad centrifugation at 200 x g for 15 rata in  

phosphate buffer saline* The swear made fxora the pure mono­

nuclear c e ll suspension on staining by Glanse* a method revealed 

on an average 91*72* l ymphocyte (range 08-95*) and 8*27* nwno- 

cytes (range 5*0 to 12*) • V ia b ility  of tha oel la  ♦;*>*“» separated 

waa checked by dye exclusion tost using trypan blue and on an 

average 91.32* (range 87*5 to 95*5*) of the oalla ware found 

viable (Table 19)*
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Tabla 11. Naan valuaa of lynphoeytaa and raonocytaa In tha nwnraawlaar oaUa aapantad by danaity gradient centrifugation and their viability

byraphocyt# NflQBoyi§
<*>

viability
(»

cuarleanul
anicwlai

A 88.0 12.0 90.5
B 90.0 10.0 91.S
D 94.0 8.0 87.5
F 91.9 8.9 95. 3
tl 92.9 7.9 90.3
H 94.9 9.9 93.0
0 91.9 8.5 91.9
R 91.9 8.9 92.0
X 91.0 9.0 92.0
Y 94.9 5.5 94.0
2 93.9 7.5 91.S

Control anlaalat
0 95.0 9.0 91.0
M 94.9 5.9 90.0
c 88.0 12.0 91.0
T 88.9 11.9 91.5
X 88.0 12.0 90.0
8 94.0 8*0 91.5
J 91.9 8.9 39.5

Overall average ■ bynphoeytaa - 91.72* 
Monocytea - 8.2*
viability - 91.22*
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EAC B W » ,
Bovine red oiU> sensitised with subagglutinatlng Level 

of heenolyaln and m u m  pony lament (SAC) formed resettee with 
goat lymphocytes. Tha ImtmytM which had shown adheronoe 
o£ three or once red oolls were considered ae eac roeette 
poeltlve 8 cells and their percentage distribution In peri­
pheral blood mononuclears woe am mar at ed. Tha range and naan 
percentage of eac roeette positive a cells from group x iafeeted 
and group m  central goats and the results of t»test are given 
in table 14. rig. 14 deplete the mem percentage of B-oells 
free infected and control groups.

At tha pre-infection period* the mean percentage of eac 
reaatta poeltlve lymphocytes In group x goats wee 11.08 £ 0.79 

whereas In group xxx it wee 9.17 £  0.57 end the difference 
between the groups wee not slgalflcent. During tha first week 
of inoculation, tho moan t arrant age of eac roeette with group x 

waa higher (12.34 + 1.31) in amparlaan In group xxx controls 
(10.43 £ 0.94). but there again the difference woo not signi­
ficant.

significantly high percentage of bnc roaette positive 
e-oolla ces recorded in group X goata from 2nd to loth cask 
post-inooulation. swept in Sth cask, in eoaparlsan to the 
corresponding values obtained with grcqp XXX goats. The mean 
percentage of B-celis recorded in eaae of group X goats case 
13.79 £  1.48. 14.79 £  0.9S. 17.05 £  1.08, 18.35 £  1.87.
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Tabla 14. Mtn panientaga oC S*C gaaatto focmlng oalla at 
weakly iattmli

««ak Rang* Nsaa 8B t-valua Signifi-
canoa

0 B
C

8.00-15.746.90-11.53 11.089.17
0.7*
0.37 1.7408 NS

1 X
c

7.00-19*677.45-14.14 12.3610.43 1.310.84 1.1768 H3

2 1
c

7.43-24.77S.00-11.S3 13.798.36
1.48
0.73 2.6347 *

2 X
c 8.00-20.007.00-13.61 14.799.38 0.931.07 3.4376 *•

4 X
c 10.30-33.383.71-14.33 17.0310.34

1.08
1.02 4.0982 ««

3 X
c 3.82-32.778.73-13.00 17.0312.30 1.961.0* 1.8003 m

6 Xc 9.64-26.34
8.63-13.32 16.3311.38 1.67

0.98 2.1*14 *
7 E

c
10.61-23.07
9.80-13.23 17.6311.36 1.200.48 3.989S **

8 X
c

10.00-35.00
7.48-13.68 13.7410.86 1.241.00 2.7617 •

» X
c 10.30-33.339.30-16.39

15.71
11.42 1.460.89 3.2380 •

10 X
c 11.42-21.428.60-12.38 15.4210.44 1*080.38 3.4410 *#

11 Xc 6.31-23.626.30-12.30 13.3610.01 1.420.80 1.8366 m
12 X

c
9.09-18.407.63-13.00 12.3010.03

0.83
0.62 1.8870 m

12 X
c

8.33-19.177.40-14.13 13.3211.03 1.130.84 1.0070 m

E - Eapsrimsntol anlraala C - Control animals * - Significant at <t> < 0.05) • » - Significant at (P <: 0.01) 
m  - Not significant



• 06 0]

F i g - 16 M E A N  P E R C E N T A G E  O F  E A C  R O S E T T E  F O R M I N G  C E L L S  IN 
P E R I P H E R A L  B L O O D  ____________

^ G R O U f  1 -  I N F E C T E D  & O A T  
.o G R O U P  3 -  C O N T R O L  G O A T



107

17.63 ♦ 1.30, i s .74 ♦ 1.34. 13.71 ♦ 1.44 and 15.43 £ 1.08 
raapaotiwaly at 3od, ltd, 4th. *th, 7th, 3th, 0th was loth 
waak post-infaotian aa oatpend to tha aormaponding valuta 
of 3.34 * 0.73, 9.S8 ± 1.07, 10.34 * 1.02. 11.58 ♦ 0.98,
11.38 ♦ 0.48, 10.88 ♦ 1.00. 11.42 ♦ 0.89 and 10.44 ♦ 0.S8 
obtained with group III goata.

Thoosdi tha naan p e r oantaga of s a c  anaatta positive 
B-lyraphocyte recorded with group X goats at 9th, 11th, 12th 
and 12th waak poat-iafeotion (17.03 + 1.98, 13.S8 ♦ 1.42,
12.30 x  0*85 and 13.32 ♦ 1.13 respectively) waza Ugb in 
oanpartson to tha paraarttagaa obtained with group xxx goata 
(13.30 X  i*0t, 10.01 ♦ 0.80, 10.05 ♦ 0.82 and 11.05 X  0*04 

respectively) the diffaaanoaa wara not significant.
During tha poat-iafsatiaa period tho highest paroentoge 

of sac positive B-oslla (17.83 ♦, 1.20) waa raoordad at ths 7th 
weak while the meat peroentao (12.30 X  0.85) waa recorded 
at the 12th weak.

m m m a t im jH U & m & w a m -

s-xoaatta.
sheep aiythrocyeaa famed spontaneous roeattss with goat 

peripheral blood lyaphooyteo( S-roeatta) and in majority of 
such roaattaa. tha rad oalla ware aurrounding tha antira part- 
phary of lyaghooytaa (fig. 17). Lymphocytes which famed 
s-rcsettee with srbc (at 4*c inouhetad for 18 hrs) warn oo*» 
eldered aa Mji^lMQta* and thais percentage in peripheral
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blood af group Z and ZSZ warn enumerated. The mean percentages 
af B-rosette poaitlva aalla obtained with aaoh group and the 
raaulta af treat an presented la tab la is* Fig.ia dapiota 
tha mean percentage of T-oelle anunereted with group z infaotad 
and group Xiz oaotrol goata.

(taaa percentage of 36.74 £ 1.34 (ranga 18.34-33.44)
»-roaatta poaitlva oalla waa aaaoadad far group z goata during 
pro-inoculation period as compered to 34.53 £ 3.06 with group zzz 
goata and tha values did not differ algilfloantly between tha 
groupo* curing tha first waak of infaotion significant reduc­
tion (p 0.05) in 8-rceetto poaitlva lymphocytes waa notloed 
with group I goata (naan 18.44 £ 1.40*. ranga 13.S to 35.S9K). 
awdt a reduction was not aoon with group zzz animalo and in 
than tha values wore almost aiailar to that of ‘o' waak (naan 
* 34.83 £ 3.33, ranga 14.3fr4S.17K). though tha paroantaga 
of 8-raootta f oreing oalla remained low (naan 31.13 £ 1.83, 
range 15.09-33.18) in tha Infaotad group during tho 2nd waak 
also, thla difference waa not statistically significant whan 
eanpared to group zzz animals (moan 33.93 £ 3.14 ranga 16.09­
34.38).

curing the 3rd and 4th reek of experimental infection, 
tho mean percentage of r rosette poaitlva oalla ahowad a fur­
ther Increase (mean 31.23 £ 1.08 aad 31.34 £ 3.69 mepaotlvely) 
with group I goats, but not statistically significant from that 
of tha group ZZZ oontrol animals (34.61 £ 4.09 and 33.78 £
3.13). However a significantly higher pareontagaa of s-roaotta



Table IS. Rang* and mean paroantaga of a-roootta forming oalla 
at wHkly lntanwl*

weak Range Haas SB t*wloa slgnifi-oaasa

0 S
c 13.23-33.46 

14.S4-3S.SS 28.7824.98 1.343.08 0.7479 us
1 B

C 12.80-23.35 14.29-33.17 18.4424.83 1.40 2. S3 3.4038 *

a 8C
15.09-33.18
14.09-38.28 21.132S.92 1.833.14 1.4311 m

s 8C 25.49-38.3812.00-40.88 31.2324.81 1.084.09 2.0180 m

4 8
C 9.09-40.9719.48-31.37 31.2423.78 2.893.13 1.7785 m

S 8C 17.84-42.8811.29-33.37 31.7121.88 3.983.09 2.9081 #

« 8
C 28.88-38.39

14.31-31.SS
32.39
33.98 1.343.39 4.0899 **

7 8C 18.28-38.31
14.87-38.83

29.3121.19
1.71 
3.11 * 2.9753 *•

8 8C 22.78-42.8414.08-31.90 32.7724.09 l.Si
3.78 3.0051 **

9 8
C 23.18-41.8318.38-38.32 32.8428.40 1.803.37 1.7980 m

10 8C 19.28-38.9813.18-38.03 31.0834.34 1.833.48 2.1123 m
11 8C 21.80-40.1217.33-33.72 31.7338.88

1.87
3.30 1.8350 m

13 8
C 18.89-39.01

17.39-32.33 29.3822.38 1.79
3.04 2.3806 #

IS 8
C 27.38*43.12 18.38-38.98 35.3424.89 1.98

3.94 3.4888 •*

B - Experimental anlmala c - control anlmala 
* - significant (p ^0.03) 
*' - Significant <P < 0.01) 
ms - Hot al̂ ilflcant
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positive oalla a m  raunadad ia group I goata during 5th, 6th, 
?th and 8th weeks of Infection 01.73 £ 2.56. 33.39 ♦ 1.34,
29.31 x  I*71 aad 33.77 x  1.51 raapaotivaly) whan oaapared to 
group III goata (21.M X  3.09, 33.58 X  3.39. 21.19 £ 2.11 and 
34.09 £ 2.74 ta^wtimy). Though than was no significant 
diffaranoa baton an tha paroantagan of n-roeetto poaitlva cells 
obtained with group X end XXX goata daring 9th, 10th and 11th 
week of observation, tha paroantaga values obtained with 
group X goata (33.44 £ 1.80, 31.88 £ 1.83 and 31.73 £ 1.37 
respectively) appaarad high to group III animals (24.40 £ 3.37,
34.34 £ 3.48 end 34.84 £ 2.30 raapaotivaly). '

Towards tha and of tha ohaaavation pariod (at 12th and 
13th waak) the paroantaga of Hi roaatto lnacaaaad with group x 
goata and tha valuaa warn significantly higher (PcO.OS) than 
tho corresponding values obtainad with group in goats. During 
tha 13th waak, tha mean paroantaga of *»rosette positive 
lyiqphocyte in group X and XXX goata wara 39.38 £ 1.79 and
22.38 £ 2.04 respectively and at 13th week the counts warn
35.34 £ 1.58 end 34.49 £ 2.94 respectively.
asms activity.

ahae activity was demonstrated in tha mononuclear oalla 
from the peripheral blood of goata*

Tha anaars prepared from tha nononuolaar oalla asperated 
fron tha peripheral blood wara Inad with aoetono-cltrlc 
solution and it was found that auoh fined naeara could be



I l l

Maced In dry Mata wlthaek Interference to the demonstration 
of anas activity for varying periods. facilitating batch 
staining.

Majority of goat lywphaoyta which cevoalod MWt poaitiv® 
reaction m m  with cm or tw lacalined nodular pink to red 
aoloured raaotion product in tha oytoplaam adjacent to tha 
oell mmahrana (Fig. 19) while Caw oalla were with more than two 
scattered punctate nodular reaction product of comparatively 
■mail alee. Both type of oalla wen identified aa T-lymphocytoo. 
The monocytes presented dlCCaae raaotion product in tha ayto- 
plaam which could be easily diatiaguiahed Cron lyrqpbocytas.

The man percentage of ARAB poaitive lymphocytes in the 
peripheral blood from group z and ZZZ goata obtained at weakly 
intervals are pceeantad in table Id* Fig.20 daplota the gra­
phical repreaentatian of mean value of ARAB poaitive oalla.

naan percentage of anas poaitive lymphocytes estimated 
in group x goats before experimental Infaotion was 28.09 ♦
1.32 (range 15.91-22.39) aa against 35.86 £ 4.87 (ranga 18.22­
36.63) for group xzi goats. Tha 'difference in values between 
the two groups waa not significant. It was further observed 
that the lyinphocytea examined foi ■ ARAB activity at weakly inter­
vals from infaotad and aontrol gciets did not show any statis­
tically significant difference in tha pesoontage distribution 
In tho peripheral blood fchrougho-* tha post-inf action observa­
tion period, even though the nutaoiriosl values showed a tendency 
towards marginal increase of anas) positive lymphocytes in 
experimentally infected goats, j
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Table 1*. Range and mean parentage of mime positive oalla at 

weekly Intervale

seek Range Haan 3S t-valua slgnlftl—eanoa

0 B
c

IS.31-32.38 
18.23-S8.U

38.09
35.84

1.32
4.87 1.8142 ns

1 I
c

18.13-44.00
18.84-S0.ft4

31.47
2S.42

2.93
3.90 0.3914 NS

2 X
c 17.8S-S0.90

31.18-44.8S
30.44
35.90

3*01
3.12 1.1180 n

2 s
c 18.93-43.12

17.47-47.00
33.78
34.81

1.99
4.1ft 0.2S26 NS

4 X
c

1ft.29-40.00 
18.43-S2.S0

31.40
34.04

2.29
3.93 0.6243 NS

S ■
c

21.07-47.11 
18.23-43.44

31.00
30.83

2*42
2.90 0.1094 NS

« ■
c

23.87-4S.32
20.08-49.00

32.38
33.09

1.T9
3.54 0.1970 NS

7 X
c

19.21-47.90
18.81-49.90

33.23
31.79

2.39
4.00 0.3314 NS

8 1
c 22.73-42.44

18.39-94.00
33.34
31.9ft

1.48
4.39 0.3411 NS

9 X
c 27.3ft-3ft.7D 

24.40-47.SO
33.63
34.35

1.37
2.Sft 1.009^ NS

10 X
c 21.39-39.92

2S.2S-S2.90
33.44
36.91

1.81
3.41 1.1703 NS

11 X
c

22.00-40.77
20.09-94.32

30.S3 
39.68

2.10 
4. IS 1.3014 NS

12 X
c

23.SO-43.12
21.lB-4S.ft2

31.94
34.20

2.12
3.18 0.4149 NS

13 X
c

20.00-40.38
14.17-49.90

28.91
34.38

2.0ft
4.90 1.2210 MS

* - Experimental animals C • control animals 
ms - Not significant
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tmhaguMi BtffWitfln InMWrtun m i -
Leukocytes ware easily separated from tha peripheral 

blood of goata by the method of rbc lysis using dlstlllad 
water, tha leukocytes thus separated was without any sad 
oall contamination and on an average 90% oalla ware found 
viable by dye exclusion method. The leukocyte auapermlcn

Aprepared at a concentration of l.S x 10 oallVml did not 
show clunking or reduction in viability after incubation 
with tha toxic culture supernatant of £. oaaudotubarculoala 
whloh bad haooolytlc titre lilt and tha pH adjusted 7,2.

Leukocytes from experimentally infected and control goata 
did show migration on tha glass surface and tha aona of migra­
tion waa wall discernible. The aona of migration of calls 
appeared as circular opaque area around tha walla and the 
diameter of tha area waa measured.

The UOT waa performed with leukocytes collected from 
group I and III goata before the atart of tha experiment aad 
thereafter at IS days Intervals poet-infection upto 7Sth day.

Tha results of tha uur Indicated that there was sl̂ il- 
f leant reduction in the migration property of leukocytes 
obtained from infected animals whan treated with toxic culture 
supernatant of £. oeeudotuberaulnele (rig.21), while tho 
migration of leukocytes from oontrol goats was not affected. 
Leukocytes from infected aa wall as oontrol goats did show 
normal comparable sans of migration in the agarose medium Mian 
suspended in physiological saline without any antigen treatment.
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tux lode* less than 0*8 wee considered as positive motion 
with UMCT.

Ths naan values at ua index obtained with group x and 
xxi goats and thair comparative differences an given in 
table 17. Fig.22 depicts the naan ml indent obtained Ear 
group X and III goats.

The naan mx index obtained with goats inn group X 
and xxx before the start of the experiment were 0.93 + 0.02 
and 0.94 ± 0.01 respectively and the difference was not signi­
ficant between the groups, with tha poet-inoculation samples 
froa group X animals taken at 15th and 30th day, tha moan 
mx index calculated were 0.94 + 0.02 end 0.87 + 0.03 respec­
tively, while the corresponding valuea with control animals 
wars 0.98 + 0.04 and 0.91 £ 0.02 and hers again the values 
ware not eignifioanfcly different between the two groups. Sy 
45th day onwards there was significant reduction (p< 0.05) In 
the migration property of leukocytes from group x goats while 
leukocytes from control goats continuad to show normal migra­
tion profile. Xt waa further observed that by the ttoth day 
poet-infection. the mx index wee recorded minimum in esse of 
group X goats (significantly low. P<-0.01). the mean mi index 
recorded with group X goats by 43th. 60<h and 75th day post­
infection were 0.75 + 0.03. 0*74 ♦ 0.03 and 0,71 ♦ 0.04 res­
pectively while the values obtained with group XXX goata were 
0.90 1 0.03, 0.93 ♦ 0.03 and 0.89 ♦ 0.02.
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Tabla 17, Moan laukooyta Migration Index oaleulated for infested and control goat*

period in daye Range naan 88 t-value Sigttlfi-
eanae

0 I
0.80-1.06
0.88-1.00 0.980.94

0.03
0.01 0.83S1 m

“  I
0.87-1.U  0.78-1.10 0.940.98 0.030.04 0.8939 m

30 * 0.71-1.060.80-1.07 0.87
0.91

0.03
0.03 0.745 NS

«  I
0.63-0.940.89-1.00

0.73
0.90

0.03
0.03 3.837 *

«o - 0,34-0.970.32-1.01 0.740.93
0.030.03 3.507 **

»  1
0,34-0.940.88-0.97

0.71
0.89

0.040.03 3.594 *

B - Baperinsental goata C - control goata 
• - significant (p<0.05) •* ~ a trp ltio u A  <P<0.01) 

a s  - Not significant
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oroup z gait* w n  iMKritmUz injeeted at tin aaak 
ngtoi with taulB culture of £. naauOntmrMMMieeie
at 13th «Hk poeb-infection. The results obtained showed that 
injection of toxic preparation ia small quantities (0.3 ral) to 
an lnfeotad aniwal developed typieal delayed hypersensitive 
akin reaction (rig.31). Contra! goata aUeh wan negative for 
£. naa<irtn*iihi||Bg|ff̂ ff infection (Croup ill goata) ware alao 
similarly injected and tha raaulta were oagativa.

Tha range and naan skin thiotwaaa of group I and ill 
goata bofoca intradacmal injection and after 34* 48 and 73 h 
poatoinjaetion are presented in table 18. Tha mean thieknaaa 
of skin ia group z goata was 4.09 ± 0.38 an bafora injaotion 
(normal thieknaaa of Ain) while it was 4.38 + 0.43 on in 
group zzz goata and the values ware not aigiUlAutly diffe- 
rant between tha groupa. By 34 h poet-lnjeotion aignifieant 
lndraaaa (p< 0.01) in akin thieknaaa mi raoardad in group z 
animals (8.3ft x  0*33 *m) compared to group zzz goata (5.93 x 

0.33 am), lha swelling at tha ait* of injaotion in aaaa of 
goata from group I waa highly painful and hard on palpation 
while roaetiona with group ZZZ goata war* at minimum. Tha 
infloanstory roaetiona suggestion of delayed hyperaenaitivlty 
naa at mmdasai by 48 h with tha known inftaetad anlmala and the 
omen skin thickness recorded with the group waa 9.31 x 0.43 am. 
while in uninfected control aniisala by 48 hrs whatever little
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Table 18. Results of Delayed tfpm aypaxsanaltlvity tsat la‘ ' , lnfeotad and control goats*awotnod.il aa aatlgan

Period skin thlaknaaa In nra signlfl-
In hours ftaogs Naan 88 t-valoa

0 E
C

3-6
8-6

4.08
4.38

0*380.43 0.3987 m

34 sc 6.8-13.0 5.0—7.0
8.385.83 0.530.33 3.441 ««

48 E
c 6.0-14.0 

4.5-6 .0 *.»5.43 0*830.33 4.733 **

73 E
c 7,0-13.54-6 8.815.16 0.83

0.43 4.064 •*

8 . nqperlraentally infested goats c - Control goats 
** - significant i* 0.01) us - wot significant



us

inflannstocy twgiim ■ M M I M  at 34 h bad m U I M  and a 
reduction la skin ihtatoaaa waa notad (5.41 ♦ 0.21 aa). the 
Intensity of Inf iamboay motion a* tha alba of iajootian 
showed a reduction by 71 h moA even than tha skin thlaknaaa 
rsoordsd waa S.U £ °*aJ n  with a m p  Z goata, which waa 
significantly higher ocupstsd to tha akin thlohnasa of 
group ZXZ goata (5.16 ♦ 0.41 aa).
Skin blopay.

skin biopay taken at 48 b poet-lnjectlon from group z 
goata showed charactarlatle hlatopathologlcal Ohangaa sugges­
tive of hypersensitive reactions of type ZV. Perifollicular 
and periglandular InfUtratlane of lymphocytes. maeropbagaa 
and eparaa neutrophils wan tha faaturas. Cystic glandular 
dilatation and mrwownataar lafUtratlcn In cyetlc spaoe and 
also la glands waa also notad. Blood vomolo won oongoetad 
and than was perivascular infiltration of lymphocytes and 
macrophages, oarmal oodana and syooltls wan also tha faatusaa 
la tha skin (Pig.24),

The skin blopay takan Can group ZZZ goats at 48 h post­
injection was histologically near normal except far the pee- 
aanae of ipuM lymphocytes and neutrophils at the parlvaaenlar

Tuberculin.
Zntradenaal injection of tuberoulln in group z «nd zzz 

goata did not peoduoo any motion ouggootlvo of hyparssnsl- 
tlvlty till 73 h post-laJeotloa. Moan skin thickness of
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fig. ni. . o*t skint waWBailir and ̂ eciglandolar inmtratloas oi lynuhoaytas sad Macaopfcagoe do* to hyparsonaltlva.reaction. Hit 300 x



group i and in gotta bafora and after injaotion with tubon- 
eulin am i w w n m  la Idla Ui ftto HUvaf Wa a  <na both 
group z ma Hi goats waa histologically naar normal barring 
slight -n—m and partvaaoular Infiltration of tm raononuelaar 
sails.

PvKbOQtttteMtyF’
Group II goats whiah war* Inooulatnd with £. neauilntiiharw 

at a doaa rats of a * 10* baotarla par alto of Injso* 
a lM  6lHMl/0pad g M M n l q i p l M I  ifa g tlO Q I

similar to what was assert bad for gtaap I goats* Infected for 
lamaa rasponsa studios. AH tha six goata had exhibited rlaa 
la bodsr lawyer at lira ablob laatad for throe to four days along 
with gaaaral waatnaan, lethargy and Impaired appatits. Tha 
lntredarmal Injaotion altaa in all tha goats davolopod narked 
InflyMit îry mottoB gbuMoMKlMl oi

hypsraaalo akin thickening and tha alta of injaotion ahoaad 
necrotic and potwltr loaiana. Tha injaotion altaa at tha

|fg|oQ (%̂ C ibgMldl toVjH \ ng fl| 14^^
waa painful to toutfw Barring tha looal laalona lastnd beyond 
ana wank* all goata warn naar normal in habits and behaviour 
by ana weak poeb-lnoeulatlan.

Heeropey flndinga
SBMLililflBft*

Baoh of tha alx goats whiob waa aaorlflaod at IS dqr* 
lntssval did not reveal any lesion suggestive far CIA in  any 

of tha Internal daap seated lyaghnodns and vlsoaral organa*

ut
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Tabic 1*. Remits of Dslsysd Typa Hypag— naltlvlty tast la ' ' ' , iafleefead aad oontrol goatsi

Pariod la akin thlAnaaa la ma , SlgtlO-
hours Ranga naan as t-walua eanoa

0 *c 3-84-4 4.80s.ao 0.5074 [13

24 ze
4-6
3-8

3*103.38 I m  03444 [J8

48 8
e

3-4
3-3 4.80

3.00 q,S0 0.8918 as

73 ■c 4.33
4.88 §:» 0 6599 MS

s - RMparlosntaUy Infootad goata 
c - Control goata 
rs - Net significant
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while ngtanl/laMl ijnhnrtM were Invariably
affaoted with varying degree of Involvement.

By tho 15th day tbcaucfc 90 daya tho goats nooropaled showed 
Involvomont of preferecrsl, paweoepular auhaarinary and parotid 
tmtaodta with laaiona suggestive of Cl*. In aovenly 
effected lywphnodea there waa anomaoua enlargement (several 
folda) with total damage of garntya and eaauraulation of 
eaaaatod pus (rig.25). In fow goata, tha ahaaaaa davalapsd 
In tha lyaphnodefl had opened spontaneously and bad avaouatad 
tha croamy pua. mo akin wound thaa produood latar haalad 
with aaab IwmthB. Xn laaa severely affaotod instances. tha 
lyapfcnodes warn aaan enlarged In alaa two to three folds, whan 
aneh lyaghnadaa wara eat* it ocntalnod necrotic area In tha 
parenchyaa and tha alaa of tho leal one varied depending tha 
severity of affaotlon. Xn oartaln anlwwla tha lytghatie 
ehanaal at tha doraal aide of tha aandlhle waa aaoa affaetad 
W&tit ANibBpMRt Ode LmIqM MggBfltlvA of CtA. Tha
popliteal, aadlastlnal. Internal lllae, mesenteric, canal and 
othMT dMp n m d  lyaphnedw vcn ■yutŵ i imfi acme of tht 
vlaoaral organa ahowad any laaiona suggestive of ci*.

Pua collected fron gross laaiona was positive for 
£• T — »9r dlcaot etalnlnq and far cultural 
noovuyt

tastnpathology
M stnpsthnlogloal findings pertaining to tha peripheral 

and daap seated lynphnodsa and rlaenral organs ooUaotad fcon
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the mofopiiid g| mi^ai jjMuMnpt&s tvwilid vBtisd
Algni Of IslllMMMMIf fHoHflQI |f M̂NKttOd bOlOVe

j f l f l f i l E f l B l f l f l t *

19th digt peot»lafoetlan.

Depletion of lynpboosrtaa fro  tha eortan and medulla mss 
a foatun an tha 19th day in tha pnanapnlar lyraphnoda. Aetlva 
garninat oantm war* ahaant in tha folllelaa and acraa of tha 
lyathatics and blood oaaaala warn threatened. Fooal araaa 
ahewad hiatiooyto proliferation and reticular hyperplasia 
(Fig, 30).

fnflnanl lynphooda alao nvaaled depletion of lyapho- 
cytit fcon tbi tnwrtw  cndi An onoopoulefciod omttlog
abaoaaa ccnaisting chiefly of neutrophils waa aeon with a 
feetooning of plaaraa oalla at tha periphery (Fig. 37).

Za tha euhaexillary lynphnodo than waa daplatian of 
lymphooytoa fra  tha eortioal ngion and then waa no olaar 
diffarantlation hatwaon tha oortem and medulla. suhonpaular 
and cortlaal oadana. oongaation of hlood waaaala. hnamorrhaga 
and infiltration of mnrvwiuolsar oalla in tha lyraphatiaa and 
blood waaaala wan avidant. nacamlatian of macrophages and 
plana oalla la tha medullary region and dilatation of aino- 
eaide wan Ohametariatie features (Fig. 38).

Parotid lynphnoda showed lymphoid daplatian and aeoumo- 
iatien of hiatlocytaa in tha aorta*. Dilatation of lyophstios 
and blood vaaaala and aooawalation of macrophage# in thn
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Fig* 25# inUfvMI psvtansel If U m Ai o m m MA

rig, M. lyqphnadai nopletloa of lgaphooyta few tha
ao o aa ,  ahaaaoa of aotlwe foUtoha.bjUiieeftio jnUlMilMirot leal ar hyparplaala. m u  400
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flQ. 27. IgmptaMhM f a w n  Mtwiri emnwnQert by 
tnflmatairy oaua. n t n  290

FiiQm 28* ŝ pQptmodtt oiteii ** of liBunldi iq(|OQCRMttiftttiOn Of BMKOPbMMI lffT4 y||HI aynf|» Ifi Du Mdu^uy
nglfln. h & t * 400
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Ijaphatles and blood w iw U  m m  aaan (rig, 29), The sinusoids 
ware angorgad. roool oollsctlons of msorophaqas von soon In 
the oaduUaty region.

Mediastinal lynphnode m i  oadsmatona and there m m  deple­
tion of lymphocytes f m  the cortical region and dilatation of 
sinuaolde end capillary aclesoela. Extensive infiltration of 
plasma cells in the medulla and narked ainua hietiocytoeia 
were noted (Fig, 30),

TraOheal, mesenteric, popliteal and renal lyraphnodee 
presented a picture of roaotiwe roaponso characterised by 
hypertrophied follicle*, ainua hietiocytoeia waa alao noted 
in the treoheal end popliteal lyavtaodea.
30th day post-infection.

Prescapular lynphnode was aeon highly reactive and 
mature lymphocytes ware seen in tha cortex with hyperplastic 
follicles (Pig. 31). There was aocumlatlon of lyaphocytes 
and moderate degree of ainua histlooytoeis in the medullary 
region.

Frwfemoral lynghnodo appeexod to be e oaseated mass 
enoloeed by fibrous tissue. The capsule showed byalinisation 
of the muaale fibres and ooUeotiana of lymphocytes ware seen 
in the fibrous capsule (Fig, 32).

In the subm&xillary lynqphnode, the follicle# wan hyper­
plastic. Fibrous tissue proliferation wee e feature. Many 
hypertrophic folliclee with well stimulated large and small
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Fig* 39* KpplMlil nplfilM §| ta&Jul fBCM tfn <nctUMl yy QUjfeaAlAft
ot Ma l i a i  to iIm  n u m .R « I X M

F&9« )0| ImplBOAli I m i i  ylMHI is
9h9 nMPUl Md flxni hSSfciflWQfliOBlSe 
K * I x 400
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germinal «m u m  m m  smb la tbs cortex (rig. 13). rooal 
depletion of XwhtQMl A m  the annto) region and alma* 
htNiaeytMli In the iHnlli m h  evident.

An ocgaalaad chronic aupguxatlve focua m i  avldent In 
the parotid lytnphnode. Surrounding tin focua. alnua histio- 
oytoela and foreign body giant oall reaction war* aean. Thara 
m m  alao eoounuletlon of lynphocytaa and macrophagea In tha 
atnuaaa.

In UN madlMttnal lymphnoda, medullary cassation was aaan 
and tha ana of caaaatlon m i  aurroundad by large number of 
masrophagaa, hlatlacytea and fan giant aalla (rig. 34).

Tha histological plctun of tha tracheal, maaenteric, 
popliteal and renal lynphnodaa m m  net each different froo 
that m m  abeam d  on the 15th dap.
49th day poat~inf action.

Praaoapular lymphaoda pnaantad hypertrophied foillclea 
In the part teal region. aaetteced araea of oa Mat tan naarosls 
Mara aean In the peraoorhax and tha medulla eontalnad only fee 
IjnteU oalla.

caaaated oaoa replaoad the lyaphaode parenchyma and 
pconounoed flbroala m m  aean In tha peefenoral lymphooda.

Subnaxlllary lymphnode m m  aaan to contain ettonlated 
hypertrophic follicles with large and (mall germinal oantrea. 
focal depletion of lymphocytes (na the cortical region and 
alnua hlatlocytoala In the medulla mare evident.
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rig. 33. i M m k  «g<MH H W i l  Igmylntto tolllal—
with «Mt«i g— wdnal ontn.H * * x 330

r ig . 34. agptptaoOti H— d U  ahnwing w i l n l i w  oC 
nacwwphagM, h it io o y f  ■ and 
giant oaiia. h i i « 290
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In the parotid lymphaedee, the histological ohugM ««n 
almost ilallir to that aeeo an tha 30th d a y .

Tho ohangas In the mediastinal tracheal* mtnUdOi 
popliteal «nd renal lyaghaodaa wars not nwnh different Scon 
what was abearwsfl an tha 30th day.
60th day poet-infaction.

rninoaxinl »r lymphnode shewed w w U it roaponae of tha 
lyatowytw  end follicular hyparplaala nu tha charaatariotia

Zn the peefeeaeal lynphnede* tha lymphoid folllclaa at tha 
cortex showed hyperplasia. the oaaaatlng foci w n  extensive 
and oalolfloatlon was evident. This wee aaaoolatad with fibrous 
tissue prollfaratlan around tha foot and at tha medullary region. 
The granulomatoua reaetlon waa aoeaapanled by tha aeeumnlatian 
of mature lymphocyte# at tha periphery of tha lesion (Mg. 33).

uynptooAd hyrinyl wffti m A •oounuXs&lon o£ Xywpfaooyt—  In 
the medulla and oinua hlatlooytoela ware saan in the autnexlllary 
lywphnoda. Tha alnuaag ware filled with lymphooytas. Mbroua 

iHMpiulftiiS ioqiX i m i  o£ mod ounttlon
surrounded by layers of maonghagaa and lyqphooytaa were aaan.

Histological picture od parotid* madlaatlnal. traeheal. 
maaantarln* poplltoal and n a l  lymphnods wu not aah diffe­
rent from tha* recorded on tha 43th day.
73th day post-Infection.

Caaaafclon, oalalfleatlan and fibrous tiaaua prollfaratlan
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w n  ob u rn d  in  D »  wrtwUw y n g to i of the pcoeoapuler 

lynpbnode* Qnopi of ln g i  l ymphocytes wage m n  In filtra te d  

in to  the flheense o y o lt  iM f i surrounded the lesion.

rrsfamoral  lymphnode Hewed fo llic u la r hyperplasia and 

slims histioaytosis.

11 my lymphmedse Hewed hyperplastic fo llic le s

MBit Hwoloned aernlnel centres.

Focal caseation* depletion of lyaghoeytee and accumulation 

of hietioevtee warn the features seen in  the carotid lvnphncde. 

f iiiw  hlstloavtoels. — *1 ■»<«*« of jaecfoohacies. enltheloid

oella and giant ce lls  were also noted in  the medeUa (F ig . 16).

iSiitoiiPtiw.11« - the nediestisel* tracheal, mesenteric* 

pcpllteal and renal l ymphnodse were reactive with hyperplast i c 

T racheal  lynptmcdc Hewed Ĥfwa»l#y> sclcrccic* 

engorgement of vcnmlss w H iw>#i of ̂wivwviot.**!!** osllVf
90th day pcct»fnfcetlcn«

Pccscapiilar lymphnodc Hewed fooal suppurative in  

the ocvtleal region#

The paracortex of the prsfH e ral  l ytnphnode presented typer* 

trophic fo llic le s  and proUfesetive lymphocytes. There was 

lymphoid applet t< m fvow gm alatl centres of the oortioal 

lyaphold nodules.

Suteaxillarv lvmphncde wee oodematous « m< there wee no 

differonti e tion into  the oartox and medulla* There wee dege­

nerative and neerotie changes of lyapfeocytcs In  tha cortex and
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Mg* 3S. ty yhnaaii h h  of eeessblon m & <aoroaundsd by ttbtwi ttseaa reaction. tltii 390

Mg. 34* tgapbaodat RldMyUy aaavoytisgs sad glamt 
edlfwtlM. R t i i »
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MdttU. Depletion of lyaphnoytaa fran foeal anaa of cortex 
«w  seen, Besides waonphagau, giant aelle teen also observed 
In the Medulla.

The parotid lymphaode contained font a( oaoeetion. cald- 
ilsaUn and then were surrounded by e layer of proliferating 
fibroue U m m , Foreign body giant oaUa and epithelioid oella 
wen aeaa at the periphery of the suppurative lesion.

Wediaetinei and mesenteric lynpbnodes preeented a pioture 
of reactive lynghnoda with non prawunoad flbroals.

Trachaai lynptaoda wa with oapeular aelaroaia, engorge* 
nent of vendee with of ■■—* oaUa*

Popliteal and renal lyapfcnodea thawed foeal oaeeation 
(hs nwwliilli with tiisfciwiŷ owls md pif—4  otU 

neotion.

UBK*
Then wee no tiaewa changes an the 15th day. However, 

by the 30th day then was granular degeneration and by the 
50th day foeal areaa of fatty ohangso and necrosis wan seen. 
The central train and sinusoids een engorged, than wen mild 
to andante neenhiotic ehangee on the 71th and m b  day of
iifl—

m bb>
Then was eild granular degenaretive changes in the 

tubules of the kidney fraa dey 30 cawerda. However, by day



138

79 and 90, tbava warn tool at imtiwU in tto « M h  and
tMRontiiglQ fooi mgf naa i& th

flgdMtt mtt tfryffit did not tfMi M y  K*ft* * !  ̂'̂‘I'ljfn»
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DISCUSSION

C w dM  lyqpbadanitis caused by £. naaudotubarnulnaia 
in oaprlnes is now roongnlaad as a world wide problem (MU*« 
and Campbell, IMOi Burrell, 1M1) and la one of the major 
oanaea of aoooorale loos so tte goat industry. Though tha 
importance of tha disease In goats la wdattMdly fait* npafti 
giving information on nods of trananlsaioa and perpetuation, 
pathogensala. immune response, morbidity, mortality and otter 
eplsootlologieal factors arc faw. Tha present study raporta, 
tte raaulta on Immune responses and pathogenicity of 
£• M Hk&MttlMil eaqperlmaiital Infection in goats*

tgatiaMtai infection of animals with £» neauflotubar- 
Ollflilft waa previously attempted with aavaral forma of Inooula 
MCh m  of flfvoly ̂ imDwuiS IndlvlAtil cmU s*
baotarla grown a a  pollioloa and broth eoltara* l a  tte ptaaant 
study £* nawndntntemuloala auapandad in chiliad sodium ahlarlda 
Mia salt solution subjected to rapaatod sharing and oentri- 
fugatien was quits useful f a r  tte pcsparatlon of a stable 
suspension of evenly distributed single oaUa which oould be 
antiloyed for exporimental infaation of goats. Tte bootorlol 
aells rameinad in even suapsnaion with uniform distribution 
for fairly long tins and tte viability of tte oella did not 
dsoraaaa evan aftor six hours of stacago of auapanaion under 
ohilled conditions. Barring tte prseenoe of stray nwbars of 
small elunpa which oomprisod 3 to 4 teotorla tte suspension 
waa uniform with ainglo oella and tte faaotorlal ooooantration
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waa amaaarahla by counting In Fotroff Hannan counting ehanfeer.
it waa JteUy ClMSaJ, who tint npsttad tha preparation 

of atoglo oell suspension of {, pssudctubsrculoeia in A U hf 
bile eslt-saline solution during hia studies an tha pathogenic 
action of tha bacterium on tha veecuiar bad, Ha had observed 
that tha wathod waa oucoaaaful in obtaining aingla call aua- 
panaian moot of the time bat ooooa Ion ally a Saw clumps ware 
aooountarad. Tha aana taethod waa subsequently adopted by 
Hard (lMft) for tha inoculum preparation for experimental 
infootion of mouoe.

Cameron (1973) obaorvad that bacteria dariwad exam 
polllolea in eta tic cultvixo waao atador to dlaperaad bao- 
tarla dariwad from shake auituxo for intravenous injaotion 
of aheap for tha establishment of diaorata ahooaaa in wiaoaral 
organs,

sknmpix nttfchod* UkB| vM&BptndlnQ ktoiMriA in lyrffwr 
aoiotion (0.02 m pH 7.3»7.4) oantaining 9K lactose and IS 
paptona (Caooron and Mtonar, Mil Cawarwn. u  al.. 1972) i uaa 
of aiaparnatant of heavy bacterial auepansion in aaliaa ihidi 
was allowad for gravltatiaoal aottliag for ana hour at roam 
temperature (Zaki, 1906) and growing baoteria in dialyoia bog 
containing phosphate buffaawd aalina, ouapandad to nutrlant 
medium (Mhfag and Carpball, 1980) won advocated for tha 
preparation of bactarlal auapanoian to bo amplayod for ojqporl- 
montal infootion. Few otber workers ware of tha opinion that
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weohonloal agitation of £• m U t t B B i H t l  growth In 
sallna would produce only suspension of beeterie with oltnpa 
and slngla eolla (Burrell. 1978i n o n  al.. 1983).

Tha results of tha praaant onporliaant ahowod that tha 
suspension of alngla call bacteria, though oontalnad a fow 
aUsspa also, did not osOfce seven local reaction or Chronic 
thtoaao fa— ttsn at tha alto of Injaotlons. Inotaad tha 
preparation uaod was found to bo ahlo to Initiate ohronle 
lyxphedenltla. Thua the pnoant oathodology adopted for the 
preparation of single call suspension was satisfactory to 
experimentally aotahllah chronic oaooouo lyssphadanitls In 
goats.

Ooata dild) wore Injected with 2 x 10* bacteria par alto 
of Injection had developed apaelfio lesions and abooaaa In 
adjaoent lyaphmdao. The ranter of baetaria used for oxparl- 
raantal Infootion oould produoa ohronle lynphadanltlo In goats 
as tha doae did not produoa fatal Infootion or acute illness. 
During tha first week of Infection, all tha goats bed shown 
fabrlla response with tnflnasstory reaction at tha alto of 
Injection followed by geoaral vaahnaaa, lethargy and ineppo- 
tanoa. Thaaa Initial oinpliano warn attributable to the 
reaotlon of the animals to the ntaaise does of bacteria and 
their toxic produsts received at different sites in tbs body.

mlnflsr results wan obsom d  by aahfag and Campbell 
<1M0) when they bod used 1 x 10* era of £. Qesudotubarc. 
for exportmental Infootion of goats by different routes.
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Brown s3k MIL* <1983) rwpogtad that a doaa of 0.5 x 10* CFO of 

caprloa M a la  of £• pamdofcahaanaul naia waa auf flc le n t to

<shr«wir» aHffttffffflrt t of lvwahtwd ti In  CKMttS. teQOtdiag 

to oaoaal and Tartour (1974) aubeutanaoua lnjootlon of 3.8 x 10s 

baotarla aould produce aomt# fMwoto ham olytlo imoifTifa and 

daath in  ahaap w ithin four aaye of Inocul a tion and 1*9 x 10s 

to 0.74 x 10* baotarla could produce only aubaeuta to chronic 

in f action, Cawaron (1972) had alao n h n m d  that aawarlty  of 

infaetlon In  M a p  waa d ire ctly related to  tha doaa of haetorla 

adalaiatamd and hin Flaw waa w ppattad by axoflpi n  §\.(198S).

t  a  d  M  m .  d n a i ^ d  a A i i u k A ^  ^ * h * * *
j i p P RRPgNojLanRr QRaRpmoBoSVQ aUm waomP ^ » mRPaPBHp R^RrBRmPHfiRPGI RpBHl

CHanamtiwa raaletanoa of aenaiaaa to  6* —**■*>** lA a w iiiMii m 

Infaetlon an * n  tha effete raalatad ***** Infaetlon aaan after 

«»**«.m|**i<i* with a xaaalta to ta l doaa of 1*3 x 10  ̂ bacteria^ p  w  ■̂ p  * p ^ *  * p  p i p  w  p p w  p p p p a w p p ^ a ^ ^ p ^ p ^ p ^ n p

oar animal. Osmsenleon o f tha raaaltn abtalnad In »»** oamant 

atndr **»a thoaa raoortad ha ***»—>* tnictm i aaaoaafca * h*» nea&a^^p p *  e i^ e a w e ^ ^ ^ a ^ ^ e p w ^ e p  ^ ^ p # a a a e p  a o n m e ^ a e p

ana mom ro il at ant than ahaas* Momovar i t  oottld *>— * ha^p ’ ^ P  pi^ P '^ ^ ^ ^ w p  > P ^ M V w P P P ^ M P  p p ^ .  P H B w W  PBWPP

Infarsad that a m latlwaiw oraaaar mmiar ad hm tarla ****** 

ha lnoculatud <«** ***** * without aaaaiBs ****** « r  »*»*i #*■*- —  -  ^ ^ p ^ ^ p ^ ^ p p p p ^  P i w i ^ i ^ w ^ p p ^ g  e a e e v w p i ^ a v  p m #  a m w i ^ a p a e  e e ^ ^ e a a M

Of CIA.

natural Infaetlon of anliaala d o  CIA waa d a n  to  be by 

aavaral cootoa v ia .. e)cin contami nat ion and womd lafaotlon 

Chaim and aebartean* 1974* Umar* 1970) Inhalation and lugaa 

tlo n  (Gama# 1933* Naddyff 1913) and tirmmifaaiW hoaaal nmooaa 

(m cnAl# 190l| eangbau i£  | ^ .t 1983)• n » airlm m al Iwfaa 

tfoa at anloala  with £ • -------------------- m lliili had ham aooaaaafal
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with n n o I routaa wia., Itfm awi (Caonron ̂  |^, 1VT3| 
medgan u  «!.. UK) l a M M M l e  (RMkaal and aataon*
1977» aomUi U W  ouftautamaaa (oanael and Tartour, 1974) 
and Ain acarlflcatlon (Maim aad notoartsoo, 1974).

In the preaant study goata warn lnooulatad with 11 we
£•    HM>| euapaoslon by ttaaa mutes - sutauooeal.
a M a a a m a  aad intrademal. *11 tba three routes of inoau- 
Isticn praduoed laalona sugpastiwe o< CL* in imptaaiaa at 
tha tnaodtata widnlty. Mo ahaalnta pcaCaranoa waa notad with 
aar ad da mutaa fea tha ability to aat laalona in tha Ink* 
nodaa. Da Inovibation paaiod talaa Cor tha daaalopmnt of 
Mataotahla loaione la lyiphnoflaa alao did not show any pcofe- 
caooa aa tha rational lynghnodoa waaa uniformly affoetod within 
14 to 31 diera poet-inoattlation, imeapeeWwe of tom employed. 
necropsy findings iadloatod that thaaa motaa of iaoeolatlooa 
warn gaactUy incapable of sotting op gaaaraliaad infaation 
in dap aaatad lymphnodee or viaoaral oagana within 13 waaha 
of ohanttlai period aaoat*. for mo ltwolvanant of nadlaatlnal 
lyagtnode in two animals uadar grnp zx. This finding waa in 
olnaa agaaaaant with tba raawlta reported by *ahfaq and 
fioipball (1990) who eapUyed 14 goata for ipparVawital infec­
tion. ant of whloh only ana goat doaalagad foeal abaaaaa in lung 
paronctbyna and mediastinal lyoghaade. m em  ̂  alao
mgortnd ahaoaaaation of nadlaatlnal lynpbnods of goata whloh 
meaitod £. M M t t t M O M l  M  tha flaA region by intra* 
denial routa. But eewacsl othars (tartar and attsttaoharya.
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1975* sharma and Dwivadl* 1977| Kalrn 1982) was* of

the opinion that goat* oso morn ausoaptib&e for thoracic form 

of cxa to o u t  of M o ra l infection* too s u M lti of tlio 

aroomfa Mufer indicate *ho ooets abaci owneT lnr11̂** ly

Ŵf*̂ OCHK3i &̂JlCWP®C5JLci jtCSSBHI 45MR CIA only to looXstnd oaooe*

£• peeudotabormiioola to  m U  known for it*  a b ility  to

5flPĈhJCNfc jpO%flR3l5» M̂OMbOK̂ SI (̂hflfcEl ĴpPOIiSCI 3Ei&3GGt or ia  v itro  (Wilson

and Milos* 1980)*

to tha pw m n t study* growth of £• paeudotubyflnflgfjft

**■■■1301 Q K aM sflK pB B  i v n H n  Q Q ajK H jLED U BD  apm pm ^s W R ovB B  u B D  OBtiPtMaRSSCI WmmmmKmm

»<*»*■> in »Hn oalturo *■»**■»■»'*■<> faw 79 h of eordhto toaibefcian 
at I7*C* the pH of the oultusw aa* found to got loworod from 
7*9 to 5*00 £ 0.2 as the toxin ooaunaulafcod to tho medium,

sim ilar ponceaus* wo* soportsd fay B urre ll (1979) tor too 

preparation of toadn from several otsalno

and ho eboorvod that an tt—*ffrtvifpt increased CO* van4»
oaporior tor rauflmaa

Tho toocto content of too ca&ttis* supormtant as assayed 

h r donnooerotoKto aotion on rabbit skin *»** haofiiol vtln «* < «>  

on aheap sod ooUs* attained too poak level at 72 houxs of 

incubation* following which there was gradual reduction to too 

toxin le ve l, too aultas* supernatant woo found to  oantsto a 

naxtmaw haamolyeto titre  of 1»2S8 at 72 hours of growth* 

Mxadamaal toooulation of thto *— ** m Uttm  aunasnaiaeBt 

psoduood characteristic dsnoaneosotio  reaction to xafabit toto* 

the I nflammatory and naocotto reactions were maximum fay



48th boon, Tha point «f lajaetloa «u aaan maadafelng aar*- 
pwdttt flwld by 72 hoar pan Iwjypton, Itt rvaatlona «to- 
eldad and tha a m  haalad vp within a vavfes tima.

Among tha various biologloal propartlaa of tha toxin from 
&* wtfBhtfc awn i*
a m  enmmnly vaad for aaaaylno its potaaey (Mr S& »M| 
M m U ,  1*7*). Khan Uaraoo protaoaa troth waa vaad Cor toxin 
pcoduotlon from savaral atralna of £. naoudetubottM tools. 
BurrvU (1*7*) aaportad a aadaa tltra of 1«33 aaaayad by 
rabbit akin taat. BurrvU (IMOa) abaarvafl a vary dsw oom- 
parlaan bvtwon haamalyala and rabbit darmonacrotoxln tltra. 
Ntpi yiald of £, oriM maria (baamolyain tltra IiHNS) vaa 
aapartad to ha produoad by mcraU (1*81) Van tanwn prataoaa 
broth vaa parlodlcally amiplamantal with daxtrooa nodar oon- 
troUad pH.

aavaral othar madia and aatbada dor tha production of 
aantnmln dram £• anttttUtilltl m m  barn aqployad with 
fairly good roovlta (Carna. 19401 Omamn and auart. 1MS| 
Hssklntapa, 1976). Canaron aad Salt (1*70) abewad that avo- 
toartn praparatlona C m  £. aria aontalnart antlgana darlvod from 
produets of boetorlal lyals.

f|H mirttirn Ulftd Wlfl pHQttl wd fiq^nni
prorldad for tha growth woro Covad to favour tha production 
of sofflolant quantity of taada by £. MMMiHBBifllil •
ATOC 19410. which oould bo datoaaod by haamalytle and datum* 
naorotoxio proparty. Tha rssulta alao Indloatad tha ability

13S



of the etrela uead to preduee M M U b l t  quantity of *"■*« 
ty M  t a n  whlcft laowioH M  reach tM peak i M t  by 73 boors 
aad thoo dosUnotf qr*t*if7î y ttcraaftar. ThtM oboervatlona 
Awltto f m  the findings of w r U  (1979) who toportH  taodn 
pceduotion aoly iftot 49 t a n ( tttitnlag tha paak tltre at 
71 b a m  ana persisted at tba sane Icwal till 130 bom* itola 
d&£4MMNI |b u m IM hf n u H m g l  Du
dlftaNBO* ift %IMI •Dfftini QMd«

AMFtSft jNRMMMbl OQnCHMItMMJMI X® lUKMO %0 to® XCMMtod by 
several faotam euoh as blood loaa* baps tops thy. malnutrition 
and hoary parasitism, nhUa it la InorataaJ aa aga of tha 
®aln®l iftnnoid vilh t dtoOMMMi in ftUMMLn jpyi inov®®®® &q

iBHiiftQftt piftM jcmtnt fall within normal
rang# In any dlaaaaa eondttlona* elevated conoantratlon ooours 
la many ehranle diseases. fba reason for this Inoraaaad plaaaa 
oonoantratlan la understood to be eithsr da to dehydration or 
iamese la gamma globalla ayntbaala aa bath*

oaata whloh ware used In tba praaant study had normal 
ssrua protein oonoantratlon whloh ranged from 7.187 to 9.790 gnu 
Before the start of tba expectant* group X goats bad a aarum 
protein oonoantratlon of 8.379 ga % whlla group xzz bad 9.071 
and tba dlffaranoe In valnaa between tba groups waa not afcatis- 
tloally algnlfioant. Group I goata ahawad a significant laoraaaa 
la aarua protein content iron tba 9th weak of Infaation onsarda.

ftlHf i^DKlMBkftX iQflmiM thi Moran p®ofe*lft oaoo®Btoc®» 
tlon la group X goats ahead an Initial decline but from tba

13*
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2nd weak onifttd» thorn w m  on InaMOM* fell* mmiwMw lowal fating 

11.346 gn * at tha 8th mote, Throughout tha pariod of oboorva* 

tion* tho a m *

tioo in  m um  pcotain omtant and i t  Mag*d batman 8.874 and 

10*613 gn * .

The m im  oonoantration of m u m  pcotain at tha pcalnfao-

m  p̂GP0ÊB 941 CJ0Wp®JWft(5 to 

gn*p X gocta. Tha situation « n  savacaad aa infootion advanoad 

in  g m *  X goata. Though thaso m  InoraaM in  m b  pcotain# 

significant dilfarenoa f n »  that of control im  chaarM d only 

daring tha 9th# 6th, 8th# 9th# 10th and 12th weak poat^infaotion.

Tha sm alt* poaaontod fans* abound * Mtffvtf m u m  pcotain 

aaneoRtration in  c M H M M i isainbaxi goat* a* *

to b m m I  valuaa pubUabnd fay M a la  (1910) • Caatro j&  ai*

(1977) aatinatad aariM wftttTd1! oonoantration for iw say

goata aa 7.3 + 0*7 g * fay nlMOfaJaldahl wathod and Lewis (1976)
f t  O l  t t  , M  a d  1 m *  a 3  a > * A M U i ^ i ^ a a M M b J f  #aiBvpOBRwG t 9  B*#9 9 *• ®5r aMMSWpPnCWWMMU

Tha u>niiiliiii> t »a or q tia ilta tim  in  tlia aacun pcotain

pcofila of £* BISBCla&dacaUailJI la***h*d animals waa not 

raportod fay a n y  «K fa * »« Oanaal and Tartour (1974) ofaaacvad 

that a>*«»»> which davaloead ******** diaaaM had hlofti BMinn 

content *4*#!* i t  w m  Man auffacod aabaonta to

d a m te  fa n  of infootion. Tha r lM  in  pcotain value waa ooo* 

aidacod d a  to  tha pmanwa of I m o  haemoglobin in  plasma aa a 

roault of in  xJ&g faaaaolyaia **mjf tha daomaM waa ooaaldsxod

M an afflaot of atsma inm aatm M  w>.ba aunarvamd aftaa^ ^ br» ^pbw^^b̂ # ^oi^pBBB^|pyg^B|Bo^nRPe#^oi^Bn ^^^U'^b b ^bbpob* ^BBa#^gp^^^eB# ^rw a a ^^^^^aa  a a a a  b ^^b b o b

L̂i83B4494ntC8(4(9



IIS

g M u g n k  l a d l o a t O d  tllKt M  O O r y a a b e Q t O r l a l•  a H I W V N v  O t W P I p m i p a p n e  O B a o a m i M e P O P m ^ ^ ^ M I

infection pragaaeaoa in  goad*« the earoa 9—  ooneaatsetleo 

iaoceaeeSt while there wee a » — — I  Ohaa—  in  oom m l 

9—  aa the age of the anlanla adaaneed* Three afoearratlfine 

ace in  cOoee agreement with the ceeuits — parted by nattallb 

H  | ^  (1979) and Deeidarlo |^» (1919) w ith ceapeet to tha 

aarm  proteine of cheap with & *« w eeding to  schalm (1910) • 

in  chronic —  of d iiM — > aapagially in  th o n  iiw olem j
1

antigen antibody reaction* tha p iac—  protein waa found nigat^ 

f l— cktly Ine— ad above 1— i h  ho «  ooni— Try  to thaaa 

obaervatioas. thaea aim reporte of dooceaee in  aanm nroheia 

(S M h S in  j&  1 ^1  1977) or no change (Brown n  | ^ # 1905) in  

goata af footed with CIA*

ptca— eie ia  oooeidared aa 0 vaiuabla toohnlgiMi for 

•valaaias tha coianfcite&lwi ^  — aU tetivo  ^nwHhnfci«i*i a l 

aonaa wpp^**** i>pp#»»<*ia*p̂  hoar am pt***pm>tinnaai a aathotf «*>*<*p p^^i^pp ^^p^pp .P f^PP  ̂ ^PPI^P^^^PPP'P p p p p  ̂ H ^pppppp*^pppp^^^ppp ^^^^aBffPWPP t p w * p » ^ ^ p

waa feUenod in  tha preaant etody waa ,K1* to separate diotinct 

protein fraotiona af aaran of goat* The oloot— pharotog— n 

eloarly dtatlngntahod tlh a te t alpha globulin* beta gl ohal i n 

and qwfBi glohalin fraotiona ad aartst While aubf— ctiona of 

glohalin cou ld not ha anifarady dtaoa— afl in  a ll oaaoa* aapa< 

cation of protein of ao— m lo t# eltnnln* alpiu^l*

alpha a» hate and gaaaa glOhallne hy paper alootrophocaala waa 

— parted hy — Mia (1919) aad Caatra gfc fli* (1917) *

with ao— X aaf^lea the phaaaa ware mhwh over**
i o d D h I m 9̂ ■ ^ ■ D R K n B n ^ B S H n ^ v ^ B i  M O B  n^KI^^B 1— iaiMa.i H n  o r
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individual globulin f t U l m  mm14 not Is* attempted* 

Oebeldlston (1971) had in w > lfti»1  M l  eosum protein 

f i M U f l B S  « i  domestic animals using electrophoresis an o a llu - 

10M  ie u m  aaat«*  m  m  had observed that n v tta l of tha 

«a n n  w g t M  did not provide d istin ct separation into pcotain
hww»«I»i<ww m aB M  i n  fttn

with tha para sent study tha lOhuBiln-gleiail I n ra tio  wm 

eaellv obtained hr (iSiiillii— la r tsooina of the oloctroDhoro* 

tegrams and th is re tie  was need to  week out tha quanti t a tive 

sh ift in  the major M um  protein fractions of goata infeated

During tha post»lnfeetlon period* group I  goata showed 

an inocoaaa in  globulin only during the 1st *«d 4th

week with «>t other sanies the globulin tyuitiint waa 

found to ho dooroeead. The do bulln  content was found to  hasew^wiBeBmw si^oe ^^^B^meup^i^wiwweFW®m “ o^ee *^pwimw^^^B^euse®e ^—^ p̂ ff  m^^f

uniformly inoroaaad with aarus eaaplee ^ l l^ i t ail from ocntrol
SktuB -̂ AdnSjihO BÎ Ŝ i^^dkJWMW^a 1 bmm nhSk Ot̂htn

Q O W u P  v w ln ^ 9 t H 9 a l0 ^ p B >  n S d n  9 W 3 M B R *  W  R R R R n F w R m e * M 5 is !s  V B K p B E R a  u N s  tp a s n  I g u

and 11th malt, though tharo were soma apparent d if faronoo 

with tie  ra tio  hotwaan i nf acted and control animals, s ig n ifi­

cant difference was rooocdad only during the le t weak of
n  e
a M N N e V Q S se C p e e fl

Castro n  j^ ,  11977) raportsd the normal aio ra tio  of 

9ygay goata as 0*8 £  °*3* naiieol «nd Tartour (1974) ropor tad 

a definite daeroaaa in  aertn gmmm globulin in  aheap suffering 

from suhaoute form of c ia , while »l-*bd in  n  aJL* (1977) and 

B*911* &  id* (198$) observed no change*
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Aw |— MU wnUM  abawad «twfc with infaetad goata, 
than waa algal floant ineraaaa la total aacan pntaln whlla 
tha oonoantratlon of glohalin fnotlao nlativoly daonaaad.
Am Inonaaa la total aamaa pcoealn night ha doa to tba toe 
haameglohln In tba aor«aa oimaagnant to tha hannlytic aotlon 
of toxin fno fie ** nportad by Ganaol and
Tartoor (1974), Brown ft gl. <**•*> obaa m d  that than waa 
a draatie lnenaaa In ClhrUwgao oentaat In tha aamaa of goata 
lanortlataly aftar axparlaantal Infaotlon with £. naemvanhar- 
OAaaVt* edilflh would alao aoaeaat for tba looaoaaad total aamai 
pntaln. In an inrnoaa at.lmul.atad aolmal, an inonaaa In 
protein oontaot aaad not ba doa to the laenan la gaona 
globulin fraotlon alana. Tha Uaumo oowploenaa femad aad 
noocptloa of tba pua night alao nault la laonan of total 
aamaa pntola (achala, 1970),

Aw globulin aonbant la aara of oantrol goats did abow
that tha

oontsol awlawla bad naotad nowaally to tba antnasous sganta 
to ideltib they might ban got anpoasd. On tba otbar hand, 
globulin fraotlon of lafaotod goata woo found nlatlwaly 
7aora aaad aad this probably Indtoatoa the possibility of 
auppnasod globulin production, In gaaoral b y  £ •  naimrtntinvnyf 
ouloala Infaation, awn though it alloltad spaoifio antibody 
production.

Hananl antibody nap anas to £, anttlralfltil 
IbHqUMI in DU imiMl )gj MMVfci MVOlOglQBl
uaab^a Mad audi MOOWad ̂ ^̂aa m̂ b̂■RoBOV m  iMn M V M B  «•> ivyut I M  to nlW MRninftOM OHS
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disadvantage# (ihlgldl, 1*7*). Mnlitli inhibition teot 
« u  abown to bo highly affioiant In demoting antibody to 
£. arti awrumnrln In n»t»r»Uy/«ttt*tol»Uy Infaatad animate 
(Mtnll, 1960a) and In aotltoly/feaoslwely laawnlood animal* 
(aurroll, 19811 wad gfc al.. 1983a and b). Doa to tha almpU- 
olty of tha procedure and tha high efficlanoy of the taat 
reported, ttrr waa ooployed in tha paaaant atady to monitor 
tha antibody raaponaa.

Spaeifia antibody activity In tha aarvn ad (nfeotert goata 
waa aaen with tha laoraaao in haemolysis inhibition tltra.
Tha oontrol animala remained aarooagatiwa with hit* throughout 
the ohaorvatlon period. Xn tha yraaant study, tha group * 
jmtff wmni jjtiNwtsd — Ij*i stioMd 4*»»ai»nMa
lanl of apadfio antibody <na tha 3rd waak pootmlaooulatlan. 
Tba peak antibody level waa achieved by tha 9th waak of infee- 
tion and tharoaftar tha tltra waa famd to dwindle gradually 
till tha 11th waak. Shan ft (1983) recorded aimilar raaulta 
whan antibody raaponaa waa monitored In goata aoploylng r u m  
taflhnlfioa.

During tha latar part of tha obeorvatlow pariod (13th 
and 13th watt) a marginal lnoroaoa la tha antibody tltra woo 
noted and thio oould poaaiwty Indloato aaoondary lainune xoo- 
pooao by tha onlmalo which warn oontlaoounly rnparrd to tha 
tonina. twldanoaa for aonnwlary raaponaa during tha latar 
pariod of infootion hawo boon pot forward by mrhend and 
fotaaa (1977).
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or its producta IM aanaldanfl aa an indlaptnaabla maahanln 
by «Mcb tbs ioaunlty ti aadlatad ia animals. tbs « M O U  
ohtalnad la tbs fiiwi anarlmant alao Inrtloatad that during 
IB ntw aatlpUoMta) of baotarls. it libantad suffldant 
antiganlo tomln whloh iaduoad humoral antltoain production 
and dlagnootio lanl of antltoain ia aatua taa dotaotahlo ia 
iafaetad aalaai by HXT from tba 4th woak onwards.

Tha laabaayta eauata ohtalnad bafon tba start at tba 
aaqawrlwant with goata from group X aad ill (10718 4- 4S7 aad 
11342 £ 430 napaotiwaly) wan ia elan agnamant with tba 
normal waiaaa tor tha apaelaa dtwrlbad by aqhalm (1970). iba 
liaaaaat data tbua indlestsd that tbaaa wan not aneh dlf flannoa 
ia tha laabaayta counts of Kalahari orota hrad goats faa that
OS OS n iff B V N Q K * 7 0 1  iQ W l U l M Q f i l  OOU I a  ffOOQVQWS ra ff

g m p  XXX oontrol goats wan again within tba normal ranga 
(9944 >£ SM to 12157 x 722) daring tba satin ohaarwatioo 
ptrlodU

on iaSaation at group X goata with £» HHfelttndfllk* 
tba aalaaia pamatmmd maabad Isuhsoytoala and tba dagna of 
lauboeytoaia aaanad to OattMta aa daya pasaad by. Tba parlo> 
dtoal lauboeytoaia might Indloata tba n ouanat flan up of 
baataaial oalla in tiaauaa. Xt waa worth to nota that tba 
patk laubooytoaia in gnap X goata waa during tba Sad waak at 
infaation* probably tba tiaa at wbicdt maaaiwa nuahar of Tint- 
loot haetaria attaok tba boat ayatam aad to which tha phago» 
oytio ayatam naeta drastically with tba raawltant laubooytoaia.
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The obtained both at pea and
pack intention periods af group I and UX goata did not oho*

normal counts reported far tha apadaa by Mhila (1910) • rer- 
oantage distribution of lgmphoeytne In differential oounta 
shewed a substantial rodoatian during tha first thraa waeka, 
and naterete reductions at Mh» Mb and 13th waolta of Infec­
tion. it waa worth to nota that throughout tha period of 
ebiwnttfctoB* thi ixtfwetod anlailj itnud Twirtrf X Hy tow 
lynphooyta pamantaga oanpoaad to oantrol goata, hut absolute 
ooont remained wnaffaotad. Thie indicated that tha iafaotlon 
A4A fŷ» dhetetowwifcaliy InHwncNi th> Xyphocytft ^
tha poaoantaga distribution af thaaa ooUa waa kept low In 
tha parlpharal blood annaarppnt tn tha increase of othar 
AndMQftM*

Consequent to intention* tha oboeluta nautraphtl eoonta 
raaocdad far group x goata worn eona latently high throughout 
tha wbaorration pariod* oonpaiad to eontrol gaata. The 
inoraaaa in neutrophil «««*« oaa otgnlfloant timpt daring 
tha 9th and 11th waak of nhuuraatlan,

Tha paroantaga dlatrihutlon af neutrophils recorded in 
differential counts waa uniformly high with group x infaatad 
gaata whan oaaparad to control gaata hot tha dlf faranoaa 
be tw o  tha group values ware significant only during let* 
tad. 3rd* 5th, 9th, loth and 13th waak af obsecration.

stellar results were reported earlier In aheap infaatad 
with ft. by rrantil and Tartour (1974) and
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thay w rnm m  abaol uta ln a n y i m f  wish • Mha in  neutrophil 

naWbag and a drop In  l y phteyte  pacnantage in  did ferwntial 

#mb>«—a- naoancinl lndaafciea with ***—>! it**€*» and saw dorao* 

»i<m> g||jM||jte| nwdwd nankaoBtiilia. <**"«■< *irt im aha alowtwnndnpi WFSnŵ nnwndlStiŵ aa tndnal ^̂ ^̂ îwâ stwĵ aâ n̂ eiŵ wta n̂p̂ ^̂ n̂nwî p̂nMefcn̂ td taê n̂ n̂*wŵ â

and imoggnaaiwe neturo ad tha £* M M l8 lM lM R lB II&  infaation, 

ia  m old taa aanromtlata an aanaidwc’ that t ha wwitHf ad aautg»"

|ii%4%i<fc to  *p»flfirfda t1# t^ -a  of —nitfpi t nd tynead of 

baotoala in  tha body,

Maddr U9S1) reported that tha l aufcocldi n which k ille d  

i^iWwwt—  —kbi damaaitnd in  a itn  waa XMDOnaihLa fan atwaaae 

formati on hy £« SBE&ISp Cenwwn and dnit (1910) dananatsatad 

tha Aft X&SUSI i— ih^hl^al- activity ad tha protapXaamle *"**" od

a, mriM mr*A FPniiMiPt that iMilwiFit* ,! *p»«<wi a# tiMtiw fMHtgi WHMW

w  iiw iw tiiiUni jjyitjjMjnsy w »  w i t  rwhmtcm#

H a  s ta d ia  obtained in  tha panaant study did not awi-
ApAiA â t iiu,apfLd̂ a ̂dkĵ. it p̂̂ai p̂, t̂ktp̂ ûpttpippwHh RSNp WBBQm ^Uu ■MPlM®0C®nfî Up nnvOflPSwaKy tpfle mwWn tWBCnwS^ dwv wtwHHW

waa no in  abeoS.uta lamlainjtiia atewa in  tha re*r1r*iii,ii|,i,tl

evan ataeff tha indaatad anlaala had daaaloped abaoaaa

ia

nanppp, ^^^ju^tujk^p pfp akb̂ pk ^ppuppujkp^p a j m J î p,&■ n̂ B
jEaaw JRaMPBRiEwBdp CftPlflMWe wwT wpmRP IPRn^PRnwwilOw OJMPta^3*4CWHUaGna aUEl

dlfitam tfcial fflwwft idth  swgwpi too t caoooeytA «ad
w<pjiu^Mlhd 9 .̂ hd^b did wdî p̂pp ^ptp^p di ppaâ ^pnk^̂ ^a >̂̂ p_di ^kppkSMAt ^
aJSwHpP̂ p̂ t̂pJan̂  €aJnao SaprVt p̂BjppB-jD̂ Ut Î PdRaP̂ '̂ aNplDp n̂dadp afcaaBB̂ HSP’B̂ WDB SHppCp tjCp̂ wStMF̂ daa wjpnPSwŵ 9i)

whlah tp n <w»p< tha iMBiaMBlfBMk ad thnaa a a ll »«"*■ in  tha 

pathoganaoia aa j^pmwa aaaponaa aoainat £♦ ISHMkttHttM**
uninnl, i B it ilLip i I t  < f* P -

^ ^ B P ^ P w P p  ^ P P P  ^P

j^w tt * f  f-ait^an ad aallulad ahanpaa tHpaatht  aat tay tha
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t a w  raoponaa la tha ayatam aould ho poaaibln only tv 
aaparating tha affootor oaUa (lyaphooytan) and chair ohano> 
tariaation. tasaya KTart B-lynptaoaytoa in tha paripbaral 
blood axa eurrantly in «Ma uaa in olinlwal Immunology for 
undorntanding inanity to tnfaacloua dlaaaaaa (stltaa. 1900).

aaparatlan of cha paripharai blood aanannolnr oaUa f r a  

aowaral apadaa of anlnla baa baan aaoooaofully dona fay 
danaity gndiaot aantxlfugatlon (Sayan. lNd Bowlos ̂  ilo 
1975» outtarldga ft llu IWl Snlnhana jfc |^« lMi Jaano. 
1989)* Ivda and oxaanlaa (1988) raportod tha xagultanaat of 
a highnr danaity and gravity (1.079 to 1.083 g/al eantxifugad 
at 1300 n g) for batfaar aapaxaCian of goat taonanuoloan* tout 
tha pennant study had proved a low danaity and gravity (1.077 gfal 
oantrtfugad at 730 x g) would ha aafdoUnb for tha aaparation 
of goat aananuolaaxa. aaloohana A  dk* <1®88) alae anooaaa 
fully amployart similar notbodology aa adoptad in tha paaaant 
atudy.

Tha aaparatad aonoouolaar aalla won found to oontaln on 
an avamga 91.8 * lynphoeytna and 8.8* aanooycaa aith an 
avaxaga viability of 91.3*. tlaaak aiwilax valaaa w n  raportod 
fay Banka and Orsonlaa (1988) whan nwawniolaara of goat, aapa* 
xatad fay iaopyonlo oantrifugatian.

Asaaaanant of lywphooyto papulations a**** thalr oharao* 
unrtaaUiai would provide svtdanoao of altaxatlan in  tha <■■«* 
ayotaai <fcn to dlaoaaa. maKgnanay or any othar abnormality.
Tha lyaphoeytaa an diatlngntahad inao two major aubpopulatlona •
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T and Bwlyayhseytna - bassd aa distinct aurfaoa nazhnrs and 
Uadi functions.

OamMrtiiUM of IpdaoiM auhpapulstlona and dangat 
In tha a and fr.oall rati* td&* pmrldt an insight Into tha 
affaetlweoass of tha lanana w apanaa or about tha abanant 
natura of tha lafaotlaa. ainoa tha lyuphaoytaa in tha parl- 
pharal blood OQBS&AMWtf tl OTfpVWMttlfcStlflO of
tha total lyophocyta population in tha body, aaoaaanmt and 
ohacaebarlaatlan of partphasal blood lyaphooytaa would toll 
upon tha ganaral ehangaa In tha laiini ayatan of tha body.

Tha b and T-lynphoeyta aubpopulatlana of goata ha«a not 
I* boon studied by many weelNM*

•-lymphocytes of human and animal origin aza raadily 
distinguished t m  othar arthpopulatlona baaad on tha pitaanoa 
of mnnhrane ig and zeeapMee for arauilammt and he ration of 
ig o  (winchester and Roes, 1*7»>. OaUa bearing aurfaoa Xg aro 
quantitated by staining with flitaw oulnatml anti ig, tbacnaa 
mUi possessing zeoaptan fan he and C3 aza iimwsratsd by n  
and me rosette aaaaya cospeotiwely.

me rosette aaaay is widely usad to dlotlngnlah B-calls 
(Blanoa gl si., wot lrhlsnlncgac and Wuaaannnig, lfW). 
me zoaatto aaaay nathod aqrtaytng boadna rad calls uaa ooo- 
aldarad apan« « m  natheda anployad with sheep cad oalls,

(joyljll nd dtt BOt font BPMUIMMI lOflHH
lygphoeytaa (stltaa, 1*80). meells iwuziiaraiad by E*c reaetto 
aaaay fzon faovlnas zaagad 1 M M  (wilkia 1®?*I
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K w n  tt aJkfit 1*7*) Oqalaa SM  (Mayor and ttohlogor, 1*78) 
porcino 14.4-1*. 3* (ahlmaa ̂  |̂ .( l*7*i Jhm, 1*84) and 
ovlnoo 1S.W (outtarldgo gfc 1**U •

During tha pciim otudy, tba normal poroantago af 
m m U i  la tha peripheral blood of goata aaa aatlwafd to 
rang* hotwtan 8.S4 and 13.3 by 8MS rooott* aaaay. Mam or 
Mao similar percentage of B-eeUa la tha parlptoaml blood 
of goat am mportad (Sulocbaaa gfc |^« 1*83* Banka and 
amalatt 1*83| m  Martini A  1***) *tla higw percao- 
tag* (33*18 £  7*03) «aa mpoctad by Yang a a d  suien ( l * a o ) .

whan B-oollo earn guartltatad at aoakly intarvale, thorn 
aa* qjgnlfloawt lnomaao In «b* pareaotaga of oollo alth 
group 3 goata by tho 2nd eeak af Infootion aaqpemd to group IXX 
goata. Ihia laoraaoo aaa roooodod till tho 10th week o f  

Infootion oaoopt at tha 5th waak* during which ported tha 
lnomaao aaa not atattatloally dgiMtamt. During tha pest- 
Infoetloa pariod a-ooll paroontaga rangad 13.3 £ o.as -  17.43 ± 
1.3 with group 3 goata whlla In oontrol goata it raagod 8.S4 £  

0.73 - 13.3 £  1.0*. tha m aulta tbna pmaantad bam Indlaatad 
that £ .  88n 3B & t t K S t l A f l i &  Infootion In g o a t a  bad produoad 
uniformly high »-ooll count In pariyharal blood, ooogmmd to 
oentml goato*

It would bo worth wtallo to noto that tho spodflc anti­
body activity In tho aarum of Infaatod goato aaa aloo found to 
bo lnomaalng from tha and aoak and it attalnad tba p a a k  loval 
by tho 5th aook of Infootion. the lnomaao la tho antibody
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tltxe in the tmmm seamed to he m U  corresponding with tho 
laoeaao in tin M U  p p d M i a  in the peripheral blood 
(aoo table 9 aad 19). This abaerratlan abowo « pooitivo 
oaneletiea of antibody U t n  sad B-ooU ooonts.

sineo emotwrln moo the antigen ia the hit, the toot 
detected only the MtlMda ia tbo serum of the animal. bat 
the oosteiaed increase in the »-aoU count in the Infected 
animal, would probably Indicate the bamtl antibody eoapooeo 
to other antigens of tha beotacie ae goats More inoooleted 
with lice vtrulaat £• Burrell (1981)
observed multiple precipitin liaoa with w atMin preparation 
aad serum from CIA af footed aheep* though development of 
aatlboty against totxin. oeU wall, protoplasm and Malt ooll 
aatigaaa had been observed, absolute iamunlty to £• BIMdtttttttt* 
gilHll ooold not be setablUhsd in tltlot of tha Move rae» 
ponaoa (Jolly, 194Sat Cameron aad Kianer, 1949| Cameron and 
bordon, 1971).

Brodgao J& §±. (1985) ahooad that coll moU aatigans moto 
superior oner whole ooll antigen Mr antibody production in 
Umhs and peak Imel of antibody attained by 41et day posfe- 
injeotion. noabaad and Hateoa (19TD bed cftmsrvsd only poor 
antibody raaponea in the aorum aad lymph of aheap, following 
iajoetioa of llvs/Hliled £. eeia into tba af faraat popUtoal 
lymphatic dost. They demonstrated the iaeroaead output of 
bleat oalla having ourfaoa XgK (indioativo of primary roepcnee) 
aad Xgo (long standing saaaadary roapoaae) Crum tha infaatad 
lynphaada as direct evidaaoe Car humoral immune roapoaae.
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This twMw 'KwfcawMMaMmfc M g raenonnood and oco&onaod with U v t 

hOQtOC&a WbtO 'T ^ t tH I to  htllO d 8E&JL 4H%5 Offset ««««t^  )jo 

^ if  |{0 »>mi oontlnuod Uboretlott of ttN  antlganlo oubotaaooo 

fson n u ltlp lyliig  toactocta*

iw iiH in H ta i of rartafcrahoo t o t  boon Idnntiflad and^^^Ot^pTSPI^BPS"^SO^as*^P ^O^^BBIS a SW S  ^S^PPaS Si^^^B^P^^nFaBBaB^^WWIW IP^^BiP^w

aounaaratod onolovlAa aararal maflMNfa* out of tho namr inoojtna 

MCMBSM9C|^QPMM9 4WWP(JB̂ LJ9fihflt̂  C&BflMMSHVCtiCMMMScSIC CMS JLĵ fl̂ pSlCNjŷ ® CMMCCŜ LChILcS 

surfsoo antigens by using monoclonal antibody (Bhan n  |^*»

IMOf Roinhars n  | ^ ,»  1981). non lon*wa cesstto (s-roootta) 

formation with heterologous osythcoeytos {feudal &  & •» I971g 

Collins n  | ^ «  1978) and demonstration of w »  opaolfto tnaylo  

alphonaphthyl aootato ostosaso IM S ) a c tiv ity  (Knowles H ^ M 

1978g Roddy n  ||p, 1990) ora routinely enployed to  iftatttliy 

M U i *

in  tho prasant study also T-lywptncytos of goato wara 

suooaaafullv Idantlflod and cnmmorntod lav B«roeettc aasav and 

MAS activity*

«noap esyeasoeyeca cosnao aporaanaowa coooetce w&tn goat

p^a n n n w w K ii cwsgpck 4yii|N w y i w  m i R  m m p v i s g n q  i i v i i u ^ i t  m  

tlsaua culture median supplemented with 20* oalf aoaran* Majo­

r ity  of stash roastton mreaanaed ervthraovtos at tha entire^p ^^^p^^pa  ^ a ^ j y  w ^ s ^ ^ ^ p a ^ ^ e jy  s ^ s a s  a s s u m e  aanpw e paeo paw

periphcry of lymphocytes which Indicated tha pcosonoc of 

ooraral roosptors to ahoap rad oaUa on tha aarf aoa of goet 

lywphocytoo.

lymphocytes from several apedee of animals wara shown to 

racy la  th a ir a h lU ty to iecn rosette with heterologous ecythra» 

cytoa (feudal n  g l«»  I97ig Taylor n  | ^ # ifTSg aowloa n  iL .t



W7J| Nlgglaa aad Naokt 1977| n m  |̂ >, 197*). Mooading 
to Yang ad abain (1M» aaog tha n w i  Mantagew arythro- 
eytoa idddh thoy triad, I M  trythraoytaa wan found to ton 
UM&NM WMttlM !ftth Ĵ mpbOOytNMI 4MM pVCfjANPftl 04 flMlj
But ibtloahana n  |l« (IMS) w pamd that only ahaap aaythro- 
ayfea fooaad ■ i roaatta with goat 1/aphonytai, whan thay had 
Mjp&oyMl* Qiudt iph* dbSMMi nd mhp oGHMurijMxu
YtM pMMWBfc Mtt&y 9V0VM thrt tByfehSQOytMM ooold w y
wall ba «m< for daltnaatloa ed t«aaH,» by »«*oaatba taaay aa 
a t a a w i  fey —inahana f t  a fe  ( t M ) .

to tha paaaant aapardannb tba naan pawaoaaga of mroantta 
poaitiwa lyavhoaytao raagad 24, SS £ l.«4 - 24.74 £ l.M in 
nomal goata and alnoat a M U f  waiaa (24,31 ♦ 2.0s) waa 
raporaad aarllar by aulnnhana 0  m£. (1N» Cor tha aaaa 
Ma d  of goat* Yang and stain (IMS) raportad that only 
9.5* £ 2.0M of paripherml Mood lyayboeyta of goat a m  poai- 
tiwo far B roaatto. On tha othar hand Banks aad oraanloa (IMS) 
had rnportad that 49 £ 11* of goat lymhoeytaa wara haaUa 
whan aatiwatod by paanut agglutinin binding proparty and 
M  Martin H  (1902) raooadad 97*4 £  4* T-oaila with tho 
mmm tadoign. iha difforma ia baaada of goata taatad and 
aanaitivity of aaoh of tha aaaaying ayataa onployad would 
■Mlaln tha narhad varlatiana in rafaa of *»oaUa of goata 
soportad from thia laboratory and d m  Mat of othara.

a-roaatta carnation by haalla waa raportad to bo af daetad
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M m  f t  i&M lt74f «M |Ti  tU ’H  f t  i t H i  t u r

Ml 1999) .  Txoataaafc Ml arvthacoovbaa MiMi atm iflftli oc 

anaymaa baa boon tfhowti to  aMtanoa roaatta fofrwatilnn (Chapal* 

lW ll raoajadlllo and Binns* 1975ai Paul g| ||*» 1999a)* Xn 

tha pcaaaot yt«»«Oy th# VarlablOS t f lhWtlfg  8««coaatba formation 

K ith goat lynptaaoytaa hww Hat baaa atudlad#

9ha aawmarmiad *—— * ad bMroaaato noaltlira SWivEttfioatftaa 

lit oontrola m a **«• ahow anoh t u iillo B  otar a murf'"Hi of 

13 mmka (2 1 .lt |  a«ll * t$»fll X 2*50) • **>*• obaaavatloo 
aubotanfclafcod ate **><»* » hb* ahaon — bbiiim>hii» b  roaotto fimp—

—trti^t lay iweaUs Ml goat had oat baaa In f luaaoad by 

varlablaa aad tba pcaaant nattaad oould dataot tfeoaHa of yurt* 

• ta lly.

ra>t t-ifiy  ̂ tf—FW'iwip raapanaa la  undarabood to play vary 

v ita l rola in  wiw^Bwinw ra il art nana aoainat oavaral fnmilta 

t lv t  tntraoaUular baotarla (Yamma* 1975* coUlaa and 

CanyhaU, 1983)« ainoa M U a  ava tba pivot oalla whloh 

nadlata oaHaiar *«— !>«• raapanaa# aatlnatlon of d x c u la tli^  

3v*oaHa In  t^a paripttaral la  aa aooaptad fipttw* dear

datarmtntng tba laval of CMS la  diaaina condition# (Campbali# 

1993) • T-o a lla  ara baat ana— ratad by &*roaatte aaaaya altbar 

aa aatlaa or to ta l fe»roaatto  forming o a lla . Active roaatta 

forming oaUa era M g o p t ta la i af to ta l roaatta focmlag oalla 

aad tba propor t ion botwata tbaaa euboota variaa in  dlffarant 

dfaaaaa oandl t l ana (fa* lf9St wybraa and ftadenbarg# 1993) •

St baa baaa further rapartad that twMbar of aetlva roaatta 

forming oalla mould refloat battar Mm  T»aallo  oompafnoa aa
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pfognoiUo ia diipiiii fi sAmmnm (nybfn &oA itriinbvsi 
1*74$ Pvafafem was ***?• IM S ).

On |̂ p|g|aMSlJ» Iflimlmi 2 y^»f flbOMd A slflnS*
ttSMt w i m t M  ia p m M t g i  (16.44 £  1.40) oeapand
feo qqbUMi (34*61 4 3.S1) at the tin* week. By the aeoond 
weak alao the i w w tta poeitlve twoella worn found to ha 
law (31*11 £ 1*83) hut the roduetlan wee not elgnlflaant.
When luaelle were anunorated baaad an arms activity* the ooo- 
oontration of theae eolla waa aaa f aanfl to ha ttomagui aigel- 
tAoanfcly <ne that of oontrole during the ontim observation 
period, though a reduction ia ■ watte poeitive T*oalla 
«u Moasdsd^th* •beeimwi fffffniFW? tbi
m * oofc KflflKdt

Though Tmoalla axa identified and anunarated haaad on 
t roeettee aaaagr and a r m activity, it ia reported that oeti- 
laatlan of active roaetta foaming T-oalle would be o£ worn 
value for dow lning t-oall oenpetanm (wybran and rudanbarg* 
lf74| vrahtm and Mdflr* 1663). Moreover the atlwalatnBy and 
functional altarafeione brought about ia the lynphacytee warn 
alaa found to inftaanoe the 6 m eatta fonaetlen and ARM acti­
vity of the oella (Knowlee n  1676) *

Reduction of 6 neat to fomlng oalla in the peripheral 
blood of iafaetad goat# would probably indioeto tha tranaiant 
fuaetlonal alteration aauaad to thio aufapopulation of oalla. 
Rotianta with acute baetarial and viral dioaeaoa have been 
ahown to ham low pacaantago of «mella aban aeaayad for total



m

■ raaattaa and anti T m mm m M k *  (ittklaaaan and wiuiaaa. 
1974). wytsran and fridmharg (1973) raportad that aatlva 
M o a M u  p t w a a m  waa found dacraaaad in viral dinaaaaa 
but ranniaad mnaal in baatarlal lnfaotlona. in tha pruaanb 
nnparlraant alao tha goata davalopad traaaiaut aouta ayngtoma 
ot baatarlal infaoklon following inoaalatloa of £. aMttttB* 
StdflUA and tha parlad at whioh raduettea in i..roaatta poai- 
tiwa oaUa obaarwad. onlnoldad with tha asuta ataga of tha 

l_i»ofrl il
Yat anotbar possibility cor tha initial raduatlon of 

fcaaUi oould ba tha tanparary arraat of T-oali circulation 
from tha lynpbnoda* Iha total lyaphooyta nunbor waa found 
Maintained aithar dua to tha bloat oall raaponaa from tha 
Mall araa or dua to tha aatlva awMltty of s-ealla from 
aaoandary lywphoid organa aa abaaraad by Haaband and watsen 
(1*77). stata (1*74) alao obaarwad that lyaphooytaa wara 
found to ba trappsd within tha draining lywghnedaa of aetivaly
t H f f f f l ll f l  O T l l l l l t l

Nan tha 3rd waak of infaotion onwards. inoraaaa in tha 
* roaatta fanaiag Mall panaantaga was raoocdad and iigitfl- 
oant inoraaaa was notad by tha 3th, 6th, 7th. ath, lath and 
13th waak of infaotion, tha aaalMn waa raoordad at tha 11th 
waak (33.34 ♦ 1.S8X). During tha Shows parloda tha V-oail 
paraantaga in tha control goata did not ahow any anbatantial 
dungs aa it rangad hatwaan 31*68 ± 3(09 - 33.33 % 3.14. Ivan 
at tha 9th. loth and 11th waak of infaotion. k-raaatta poaitlva
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m U i m n  w n m l l y  high M  tin diffareooe iron chat of 
oontrola was not itgiUtort.

H an aw no published U H M M  available an t and 
>4|i|tacvH profile of niwli affected with cia enoept tha 
report by SuMhiH ft Ap (IMS)* Thry obosrvod that oon- 
pered to normal, cia affected gaata had only laat percen­
tage of iworUa aattaatad by a raaatta aaaay. to tha aboaa 
■tnfcJtaoBd Madfi thw giftia und w m  oldMr (1 to 3 yurn old) 
aa oonpared to younger goata (8 to It month old) employed la 
tha pcaaant atndy* Tha atagr of tha lafaotloa la tha goata 
which ease auployed tarn tha atudy by mlodaaa ft (1983) 
was not asaaaaad. slaoa oUtt wnlaala with natural infaotion 
warn employed la thalr atudy* it would ha appaoprlata to pan­
amas that tha animate warn Buffering iron advanoed ohroolo 
fora of cia* wharoln mduetlan of T-oalla oould bo ampaotad.

on the oontrary. tha roaulta obtained In tha praaant 
stady shored a definite Imraase In Moaette poaltlwa T-oalla 
in tha peripheral blood of goato* arporlmantally lnfeetad with 
£• aMfettUMflilp **«■ Sad woeX of Infaotion onwards.

several previous imrtara had pointed out tha algalfleaaoa
of nail mediated insane Turpimaa far oonfarring Imunlty to
CIA <Jolly, IMS)* Hard. lM9ai Hard. ItTOi itiabond and wataon, 
1877).

Canaren (1978) was of the opinion that neither tha oellu- 
lar Inoune raaponaa nor tha hanorai antibody iraapanoa againat 
tha heetarla ladapendantly oonfar ahanlwta immunity to £. aria
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boat thr portiolpntlon «  Ml)i tho amhmirm m d 4  be i^itlnd.
Heed (mo) doormat ratod adaptive tranador of inanity 

M  £» mii when peritoneal « U «  w n  ttnwltM icon 1 m m  
niae to ronalplant sloe, ne had further observed that lymph»> 
qytx lDoa qiU i and i"1̂—— pfcagooyfcM i m  appncvstly 
equally w>«Me of Indwlwa lantonlty In sloe. The aaaoolatlon 

mttfft |gmm tBnocogptMgw n h  foe th>
ad w llnUr Immunity to £. MKHttMBlatil by Jolly (lMSe) 
and Hard (1971).

Husband and teaMen (1977) fcjf 4MMMKVMfclng an inevaaaa ia 
tha gariNf a£ lypiwhltit Iwa iniaoMd lyqteodN
demonstrated that laaamity to ̂  M M H M K t t H t l  wee ooll- 
amdlatod.

The reaulta presented In thla study supported the thorny 
ad oell' satllated i m m  reeponee to g. oeeudofcubernulnsls slnoe 
infected goats irneentsrt substantial laereaea ad TVoelle in 
the peripheral blood. The hits in a raeettee positive T-celis 
waa not continuous and this could be anticipated elnoe the 
lamne roaponas is mediated by a population of short liwod 
lyphooytas whloh inoroaaa aharply ia autabere following lnfeo- 
tion with moot of tho faoaltetiwo intmcallular bacteria, whieb 
decline after a remarkably abort period ad tine s* reported by 
north (1971).

Pram the elioioal picture of the enlmela It wro obeerwed 
that all the lynphnodaa worn not simultaneously af footod but 
them oKUtnd eoea variation in periods a* whiato different



1ST

nodsa m m  (ttNMl. 1M  ttMWrttoB In tha ■ roaotta posi­
tion o*U< would pMMWi w w iinrt to tha stags of infaotion 
of lyuatinodaa in tlM anlaala. Mb and M M tllM (1*74) suggao- 
tad a MMonqr c m m i I m  of M rtnw littoi of ifelynphoeytaa 
during tha sarly pbaao of raapanaa in tha lynteM. zats 
(1970) danoastratad trapping of lynphoeytaa in tha draining 
lyaphnodaa of tubsrculoua aninais whan am waa injootod.

nanenatratlon of a i m nativity in ynt anothar aarfcar 
oanaidavad far onuBMratioo of T-oaUa. oonaldariag tha affl- 
aaoy and aatlnatt of tha aothod, dananatratlon of anas activity 
ia widely aaad for idantifylag lugaUs la naay apaoiaa of 
aalnala (JOsowlaa *fc %!.. 197*1 Raddy n  IMOi Rajan n  
1*831 suloahana flfc 1*83).

In tha proaant study, M t U a  of goat m m  Identified and 
anaaaratad baoad on dnaanatratian of akab activity. Ooat 
iyngheeytae whlah presented a i m  activity a m  with ana or two 
lOCA&iMtf p|y|% o0|0gfKS fnotlOB in
thi oyfcop&MBi adjioRt to tte oiU aMbffm and it aimiietsd 
tha iwpattarn of anas activity daanrthad for human MjMba- 
cytaa by Naowlaa ft ll< (1*78). Tha rotation pottom ohtalnad 
with lyaphocytaa of goat woo aintlar to what had boon daaorlbad 
aavliar for othor spooloa (Raddy 1980i valaala ft lL»*
l*81i Rajan tfcafc,, 19S3).

Fixing o t arronm of mnrwnnV— r vlth mrfow>»of I rfc
aaid solution had mada possible to hasp tha flaad maasa in dry 
stata, which facilitated botch etainlng. oiorno and aovorly



1S8

(1981) had reported earlier. tha aaafulnan  ot aoatnna oltrio 
««« tag w«*n^ aha aanaoaslmr "*|1» foe tha danonstretlan 
of arm activity and awah fixing waa shown not to interfere 
with tha anayate activity of tha oail avan whan tha <laa> 
anaara ware M M  and atocad far hagac parioda* Tha results 
ahtainad in tha present study alee indioatad tha uaafulnaaa of 
.aoatnna ■oittie acid aatelat far firing of anaara for aim 
ataiaing. unllhs tha pauaeduw foiiowad ty Knowles an (19T9) 
danta tha fixed aaaava aaad to ha hspt in wat atato throughout 
tha fixing and ataiaing ogaratisna* tha mathod of fixation 
foiiowad in tha paaaant study. ratainad aim activity of oalla 
avan whan tha oalia waaa dried aftar fixation.

nafoaa tha atavt of tha agartoait tha mean paroantaga of 
aim position oalla in gsaup Z gaata waa 28.09 ♦ i.s i whila it 
waa 25*80 £ 4*88 for group zxx control goata. tha diffaranoa 
ia vaiuaa batman tha two gaaupa was not alqnlflant. Tha naan 
paroantaga of ARAB position T-oaila rangad hatwaan 20.82 £ 2.5 - 
24.91 j 2.41 during tha 12 oaths Observation pariod in 
group xsz control gaata. while it rangad 28.91 £ 2.0*»23.78 £ 1.99 
for group X lafoctod goata. Thoufh a alight nwwairloal inorsasa 
in tha aim position Twoella was ahanfoad in iafaotad goats* 
ooagiarad to their pmlafeatlen values. it not show
any algal floant diffaranoa firon that of tho oontrola.

Tha naan paroantaga af T-aalla aatiaatad hy n-raeetta 
assay for group X and group XXX goata (26.74 £ 1.24 and 24.55 £ 
SUM raapaetlvaly) was loss ooaparad to T-aella anuwaratnd by



IS*

m m  Ktifitr (38,o« 4  1.53 at 35.88 ±  4.8 napaetivaly) 
duriag tha prainfaotion pattad. aigalfloant hiho in ■ go— tta 
psiltlw lynphocytaa s m M n U a  waa wearia in group s 

gsM* altar infaotion <*!]• ouoh ohango oould not ba ofaoarvad 
with n m  poaitlva lyiaphocytas.

sarliar suloahana (1963) rwoocdad m m  poaitlva
lyiqphooytaa from normal goata aa 34.89 £ 3.58 % in tha pari- 
pharal blood oalla which la naar to tha valuas obtainad in 
tha paaaanl atudy. fla normal lava! o t Ami positive lyrapho- 
oytaa in tha parlpharal blood waa atportad to vary aooordlng 
to tha apodaa of anlaala taatad bat ramalnad at non or laaa 
oonatant laval within tha opaoiaa (Raddy n  al.. 1960i Rajan
**L«» 1M»>

Khowlaa ̂  (1938) and naowloa ft ̂  (1978) eaployad
t-roaatta aaaay and M M  aotivity alnMltanaoualy for avaluating 
tha lyaghooytaa of man and rwyottad that tha paroantaga of 
t roaatta farming oalla waa aaarly onwparahla to tha M M  poal- 
tlwa oalla la tha parlpharal blood. Tottaman dL* (1977) 
and Kaawlaa at al. (1979) had furthar obaarvad that lymphnhlaata 
obtalnad by atiraolating T-oalla with nitogan wan ahla to ntala 
tha Bi'toaatta formation prcparty hot loot tholr ahab activity.
It waa alao daannatratod that AIM nagatlva hlaot oalla oould 
ngain ahak activity on nvaraion to lynphocytaa.

In the pnaant atudy, than waa atfbatantial incrooaa in 
B m aatta forming oalla in tha parlpharal blood of infaetad 
goata whllo ouch ohanga waa not notad with ahab poaitlva oalla.



evonthongh bolb the esesys were Intended to Identify
«'*»«jB Q poiiQ yw Be* **n eis y n o w o  m e p e  u n v e v K i w & an  £ •  S B B B H D m B B B ^

fBttfih&ft* ^lw beatariaX sntigoafli *— >̂ e nooeessciXy stlnnXsbs 
the enecdLUe of 1 imiriiomrtiee in tom aet firms
famed to XynphobXeste* The attan Mynpboeytee end lympho­
blast* fen s a e b  an! mala m m  expected to form b ^ o m u m #

aabhdadbfc â d ̂dhâ  ikAMMk ^̂ aMaueM̂ MekAkn̂ A A bom> dabum 4 nuaiMkAnA f m  dkâ k̂ 'b eb^-Ag^AAAnwnun bhmejr& u v i  aQCounww so* h i  monaiwi in  t o m  w n v n t v
dKaaMBî A bum tk «k OB d % ̂^^A^ilk.1 nkByk.Bk e»aa J/tC Q c a u m g  o b i m * w u n i  l y t H K W u i i i  « m  m o m  w  n o  q v v q u i  o s

Ata* activity* oofinpanatog t o B H W  la m  positive eeils 
<f>»«̂  not be reoocded in fefTffitod v ae against Furneette

this observation snpports the view th a t eeti«* 
motion of active roeette forming oelle reflects the TVoaXl 
competence in otteret conditions (wytw a  9m > fodWbaxgi 1 9 7 4 1  

prsbtrn end Reddy* 1983)*
Antigen dependent inhibition of loftthooyte migration wee 

^efVfldeiHK* ee e reliable nooMfcmtnt of toll nedieted immunity 
and the teet wee often need ee ea J& vitro method to eeeeee 

oeXX-oediated immunity in amy infectious dieeeeee* the reeeXte 
obtained in the present study i»*f^%ed positive loMVwyto 
migration inhibition ia aXX goata eaqpeeiamstaXXy infected with 
$» dddn alee pointed the xoXe of n U -
rasrtlatod immune response in thie iafocticn*

Xn the peasant method Xeuhocytes from peripheral biood 
wee ooXXootod hy flash Xyaia of R K  using d is tille d  water and 
snhosrment osntrifugation. High percentage of v ia b ility  

(average 9(W) for euch separated oalXe wee observed end the
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matted mi found oaay tnd NUibli for m m n l on of lauhoeytes 
d m  poditenl blood, mo own nutted m  prorloualy amployurt 
lay m w i I otter vortera (Bandlnan, 1977| Dacaay and sqw,
1*811 Sulootena n  1M|)« Uautecytaa faran blood mi 
aaparatod tag aararal otter nuttedo «!*•• ounotle ateek with 
0.83K anmonlun ahlorldo aolatlon (WIMilwt end seott, 19S3| 
Chambers and Kleslua, 1984), riooll.Hypaque tochnlgua (kaadagan 
at al.. 1981) and aedlraantatlon foe taffy coat collection 
(noaanbarg and nrrid, 1970| Tima, 1*7*).

a population danaity of 14 x 10* oallVml mm found 
auitahla for wiXT with goat tautoeybas. laartngan ot al. <1961) 
tlAd dMMCfld thftt II ttlB OQQQMlXlliQQ 0£ f H * JJKpNNMMd* th8 
migration aona waa also liioraaaad,

tte outturn auposnatant baring aunt win activity (Man 
pH adjusted to 7.3) propaxod fron fi, oould
te aaoooaafully ussd aa antlgan In tte tnat. Tte toxin oon- 
oantratlon woa uniform to contain a haamnVyaln tltza of ltl6 
and at this ooooantratlon and pH, it waa found non^osdc to 
lautoeytoo aa ortdunoad with tte nanaal migration of oalla 
fran oontrol anlnala. Chandlraaanl and Oarg (1*0) raportod 
tte uaa ot aonloatod £. a ria oall antiaot aa antlgan In war.

Ra dlnaot i«X assay undar agamaa waa oonaldarod a 
alî ln and rapid |g »ti» toobnlgua, but tte roaulta tevo boon 
arltloally affaotad by a numbar o f faetore auoh aa call ooo- 
oantratlan, pH, langth of Incubation and ondntrartn notion 
(Chanters and Kttsius, 1964). in tte praaant study rarlahUw



affsating tha tost wane aM i M M  aa it waa not tha palmary 
abjantiva.

aatoaa tha atart ot tbs aavnaiamnt tha avaraga migration 
index w aartai far hath group I and XXX goata wcs' 0.9* ■£ 0.0* 
and 0.94 & 0*01 roapaotlvaly, p*w* tha diifaaoooa batwaaa tha 
groups waa not significant. Attar lntaetion ot grap X goata. 
tha nigaatisa laMx aaaoadad at IS Oqa intervals showad 
reduction. Mgitflaaat roduotion at adoration indax waa aotad 
by tha 49th day poat-intaotion aad tha mawlimtn roduetloo 
aaaoadad by tha 40th day (0.S4 1 0*9D . St waa observed that 
IMhoeytaa trai experimentally Infant ad goata pcoduoad 
migration ladaa laaa than 0*8 during tha poafe-lnfootian period 
ITS daya observation) tdtila lauhaaytas from control goata 
ehlbttad migration indax ot above 0.8*

Migration lnhlhltlon of lauhocytaa waa oonaldarad aa a 
mroaurr of ckx raaponaa and used to dlagnnaa mlarohtal lnfeo- 
tlona (Burning, 197*j Bandlnan, 1977| tte, 19T9| Aaadagan 
at al.. 1981i Doraay and Dayoa* 198*). st waa roportad that 
oallular Immunity raquirad tha lnvolvtnant of living eaUa and 
waa dapandant on tha presence of antlgan in tha hoat. Ivan 
than tha call dlrtad inaama raaponaa was fotaid to ba of ahoat 
(ksratian oopoolally against intraoollolar bactorla (Collina 
and CaapbaU* 1983). Howavar, collIns (1988) obaaavad that 
ovantheatfi aa protootiva laval paaaadaa paak humoral raaponaa, 
it is not of much aignlfioawoo tor pootaotlon against primary
lallBkjlsQi

1*2



a w M n — il and Oerg (UN) h N  • nUtuy aopoerfc 
•MM ttt tin of urn to — H)W CMI In sheep laUM^Mdl* 
naked with C. nla. Zn «M p— sat atody <Ua tha data 
obtained paooantaa dpUtawi NffamM between tin dgco- 
Uoa of lewhooytee f m  InNHf and m 4 a t M M  goata. U m  
u n  waa ana of tha methods foiiowad to taaaaa tha oa 11 mediate 
lamne raaponao, tha raeulta paoaantafl ban ladloatod tha 
participation of oaUnaiHatort lanaina roaponaa la goata 
lafaotad with £. NBttflBHlNifr

Desalts of tha akta hyparaanaitlvlty reaction In goata 
â paEtmatalXy lafaotad with £* N H M l N E N l f l l l l  (group z 
goata) ladleotad that delayed typa of hyparoanattlvlty mm 
0Xldt#d foiUfliiiiid iMffairawl itMaiilfiliQik ol oultram
ataparaatant pcagaaad from tha hootarla. Tha control animals 
(group m )  ranalwad negative for hypersensitive reactions 
wtMwi injisiid wiDk QuXfeuum mi ifnttnti Za t8* 1a§somA
anlnala. dal apod hyperaenaltlvlty waa notload mawlnally at 
48 h poat aanalt fasti ton aa tndlaatad by algolfloont Inemaaa 
In thtcdBMNM wa# palatal md inid on x»1pai tmi

skin blopay at 48 h mvoalad significant Infiltration of 
lymphocytes and macrophages In tha parltollloalar and pad- 
glandular area In oontraat to tha skin blopay from oontrol 
MinaXi, cyiic gUaStalAC fmnrninlxir tfifll—
tratlan in oystle apaoe, congestion of blood vessels with 
parivaaeulsr Infiltration of lyryhooytoa and macrephagac and 
darmal oadana warn also tha foatoMS of tho aeactlcn In tho
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•kin ten taMMM toiaaU. MmlagtaUy tha Mda hlopay 
tram control salaals waa awt nocml not* Cor tha prooonoo 
of sparaa lynphocytaa and naotrophlla «t tha parlwsacular 
apaoa.

Tubaroulin which woo soployad u  • noMpaelfle antlgan 
to allcit hyporsansltlwa raaotlon fsilod to produoa position 
toot sithsr In tho 1b(h h 4 or oamuol animals. akin blow 
fras both tho group of sntasls waa also histologically normal.

nalayad hypsraansltlwa raaotlon (Typo XV hyparsansltlvley) 
la known to ba owokad by sawaral InCaotloua agsnts which mount 
osltn—sltsrsd iantraa raaponaa. Thla raaotlon naaaoraa tha 
oallular raaponaa of tha lndlwlduals to an allargan injactod 
aobaaqaantly to a sanaitiaad aniiaal. The teat la oaoaldarad 
of bitfi valua Car tUegnoala of laCaotlana Aa to aawaral of 
tha faoultatioa IntraoaUalar baotorla (Collins and Canpball. 
IMS) and fungua (Kaufman, 1*M), ncUtanoa of dalayad typa 
hyparsanaltlwlty la conaldarad aa ana of tho eharaotorlatlcs 
of aoqulrod oallular realstanoa (wooloock, 1973),

Dalayad hyparaansltlws raactlnw la anlmala auf faring tram 

cia had baan oboarwad la fnw atadloa rapostod oarllor. kllorw 
gaolo matorlala paaparad fran fi. naaudatubnroulols la tha 
aana maaaar aa tuberculin pcaparatlon (Carna, 1932) antlgan 
fraa *8' strain of £. owls Ifiawi and Mooulo, 1940) flltrsts 
of hast klllod broth oultura of (■ owls (rsrld and Mahnoud, 
1961) and aeoloatod £. owls oalls (Ronahaw ̂  1979|
Chandlraoaal and Qary, 1902) was* tba aanalt(»lng antlgana 
anployod far tha tast prowl nasty.



Farid and Hehnoud (1661) tad Chandiranenl tad Gary (1982) 

ears of the opinion that delayed hypersens itiv e  reaction 

produced ia  infected antaal ves diagnoatic and indieatlve of 

strong oollu lar Immune tesponaa evohsd by tha bacteria.

Renshsw &  l9L* (1979) observed that thla teat aaa of U ttla  

uaa ia  tha diagnosis ad CIA ia  aheap aa only SOU of tha taom 

infected animals reacted positive to tha teat*

the result obtained In  the paeaant study evidenced tha 

useful ramra of aultura auseraa&ant of C . a

as sensitising antigen for inducing hypersensi t ive reaction, 

aa a ll infected animals reacted positive to tha teat* The 

hietdooical oicture observed ia  the sfctn eae to tha

Qharacteriatic t i ssue rtumjaa described 

se nsitivity (Tisa rd . 1982)*

Tha passan t results shamed the ia a h iiity  of the non- 

apeciflc antigen, tuberculin* to avoha hypersensit ive reaction 

in  cxa effected goata* BaraHat (1979) reported snooesafui 

vaccination of ahsap against CSA e ith  viable BOO* The results 

obtained in  the present study did act support tha ebaervation 

of Barahat (1979) atnoa tuberculin could not « U d t  any hyper* 

sensitive reaction in  haoan CIA affected goata.

The results of the pathogenic ity  studies indicated that 

irrespective of tha route of Infections via** submucosal, intro* 

e w »») and subcutaneous, there ees an in it ia l local lesion at 

the site  of infection and th is  etc followed la te r by the deve* 

of abaaess in  the ****** Ivncfemodas. At

16$



nacropay, groeo leeiena wet « r U M  la tha superficial lywph- 
node# on the 15th day pot Inoouletton itaelfi tho tit ot 
which tho tint goat waa nacropaled. nraa tho raeiUta it waa 
aboorwod that oortaln lynphuodt woo* aevaraly affooted with 
total Jotruotlon at tha paranohyia «nd tha lyrnphnodaa wot 
aot aa a naaa of thick fibrcua
oapenlo. That ahaoaaaaa In tha lywphnodea matured and opened
IpQQtinitggXy pus |Qj| ̂  tflSl fltllt*
up whon tha pua waa ooapletaly discharged. other than tha 
aqparflelal lyuphoodee nooa of tha deep ooatod lyuphnodoe of 
tha vlaoaml organa revealed any gtt lesions of lymphadenitis.

Ayers (1977) and Aahfaq and Ctpball (I960) alt reported 
grot Malta of cia In goata only In tha auperfleial lynpb* 
nadaa. sartor and Bhattaoharya (1976) and ahama n d  Dwivadl 
(1977) reported that goata won nan pnna to thamnle fan of 
infaotion with £. neaudofcaharaaloala. Results obtalnod In the 
presit atudy did not support tha t h a n  ylaw aa tha thoracic 
viscera of all agariwaually (n fact ad goata wan fna of 
groaa i t  tana on# after 90 daya af oheorvatlen period.

msbepeblwAofllcMUi fihmjTB In tb i lynptmodM ot 
naeropelad at varying Intervals differed depending an the 
degree of Infaetlt owiaed by £, The
ofcaervetlana made in tha praaant atudy demonstrated that them 
waa no oorrolaticn between tha aactant of hiatopothologioal 
ahangt  and the duration of infaotion. This waa potbapa due to 
tho fast that all tha lynphnodaa af ovary eaperloantal goat

i «



167

did not got InHwrt sleHlfnanualy) laim d , they showed a 
randeelaed lnrolvamint at varying periods. Tha poenlhla 
VMNB {Of lu %*** KQlAnlftl of blOtifil
into the lywphattoa abtah dlnoUy lad to tha Infaotion of 
lynptmdoe la certain an tael a. In certain others tha argsalan 
failed to gat trapped In the lyaphnedse and Infaotion did not 
oocur. Husband and watson (1977) obeervert that lntralynphatlc 
inoculation of lire £» j M M M n i H i l  could produce petent 
ahaooas In lyiaphoodaa of sheep within three days, zt mold 
appear that tho Involvement of lyophaoda in tha Infection la 
not stereotype hut it la often chance factor.

Hletnpathologloal essclnatlon af the auparficlal lyqph* 
nodae via., pssaoapular, profannral, auknaxlUary and parotid, 
which m *  oloaa to the site of Inoculation ehoaed lynphadenl-
tis4 Tbs QiniKgii la bbt lyti|toio<te vtcs ohuto*
terlaed by hyperplastic response of the lynphold foUlclaa, 
histiocytic reaction and fomatlan of a oaseating granulona 
with calcification. Thaaa hlatalcgloel features nhearved In 
the prseent ttafr sere similar to thcee reported acrller as 
aharactarlatlo faaturaa of eesemes lyephadscltle In sheep and 
goats (OMssel and veneer, 1974| Shawns end oeivsdl, 1977| 
Husband sad Watson, 1977| Burrell, 1978) stoops â .. 1«86| 
Men «fc •!** W » <

lha changes observed In lymphnodaa ware basically of 
two types) hyperplastic stlmlatory raactlan sod dagsnsretlve 
cbsages. The hyperplaetlo etlenlstery reeotlons sere
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oharaetadaad by tM pawaanoa at w w m  M t w  M U oIm  in 
tha onrtloal raglan with w U  j gUnri caotn*, dlatlocrt 
nadailtfy dnHlf UMd p(|m and ritw
hlatlooytoala. Thaaa ohangaa an nOMtioaa of tia Initial 
aotignls atlaull lnduaad la tha Intasta by tha antigana of 
tha Invading baetada. Tha pnaanoa of aawaral actlva ftililnlw 
in ooiitt with mil dintngntilNd MwJnUUucy oovii ttiioh 

jjjwd hy piuHHi "tU* indiontnw thn q| ImrmmwI
liawa raaponaa in tha lyophnodaa of affaotad anlnala. Hind Ur 
obaarvatliwa a m  xaportod aw U if by MccaU (1*78) whan ha 
atadlad tha pathoganaala of £, ggfe ** *** poplltaal lynphnode

ttw digtMntlfi DMSlfciO ahMQM HHmHJ in th* 
iffaotafl lynphnoda warn charaotorlatlc of oaaaoua lyayhadanltla. 
T K i m m i  ohaaQM v m  w m h i  both in tht Mvtittil nidttUicy 
raglona. Tha ohangaa asa parforoa tha nffaot of tho tatda 
daganaratlvo astlan of tha toala and othar product* of tha 
Invading bactarla ia tha ayatan, mi ia vivo 'louXoaldln' 
proparty of tha oxotodn f ran £. ggglMltSBUiSlil waa 
daasastratad by Caaarnw and anlt (1*10) and tha oantlnuad 
production of thla tmcln by tha bactarla waa oonaldaxad raa- 
ponalhla for tha pathological changaa to tha tlaauaa (Jolly, 
lMSai Jtfeb and Kanaady, ir»i tad, 1*76).





fWWMOf

Tte iflBHM CMpOBMM and {MOkllBiiaQ&aai fankOXaa in

by aagaciaankai Infaotion of oxoa a ihrH  Kalahari goata of 

M 2  nonfcha of age* aiagla « i U  haotartal aaapanaion in  

chiliad aodlom ohlorlda t t i i  n i l  n m i w  w «  u n d  tor thia 

anmoaa* amm*m warn inoaulakad an bokti of tho body br

khcao rrnitaa v ia «» lntradasnal* nabXMkanaotta aotHoooaalp 

w ill 2 x 1 ^  baetarla par aika of iajaotion. Tha a n a d a n *  

ta U y  in f aekad «nd aontrol gaaka aas* d a m afl for oitntei l  

nanifaakakiana of oaaaoaa lvnatiadattikla to r a oariod of 

i t  w^aaui.

9ho daaaiapaank af ianama raaponaa is  aaparlixantil ly  

«im<m w u aaaaaaad ba ooaaaaina kho a#%# wty* khoaa
^ a  jKAMaaiukil k̂kk â jî akî v uppM^ipMMox «na oonkxoia man xaapam aa aaoaa aaxxpi pcoknxn# anrun 

|wŵkat»* fraotlona* antibody aokiviky af tha aaitfij. l^tM qyk*

dMMlMfedt* fltfttbMfftfeA M  lftfffifin00WK4fe IjttKdjBfiflVnA l&Ŝ fluAan

%! «■> t a h ^ ^ t q fl ^y ^ n *  g )tfj|  t|J J | f tW W lfi*w* lY  O M O tiQ O *

Groaa jp«d hiatopakhoiagioai obangaa in  tin  ly nyhnodaa 

b m  kiaaaan of naocanalnd ****** naan akudiad ak IS dava

intacval to r a par iad of 90 days*

xjjl airpnrtmnnti at ly  inffaak'td gankff bw h im ^  rtm  in  

tawporaiura» ganaaal uaatonaa* lothargy and lapiisad appatita 

xhloh iaakad to r T2 %a to  h» Tho alkas af iiwoniakiona atoanad 

f n v lnfl daoraa af infiMmnkaiy raaokion * * * »« *h* fiaak kvo



to U b m  weeks of infection. *U soqperimentelly inoculated 
geeks exoepk one developed laslorn typical of osseous lymph­
adenitis In regional/lonel liephwki within 21 Age poet- 
Inooalatton. Rente of Indention did not Inglwenoe the ability 
to set op lesions In lyertanodoo. Although massive dose of 
bacteria (1.2 x 107) wss adnlaiatased, none of the goats hed 
fstal indention Indicating thet goets ue celetively resistant 
to this Indention. Majority e< goets did not develop ganore* 
llsed done of osseous lyaphadaaltie es then wee no lesions In 
vlsoeral/deap eeeted lyaptinodee on ocgans.

The neenel aorun pcoteln oonoentretlan ad crooe-bred 
Kelsbsrl goets wes eetlnetnd to mnge dram 7,187 to *.730 g x. 
Consequent to experiments! Indention, serum protein oonosntre* 
lion v m  iMMflid ngofdM significant rtin fscm tin sth 
week onwerde reaching the peak veins fay the 8th week - u.M* gX.

minitlQa of ̂ puniiliiivi of cons* pcofcda
fractions m i dam toy cgjar gal ot*

tracing of olcetrophorctcgrafe Though ttoara woo initial 
lnoreese In globulin nontent In indented animal followed by a 
decrease, no significant alteration In the elhwmln-globulln 
ratio <*»o retie) mbs noted onepsrsd to the control group.

£. wee aultlvsted in Ismae proteose
broth onntelwlng ahsep sense and Ineeheted eerobloally at 37*C 
dor 73 h. Sepernetsnt ohtslned dram the above culture, having 
nxrtmnm baamnljsfn tltre and dernenenretaxinity was used as 
the toxin of the bacterium la the present studies.
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Tha hi— alyaln go— —  of IM aulturw a— motant w  
— tl— tod by tin ha— elyala M M  — lag Mi— p nd — Us. A 
maximum till* of It 256 «m  I— I la tin (nit—  igM 72 h.
Tha da— oroto— ty af tin toado aalt—  mp— nt «M 
t«*M4 by la— Ml la— 1— 1—  la—  tha rabbit skin. Tha 
Infl— tacy and nogrot lo — I— a —  — aim—  by 48 h poat~ 
lnjootlon.

Spoolfie — tlbody oetM & g — in—  toxin o f £, naa— n 
UlHNEBilMMyUfc In thi s s s w  v u  fTtf by hMnoiyiii lahibdU* 

bltl—  —  — d «—  —  «m adj—  as a uoaful —  for 
^HQllag tMMOCli iflOUM SASgNttSS lo £« JMBttttUttftBBlldSUl 
lafoati—  In goata. Xa In— ad 9—  ft—  tha 3rd —  of 
lnfaetlon or—  MR waa paaltiva wtalla it —  nag— 1—  In 
aon— ol goata during tha pariod of IS — aha of aba— tl— . 
na  pa—  antibody loval — a aobt— ad by tha 5th —  of lafoo- 
tl—  and thaaaaftar tha tltxa — a found to dwlndla gradually 
till tha 11th wosk. — da — a aod of tha obaa— atl—  pariod 
(ISth woOk) than won a narglnal la—  In tha antibody 
Ussa* ^  be cabsA4MmnmS as ssoontexy Ithiht ffssponss
again—  tha tooln of tha multiplying bo— la*

tnfoctad goats aha— d — oytoala during — a — tin 
period of otossroa&tdo sndl nsxtam lAMflwsytKHrtts vss obsswsd 
during tha 2nd — ah of infaatl— • Tha parlodlcal fluctuation 
In lookaeytoala ladloatod tha — m at flan up of boot—  
Inaaal—  la tha body*

Tha a!— o lyiaphooyta oou—  ohtalaad both at pn and 
p— b»lnfaotl—  parloda with o— orlmantally Inf00— d goata did
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not aha* any ahmgi whloh Indicated no M M K i m  offoot an 
poriptisraX blood lynpbooyban. Thwtftfidni tho porlod of 
4lMNHrwfciflB ioiioiid m Im Ua h m m M  ttnuriOftXXy low lŷ phaoyti 
pmntagt In dttfmntlil oaantt and with amoral samples tha 
pamtitagi umi f * if— fly lew*

M j mIMa of QNlfoiliUf v h w ocnstitMUy high
in mphImrUI g a m  iam Qonpnvnd to thon o€ oontndo ^  
tha aana waa reflected la dU l awntlal count alao. Thn othar 
blood oalla warn absolutely without any ohanga In infaetnd aa 
wall aa control goata*

Baosity gradient aanMlfugstion using yiooU*pnpa 
(1.077 g/a £ , oantrlfugod at 710 x 0  waa found quite uaeful 
log flnpnxvhiaB ol MCNMonsiMMr intfMQftii ttn® thi vhoii 
of goata* aunb saparatod laononuolaar oalla wara found to oon* 
tain on an aaoaaga 91.SOX lymhaoytaa and 8.3ft monocytes with 
an antafa ftakiUty of 91.3ft.

Parlpharal blood M m M artai of goato wan successfully 
enumerated by BMC rasatto assay aaplnyfng bovine rad oalla.
Tha normal paroantaga of a-oalla waa estimated to ranga 8.S6 
and 13.3. Significantly high pasoaataga of B-oalla waa raoordad 
In infaotad animal from tha 2nd to 10th waak poet-lnfootlon 
anoapt at tha Sth weak, ft̂ oll percentage In infaotad goata 
rangod batwean 13.3 £ 0.85-17.*S £  1.3 while it waa 8.38 £  0.73 
to 13.3 £  1.09 In eootrol goats Indicating tha operation of 
tnaoral inraane raaponaa to oonoutrautly booat tha apeeif 1c 
antibody aotlwlty in tha aaruw.
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‘M m t M T H *  <* goiU ware IdntlUtd and anuraaratod 
hy »«wiitW m g  and MMt wkMtv* Ooat lynvphooytea 
presented several faoigMn M  aheap nd oalla, as Majority 
od rooattes presented erythrocytes aft tha antlt* periphery 
od lymphocytes.

The man paroantaga of i raaatta positive lynphoeytaa 
In tha parlpharal blood ad ooatsol goats rangad from 24.55 £ 
}.U to 26,74 £ 1*34 during 13 toabt od observation, The 
t raaatta tocdmiqaa employed in tha p m eant study aaa aaaunad 
unadfaotad by unknown variables aa tha data recorded in tha 
control goata remained near normal throughout tho abaorvatian 
pariod.

During tha dirat too weeks of taCaotloo b-roaotta positive 
lyaphoeyta oount aaa found mmorlaally dooraaaod and tha 
mduction was significant at tha dirat wash (18,44 ± 1,40). 
rmm tha third week onwards an ianvaaaa in tha iMcoaette dorm, 
lug w b  ObMMFPMI tfrfl ft&pftjUUABHfe ifiOCtMi wtl TKHMHI
daring tho 5th, 4th, 7th, 8th, Ittb and 13th writ od infoetion, 
tha mautmam baing at tha 13th week (35.24 £  1*58).

Twoalla worn also idantldiad and amwaratad baaod on tha 
demonstration od m m  activity, Fixing od mooanucloar oalla 
in aaotono oltrie aoid solution enabled tho fimd smears to be 
otarod in dry state without any intordoaonoo to tho ansymie 
activity for longer periods. T>|yglnqtM presented one or 
two localised rod oslourad roaation product in the cytoplasm
VBJ9CNR& CO IM fm il WBmBSmmBIBm



m

man percentage of M U  poeltim calle in oxporl— al 
goata was 38.0* ± 1.81 whiln 4* —  >5.80 ♦ 4.88 for control 
gnaw nhn Mtteud before the N u t  of tha experiment.
Daring infection* tha aeon* of m u  poaitiva oalla in tha 
parlpharal blood did not ahon top change aa tha naan paroan- 
taga ranged batman 28.* ± 3.08-33.78 ± 1.9* aa againat tha 
oorraoponding values (30.88 4 ).S*Hitl 4 3.81) in controls.

Zn infaotad aninals significant hike in s-roeekto posi­
tive lynphooyta counts «aa aaaoadad while such a ohanga could 
not bo obaarvad with M U  poaitlva lywpbocytaa. Thus tha 
raaolta af T-oall estimation by 8 aaaatta assay and m n * dmon- 
stratlon indisatad that estimation af total roaatta faming 
oalla aoold rtf lam better tha »aaU ooeyotoneo.

call nadiatad inanoa raaponaa ta £. antSUttRBttllil 
infaotion in goata waa donanatcatad by laUtooyta migration 
inhibition tast ondor agaroaa. A population density af 
1.8 x to8 IriTir rijfit/'inl wu for uor. Toxic
onltora agmttait having ha— alyain tltra lilt whooa pH 
adjusted to 7.1 oould ba anoaaefully aaod as antigen in tha 
toot. In a— orlmantslly Infected gems leukocyte migration 
indax waa laaa than 0*8 daring pact Infaotion period while 
with control goata It waa above 0.8. Significant reduction 
in ua indax waa noted fay 45th day af infaotion through 75 days 
Showing — town raduation fay the 80th day*

tetrads— al injection of toxic aultux* supernatant eli- 
oitnd oharactariatic delayed typo akin fayparaanaitivlty reaction
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In all Bgirt— Hilly tUMMt gotUf whila a nagativo n w  
tlon in aanwto. sktn InmaiitMtr raaotton w  found 
to bo nawliw by 48 h poot-injaotion.

HtmnMntog o* akin U m r  «*Ihb i m  tha alt* of 
inoculation iw»tMl Infiltration of iyaphooytoa, and naero> 
phagas at pwiWilwlif and ftlglandular araaa. ooogaation 
of blood wmia with pwHmulw iafUimim of iymphooytoa 
4̂ ^ oaoNfltt9M nd

Tubacculin fallod to pcaduna a poaitiva akin hyparaanat- 
tin naotlon in BUttttniMil infoctod or control 
goata.

not 19th day onwacda. awparlnwntaliy infootod goata 
whioh waaa naeropaiafl imaaantad gnaaa laaiona typical eft 
otaamua lynphedenltla in liffmaiHa. Tha laaiona w h o  found 
to oonfina to aupaafiolal lymihnodaa adjaeant to tha alto of 
iaoottlatlaoa.

Tha Matnloqtnnl ohangaa obaaavad in lynphnndaa warn 
haaltally of two typaai hyparplaatio atlnulatoay aoaetian and 
daganantiH ohangaa. Tha ohangaa ware bypocplaetia fooetiva 
folliolaa with tall diatiagoiahad gawdnai oantca. 
tien of lytophoaytoa and oatyiag dogtwaa of ainua hiotioaytooia 
in madullacy ragion, danaa iiniag of nadoliary cords with 
plaam oaila. daplotlon of lymphaoytat tna tho cortical axoai 
auhoapsular and cortical oadana. oongoatian of blood wwaaalc.
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alon a i parenchywa to a oaaaatn* aaas aaolaand in  fibrous 
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caaeeue lyapiudiBilis a n  mpariiMntaXiy pmdaoad In 
ec— and Kalahari goata agad I to 12 monWta toy bilateral 
Ineoalattan of 1 a 10* ilabla £, a M B t t B d M i l  
(atoc 19410) through lawrtwnil, 9Mbouti>9099 and au)— ieoaal 
wmmi. ma ollwloal fMMQO OOOjpOBOO Ottf pOl&ftO&O*
gloal fasturaa warn atudlad «pte 9 period of 13 weeka. The 
Otvolnsuaufc of ■ w  mpoaoo In lnlicU d
goata m m  aaaaaaad# toy anpwrtmi the Own with thoaa of tha 
oontrola, with roapont to total a—  protein. ooruw protein 
fraetlona, antibedy activity of tha aawaa, loakooyta ooont, 
CMWMKO ̂Of kfOillOOykO 8(f̂fPOkfOOi
inhibition late and akin bypaaaaoaitlvity motion. Pathoio- 

f u m m  Xu itn w** ount tfoooM of
goata nocropalod at is days interval <an alao atwdiod.

Initial fabrila roeoUee wMOh laotod far 73 to 94 h, 
infXonnotocy ctMogoo oMMd ok on #t%o of 

during tho flrat «ne to throo weeka of tnfoctton aad tha 
aevelopraent of ioaiena typioal of oaaanua lynphedanitie in 
looal/roglonal lynphaodoa within 31 days poet-inooulatloa won 
tha aain feeturee of olinioai aonifaatationa of tho diaoaaa.
Aa a rwoult of infaotion, aautnphilio leukooytoeia waa itowiam 
daring tha 3nd waak of infaotion. no approoiablo ohanga in 
ooonto of othor blood oalla in tana of tbair abaolato aaatoan 
waa aatad daring tha ontin period of abaarwatian.
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Hu hunoool iami p m p m m  2b iBfootod gftott ogo
ladloilid by tht y i n  2b  o o o b b  pcotoln, t t k i b M l Q  antibody 
and M a m l w —  s m t  ia tta peripheral k M «  Tha aaarara 
tnMta oonoantratlon Iwwm d  to atonlfloaat level* frcai 
tha 5th week oawarde aad It raeohad tha peak value ( U > M  9 0  

by the 8th week, Waa tha hod wan newer da haanolyala UM. 
hltion watt whloh detested anUtada antibody ia tha atm— .
—y- poolfclvo 2b laftoctod pfoflf y** pocolotod till tho onft ©2 
tho Qboowo&ioB pooled# Tho pooh ontllxwly hvil vm soooodod 
ay tha 5th week of lnfaotlon aaad thereafter there waa gradual 

in thg , aiylfleootly high poooootogo oft 
8»lyaphooyte aaa reeerdad ia infaotofl animate Ism the lad to 
10th wa—a* aiwapt at tho 8th weak. the paxoaotage of a-oelia 
ia iaCaotad goata w aged hataaea 18*8 j o.BS-17.41 x  1*8 (bile 
it m i 8,88 x  0.75-18.1 x  1«°* ie oaeiw l goete. This waa 
w—iai no on loftloofcloB oft otlonXntlOB oft h n m l  isonno
xooponofl)#

Tho —  it t it ft coopoBOO v m  ovidonood by tho
increased M y — iooyte oount in the peripheral blood, inhibi­
tion oe lauhaoytc migration aid —  develosnant of delayed 
akin hypeeaeneltialty. The eeaa pareeatege of iwiynghaeytas 
ia tha peclpharal blood ac infected goats by e raaatta assay 
raoaadad aa initial reduction a* —  fleet weak (18,44 ♦ 1.4) 
followed by aa iaacaaaa whloh tan elgnifleant during tha Sen, 
4th, 7th, 9th. 18th and 18th weak ad infection. Tha tamtam 
value was raoortad (88.84 x  I*— ) a* the 11th weak. Xn the



CUM* 0£ OOOtffOl th* 9SMMBfct0* ¥•!■** MtQSdl tflTT*
14.85 ± S.M M  14.74 ± l.M. Tha iwlyiqpboayta oount in 
tha ptTfljrfriff1 Kl*^ MVMfilid toy m m  wthod ̂  cm Maw 
cny Mui£loiBk *r*vifHfy> awan Aftwf iMoiion* in tha atari- 
■totally l&£oetod goata# liNitoaayto* "TiltpfTfoliWfi Atihlhttlao |ŷ tw 
w  ton than 0.8 dolag paM>lalMtiM pariod whilo tho 
control goats had tha indax valaa abawa 0*8. 8ignifloant 
redaction in tha migration indax waa mtad by 45th day of 
inCaetlon aad tha waximai reduotlon waa on tha 40th day. 
Xatradarmal lajaetian of tha tawia upaxnatant ot tha enltnra 
allcltad oharaetarlatio daiayad skin hyparaanaitlvity raaotion 
in all tha agadantiUr infaotad goata vhlla tharo waa no 
raaotlon in tha oontrola. Tha poaitivs raaotion was found to 
ha aaxtana hy tha 48th hoar poot»ia jaotlan .

ttia p a t h * e b a o g a *  tut thMMMinA toy m  
stixnlatory hyparplaatlo raaotion in tha lynphnodas and this 
waa aaooapanlad hy nonrntilnllu ahangaa typioal of aaaooua 
lyMphadenltia. Tho hyparplaatio atianlstocy raaetians warn 
Oharaotariaad by tha pawaanoa af sawaral aatlva folllalas 
with wall dawalopad gaiwlnal oaatras la tha outUm, distiaot 
wihUary eocds danaaly linad with plaawa oalla and alma 
hiatlooytoals indicating tho aarly alieitatlon of haaocal 
iwauna raaponaa to tha bactociua or to its |b vivo prodoota.

Tha rssulta abtalnad faaa tha paaaant atody ravaalad tha 
oparatlon of both ooll^adiatad and haaaMral lanona raaponaaa 
in goata agaioat £. aMOttttMENlflMift iofoetion* of
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twIou itathoda oyiiayad M  unit no tha tmmum vaapooaa, 
M k a q M  Btgratlan InhiMUm and daUyod alda typoraanâ - 
llrttf taata a m  found to ba od nb» In aaaaaatnq tha ooU- 
aidiaiid iflnnMi iwpBBii ma tiMM&ysis i m  |ĝ
tanoral liwnwna raaponaa. tauiwayto adgration laktuttm toot 

t)|MoJ|Vit i m  ]n ttRpXoyvd foe ittly
lUaqnooia of C. paaudatutortttloolt tefootion In gooto.


