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Augnentation of the tokal sugut of antmal produgts,
quantitatively and qualitatively can ocontribute & ot in
bettoring the living conditions of emall and marginal live-
stock farmers, in rural aveas, Oune of the main impodimonts
shat interferws with animal production is the loss dus %o
various microbial infections, A thorough and proper heslth
coverage of the animals has to be provided for yreducing the
econanic loss due to infecticus dissases. The basie infor-
natfon regarding the mode of perpstustion of the disease,
pasthogenio propensity of the infeotive agonk, the relative
suscepkibility of the spectrum of hosts, the Lrame status -
naturally existing or arsificially induced -~ and the possibi-
licy of developing a sultadle vaccine are all helpful in
foxmilating suitable control measures,

Among the umptesn nunber of infectious agents causing
Aiseasss in Aivergent speciss of livestock, Corynebactarial
Ainfoctions pose great prodlams for the fatmers rearing goat
and sheep (Nairn and Robertson, 1974s Campbell gt al.. 1962),
since Cusynebeoteciun nesdSuMSIRULANAS (SorYDeRectarium Svip)
is ubiquitous in dissribution, infection dus to this bacteria,
comonly Jnown as casecus lymphadenitis is world wide, Though
this infection runs & chronic progressive course in the affected
herd, the cumulative total loss resulting from poor seproduntive
efficiency,; lowered growth rate dus t0 stunting and emacistion,



condemnation of carcasses and inferier quality of the hids

1s considersbly high (Stoops g% gles 1984). Az the dissase
is chwonic and progressive, involving mainly iymphnodes, and
o a lessar extent splesn and other visgersl organs causing
partial or total demege of tho affected tiscus, there is every
Ukelinhood of reduction in the Ammune status of the animal.
Hore over this organiem, during maltiplication, releases fairly
pogent tocedn 4n the system which keeps the animal undar con-
stant stress leading to the reduction in general resistance to
saveral oaher infections.

A veview of literature reveasls that several alasaic
ressarch works have bean carried out on cesecus lymphadenitis
with slwep a9 the experivental nimsl nodel for the disease.
But, woll documented spiscotiologic informations on morbidity,
mortality, influmnoe of age on the incidence, oode of trane
misaion, pethogenesis and immae reeponse in caprine species
aguinet C. RAeUIQENRENTMAALS infeotion are scanty (Ayers,
1977; Naisn gt al.s 1983). The peevalenve of this dissase in
goats of Kersla was reported by Vemwgopal gt al. (1961). It
has been chwesved that osrtain basic differences sxiot botween
the disesse in sheep and gosts with regard to lasions, dissase
srsnamission, psthogenicity and immmity. Nature and mecho-
nim of fsmnity %o C. REMMORRARIARSLS infection in sheep
hava boan dobated very extanaively bdut, atill it requires
clarifications as to whather the timmnity {s cellular, humoral
or bokh., There 4is dearth of informstion regarding the



pethogenesis and imwune respense to C. pesudotubencuiosis
infection in eaprine species, Clinical evidence suggests
that goats do not develop stromg natural immunity. In view
of the above facts, tiw fmmne responss elicited by

S pamdosuberaulanis infection in goats has been chosen as
the subject for the pressnt study.

Adult gosts were experimentally infected with
csllular iomung responss Vre sssessed esploying the follow-
ing parsmegers:

a) Total serum pretein
bh) Cuantitative change in different fractions of sexum
protein
Q) Qualitative change in the specific antibody activiey
of tha serum
d) Change 4n the abeclute leukdoyts ocount
¢) Delinsation of pexiphersl blood lymphocytess
1) Telymphocyves
11) Belymphocytes
£) Alseration in the mdgration prupsrey of leukooytes
g)wwuuwm
T™he pathogmic effects of the organism in experimentally

infectad animals were also studied by chwerving clinicopstho-
logical altezations manifested at varying periods of infection,.
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REVIEW OF LITERATURE

Ever since the isolation and elucidation of the identity
of tho oticlogical agant of aasecus lyrphadenitis (CLA) made
for the first tims indepsndently by Nocerd (1839) and Preiss
{1894) a lot of information on its wverious aspects has acou-
mulated. Corvnebactexiug pasadotuberculsels (C. pecudotuber-
ulopis) 18 sccepted as the prinsipal causative agent for CiA
in a wide spectrun of snimal hosts (Jubb and Kennedy, 1970)
Bruner snd Gillespie, 1973; Jones and Hunt, 1983)., Many
specific namss have been used in the past to designate this
organism, Of these various synonyms, Corvnobactexivm Qvis
(Co ovig) ie the cne most aooepted and frequently used
(Buchanan and Gibbons, 1974). CLA is oconsidered as a primary
Aisease of sheap and goats all ower the world, charactorised
by suppurstive infection of lympimodes and less frequently other
organs of the body (Maddy, 1983 Jensen, 197¢) Blood gt al., 1979).

The firet recosd of C. pesudotulmimiloais infection of
shoep suffering from ronal abewsss vwes mads by Preisz and
Guinard (1891), Thon crmards different forms of this infection
generslly casecus lymphadenitis and casecus bronchopneumonis
were reported fyom all over the werld.

The morphology, staining proparty, cultural characters,
hicchemical and biological properties inclusive of toxigenicity
of G, gvis were roviewsd by Senham gt al. (1962). Carne gt al.
(19%8) demonstrated a toxic surface 1ipdd in this organism and



further demanstrated thet removal of this lipid by ether
extraction 414 not sffect the viability of the organism,
Quantitative prepondaramos of this taxic prinoiple, more in
vizylent straine was dooumented by Jolly (1946) and Muckis

and Gyles (1983), ocorxohorasad the viaw that this toxie
principle confers the psthogenic propansity. Hard (1969D)
demonstrated a thick 1ipid layer as an electron danse floooular
layer axbherior to oell wall of virulent C. Quig by electron
nioregraphy. T™he surfaoe lipids inmpedsd with the lytic
fanotion of phagooytes (Hard, 1973),

Transformation of beta hasmolytic C. QUis %0 alpha hoemo-
lytic type with changes in colony moxphelogy and biochemicel
charscters, consequent to Xepeat subsulturing, was roported by
Barakat gk al. (1970). In the year 1974 shigidai reported
similarity of antigenic oonfiguration among the various iso-
lates of G, pesudotubarcuionis from different sourves. Based
on Lasunoprecipitation, nitrate redugtion and animal pathogeni-
olvy, Barakat gt al. (1984) Aatfferemtissed etrains of
G- nemdatbanaalonls into twoe serotypes I and XX, The
infection by the former type which wvas nitrste negative cule
minated in the desth of guines pige in 18 days time with the
produstion of lecal and generalised adecssses, wvhereas the
latter type which was nitrate positive caused mortality in
shortar time 1.,0., 5 days with tissus necrosis but without
formation of abeoesses.



Sultivation

S peeudotuberauloSia ovew poorly on ordinary nutrient
media, but growth was often improved by the addition of hlood
or sexum (Carne, 1939; Benham gt al., 1962). The peptia digest
broth prepared by Carne (1940) supported profuse growth of the
organism and the medium was reported suitable for production of
toxin (Doty g les 19643 Jolly, 1965a) Lowell and Zaki, 1966atby
shigidas, 1978). Cameron and Swart (1965) used a nutrient broth
without incorporsting blood or serum but supplemsnted with
yeast extvract and lactalbumin hydrolysate, for high yield and
toxin produotion €rom C, guif. Xeskintepe (1976) further modi-
£ied the medium by incorporating protecss peptone and glucoes.
Protecse peptons broth containing yeast extract and glucose
aenriched with shoep sersm was reportsd to be s superior medium
for production of exotoxin from Q. Quig (Durrell, 1979;
Durrell, 1960).

Zeoxdn

S esudotuberguloalg wes known to produce a powerful
eotoxin which socounted for its virulence and pathogemic pro-
pensities, The toxin was endowed with seversl biologlc proper-
ties such as lysis of red cells (Zaki, 19655 Burvell, 1979),
dernonecrotaxicicy (Carne, 1940; Doty St Rhes 19643 Lovell and
Zaki, 1966b), inhibition of staphylocoocus beta hasmolysin
(Horewiok, 1963bs Fraser, 1964), potantiation of staphylocoocus
epailon haemolysin (Fraser, 1984), enzymic action of
phospholipase-D (Scucek gt gle. 1971) and tosmemic death of



experimentally injected leboratory animals (Jolly, 1963as
Lovell and Zakdi, 1966a).

There was disagresmant with regard to the haemolytic
property of the toxin (Cazxne, 19393 Fruser, 1964), but rosults
of the work of Zaki (1965) and Burrell (1960) gave conclusive
evidanoes that the tomin had lytic action on ox, shaop and
hotss erythrocytes. Denham g8 ale (1962) reported about the
prevalence of non~texigenic strains of C. guig. Bventhough
Rottgardt (1930) reported loss of toxigenicity of one of tho
strains studied, several other workers have shown towin produc
tion as one of the distinct character of ¢, guig (Doseasesux,
19293 Carne, 19403 Lovoll and Zaki, 1966a; Burrell, 1980).

Dalauney (1943) observed delayed leukoaytic chemotaxis
followed by inhihition of leukoaytic migration whan severe
intoxication was induoed., Ce QUAS Stained with methyl violkot
falled to attract lsukocytes on subcutansous injection but
absosss formation resulted onos the dye had dAiffused away from
bacteria (Bull and Dickinson, 1938), Maddy (1953) reported that
the leukoeidin, which killed the leukocytes and depoaited
AR gity wes responaible for abecess formation by C. ovAd

Optimm toxin production was reportod whan the organiame
wore inoubated at 37°C (Rottgaxdt, 19303 Lowell and Zaki, 1968a3
Burzell, 1979) asrobically (Cazne, 19403 Lovell and Zaki, 19668a),
though Fraser (1961) and Burrell (1979) recorded an atmosphmre
containing increased carbondioxide as supsrior.



rileration of taxin through esarthen ware, asbestos snd
glass filters resulted in loss cr reduction in toxicity
(Bull and Dickinson, 19383 Awed, 19005 Lovell and Zski, 1966bs
Burrell, 1979; Burxell, 1980) but filtration through cellulose
£4lter 444 not reduoe tomicity (Burxell, 1990).

The exotoxin of C» QYAS ves demonstrated to be thesmolabile
at 58°C in 30 minutes time (Zaki, 1965; Durrell, 1979), Potency
of the toxin remained unaltsred at 4°C (Rotigardt, 19303 Lovell
and Zaki, 1968b; Burrell, 1980a); st =20°C (Cameron and Smit,
1970; Burrell, 1981) or vhen dialysed against distilled water
and lyophilised (Camercn snd Smit, 1970).

Afnan (1969) reported that few strains of C. gvig produced
wide sone of alpha hasmolysis whils mejority of thw otraine
produced heta hasmolysis around the oolony when growm on sheep,
rabbit, horse or bovins blood sgar. The hammalytic activity
of the toxin was shown to be influenosd by pH of the medium
{Burrell, 1979). Though the toxin at acidic pH (pH 3 to 8.8)
camused hasmolysis both in ssrobic and anasrobic corditions,
the extent of hasmolysis was more at snaerabic conditions indie
cating that gaseous pressuse was also ons of the factor
influencing the hasmolytic pattern.

Dermonecrotaxicity of exotonin from C. gyAg on guinea pig
or yabbit skin was used as criterion to moasure the potency of
the toxin (Caxnm, 19403 Doty Qb Ales 19643 Lovell and Zaki,
1966y Buxrell, 1980; Garg and Chandiramani, 1983). Doty gt al.
(xm)mmmmxmqmmug.m



from divergent species of animals through oross neutralisation
of dermonecrotouicity of saxing in guines pig and rabnit skin.
Jolly {1965a8b) through s saries of experiments had shown the
ability of aorude extract of swotowin to increass the vascular
parmeability. He also showed that the antitoxin retaxded the
dissenination of C. gyif to the local lymph nodes or prevented
multiplicgtion £n gity or both.

Brploying & modified CAMP teahnicque Hartwigk (1363d)
demonstrated the ability of G, guis to produce antibeemolysin
sgeinst bets hasmolytic staphyloooocti. Praser (1964) demon-~
strated that the metabolic products of C. ovip and C.haspQlviioum
inhibited thw hasmolytic propersy of both alpha and beta tomins
of staphylococoi on shoep, ox OF goat red cells, while the
hasmolytic effect of epsilon Soxin was potentisted, Lovell
and Zaki (1966a) using the mouse protection test showed that
toxins obtained from shosp, hotse and buffalo straing ware
ralated to each other,

Synergestic hasmolytic effeet produced by the mixed
cultures of Q. gvig and G, equl on sheep, goat, ox and rabbit
red colla was demonstrated by Frassr (1961). He alsc observed
that the diffusible substancs produced by C. quis was inactive
againet horse red cells but the activity could be potentiated
with 10 per cent carbondioxide.

S+ pesudotuberaulosis possessed a heat labils tosdo
camponant and a hast stable pyogenic factor and both were



proved to be lethal in aotion independently (Petris and
McClean, 19343 Bull ad Dighenson, 1938). Cameron (1964)
established that spart £rom toxio 1ipid, S.quig oslls contained
& pyogenic fagkor as wall as protoplacnic toxins. Blood
tryptoss agar supported high production of endotoxin and
pyogenic fagtor, Both endotoxin and pyogenic factor were
hest labile, the former was destroyed at 80°C within m houxr
and the latter by autoclaving.

The nature of protoplasmic toxins and its relationahip
to the exotoxin was studied by Cansron and Smit (1970). The
lsukocidal activity and dermonscrotoxicity of the crude proto-
plasmic toxins, fractionated protoplasmic toxins and exotoxin
were asssssed., The results indicated that exctoxin proparation
contained antigens derived from products of bacterial lysis.
Crude exotoxin was purifisd end concentrated by fractional
precipitation with ammonium sulphate and dialysation against
distilled weter (Goal and Singh, 19733 Garg and Chandiramand,
1983},

Soucek gt ale (1971) dewonwtrated an enzyme which balonged
to the graup of phospholipese~D in C. pasudotuberguloaig. This
eneyme oould split aphingomyelin to Heaoetyl spingosyl phos-
phates and choline and lysophosphatedyl choline to lysophoapha-
tidic acids and choline. The presence of enzyme phoapholipesed
with extoxin of G. QAR ¥as attridbuted to be one of the reasons
for its vaxic action on blood capiilaries leading to increased
parmeability and extrxavasstion (Carne and Onon, 1978).
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caseeys Avmehadenitle Ao shoen

Canoous lymphadenitis is an infection seen in a wide
spoctrum of animal hoets but the records of incidence in ovine
species rank first. 3ince the repoxt of . peeudotyberculosis
infection in shoep appeared in the year 1891 by Preiss and
Guinard, incidence of this dioeass was froquently reported
(Denham g% al.s 19623 Ayers, 1977; Stoops gt al., 1984).

CLA often occurs as an inapparent infection in sheep and
goat hut oocasionally it causes overt disease and rarely death.
Specific olinical symptoms are not sxhibited by this disease
axcept for the enlargement of supsrficial lymplnodes and sub-
asquent development of abocesses, Llesions are generally
produced in lymphnodes, occasionally in lungs and less frequently
in kidney and other viscersl organs (Jones and Hunt, 1983). The
results of the survey made by Nadim gt al. (1966) indicated
that non-palpable lymph nodes of sheep were more freqguently
affocted than superficial palpable lymph nodeas. CLA was cone
siderod to cause little effect on the ganaral health of the
animal unless the disoase become genaralised (Blood and Henderson,
1974). Tho disease instidiously cocurs with high incidence
causing extensive waste and ocgonomic 1oes to shwep industry
(Jensen and Swift, 19823 5toope gb Ahes 1984).

Casas of C. Qvis infection involving tissues aml aites
other than lymph nodes are also on the rocord, Marsh (1958)
reported the isclation of C. posudotuberculoels from inflmmasd
jodnts and bursae of young lambs, An outbreak of mastitis in
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owes Lin France was reported by Grobet (1958), Abortion in
sheep in the later half of pregnancy and reproductive fatlure
aus to ¢ guis infection wexe reported (Ssamexdi and Temert,
1960; Dennis and Bamford, 1968; Mostafa gt al.» 19733 Gates
€% ale. 19775 Renchaw @t fles 1979) Orchitis and epididymitis
in rams were roported and ssmen fram cuoh infected animals was
shown to ba of low quality (Khalimbekov @b gles 19613 Galloway,
19643 Shegidevich, 1969), Wwilltwason and Nairn (1990) reported
palpable lesions dus to G. QUig infection within the scrotum
without involvement of tostes or cpididymus, in which case the
semen quality was not affected,

Fatal C. Qyig infeotion in adult sheep was considered
rare and the infection usually ended in complete recovery when
the pus ascaped from the absoess (Zaki, 1968), DBut Kalinski
(1963) cheerved 20% mortality in an infected flock of sheep
with involvemant of lung, pleurs and skin. Perinatal lLanmb moe-
tality was reported by Dennis and Bamford (1966) due to C. gvis
infection with involveneant of hwain, abdmasum andt lymph nodes.
Shegldevich (1969) reported the assooistion of C. pegudotuber-
sulgale with Pasteurehla mUERidA end Mygoplamna species in
purulent necrosis of lymph nods, pleuropnsumonia, arghritis,
mastitis, orchitis, epididymitis and suboutanaous abhecssses.

Nonmpalpable desep scated lymph nodes, thoracic and
abdondnal visoeras wara xeported €0 be frequently affected by

Ge S¥4R (Nadim gt ales 19663 Seddik gt gl., 1983 Ssoops gt Alss
1984). But according to sevaral other workers superfictal
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lymph nodes were the prinaipal sites affected in CLA (Aktas,
19713 Awad gt ake. 1979). A ohronic debilitating condition in
ewes ganerally kXnosm a8 “thin ewe syndroms™ was reported to be
due to the involvement of visceral organs with lasions produced
by G« Quis along with several other bacteris (Renshaw gt al.,
1979},

Caseous lymphadenitis 18 considered a2 an important
disease in goats but the gravity of ite prevalence, epimootio-
logy, pathogonicity and immnity have not been studied in detall
(Ayers, 1977). Only scanty reports have appcared on CLA in
goats (Shaw and Seghottl, 19393 Stafseth @t al., 1945) Purchase,
19443 Gallow and Morris, 196%; Addo and Eid, 19783 Hein and
Cargill, 1981; Burrell, 1981). The early record of CLA in goats
in India was about an outbregk of this disease in Uttar Pradesh
by Dhanda and Singh (1933), Sinoce them faw more reports have
appeared sbout CLA in goats from India (Sarkar and Bhattacharya,
1978) Natarsjan and Nilakantan, 19783 Lalkrishna gt al., 1977
Venucopal @t al., 1981 Garg and Chandiramani, 1984),

Though there 18 an overall aimilarvity betwesn clinical
picture of CLA of sheep and goats, there axist differences in
aistribution of affocted lymph nodes, morphological appearance
of the leaions and frequency and severity of the viscaral foxm of
infection. The distridution af sbscess was more in the hesd and
nock lymph nodes of goats infectad with C. Qvis (Ayers, 1977
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Campbell gk Ales 1982). The involved lymph node had no
recognizable parenchyma remaining by the time the abescess
Fuptured spontaneously (Ayers, 19773 Burrell, 1901; Nairn

2% ales 19823 Campbell gt ales 1982). Progressive emacistion
and sporadic death in goats were attriduted to the dsvelopmnt
of internal absoess by G. @¥ig (Ouss, 1977).

Thoracic form of the discase with lung involvement was
found to ba £requent in gogts and this resulted in hxoncho-
poounonia end death in badly affectsd goats (Sarkar and
Bhattacharya, 19753 Sharma and Dwivedi, 1977) Hairn gt ales
1982), Incidence of CLA in goats was found to ba incroased as
the age advanced which indicated the deficiency of netural
aoquired fmmunicy (Ashfaq and Campbell, 19793 Campbell gt 3l..
1982). Muckle and Oyles (1983) reported that strains of
G. pegudotuberculosis isolated from leaions of CLA in goats
were found to be uniform in culsural charscters, biochemical
reactions and susceptinilicy to antimiorubial agents,

Sanseua dvichadenitis An gebex aninala

Several animal species indiuding ruminants and non-
runinants suffer from CLA caused by G, gvig ond the clinical
nanifestations are more or less aimilar to what has been des~
cribed in mambars of capridae. C. pesudotuberculosis has been
reported to be assogiated with disease condition of the following
saimal spectes: Swine {Haglie gt al.» 1978) ant bear (Roth and
Vickers, 1966), hedge hog (MoAllister and Kesley, 1971), cheetah
{Boonker and Henton, 1980) and primates (Holt and Goffe, 1961),
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Cattle oocasionally suffer from C. pesudotuberculosis
infection and cnly & few cases have 8o far bean raported
(Benham gt al.. 1962), Cattle developsd pethological syndrome
which resembled that of sheep hut under natural conditions
only localised infection was common, and the lesien confined
to one ox two regional lynph nodes, draining an infected
surfaco wound (Jubb and Kennedy, 1970). Rising ond Hesselholt
(1973) reported isolation of L.gvig from sbecessed lymph nodes
of cattle. Acuts mastitis due to this bacterial infection was
also reporved by Makeys gt gl (1960). Earinki and Poulton
(1982) obaerved that $. Qyis played a major role in producing
skin lesions of cattle, either alene or in association with
other microbial agents.

Infection with . Quig in horse was shown ¢o produce a
clinical picture of ulcorative lymphangitis or local ahscessa-
tion (Benham gt al.. 1962). Hughes gt al. (1962) reported
cases of generalised infection in mares with large retroperi~
tonsal abecsases involving kidney, oexvix, abdamen, muscle
and popliteal lymph nodes. Aouke preumbdlical, pectoral end
abdominal wall absoosses were alsd reported in equines due to
S« uip infection (Wisecup gt Ales 19643 Maytield gt al., 1979
HMoirs and Loy, 1980). Serological evidenoe for CLA in equines
was reported by Knight (1970). 3Saxi g% al. (1990) reparted
igsolation of C. pemudotubarculoais from two aborted equine
fostuses and this formed the £irst roocsd about the associaw

tion of C. paqudotubexaulosis wieh adbartion in mares,
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Izanmisaion of caseove lvmchadenitis

Under natural condition, the mode of transmisoion of
this disease was obeerved ¢o be mainly through contaminetion
of akin wounds (Jensen and Swift, 1982). The rols played by
the contesminsted dipping £luid in the sransmission of CLA in
sheep was established (Naimm end Rebertson, 1974; Nairm gt a)..
1982)., Magy (1976) obesrved a definite relistion bestween the
route of infection and the lymph node abscessed. Burrell (1981)
pointed aut that ingestion of pus containing C. Qvig in large
quentity accounted for the development of many abecosses in the
Aymph nodes at the hasd and neck region of gosts., . DEEUdo-
tyboxculosip vas not voided in the fasoes or nasal secretion
of infected sheep snd goats (Ashfag and Campbell, 1980;
Chandiramani and Garg, 1982),

Though Seddon (1929) demonstrated the possible role of
ticks in the transmission of CLA in sheep, Nagy (1971} hovever
could not establish any relationship between tick infestation
and Aincidenco of CLA in shesp. Mechanical tranamission of
S« Repudotubescuicals by house fly foeding on coaing lesions
of ulosrative lyrphangitis in horse was reported by Adde (1983),
Rairn and Robertson (1974) have shown the posaibility of infeo-
tion through intact skin aiso, when sheep were dipped in conta~
minated dipping fluid, Hoin and Cargdl) (1981) reported
frequent ocourrencs of losions in the thoracic lymph nodes and
pulmonary paranchyma in goats which suggested that inhalstion of
G» ia may also result in infectian in goats.
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Bmexiaantal. intection

Dperimentally laboretory animals as well as domsstic
sninels wore shown to be susoeptinle to C. peaudctuRercMlORls
infection, Though infection could be rwadily reproduced in
sheep and goats, laborstory animals lile mice, guinea pig and
rebbit wore commonly used a8 experimental animal models for
pathogenicity and immnity studies considering econcmy and
managemantal conveniences (Jally, 1948ashs Cameron,1972).

As early as 1930 Cesari, reported experimsntal infection
of guinea pigs with C. peeudotubensmioais which resulted in
local absoess formation, Among other laboratory snimals, guinea
pigs were frequantly used for assesasing virulence and pathoge-
nicity of ¢. gvig isolates and its taxin, aince this species
exhibited a high susceptibility (Holt and Goffa, 19613 Cameron,
19645 Barakat and sSsyour, 1947) Nadim and Parid, 1973; Khatar
4t ale» 1978). Injection of virulent bacteris or toxin often
cwised death in guines pigs which made the apecies unsuitable
for immunity studies (Lowell and Zaki, 1966a; Haxd, 1969a).

Since rabbits wers extremely suscsptible to C. pagudotuber-
Sulosis infection or to its toxins, this spocies was extensively
utilized for testing the dermonsorotaxicity of the eetoxin
(Doty gt al.s 19643 Cameron, 1964) Burrell, 1980aéd).

Certain doubts existed shout the susceptibility of mouse
to C. pasudotubercylosis infection and the lethal effect of
emotaxin (Guillot, 1934). The clasaic experiments reported
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by Jolly (1965h) and Lovell and Zaki (1966a) established the
usefulness of this species as an axperimental modael for caseous
lymphadenitis in animals, The expesrimental infection in mouse
simulated natural infection of CLA in siteep (Jolly, 1963b).
Besides CLA, osteamyelitis and arthritis wore induweed in mice
by intravenous sdministration of ¢, gvig (Zaki, 1966).

Mice were extensively used for immuniagtion trials with
various antigens from C. pepdetubesrcilogis (Cameron and Minnar,
19693 Hard, 1969a; Hard, 1970; Camerom and Smit, 19703 Cameron
and Purdam, 19713 Cameren, 19825 Brodgen 2% ales 1985), 2axi
ot ake (1980) reported that mioe were superior to guinea pigs
and golden hamsters for determining pethogenicity of C. gvis.

to shoop did not produce infection similar to natural disease.
HMassive dose of bacteria often csused desath in sheep due to
scute toxicity (Cameron gt ales 19723 Gameel and Tartour, 1974;
Garg and Chandiramani, 1984), Percutanecus injection of bacteris
{nvariably produosd local abecess while intravenous infection
culminated in dsath cansequent to abescessation of lungs and
kidnoys (Camerxon gt ale. 1972).

Nairn and Robertzon (1974) produced experimental infection
in sheep by directly smearing . pegudotubcroulosls broth culture
over intact skin and also mixing the culture in dipping fluid,
They ocbserved that shwep developad lesions of lymphadenitis
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starting from seven days post inoculation. Since lesion
developad alno in visosral organs of some expsrimentally
infected sheap, they sugueetad s possible haamatogencus
dissenination,

Pregnant ewes abortad on exparimental infection with
G Qrig during the sacond half of pregnancy (Addo, 1979).
Local and lung absoesses sugoestive of CLA were reported to be
produced with subcutansous injection of C. gvig snd simultansous
infection with Ixfchostronaviue solusixifoonls (Sexgstrom
€% ales 1280}, Garg and Chandirameni (1984) showed that the
clinical manifestations in experimentally infaocted sheap had
direct correlation with the doee of bactoris admintistered,
They obsssved that subocutanecus injection of masaive dose of
Qo Qig produoed scute intoxiceticn while smaller doses developed
gubacute to chronic form of infection with lesions in super-
fictial lymph nodes.

Jolly (19635¢c) could sucoesafully estabiish infaction in
sheop, using eingle cell suspension of G, Qvig prepared in bile
selt saline, Camercn gt ale (1972) reported the suitadbility
of Co RASUdORURerCUAONAS orown in shels culture for emperimental
infection of shesp by intravencus route, But Cameron (1962)
claimed the superiority of surfaco pellicle in broth culture
over the shake culture for inducing experimental infection,
S6341X gt al. (1983) failed to profuce infection in sheep
through skin sperification but sucoseded in establishing
infection by intravencus injestion of 3.3 % 10° colony forming



units of C. Quige Sheep thus exparimentally infected deve-
loped multiple sbecess in Jwnge and lymph nodas 28 deys post-
injeceion.

Succossful attempts to study the pathogenseis and fmmune
reasponse ware mads by Husbend and Wateon {(1977) and Burrell
{1978) by injecting liva/killsd bacteriasl suspension of C. ovis
through intralymphatic rouss snd oollecting the offerent lymph
to monitor the imunological events ensued,

Sxosrinental lofection An gusts

Information on pathogmnesis and ifrewunity in capxines with
natural or experimental Q. SYAR infection is scanty as is seen
on perusal of available Mitaxature (Ayers, 19773 Campball ot al«s
1982).

Abdc) Hamid (1973) had injected suboutanecudly varying
doses of C. REAUCORMBARGULQEAR brokh culture to study the
olinical manifestations of the dlsease in goats. He reported
that a two milliliere doss of culture hed produced severe
intaxication in goats while 0.0 €0 0,33 ml culture produced
mibacute to chranic form of infection characterised with lasions
in regional lymph nodes and at the siwe of injection or scari-
£ication. Hamid and Zaki (1973) have shown prevalence cf
opecific antibody in the serun of artificially infected gogts
detactable at 4 to 8 weaks post inflestion,

According to Ashfsq and Campbell (1980) 1 x 109 stngle
oell suspension of C. guig injectsd intredermally, suboutansously
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or submuoasally could produce pathognomanic lymphadenitis

in regional lymph nodes of goats with an average incubstion
period of 95,2 days. They obosrved that a large majority of
animals infected {n this procodure did not produce generalised
lssions in thoracic or abdominal visoexs. C. gvig wes shown
not €0 be sncreted through nasal dAischarge or fasoes of
clintcally infected goats.

Intradermal inoculation of 0.8 x 10° colony fomtng untes
of G. pegudctubopaulosis st the flank rogion of kids produced
maltiple abhscessas both peripherally and in viasceral locations
(Brown gt al.» 198S). Intranasal inoculstion of bacteria
fatled to produce infection which indicated that respiratory
tract would not bo a portal of sarry for . pagudotuberculouis.
Infected goats mounted speoific antibody response detected by
synergestic hamolysie inhibdtion test within one month poet-
infoction,

BExperimental infection of buffalo steors and qsttle steers
with C. gvig had been reported (Hassen gt al.. 1983; Khater
% ales 199386d), Leukocytoeis, decrease in red cell count,
hasmoglobin contant and packed cell volune have beon obearved
in infected animale. The pathalogical changes induced in these
spocios werw of powerful cytotaxic nature, both in lymph nodes
and visceral organs.
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Hasmasalooy

goate

Normal blood values of goste have been reported but the
obesrvations are few in numbers and not adequate for statis-
tical presentation and genaralisation of values (Schalm, 1970).
The tendative osll counts of gosts as reported by Schala (1%70)
were ®C 13 x 10°, lewwaytes 9 x 10%, Meutrophils 3.25 x 105,
Llymphooytes S x 10%, manocytes 250, eceincphils 450, basophils
0 to 50 per cublc millimctre of peripheral blood. The peroen-
tage distribution of leukooytes were reported as neutrophils
36%, lymphooytes 56%, monocytes 2.5%, eceinophile 5% and
basophils O 0 0.%%. The plasma Protein concentration was
estinated ta be 6 to 7.3 g peroentage. lsemoglabin content is
estimatod to be 11 § paroantace snd the packed cell voluwe ao
35 mm 4n normal goats.

Several reports from Indis (Veama, 1947 Vaidya g al+»
1970; Ramekrishna Pillai, 19723 Bhwrgava, 19803 Ghosh gt ale.
1981) and from abrosd (Holman snd Dew, 1963) Lewis, 1978;
Bajsehadi, 19783 Earl and Carrasnsa, 1960) presented hasmatolo-
gloal values of normal goats belonging to different breed, sex
and ags. Vaidya gt al. (1970) ctearwed that the lymphocyte
poeroontage was significantly (F<Q.01) more in kids compared ¢o
adults, FdAjeehadi (1978) also reported the age associated
changos in the haamatological values of gosts and further
obgsarved that the changes in the neutrophil counts were
inversely relsted to changes obaarwved in lymphocyte counts.
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entities of the two major classes of mnt oolls.
Z8entification of lymphooyte subpopulaticn is of grest impore
tance in understanding their functions in health and dliseass.
Emameration of T and B ocells in poripheral blood and tissuss
have wide spread spplications in both disgnosis and understanding
of pathophyeiologic mechanisns of rmany disesse states sspecially
immmnodeficionoy, malignancy of lymphoid cells, sutaolmune
diseases, alterations in immune oxmpetency of canoer patients
and several infectious dissases (Wybran and Fudenberg, 1974
winchester and Roes, 1976),

7o dolinsate the varicus subpopulations of lymphooytes
asveral methodology and protocols are in vogus,

Mgmmalian Telymphooytes are routinely characterised and/or
quantitated throuch receptors for heterclogous exythrooytes
(B-rosette roceptor) Winchester and Ross, 1976), receptors for
Fe portion of imrmmoglobuling (Gregwal gt ale. 1970) Mvity
with heterologous antibrain or antithymocyte serum (Brown @t gl
1974), ability to react with blood group A resactive hsamsgplutinin
from Helix pomatia (Hammerstrom gt gl.s 19733 Morein gt al.»
1979; Broetrom gt al.., 1983) non~specific ensyne alpha naphthyl
acetste estarase activity (Mueller gt al.. 19753 Ranki et al.,
1976) purine nucleoaside phosphorylase activity (Borgsrs gt gl..
19717; bdorgers and Thone, 1978) lymphooyta spocific cell sur-
facs antigens such as T-00ll surfacw antigen of ONT series
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shima g% ales 19763 Yang gk Ales 19773 Prabhu and Reddy, 1983).
E-rosstte technique had been employed to emmeraste T-cells from
several animal species vis, bovines (Grewsl gt al., 1976;
Wardley, 1977; Higgins snd Stack, 1977 Wilkie gt al.. 1979
Gregwal snd Babulk, 19783 Paul gb al., 1979bg Ruchroo gt al.,
19613 Beldan gt al.s 1981) Outteridpe and Dufty, 1981) Ovines
(Hleron g% aAles, 19783 Binna, 197 Owtteridge gt al.., 1961)
caprine (Yang and Shedn, 19603 Shein and Wang, 19823 Sulochana
8t ales 1962) equine: (Taxx gt alss 1977 Mayur and Schlagen,
1978) swine (Rscajedillo and Bimns, 1975a and b3 Shimusu at al..
1976) canines(Bowles gt akes 19793 HMiller gt al.. 1978) and
felines(Tayler gt ales 1975).

Results obtained by several woriers indicste that the
heterclogous red cells are to be chosen daspending on species
of animals whose lymphooytes are subjected to E-prosette foxma-
tion, Twlymphocytes from humsn beings formed maximm rosettes
with sheep erythrooytes (Jondal g8 al.s 19733 Bach, 1973).
Taylor gb al. (1973) showed that rodent erythrocytes formed
highest rosettes with feline Twosllis, According to several
workors, sheep red cells were the choloe for E-rosette formation
with bovine T oells (Grewsl @t aiss 1978; Higgins and 3Stack,
1977) Kaura g% ales 1979). SBquine (Texr g al.s 1977) rabbie
(vilson and Coombs, 1973) and cenine (Bowles gt al., 1979)
T-colle formed maximys rosettse with guines plg erythroaytes.

Begosette formation by Telymphocytes was reported to be
affooted by many variables such as incubation time, tempersture,



serum conoentration in the modium and the proportion of popu-
lation density of erythrocytes and lymphooytes (Mendes gt al..
1978) Tarr g% akes 19773 voody, 19753 Grewel g% al.. 1976),
Trestmant of erythrocytos with nouraminidase (Wetiner gt al..
1973) Tarr et al., 1977; Grewal snd Babuik, 19783 Grewal gt al..
19783 wilkis gt al.s 1979), trypsin (Chapel, 1973), papain
{Eacajadillo and Binus, 1973b), AXT (Kaplen and Clark, 19743
Paul gt Qies 19708ids Orewal and Babuik, 1978), dextran (Brown
Q% 3kes 1975 Paul gk al.. 197936d) and bramelin (Plorey and
Poetdom, 1976) have shown to enhance rosette formation by
Teoalls, Higher rosetta forming ability was eportad with
Tecalls wvhan susponding modium was inporporated with foetal
calf serum (Higgin and Stack, 19773 Kuchroo gt al.e 1981) or
bovine serum albumin (Higgin and Staok, 1977) or Piooll
(outearidge end Dufty, 19813 Outteridge gt al.. 1981).

Wybran and Pudenberg (1973) had recognised two subprula-
tion of Telymphocytes as active E-rosette forming oells ant
total E-rooette forming colls. The former group required shorter
duration of incubation with erythrocytes while the latter
roquired longer inaubation. The proportion of these two
populations of cnlls was reported to vary in clinical gone
dition and the activo roeette forming oell mmbors roflcocted
better T-osll competence (Wybran and Fudenberg, 1974).

Thiz earlisst records about the non~spooific alpha naphthyl
aostata asteorase sctivity as a merier for identification of
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mouse Telymphocytes ware nade by Musller ok Al (1973) and
Ranki gt al. (1976). Sinoe then this mexker had been reportad
to be efficient in delinsation of T-lyrphocytes from othes
oolls (Toteerman gt al., 19771 Xulenkespff gt ales 197N
Pangelis gt ale, 19783 Pinkus gk dkes 1979). In oxyostatic
sections of lynphold tissus Knowles and Hock (1978) demonstra-
ted characteristic monocyte and Telymphooyts staining pattesn
of ANAE reaction. They considered cytochemical and histoche-
mical demonstration of AHAE activity as & useful mm’ker for
Telynphooytes in tissuss as well as in peripherxal blood.

raoniies gt gle (1978) compared the efficiency of histow
chanicsel demonstration Of ANAE sctivity with shak of Eerosstte
assay as narkers for Tecolls in hunan peripheral blood and
lymphotd organs of narmal and lymphooytic leulaanic patients,
Tho results obtained by thom showsd that the percentsges of
Berosettd and ANAE positive lymphocytes were always conparable.
They further described the AYAE staining pattern, characteristic
far Tegells, as aingle prominent cytoplasmic red brown nodulsr
reaction product seen adjavent to cell membrane (Twoall psttern)
while in monocytes as diffuse cytoplesmic red hrown resction
product (1 pattern).

Knowles gt al. (1979) ovaluated AIAE gotivity ao & T-cell
marker in human lymphoid malignancies comparing with several
other markers such as Eerosette formation, presence of Ia
antigens and surfaoe tmmunoglcbhulin, Tha peroentages of
E-rosatte and AMAE positive ocells from patients with Twcoll



malignancy ware strikingly simtlar which established AHAE
activity as & good T cell marier, The neoplastic cells from
patients with Becell malignancy, acute lymphoblastio louksenia
and null oell malignancy fatled to euhtbit AR activity.

Telymphoblasts obtained by stimulating Tecalls with
mitogens such as phytohasmagglutinin, poke weed mitogen o
alloantigen were able to ratain the B-rosette formation pro-
perty but lost their AIAE scvivity (Xnowles gt al., 1978;
Totterman g% ale» 1977). The ANAE negative blast ocells regained
ARAE activity on revision to lymphooytes (Totterman 9t al.. 1977,

Groasi g% al. (1979) had showm that Twsell subpopulation
bearing regoptor for Fo porcion of IgM only prasentod AR
activity of T pattarn whilo oells bearing receptors for Fo
portion Ig¢ wers devoid of this property,

Giorno and Beverly (1981) developed a rapdd method foo
demonstration of ANAE activity in lymphooytes, which required
incubation of lymphocytaes in the rosction mixture for one hour
a8 against overnight incubation required with the procedure
doscribed by Knowles gt ale (1979), They have aleo obeerved
that smears fLxed in aootono=godium cltrate flwative could be
dried and stored for relstively longer time before staining
for AHAR asotivity.

Reddy gt als (1980) showsd that ANAE activity was a useful
marker to distinguish Teiymphocoytes £rom other bhliood oells when
bovine blood smears were directly stained, Rajan gb al. (1982)



and Visalakshan gh al.(19684) had used AMAE astivity as a
marker to enismrate Twoells of pigs. Valsals gt gl. (1981)
had damonstrated ANE activity in the paripheral blood lympho-
cytes of ducks and the paxcventage of positive iynphocoytes
ranged fram 12 to 17 with am sverage of 1S8.6.

Bianco gt al.(1970) were the £irst to damonstrate a
rosetts system employing erythrooyss senditised with cample~
oent £ixing antibody t0 detect complement roceptors on lympho-
cytas. The complersnt oompotnts for which receptors Semone
strated on lymphooytes included sevexal degradatiocn products
in complement activation prooess but the receptors for C, waa
the one most oommonly detmcked {MoConnell and Lachmann, 1877,
Sidman and Unenus (1973) reporved the appsarance of cumplement
reosptors at a fairly late stage of postnatal development while
Hammerling ok al. (1976) cheexved that their appearance on
Beculls followed the appearance of surface mombrans inmuno-
globuling end Ia antigan during ontogeny.

Higuins and Staok (1978) described EAC rosests formation
anploying mouse serum as the souros of complament and used
this propexty as a marksr for B-gells smumeration from perie
phwral blood of cettle. Grewal ¢f als (1978) characterised
surface regeptors on bovine leuksoytes employing five surface
markers vis., surface immnoglobulin, sheep erythrocyte
reosptor, complement reoeptor and Fo receptors to both Igo
and IgM, To further ascertain the valus of surface property



a8 a oell type nazier, Yhey performed double merker techniques.
The results cbtained by them indioeted that oslls do bear more
than one marke. They demonstratsd that though PC TOOITROTS are
commonly shared by T as well a8 B-osll subpopulstions, ooCu=
crence of combination of more than one marier distinot to esch
subpopulation had been cbsarved as emplified by surfaoe
{mmanoglobulin snd CUMPLOMERE FOGEPAOLS DY Becells and absencs
of Buyeonphor characteristic for Teoslle,

EAC rosctte formation was commonly applisd for quantie
tation of Beoglls from several snimal cpecios (Shimusu g ale.
1978; wilkde gt ake, 1979) Kaurs g§ al¢s 19793 Outteridge gt gl..
1981) Cutteridge and Dufty, 19813 Sulochana gt al., 1962).
Though shoep erythrocytes sensitised with hasmolysin and
complanent are regularly used fox EAC rosstte formation, the
suocessful use of bovine erythirocytes ssnaitissd with hasmolysin
and nouse coonplement. (Outtaridos and Dufty, 19813 Outteridge
€% ales 1981) or chicken red oells coeted with naturally
ocourring paceine antibody ageinst chicken red cells and mouse
compleament (Shimusu gf Rlss 1976) was also reported. Stites
(1980) sugoested that though sheap red gells could be used for
EAC rosette asssy, ox red osils whioch do not spontaneously hind
to lymghoeytes would be preferred o avoid confusion with T-oell
roeettes.

Lembeoria slooilakions 40 goats

On perusal of the availablo literature it could be seen
that roports on characterisation and emumeration of subpopule-
tions of lymphooytes in goets ave anly few,
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Yang and shein (1980) eaploying E-rosette, EAC rosette
and surfsce irmunoglabulin fluoresoent tests identified T and
B.0slls and detexmined their rolative and abeolute values in
periphoral Blood of normal Taiwen goats. “When erythrocytes
from eleven hetsrologous animal species were tried, fowl
orythrocytes vere found most suitahle for E-roewtte, The -
relative valuss of each Sype of cells odtained were Le.roestts
positive osils (T-cells) 9.59 3 2.08% (range 8.19-13.5%),

EAC positive oells (B-celle) 35,12 2 7.02% (rangs 23,84=47,70%)
and surfecs immnoglobulin positive cells (B-colls) 56,22 3
0.90% (range 85.0+87.29%). The mean snd range absolute values
wern found £o be respectively 674.9 & 185.6 (458,1-1094.4) for
T-colls, 2.49 x 10% & 0.7 x 10¥ (1,42 x 10%-4.34 x 10%) for
B-0olla by EAC method and 7.10% £ 2 x 107 (4.97 x 10%-9.99 x 10%)
foxr B-cells bearing surface fmmmogiobulin per microlitre of
blood,

Banke and Greonleo (1982) have studied the lymphooyte
subpopulakions in periphegal blood, thymus, sploen and lymph
nodes of goats, Density gradient centrifugation using Picolle
Hypaque wss employed for separstion of lymphocytss from perie
pheral blood and the separated lymphoeytes wars further frac-
tionatad and conoentrated to T-aolls by nylon wol saiving and
0 B=colls by complament binding method, Unfractionated
lymphocytes, ond enriched T and P-oells ware further charactezrised
for nonspecific esterase sotivigy, presence of surface ilmmuno-
glabulins, receptoxrs for complament, and immmoglobulin and for
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peanut agolutinin binding, HMajority of the thymocytee and
nylon wool purified blood T-gells (76 & 13% and 91 ¢ 4% res-
pectively) baumd peamit agulutinin, More than 83% of Becells
concentrated by aamplenent binding showed surfeoe irmunoglo-
bulin and complement receptors while s amaller portion (143:6%)
still bound to psamut agglutinin, In parxipheral blood lympho-
cytes the mean percentage of calls positive for non~specific
sstarase, surface immuncglciulin, complement receptor, Ig
receptor and peanut agglutinin binding colls were 4 & 4,
19 £ 9, 17 £ 7, 14 & 12 and 69 £ 11 respactively. The thymo-
cytes lacked surfsce imunoglobulin, receptor for ocmplersnt
arnd Smaanoglobulin. A 40 to S0% of lymphocytes from spleen
and lymphnode failed to reveal surface.narkers distinct for
either T or D osllse. |

Tho usefulness of E+rosette and EAC rosette toochaiques
for emmeration of T and B lymphooytes has beon shown by shein
and vang (1982) 4n an experiment wherein fsmmosuppressive
effect of Tryponogoma QUANEL infectiom in goat was studied,

Idengifiocation and amperation of T and B_cells in peri.
infeqted and ethmold tumour bearing gosts, enploying Rerosette,
BAC rosette and ANAE activity were reportod by Sulochana gt al.
(1983) . vhen erythrocytes from sheep, cattle and chicken were
tried, only sheep erythrooytes formed rosette with goat lymphow
cytss. In normal goats the percentage of E-rosette ranged from
13 o 41.7 (mean 26.57 & 2.05) and EAC rosette from 14.29 to
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39,87 (mean 22.3 & 0.83). Owats with G, pawdotubsrouloain

infoction had only 4.4 %0 4.8 (mean 10.29 & 0.47) pexcentage
of Rnrosette positive T oslls. A maEn perosntage of 24.3% &
0643, 19.19 & 1,37 and 36.46 & 1.75 oslls were positive for

Eegosette, RAC rosette and mull cells respectively in gosts

with malignancy. The mean perventagk of ARAR positive aells
WOre 26.84 & 3.36, 11.58 & 1.36 and 23,91 & 1,63 1in normel,

infected vith . pesudutuberculeeds and tumour bearing gosts,
respoctivoly. IC was aleo shown that Berooette formstion was
inhibiced by antigoat thymus serum without ocomplensnt bugt not
the EAC rosstte formation.

DeMartint gt al. (1983) studied the abnowmalitiss in
number and function of pariphersl bloed lymphocytes of goats
suffering from chronic ceprine arthritic encephalitis (Cal),
Characterisstion and quankitation of lymphocyte subpopulations
vere 4dont based on presence of CoNplLEREnt eOEDLOT, Ig reoeptor,
surfaoe imwmogloiuiin, PMA hinding and mitogen induoed LHlasto-
genesis, In noxmal gosts they Teooeded an werage of 17 + 2,
$7.4 £ 4o 10 £ 3 and 16 & 4 perommtages of Beoslls, Twcells,
aonocyte and null ocells respectively, Out of the nins infected
goats, ssven had the same proportion of lymphocyte valuse as
di4 controls, It was alec shown that cancansvalines induoed
moxe division in Twlymphoaytes of infected goats than the
lyphooytes of nan-infected goats, while reaction 8o PHA, PWM
and bacterial lipopolysaccharide were not differems,



Nadinm @t gl. (1968) chemxved significant veduction in
erythrocyte count, haamoglobin gontent and marksd loulgytoeis
with noticeable monocytosis in shweep suffering from CLA but
the lymphocyteo-monocyte ratio wvas found €0 ba relatively cone
stant. Cameel and Tartour (1974) reported varying degrees of
haomolytic ansamis characterised by roduction in RSC count,
haemoglobin content and pscked osll volume, when sheep were
infected with large dose of C. pseudotuberculosig. Though
loukooytosis with rise in nesutrophiils with corres
‘Gecrease in lymphooyte count was nated, monocytosis was not a
unique feature of CLA.

Total protain and aldbunin inoreased in animals vhich
suffared sopticsemia and desth while a substantial decrease
was noted in animale with subscute %0 chronic form of infection.
Sheep suffering from CLA had a reduction in total serun protein,
allzamin and calcium as reported by Bl Abdin gt al. (1977). A
substantive increase in gammaglobulin content with associated
decresse in beta globulin was reposted by Mottelid gk ake
(1979) 4in sheep with chronic fomm of CLA, Similarly Desiderio
St ake (1979) obeexved a significant increase in gammna globulin
content associated with s cumpensatory docresse in alphe-2 and
beta glabulins in serum of goats suffering Cta, Significant
differonces were also noted with alpha-1, alpha-2, gawma globulin
and total sexrum protein contant bhetween young and adulit healthy
gOBLS.



Brown gt ale (1985) 44 not abessve sy Aifference in
packed cell volums and plaoma protein valuss batwesn Joats
infected with C. pesudotubergulosis snd controls. ALl infected
animsls displayed sliight persistent lewkdoytosis with an
inoresse in fibrinogen contont of about 3 to S times than that
of controls.
2D 2E0ARINE - aont

The sotal protein content and protain alectrophoretic
pattern of serum of goats have besen docusented only in few
repoxts. lawis (1976) estimated total ssrum protain, albumin,
alphaglobulin, alpha~3 gloinilin, beta glolxilia and gsmmaglobulin
by slectrophoresis and the valuse obtained were 8,33, 4.02, 0.19,
0e69, 0:56 and 2,04 grams par 100 ml of serum, respectively.
The micxo kjeldahl mothad for sstimation of total serum protein
and paper electrophorcais (Whatoan 3 mm filser paper, harbital
buffer pH 8.6 with ifonic strength 0.078) for fraationation and
quantitstion of noctmal serum prowein of goasts were snployed by
Casexo gx gl (1977). The values abtained were total serum
protein 7.3 £ 0,7, albumin 3,2 2 0.8, aiphe-1 globulin 0.6 3 0.1,
slpha=2 globulin 1.0 £ 0.3, beta glabulin 0,3 & 0.1, globulin
443 £ 0.6 and albumin globulin ratio 0.8 & 0.3 ng par 41, They
4100 oheerved that slbumin and albwmin-globulin ratio showed
significantly different values dus to sex difference,

Dosliderio gt A+ (1979) used celiuloss acetsts menbrane

sloctrophoresis to quantitate serus protain fractions of nozmal
a8 weil as sheap affected with CLA, Using pevicon blook



eloctrophoresis Wang and Shain (1980) separsted gosat serum
into £ive mone vis., gamas, bota, slphe=2, siphe~1 globulins
and albundin, PFurther sub frsctionstion and purificetion of
beta and gamma globulins wers dae by column chromutograply
and the purified subfractions, IgM(A)} and I9G were utilised
0 raise specific antisers in rabbits.

Raxhaosoaals

S+ pesdotuberailogia 48 a Wnown facultative intracellular
bacteria (Jolly, 196Sakb; Haxd, 1969bs Campbell gt al.. 1962)
producing & powerful emotoxin in YALLe and An yiye (Smich,
19684; Zaki, 1988; Burreil, 1979), This bacteria produce
chronic diseese in sninmals espscially in sheep and goatse,
charactarimed by suppurative lsaions aither in lymph node
alone or both in lymph nodes and viscersl organd. Tho petho=
genesis is spparently related to tiw ovrganiam's ability to
produce exotoxin (Lovell and Zaki, 1986asdy Jolly, 196Scs
Zaki, 19763 Burrell, 1978) pyopenic fsctoes {(2aki, 1976) and
the shility to causs osll aggvegation imposing local phyaical
hindrance to hoat'a defence mechanimm (Jubb and Remwady, 19703
Burrell, 1979; Gillespie and Timoney, 1921). In yitro studies
demonstratad that the tough outer 1ipid ocst of the organism
Tesisted digestion by phagocytos and remsined as a facultative
intrscsllulaxr parssite (Hard, 19723 Tashjiian and Campbell, 1983)
and ultivately caused destruction of the hoet oell (Havd, 1972).

Jolly (19650) W that the ewotoxin facilitated
the spresd of bacteria to regional iymph nodes by increasing



3?7

vascular permesdbdlity. 7The potant exotoxin which was lytic
for endothslisl cells dus 4o the phagolipsss ensyms activity,
promoted loosl spresding of bacteris (Soucek gt al.. 1971
Carne snd Onon, 1978), Sheep eperimentally exposed to hich
doass of exotoxin eithar by way of infection or by injection
of toxin developsd icterus, hasmoglobinurias and desth (Cameron
% 8kes 19723 Cameron and Puls, 19733 Gameel and Tartour, 19743
Garg and Chandiramani, 1984), Ths leukncidin which was shown
responaible for the progressive mscrosis that csused persistent
lesion in sheep (Marsh, 1958) was laver fdentified as nothing
but enotoxin (Jubb and Kennedy, 19703 Jensen, 19M4).

The presence of antitomin in the serum of naturally
intected sheep indicating exctoxin production in wive has been
demonstrated by several workers (Zaki, 1968; Zaki and Abdul Hamid,
19713 Zaki and Abdul Hamid, 19743 Barrell, 1981), Though acute
intoxication and death were not & feature of natural disease in
domestic animals, the exotoxin was shown to be produced and
iibersted in the body in small smounts not sufficient to kill
the animal but sufficient to elicit the formation of sntitoxin
(Zaki, 1976) but Cameron and Mimnar (1969) and Cameron and Sait
(197)) were of the opinfon that the exotaxin was of little
importance in the pathogencsis of chronic lesions of ClA in
natural infection.

Casecus lymphadenitis is charvacterised Ly absoessation of
peripheral lymph nodes especially prescapulsr and prefemoral
in sheep (Marsh, 1965; Jubb and Xemmedy, 1970; Jensen, 1974)



subnandidular and parotid in goats (Ayers, 1977; Ashfag and
Campboll, 19680; Barrell, 1981; Campbell gt al.. 1982) with
thick and dry greenish whise purulent exudate, Ooccasionally
the dissase becoms generalised and abecsss develop in many
abdoninal and thorascic visgera, fancluding internal lymph nodes,
skin and sudcutanacus tissus, brain and spinal ocosd (Marsh,
19633 Jubd and Xeanedy, 19703 Jensen, 1974). Progroseive
enscistion and occasional desth in shoep and goats have been
reported to oocur Aue o the internal abecesses developod
(Dhanda and Singh, 19553 Marsh, 19653 Ouss,1977)., ihen massive
dose of virulent C. gyis oells wes:: inoculated to the popliteal
lymph node, sheep exhibited hasmoglobinuria and icterus, two
deys posteinfection until death (Burrell, 1981),

on intralymphatic inoculstion of viable C. gvig cells,
Husband and Watson (1977) noted development Of patent sbecesses
with greyish yellow pus in hypertrophied, congested and
inflewwed popliteal lymph node of sheep within three days
poest inoculation, Oedema and slight degres of hasmorrhage
ware the macroscopic lesions 4in the lymph node at sarly stage
(Burrell, 1978). The chronic shevess of lymph noda was covered
with a thick fibrous capsuls snd wvas ofton adherent to adjacent
miscle facia (Burrell, 19783 Campbell gt ales 1982), Distino-
tive laminated sppearance was ochearved in lesions of advanced
casas of CLA in sheep due 0 the enlargement of lesions through
progressive necrosis and reformation of the cepsule (Jones and
e, 1963),



In gosts, sevarely involwed lymph nodes had no recogni-
sable paranchyma remaining by the time they ruptured spon-
tanecusly (Ayers, 1977), The natural abeomss was found to
omtaln thick pasty purulent material within s thick fibrous
ocapsule {(Ashfag and Campbell, 1980). The reason for this
cantrast was sugoestod to bs dus 0 the difference in the
nature of ensymes {n the phagocyss oslls of goats from that
of sheep.

Sarkar and Shattacharya (1978) zeported acuts broachow
punonis due to Q. gvip infeotiom in goats which was fatal
in majoxity of cases., Groos multiple absouosses of varying
simoe in lungn with adhesion of plaura and thickoned inter-
labular septa were noted in badly affected goats, Infected
lungs of shesp and gosts chowed discrete and axtensive area of
consolidation with slightly ralsed subplaural or deep seated
round cirouworibed greenish yellovw casoo purulent/caseocslci.
£iad envapsulsated nodules embedded mostly in the anterior
lobe and in faw cases in the disphragmatic lobes (Sharms and
Duivedi, 1977). Plaural adhestion was also noted in some cases.

Hiatouathology

Congestion, cedems, hyporplasias, osllular infileration,
necroeis and calaificetion were reporesd to bs the ssquential
svents taking place in the lynph nods sffected with
G+ memdiotubarouloeis (Zaxi, 19765 Gamesl ad Tartour, 1974
Sharma and Dwivedi, 1977; Husband and tateon, 19775 Burrell,
1978; Ashfaq and Campbell, 19603 Jtoops g% al., 1964)



Brown gt al.s 1985). Cassated neorotic mass surrounded with
opitheliold cells sdeimed with lymphocytes peripherally
reinforced with layers of fibwous oonnective tissus were
desoribed to be typioal for Leaions of CIA in lymph nodes,
Calecification of the nocrotic mess may cocur in advenced
lesions, Cencentricolly leminated sppearenos for tha lesions
may be produced by the sucoessive nserosis of calls external
to the fibrous connactive tissus layers (Jones sand tunt, 1983),

Burrell (1978) damnstrated clumps of bactexia surrounded
by nuclesr debris from oslls which haf undergone lysis in the
poplitasl lymph node of shesp infected through intralymphatic
inoculation of Go QYAS cells. Me hed obssrved that lymphocytes
were only randonly distridused fneide the layer of £ibrous
tissus hut mmerous ocosinophils and seanty neutrophils were
noted at the border of the caseous necrotic material. Plasma
cells at different stages of devwlopamt and mononuclear
macropheges ware the predominant oells at the periphery of the
lesions. The infiltrating cells wexre superimposed in the
deganerating fibeous tissue and the leeions wers wailed off
with a sone of intact fibrous tissus. Occasionally degenera~
ting mast cells were also sngouered.

igmph node paranchyms which hed not boen oblitaxated by
davelopment of lesions hed wndergone hypscplasia. Such lymph
nodes showed several active cortical follicles and inter
follicular arcas and the medullaxy gords were densely lined with
plasms oslls st various stages of dewelogment (BDurrell, 1978).
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Brown gt Ak« (1993) obssxved that goats which were ino~
culated with G. gyis intradesmally developed moderately severs
maltifoonl acute suppurstive lymphadenitis, Histologically
the paranchyma of the affectad lymph nodes was pushod aside
by the expanding abscess which comprised amorphous central
eocsinophilic mass of dsad macrophage surrounded dy a rinm of
dsgenerating neutrophils and paripharal to this a band of glant
oalls and f£ibrous tiszsus, Bacterial mass were siso ceen ais-
persod through the central necrotic ares.

Histopathological changes observed in lungs of sheep with
abscess were similar to changes described in lymph nodes exvept
for infileration of polymorpho maclear leukocytes (Gomeel and
Targour, 1974). Giant cells were damonstrated in tissue sec~
tions of lung lesions of CLA slong with macrophage and Llympho-
eyte infileracions (Sharme and Dwivedi, 1977). Stoope gk al.
(1984) oheerved prominent plassa osll infiltrations in the
£ibrous capeuls of advenced lesions of CLA in sheep lungs.
Pirm red to grey sonos varying from a fov miliimeters to several
centimoters in thickness were noted in the lung parenchyms
sdjscent to absossses, The grey zones revealed inverscitial
fibrosis snd compression of lung parenchyms. Peribronchiolar
lymphaid infiltration, brenchisctasis, bronchiolar epithelial
oall hyperplasia and peridronchielar £ibrosis were tha changes
associsted with in the air ways.

Lovell and Zaki (1%86a) ocbwerved that nice injected with
lethal dose of C. gyis exotosin produced symptoms of acuts
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intosdostion and desth. Rissepathalogical changes oboerved
in such snimals ware coungestion in the etomach, and small
intestine doganerative changes in the liver oslls i the
epithelial cells of the convolutad tubules of the kidney.
In fev animals lungs and adrenals were also congested but
teotes were found unaffocted,

Zaxi (1968) exparimentally produced ostecmyelitis and
arthritis in nice by injecking G. Quig cells intravenously.
The carliest detectsble lesions noted ware congestion and
hasmorrhage in the marrow cavity of long bone metaphyses and
1n the inttaouascular and intraasrticular spaoes.

Gameel snd Tartour (1974) chesrved cloudy swelling in
the hepatic cells of sheep and the mualei of hepatic cells
were hypsrchromice The parenchyme was partially degensrated
and infilerstad with round oslls. Eosinophils ware also
observed in most of the livar sections. Catarrhal enteritis
and increased mmbers of globiet oslls were noted in intestine,
Reticular and lymphoid hyperplasis were cbeorved in spleen and
lymph nodeg.

Abortion in owesa when experimentally infected with
Ce paictubspuuloglis was reposved by Addo (1979), Gross
lesions inciuded reddish brows coloured placenta enlarged
ocodamatous and autolytic cotyledons, lHistopathological
changes obsarved were hyparasmia of septal vessels, vasculitis
callular infiltration in the hilar ceotral and basal sones and
necrosis of the chosionic villi and matexnal septo.
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Toxte hepatitis and nephrosis were cheerved to oocur
along with abscessation of skin sd lymph nodes of butfalo
calves and csttle experimentally infectad intradermally with
Go gwis (Xhater gt ale, 1993asd).

Diamosia

Animal affected with CLA Qua %o C. Qvis infection exhinits
no specific clinical signs other than the occasional presence
of detactable superficial abscesses. Althouch there are no
psthagnononic sympsome indicative of CLA in animals suffexing
fxom the visosxal form of the diseass, lesions in lungs mey
produce signs of respiratory traot infeotion (Marsh, 1965),.
For diagnosis of CLA {n animais, palpation of lymph nodes is
unreliable sinoce the detection of early as well as deep seated
abecesses 1s not possible. The lack of distinct clinical
foatures warrants the need for specific and sensitive imuno-
logical methods for dlagnonis (Ayers, 1977; shigias, 1979).
Several labarstory toots were roported for the diagnosis of
this infection but none was found to be oompletaly satisfactory
in terms of simplicity, sccursoy,ssnsitivity and economy
(shiglai, 19793 shen gt als. 1982),

Aogiatination test

Awad (1960) used agglutination test for the firet time
to detact serum antibody againast C. guip in sheep, Darring
sutosgglutination exhibited by several isolates of G, ovis
used as antigen in agglutinstion test, this test was reported
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to be conveniant and sensitive for diagnosis of ClA in sheep.
Cemercn gt al. (1972) used agglutination test to monitor
anmtibady response to various inactivated G. oyl vaccines in
sheep. 9table agolutinating antigen from G. SALp culture vas
preparod by shaking in ethanol or by subjeoting to fxequent
freosing and thawing (shigiai, 1974). He also reported
instances where in Jnown infected animals and animals without
detaatable infection revealed low titres when their sera were

subjected to agulutination vest,

Koskintepe (1976) reported that spoantaneous agglutination
of antigen prepared from . geudotuterculoels could be pre-
vantod by suspending tham in saline containing magnesium
chlorido supplemented with 1% tween-80, HNeon-imwmmoglobulin
nediated ag lutination reaction was cbeserved by Surrell (1978)
when G, Quia oells vere incubsted with precolostral and young
lanb sera, He suggested that agolutination test cannot be
reliably used as s diagnootic test for CLA in youny sheep.
g et al..(1982a) used both agulutination and haemolysis
Anhindtion test for detection of antibodies to C. pgeudotuber-
@l9ais in naturally infected adilt gowts.

Shigldl (1979) compared the officacy of five seralogioal
tests viz., tube agulutination, complement fimagion, gel
diffusion, antihamnolysin fnhibition and indirect haemaggluti-
nation tosts for disgnoeis of exparimental C. gvis {nfection
in sheap, He oboerved that tube agolutingtion test wes of
value for dlagnosis of CLA hetween three and eightoon weeks
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of infeotion. After 18 wasks of infection all the infeoted
aninmel yeoained serooegetive with sube agglutination test
while they wore positive with sther tests.

In Indla, Chandiramsnt and Garg (1984) employed agoluti~
nation test for field survey of ClA in shesp and goats, Owt
of 1302 sheep sers, 61 (4,6X) sanples and 48 (10,2%) semples
aut of 467 gosk sara were positive by the sest.

Askl=hasnolvain nbibition sash

Hartwigk (1943a) dmonstrated that G. swls peoduoed
filterable antiehasmolysin sgainst beta hasmolytic stanhvlo-
SoRgNE by modified CAMP sechaique. The nwutralisstion of the
hesmolytic effect of Stachwloguacas oo sheep red cells by the
smainasnolysic fagtor differentisted G. gyif frow . DXOGEOSS.
S DAl LAAMAGAA NDGCTIOQMIAR 503 RXYRSOAMAANEAX Ansidiess
(Hartwigh, 1963b). Fraser (1944) and Zaki (1965) showed thet
s £ilterable prodict from C. guig snhibited the hasmolytic
effect of alpha and bets somins of Sharhwigoooous on sheep o
gost rad cells while dolta ilysin remained unaffected and the
sction of epsilon toxin was sshanoed, The diffusible nature
of the antihssnolysin was osfirmed by Lovell and Zaki (1966d)
and 3 quantitative tube test was recommnded for the assay.
They further showed that the antihasmmolysin property of the
toxin was inhibited by antiserum,

The inhibition of the mtihsemolytic propsrty of the
G is toxin by its specific antisexum was sucoessfully



utilived for the development of a serclogical test vis,,
antihaemolysin inhibicion test (NET) for the Alagnoedis of
CLA in animals by Zaki (1968). Serum antibody responias in
goats afeer experimental infection with C. pmeudotuberculoods
was detectad, comencing 4 to 8 woeks of infection using AT
(Hamid and Zaki, 1973), Zaki and Abdel-Hamid {1974) evalusted
and corpared AHIT with that of in yivg mouse protection test
and obeerved that AHIT was easier, cheaper, rapid ax! leas
ilfable to exwperimental error than mouse protaction test,
Though corparatively high pargentage of faleo negstive results
ware recordsd with AHIT, thia test was rocomended as a
scxeening test for CLA in animals., 7The AHIT was reported to
be inferior o indirect hasmegolutinacion tect for detection
of serun antidbody againse C. guisg in sheep (Shigidl, 1978
Shigiai, 1979), The AHIT fatlled to detect antitowin in a high
proportion of infected sheep while no false pasitive results
ware recorded (Nalvn and Robartson, 1974).

Indixect hasmacclutiosticn sogh

Indirect hasmagolutination tast (IHAT) uaing erythrocytes
sencitized with exotoxin of . gyAR for the serodiagnosis of
CLA in sheop was developed and described by shigial (1978),
Purified C. gyig toxin was used to sensitise formalinised sheep
exythrocytes troated with tris-diasobansidine, IHAT wvas found
o give a high peroentage of false positive reaction when
compared to AHIT, shigidi (1979) ovaluated and compared
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sesological teants for the dmbection of ClA &in animals and
reported that IHAT was reliabls and could detect antitaxtin
for longet periods in the serun of infectad animals,

House pxotequlon seat

In an expsriment designed to detect the relationahip of
toxine of reprosentativo strains of Q. gvig to that of
Ce diphthariag erploying mouse protsction teet (MPT), Lovell
and Zaki (1966a) oould not establish any relationship with
diphtheria. They also observed that C. Qvis antibhecterial
serun protected mice against the lathal tosein, provided the
ssxum contained sufficisnt level of antibody to netralise the
tontdne.

MPT was successfully used by Hamid end Zaxi (1973) to
detoct eerum antitoxin in experimentally infected goats,
According to Zaki and Abdul Hamid (194) MPT was more wvaluable
than AHIT for dstecting antibodies to G. Qvige AbOeL Hamid
(1975) reported a high sensitivity of the test when one milli-
1itre of the oerum was used to nsutralime 2 HMLD of C. gyis
toin.

Sabhit skdn test
Doty gt ke (1964) devaloped a diagnostic skin test in
rabbits for CLA in snimals. In the test, the ability of anti-

toxin to abrogato the dermal reaction produced by the toin
of Co Q¥iR in rabbit skin was sssessed, The rabbit skin test
was also found suitable to study the antigonic zelationship
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betwesn strains of C. Quigs »ad gt gl. (1979) reported that
the test was useful in dotecting CLA 4in animals though @ fev
false positive reactions wexe noted,

Svoaronstic hasmolvads Anhihision sesh

Synexrgestic hasmoalysis inhiibition teast (SHIT) was a
serological method developed by Kaight (1978) for detection
of ¢. pamadotuterculosis infection in harses, The test was
based on the principle that antissrus to §. gvig inhibived tche
synargestic hasmolytic effect of §. gyig toxin to the erythro-
cytes seasitissd with sterile filteste of C. agul culture.

Hasxlvais Aohihition test

Hasmolysis Anhibition test (HIT) dsscribed by Durrell
(1980) was based on the principle that antiserum to G. VAR
inhibieed the hasmolysis by exotosxin. He showed that the
test vas effioient in Alagnosis of ClA in naturally infected
animals, for deteetion of passively Sransferred msternal antibody
in lamd serum and t0 monitor the antidody response in vaccinated
snimals, Burrell (1981) surveyed two dairy goat herds for
G+ rig infection by clinioal emamination, cultural recovery,
hasmolytic ishibition and double immnodiffusion tests, He
found double fmmunodiffusion &8 a better field diagnostic test,
umd gt al. (196833) recomendsd hasmolysis tnhibition and
agglutination tests for serveplidemiclogical investigation of
CLA in goats. lamd g% al. (1962h) opined that the level of
mstarnal entibody against . QyiS 4in kids could be demonetrated
by HX?,
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Immnadifiualan taet

Spacific precipitin focmgtion in guls on resction between
purified fractions of C. guig oulture supernatant and sntiserum
was f£irst noted by Camexon and fmit (1970). latexr in 1974,
Shigidi detected antibody to G. gyig in the sexun of CLA
atfected sheep using immmnodiffusion technique, The antigenic
rolationship betwaen isolates of C. guia wus also couveniently
evaluated by this test (Awed gt ale. 1979), Snigidl (197)
reported that gal diffusion tast gave a high percentage of
£falee positive resction when compeared to other serological
tests used for diagnosis of ClA in experimentally infected
sheep.

murrell (19580) madified the gel immnodiffusion test by
employing concentrated supsrmatant of Q. Qyig culture as
antigens and reducing the conosntration of agar to 0.5% for
gel preparation. He had cbesrved thet culture supsrnatent of
Ge @vig hoving hsewlytic titre of 1 in 16,384 or moxre produced
readily detectable precipitin Lines with specific antitoxin in
tho range of concentrations commonly found in sexs of naturally
infected animals. The test provided an extremly economical
and convenient method for scresaing lerge mmbar of animals
with CIA within 24 hours of setting the test,

Pield survey for G, Quig Anfection in animals was under-
taken using this test (Burrell, 1981; Raimm gt al.. 1984)
and the teost was found reliable sinoe there was no fales
positive reaction,



Imamofivoxesoencs LAk

Ao (1978) used fluoresosst antibady technique (FAT) to
1dentify . @i in pus smeer prepared from cases of CLA,
Hyperimmune serun prepared in rabbits labelled with Zluorescin
fsothiocyansts wvas used for the purposs and the method allowed
rapid fdentification of organism in cases of ClA of horses.
Direct and indirect methods of FAT were used to identify
Co Quig in the serman from cases of ovine epididynitis (Ajal
Ot ales 1960),

The applicstion of ELISA fox the detection of antibody
sgatnst . pagudonberUlels in goats vas firet reportad by
sShen &t al. (1992), The test was performwd with oell wall
antigen o coat a solid phase and alkaline phosphatase to
oonjugste sntigoet immmnoglobulin. The oell well antigen
produoed only specific reaction sinoe 1t 4id not cross react
with antibody to C. DYOUMNAR. HELISA was considared to be
spoaific, sensitive, simple to perform, readily reproducible
and soonamical for episcotiologiosl studies,

Garg and Chandiramani (1984) reported the use of soluble
antigen prepared from scalcated Q. gyis oells, The toxin and
osll wall antigens were independently trisd as antigen 4in
RLISA t0 assess antibody level in sags of lambs expsrimentally
infected with C. VAR Dy Malkl gt ale» 19893, The results
obtained by cthem Andicated thet toxin was better for the
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purpost. Hasu (1984) repested that sonicated cells and cell
wall antigens were unsuitsble to be employed in BLISA for
assesaing antibody to G, Quig in goats.

ELISA was reported to be comparatively superior to
synexpestic hasmolysis inhihivion test (shen gt gl., 1982)
agolutination tost (Garg and Chamdirament, 1984) and anti-
hasmolysin inhibition test (Maki @& al., 1983) for the dateo-
tion of serum antibody €0 C. o¥is.

Hexarsensitivity goaqtion

Carne (1932) was the £ixst person to show that intradermal
inoculation of allaoxgenic sgent prepared from C. gyis in s
sinilar cenner ¢o tuberculin preparation, induced local delayed
reaction in animals suffering from CLA, Cameron and MeOmie
(1940) doscribed the preparation of antigen from the so called
'3' strain of $. gyig, lypersensitive resction produced in
shecp and cattle on {ntradexmal inoculation of this antigen
indicated that the method was of valus in detooting CLA in
these animals, PFarid and Ralmoud (1961) used filtrata of heat
killed broth culture of C. gyig for intradermal injection to
dlagnose CLA in sheep, Thoy cbeerwad that in known positive
antmals there was an incroase in the thicknass of the skin
anging fron 1 to 8 m after 48 hours of infection while in
known negative animals there was no suoh increase in thickness,
Renshav gt a). (1979) used a skin testing roagent prepared by
sonicating . pagudotuyherculagis to detect internal abscess due
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to C. peeudetubearanlanis infection in sheep suffering from
‘thin owe syndrome’. The results indicated thet the intre-
dexmal test was of limited valus since tha test produced
several false positive and megative reactions.

lakegvia siaxation Aaibision sest

Lsukocyte migration inhibition test (LMIT) wan used as
an 40 YikEo measure of cell-medistsd immne response (Buening,
19735 Carson gt Ake» 1977a6dy Nyindo gt al.. 19803 Asadegan
% ales 1981). Antigen dependent inhibition of leukocyte
migrstion was sugoestad as an {n YitED correlate of delayed
typo hypersensitivity (George and Vaughan, 1962) Rosenbery
and David, 19703 Tims, 19793 Chambers and Klesius, 1984).
Paritoneal exudate calls and peripheral blood lsukocytes werod
used in both cepillary tube method (Buening, 1973 wWoldehiwit
and Scott, 1982) and agarose plate method (Carson 2% Akes
1977050y Nagaraja @b ales 19823 Bendiwsn, 19773 Asadegan @t al..
1961) of LMIT., Direct migration inhibition assay under sgaroee
was proved to he convenient, rapid and easily reproducible
method for lsukocyte migration inhibition assay (Clausen, 19713
Bendixen, 19773 Asadegan ot al., 1981), IMIT was succosssfully
amwployed for ascossing CHMI and for the dAiagnosis of many
bacterial disesses lilwe tubsrouloais (Litels and Maylor, 1977),
Johno's disease (Bendixen, 19773 Timms, 1979) and Arucellosis
{Amsdogan gt ales 1981),

Aooording to the avatlable litersture, there was only a
solitary reforence about the use of IMIT to demonatrate CHI
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4in animals affected with CiA, Chandirgmani and Garg (19682)
pecformed capillary tube methud of L7 using peripheral blood
Jeuloytes of infected/immunised sheap =nd sonicatod G. Qwis
oell extract as antigin, Results obtained by thes indiceted
that there was gradual rise 4in the masn peroentsge of nigro-
tion inhibition in infected/veccinated ehesp. Depanding on
the typa, routs, dose and periodicity of veocine sdministered
for imaunisstion, the perosntage of migration inhibition ranged
from & naximas of 61.7 to a minisum of 11.5 over a period of
2% weeks,

Rmnisy
The exact mechanism conferring immunity to animals ageinst
C. paiotebaxculoals s not yet coupletsly undexstood.
Whethar the immnity conferred by hunowal mechanims or oelle
medisted events or s ocupled action of bokh 4s yet $0 be clari-
fled (Ayers, 1977; Camaron, 19823 Cameron snd Bestar, 1984).

Studies on immunity to CLA were earlier cerried out dy
several workers using different vaosines. Cabesa and Alvares
(1934) used an autogenous vaccing trested with penieillin vo
imvnise horses. Preventive vaocinstion with farmsiinised oul~
ture was tried at the face of an outdbroak of CLA in sheep
(Van Dacssen, 1932). Ousvedo gt al. (1934) reported success in
curtailing C. paeudotuberculosis infection in sheep with the use
of alumintum hydraxide/potassiun alus adecebed vascines. Antiscdn
progected experimental animals against lethal doses of anotowin
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infeotion in animals. Jully (19450) postulsted the funotioning
of osllular ifsvmmity to this infection in immnised mouse. Ao
proof for this, he showed that slimination of infecticn and
resolution of lesion in immmined nouse were associsted with
1ocal development of mature and specialised macropheges with
enhanced hactericidal astiviey. Ig yAREQ cultures of macro-
phages from g, pReudolubarculoeia infected mouse showed strong
bacterioidsl activity compared to that of control cells.

Thw morphological changts caused to mouse peritoneal
macrophages fallowing C. gyig infection were sugoestive of
strong cellular immuse response agsinst the bactaris (Hard,
196%a). Immunized mioe with ettemuated strains of G. gvis
rosisted challenges with virulent crgenism (Hard, 1969b).
Morphological changes sesatiated with incressed bactericidsl
proparty of mecrophages included, incressed lyscsones, poly-
ribosomas and hypertrophied golgl spperstus (Hard, 1969akb).
The immnity thus produced was of nonspecific in nature, since
the iomamnined mice affordsd protection against Listeris
mneqvtagenes also. Hard (1971) damonstrated that increased
lysosonas of sctivated mecrophage beols down the lipid layer
of the bhacteriun and lyse them,

Barakat (1979) reported low incidence of CLA in sheep
which were inoculated with the nonespecific antigen -~ Bacillus
Calmette Cuarin (BCG) within one month after birth,



thanaxal immindsy

Sheep which ware repsstedly injected with toxoid and
erude toxin (oulture filtrate) of C.
0 develop aoquired immanity mediated by antitoxin (Jolly,
1968a)., Hc opined that antitoxin neutralised tho vascular
pesmeablility increasing power of the taxin, thus reduced the
sproad of bacteris from local sits in immnised animal on
challenge infection, Camoron and Buchon (1966) demonstrated
that the toxic factors and immunising antigons of C. pegudo-
subsroulosis were distinct. Cameron and Minnar (1969)
imunised mice with formalinisod . pesudotubercoulonds
to which various adjusnts were added. Immunity obtained even
with wvashed whole cells alone, indicated that antitoxin played
1ittle role in conferring immmnity to this infection,

Purified cell walls of G, pasudotigeraulosis was sucosss-
fully used to immunize mice by Cameron gt al. (1969) and the
imunoginicity of the cell wall was found unaffected by purifie.
cation procedures, This cbservation sugpested that the antigen
which conferred immunity was an integral part of the cell wall
iteelf, Cameron and Smit (1970) wexe of opinion that the
axotoxin preparation obtained from culture filtrate ought to
contain antigens derived from hacterial cells which would
induce immunity in animals. Thase workers fractionated the
protoplasm of C.quig into two toxic fractions, A and B,
Fraction B was shown to be idontical to the exotoxin by neutra-
lisation test.
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™he osll walls and protoplasnm were shown to poOosess
oommon antigens (Carmron and Purdon, 1971). They obeerved
that no single cell) wall or other antigen was solely respon-
sible for inducing protective immnity but the intact complex
configuration of the cell wall or a combination of more than
mmmmmmmawwmey. A
subgtantive evidence for mmoral immmity to C. pagudotubercy-
lgsig wes reported by Camaron and Engelbrecht (1971). They
could passively protect mice with hyperimmune rabbit serun
preparod againet killed bacterial cells. Atterpts were also
made to passively transfer immmnity with transfer of peritoneal
macrophages but without suooess. 'fh-mexnezﬁerae
ssrum was not due to its antitoxic activity or its abillity to
Mwumemmmmmm
miltiplication of bactoria,

Cameron gt ale (1972) reported that in sheeop, irmunised
againat CLA with formalin inectivated, slum precipitated vhole
culture vaccine, the level of immunity produced was not abeolute
and incorporation of adjuvants or repsated dose of vaooine 414
not agcelerate the level of imrwmity, Attampts were also made
by Camoron and Fulas (1973) to enhance the level of immune
raspongse in mice, guinsa pig and sheep to . Qyis vaccines,
In shecp, concentrated inactivated vaccoine was found to a00e-
lerate antibody response and gave comparatively better protec-
tion, while use of live attenuated bacteria 4id not have any
beneficial effect.



Musband and Watson (1977) studied the immunological
events following injection of live/killed G. paaudotuberculosis
into the afferant lymphatics of poplitaal lymph node of sheeap.
A high lymphocyte output with inoreased blast cells and loxmnc-
globulin bearing cells wexe noted in the efferent lymph, A
modarate increase in the antibody titre was aleo observed in
the lymph and sesunm.

Pasasive transfor of specific antibody to C. pesudotuber-
culosiag from infected mother to kids through colostrunm was
recorded by Lund gt al. (1982b). Anderson and Nairn (19064)
ohsozved that the pasaive imumnity soquired by the kids through
colostrum accounted for the insreased resistance of the kids
to ClA infection,

A camhination of aluminiun hydraxide and saponin as
adjuvant in vaccine wvas found ¢o produce falrly good immnity
in sheep sgainst CLA (Cameron and Bester, 1984). Brogien
gt ale (19638) compared protection induced in lambs by C. gyis
whole cell and cell wall vacgine and reported that nane of
thase vaoccines stimilated absolute immmity. Among the two
vaocinas the oell wall vaocine with adjuvant was found to evoke
superior serological response in mouse,
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HMATERIALS AND METHODS
HATBIIALS

Ragtaxia.

Soxvnebectaxivn SeMNOQMIMAENNAGELS obtained from Americen
Type Culture Callection, Marylend, USA (ATCC 19410) was used
throughout the study.

Aalnalp.

Twenty=four clinically hesithy Maladari cross-hred gosts
(20 males and 4 fumales) of 8 to 12 months age, procured from
hausehald hexds were used as ®periamtal animals. Before
procurenont, these goats Were soresnnd for serum antitoxin
of G DARRAURAICULONLS and only those which were found
negative were purchesad. These gosts were dewormad by giving
'Thiabandanole' and were observed for ssrological or clintcal
evidence of CLA for 3 pariod of one month bafore the start of
the experiments, The goats vere randomly groupsd into three
groups, Croup I comprising eleaven goats (8 males and
3 fenales), Group IXI aix goats (all males) and Group III seven
goats (six males and one femals) and individual animals were
1dentifiad assigning english alphabets (Table 1). All goats
ware put on same feeding schmdule which included pelletted
concentraste, leavesn/grass and weter,

Znaaulin.
WWWW@#Q.W
was prepared following the method desoribed by Jolly (1963).



Moderately heavy growth of bacteria on blood agar sliope
was washed with 15 ml of chilled hile salt solution containing
0.1% sodiun chloride and 0.,01% sodium deacxychloate, pH adjusted
to 8.9 with $% sodium carbonate, This bacterial suspension
vas shaken with sterile glass beads on & ‘vertex cyclominmex*®
for 20 minutes and then osntrifuged for 15 minutes at 1200 x g.
The supernatant was dtscarded and the sediment was rosuspended
again in chilled bile salt solution, shakan for another 20
minutes, followed by centrifugstion for five minutes at
1000 x g. After centrifugation, the cloudy supsrnatant was
filtered through starile Whatman No.l f£ilter paper, The bac-
terial oount in the filerate was taken Dy using Petroff.lisusen
counting chamber under phase contrast microscope at 500 x magni-
fication. The bacterial concentration in the filtrate was
adfusted to 1 x 107 per ml using ahilled bile salt solution as
4dluent and used as inoculim,

Lxocoxtn Sxog o ERaudotuberculosls.

Culture supernatant which had hasmolytic property to
ahecp rod colls and dermonecrotoxicity to rabhit skin was used
as the source of exotoxin £rom . pggudotuberoulosis. The
mathod followed by Burrell (1979) wes adopted with slight
modifications for the preparstion of toxic culture suparnatant.

S+ Resudotuberculogig Wes grown in Lemeo protecse broth
containing 10% sheep serun, aserobically inoubating at 37°C
for 72 hours, The culture was then centrifuged under stexile
condicions st 4°C for 45 minutes st 1500 x g. Decanted
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supsrnatant vas again cemrifuged repsatedly under the shove
conditions and bacterial load in the supernatant was deter-
ninad by culturing it on hlood ageX., The culture supsrastent
which was made free of bacteria was tested for Ats AeImONeUro-
tontoity to rabhit akin and hasmolytic effect to sheep red
oslls, The toxic culture supsrnmstant dissridbuted in small
quantities was stored at ~18°C unail used and the hasmolytic
witve of the seored toxin was paricdically checoked.

Nepoaucleak_aalle Lo caxichacal hiogd.

Nononaclser oslls were ssparsted frum haparinised hlood
by densicy gradient osntrifugation using Pioollepegue
{(Pharmacis, Uppsals, Sweden) following the method raported
by Sulochens g Al. (1962) wich oertain modificstions.

Thaes millilicre of vhole blood weas carefully lLayered
over 1,8 ml of Ficoll-paqus and omtrifuged at 4°C for
45 minutes at 720 x g, The osll layer on top of the Fioolle
pacue wvas oollested sogether with listle cloudy Fiaoll-paque
and vashed in sherile phosphats butfesred saline (pH 7.4) at
4°C for 15 minutes at 200 x g to avald platelets in the oelluler
daposit, When there wvas contenination with red cells, the
suspenaion of menorucliear oslls in phosphate buffer saline wes
trestsd with 0,87% smwontum ohloride for 1 ©o 2 minubes, The
oolls were then wvashed two timos in tissus culture medium,
RiHI=1040 (Hi-madia, Bombay) and the osil pellet was finally
resuspended with same medium oontaining hest inactiveted calf



serum (20% final concentrsticn), penteilldn (200 fu per mi}
and etreptomyoin (200 micrograms per ml), Cell counts in the
suspension was mode using Petroff Hausen ocounting chamber and
concentzotion of calls in the rediun was £inslly odjusted

3 x 108 cells per mi.

The viability of calle was assessad by trypan bluwe dve
exclusion test by mixing one Arop of cell suspension with ane
drop of trypan blue (0.,05%) in Hank's Balanced Salt Solution
{m83) snd cell types vere dstsxmined by Giemsa's staining
mathod,

Seae sEYshRgarsan (SRACL.

Tho source of sheep erythrocytes was from ocoe and the

same animal throughout the expariment, Blood was collocted

in Alsaver's solution, the proportion being equal and stoyed
at 4°C until used,

SRRG for E-ronecis
gheep arythrocytos kept in Alsevex's solution for about
10 days at 4°C was washed four times with sterile normal saline

and the washed arythrocytss were made up as a 2% suspsansion i{n
RPiMI=1640 mediun (Hi-Media, Bombey).

SREQ ok Hasmahvals Zabihisdion Test.

Sheep arythrocytes stored {n Alsever‘s solution upto two
ks was d th timss with noensl saline and resuspended
in normal saline to make a 5% suspsnsion,
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Antdoexun to hovine SEVIIKOCYRAs.

This was proparsd in rabbit following the methed dsscribed
by Garvey g% aks (1977,

Bovine erythrocytes (BRRC) collected in Alsaver’s solution
were washed five tives in noxmal seline and 10% red oell sus-
pension was injected intravencusly to healthy rabbit at a dose
of one ml per kilogram body waight, The injections ware
o G on al days for 12 days and 3 boostsr dose on
the 20th day. Test bleeding of rabuit was done on the 7¢h day
aftsr the booster dose and agglutination titee in the sexrun was
dstexnined. Whon sorum showed sutficient egylutinating antibody
titre, anirmal was blad €o death, 29Tum separsted and Lnectivated
st 56°C for 30 nmimutes. The insctivated serum was distributed
in small quantities and stored at -18°C until used,

Camlanat.

Frosh mouse sarum vap used as the souros of complement.

The rmathod described by Outtsridge and Dufty (1981) was
followed for tha preparation of sensitised PADC,

Antisezum to DADC was diluted to subagglutinating level
uaing normal saline and then mimed with equal volume of packed
DADC far ons hour at 37°C with oocasional shakings The BRECs
were then washod £ive times in sterile normel saline, sesus-
pended in 1 in 20 dllution of fresh mouse sefum &8 a SOUroe
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of camplamant and incubeted for 30 minutes at 37°C, Afeer
incubation tha cells waxe washed three timos with sterile
normal saline and were resuspended in modium RPMI-1640 to
give a 2% suspension.

Fixative (Glorno and Dewerly, 1981).

The fixative for VAR activity was prepared by nixing
acotone and eodium citrate (0,038 M) in the proportion 614
ant the pH was adjustod to 5.4 with 0,01 N Hydrochloric acid.

Phosphiate buffer (0.0687 i, pH 5.2),
Solution A.

Na,HPOZH0 = 1,192 ¢

Distilled weter - 100 ml
Solution B,
RH,PO, - 0011 ¢
Distilled vatar « 100 m}
1,23 ml of solution A was mbwed with 48,73 mil of solu~
tion D and pH adjusted to 5.2 with solution B,

Haxasgotined pararosaniling.
Solution A,
Froshly propared 4% sodiws nitrite solution in
distilleq water.

Solution B.
Ons gram parsrosaniline was diesolved in 20 m}
dtstillod water and to which S ml 12 N
Hydrochloric ocid was added,
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Equal volunss of solution A and B was nixed and allowed
to stand for 80 seacmds,

Reaction mixture.

Reaction mixture wvas propsged only just bofore use, To
40 ml of phoophate btuffer (0,067 M, pH 5.2) 2.4 ml hexasotised
pararosaniline and 10 mg of alphansphthyl aocetste previously
dissnlved 4n 0.4 ml acetone were added, The pH of he reaction
mnixture was adjusted o 5,8 with 3 N sodiun hydroxide and
filtered before use,

Iavkocyse Migratdon Inhihitica fesy C(MIT).
Leukocytes from peripharal Mlood.

Tventy-five millilitres of venous blood ware oollocted
into sterile hottle containing S0 mg of Ethylene diamine tetra
sostic acid (disodium salt) (SDTA) as anticoagulant and mivned
with 48 ml of sterile tripple glass 4istilled water for 20
seconds, Isotoniciey of the sclution was rapidly restored by
the addition of S ml physiological salins 10 x. The louko-
oytes ware sedimented from ths hasmolysed blood by centrifu-
gation at 750 x g for 30 minutes at 4°C and the vells were
£uxther washed three times with sterils normal saline. The
washed leudocytes were resuspanded in noxwmal saline to contain
spproxtimataly 1,5 x 10° oslle per mi.

Antigen for ILMIT,

Toxin propered as culture suparmstant of C. pgeudotuber-
silasls having haumolytic titxe 1118, pH adfusted to 7.2 with
0.3 N sodium hydroxide was used as antigon in 1MIT,



Agarose medium,

The agaroes modium was prepared fresh on the day of use.
Two per cent agarose (Sisco, Bombay) in distilled water was
boiled and coslad to 43°C to which equal gquantity of double
concentration Hank's balanced salt solution (1Bs3 2 x),
pH 7,2 contaluing 1% lsctallwein hydrolysate, 0.4% yeast
axtract, 20% calf serum, streptomycin (200 mog per ml) and
penticillin (200 fu per ml) wap added, This agarose medium
Xept at 45°C was poured into even bottamed Petriedishes to get
3 mn thicknoeass when solidified, The plaas warc then incuboted
at 37°C for one hour prior %o use,

Flixative,

The fixstive was prepared by mixing 7 parts methanol,
1 part acetone and 2 parts distilled water,.
Rastroghoresis.
Tris-barbital buffer.

Barbitons sodiumn - 9.9 g
Tris (hydroxy methyl) _ 17.7 g

Sodium aside - 0.3 ¢
Distilled water - 2000 md
pH adjusted to 8.6 with 1 N Hydrechloric acid.

Agar costed slides.

Claan microscope slides (2.3 x 7.5 cm) were dipped in
0.5% melted agar in distilled watexr and dried in atr by
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keeping the slideo horisontally over giass rods, DNDried aslides
ware stored at room tooporature until used,

Buffered agar,

One gram Japanose agar was boiled in 50 ml distilled
watar until the agar dissolved completaly and then mixed with
equal quantity of hot trisebarbital buffer., This buffered
sgar was atored at 4°C until used,

Preperation of agar gol on siides,

Agar costed slides were placed on a perfectly horiaontal
surface and 3 ml of melted bulfered agar was poured on aach
slide and allowed to form gel at room TeMperaturd.

Flxative,

The f£ixative was prepsred by aixing scetic acid, mwthanol
and distillad water in the proportion 11752 respectivaly.

Stain for electropharetogran,

Amido black 10 B -1lq
Sodiunm acetate~acetic
acid buffer 0.2 M pH 3,6 = 1000 ™

Decsolourising solutions,
Sojution Is
Hathyl alcohol - 45 vol
Glacial acstic acide 10 vol
Distilled water - 50 vol



Solution XX

Protooss peptone - 10 g
Sodium chloride - 39
Meat extract (Lad Lemco)~ S5 g
Yoast extroct - 19
Distilied waher - 1000 md

The ingredients wore dissclved in distilled wster by
boiling and pH adjustod eo 7,5 with 1 ¥ sodium hydroxtide,
The mediun wes storilised at 121°C for 1% minutes and £41-
tared. Then 1.5 g glucase was added to the medium and ste-
rilised again st 110°C for 20 minutes. Sterils sheep serum
was then added to the modium to a final concentration of
10% (v/v).

£heachate Jusfexed saling (PBS) (pH 7.2, 0.15 M),
Compooitian.

Sodiun chlorids - 8,00 ¢
Potassium chloride < 0.20 ¢
No:H PO‘ - 1,18 g
mzvo‘ - 020 g

Distilied water = 1000 mi
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Solution A,
Calcium chloride - 0.28 g
Distilled water - 200 m}

The solution was sterilisod at 110°C for 30 minutes and
cocled to stmosphoric tomporature.
Solution B,
Glucose -2g
HaCl - 16 g
L - 0.8 ¢g

Mgs0, 7 HO - 0.4 g

K, PO, «- 0613 g
Na,H PO, 12 H,0 - 0s34 g
Phenol red - 0,08 ¢
Distilled water - 800 mi

The ingredients were dissolved in distilled water by
boiling and starilized at 110°C for 30 minutes and cooled to
atmospheric tamperature. Than the solution A wes slowly added
to solution D with continmuous mixing. The medium was stoved
at 4°C until used.

METHODS

Texin from C. pAendctuberculosls
Tderasion. of haanalvain.

Mﬂn&cﬁmo&mwﬂammw
the prooedure describoed by Burrell (1979).



A 0.8 ml quantity of double fold dllutions of culture
supernstant having lytic property to red cells (hasmolysin)
was preopared in normal ssline and to sach of the dilutions
0.05 ml of sheep red cell suspension (3% SREC) wes added,
Afrar thorough mixing of the gontants, the tubea were inou-
bated for 18 hours at 37°C and exsmined for hasmolysis,

The raciprocal of the highest Adlluticn of toxin which
ahowed complets hasmolysis was taken as the hasmolytic titre
of the tosdin.

Darmonecrotaxicicy

Rabbdte were amployed for assessing dermonoorotic acti-
vity of the toxin, Tho £lank region was chosen as tho aite
of test which was shaved clean before injection. Intradermal
injection of 0.1 ml of toxin was given at soveral asites and
the dermanscrotic changes were cbheerved after 48 hours based
on the developmsnt of palpable dermal plagque with inflammed
centye overlaid by s white pustular smusdste.

Immine Responas 2tudies
Bxesxinantal sofection.

The animals were expsrimentally infected with
S pitedotuberauiaads following the procedure described by
Ashfaq and Carpboll (1960),.

Group I goats (A, B, D, P, N, H, 0, R, X, ¥ and 2) were
inoculated at both eides of the body with 2 x 10% becterta
{0e2 ml of inocoulum) per site of fnjecticn, 7The details of
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incculations were as followss sll the eloven goats wore given
sulwucosal injection at the ventral side of tho lowexr jaw in
the mouth cranial to the inoisor teeth, aix of them (A, D, H, R,
X and Y) wore given intradermal injection at the scapular
region cranial to the superficisl osrvicel lymph node and sub-
cutanecus injection at flank region dorsal to the gsubiliec
lywph node and the remaining five goats (B, F, H, Q and Z) were
given intradermal injootion at the flank region and subcutanecus
injection at the scapular region (Table 2). Uninoculated
group IIT goats (0, M, C, Ty Ko 9 and J) sexved as coatrole.

pori 1 and 1 group of ¢ were housed sep iy
in Aifferent ohads and precautions were takon to provent direct
or indirect the grouR
SAlnigal cheervations.

Ractal p of all goats wore dad dally fox

a period of 7 days posteinogulation, The aninals were observed
for any clinical oymptoms enlargament and ahecoss formation
of palpable superficial lymph nodes sugoestive of caseous
lymphadonitis, for s period of shyes ronths,

Goats (Group I and III) were sacrificed at the end of
the expariment, Detailed sutopoy was oonduoted on the carcasses
and groes abnormalitics were rocorded,

Saapking Eooadure.
Blood samples wore ocollected from all 18 goats {(Group I
and ITII) prior to exparinsntal infection §o detarnine the base



72

dsta. Afver eparimental infeceien hlood wvas collected at
weekly inverval from all the gosts {(Oroup I and IIX) 6o detes-
mine total laukocyte couwsd, differential leukocyte count, tokal
ssrun protain, changes in the serwe protein frastions, speaific
siidbody ackivity in she sarwm and T and B«lynphooyte counts
fer over a period of 91 days, Yor lewnayte migration inhi-
bition sesk, hiood was osllactked firest on the 15th day and
subsequantily four more collections were made at an intexvel
of 13 days,

Aliquot volume of blood was collectad by jugular vein
pungture, One portion of blood wes anticoagulated with heparin
(10 fu par ml) for saparstion of monooucliear cells; ancther
portion was mixod with EDTA (2 mg per ml) for total leukocyte
oot and/or leakmcyte sigration imhibition teet and the
remaining portion was used for ssparstion of sexum. Blood
sasars were directly prepared from the needlie tip atter the
vein puncture for differential leweayts count,

Easioasion of sotal Servm RKetain.

The total prokain content in the blood serun was esti-
mated by following the Biuret method described by Inchiosa
(1964) .

a0 Slacarocharesis.
The proportions of serum protein fraotions were studied

enploying agar gel electrophorwsis procedure descrided by
FMadson and Hay (1980),
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Electrophoresis was cexriod out on 1% agar gel taken on
glass slides using Tris barbital buffex having pH 8.6 with
fonia strength of 0.07%, in an electrupharesis chanber
(Toshniwval). The strength of current vas adjusted to 3 milife
ampare per siide and the ruming time was 140 minutaes, ror
Mum“.3plotmmwtwmtheml.
Afger the run, the agar matrix was fi:ed in fixative (methanole-
acetic acid-distilled water mixture) for 30 minutes. The fixed
811488 were then transforred to solution containing 90 ml
acotons and 10 ml Aistilled water and kept for 4 h and later
daried and stained by flooding with amidoblack 10 B for
45 mimutes, Thoe stained preparation were cleered by changing
over to dacolourising solution I and IX and subjected to
densitcowter resdings.

Hameolyeds inbibision teat.

Tha method described by Burzell (1980) was adopted for
performing this tost.

A 0% ml quantity of doubling dilutions of sorum in normsl
saline were mixed with an equal gquantity of hasmolysin (culture
supernatant) having a titre of 1 in 8 and kept for two hours
at 37°C, Pollowing incubation, 0,0% ml of 5% suspension of
shecp red calle (SRBC 5%) was added to cath tube and mixed
well, This mixture was further incubated at 37°C for 18 hours
and examined for inhibition of haemolysis,
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Negative controls were set by adding 0,05 ml of 9% SRRC
suspension o ons ml of normsl seline and positive conkrols
by mixing 0.3 ml of heunelysin, G.5 ml of normal saline and
0,05 m1 of 8% SREC suspensicn,

Rasmolysie inhibition titre wes recorded as the rocie
grocsl of the highest dllution of sewrum showing specific inhi-
bidtion of hasmolysis.

Tosal and gitfecential JIaniacyis SENGh.

Russrasion of total and differential lsukocyts counts
of the periphersl blood was 4one a8 per the sethods desoribed
by Schaln (1970).

Be=lyrphooytae vere emaarated hased on 188 Grythrogyto-
SIDOOMPAON-CXIDLAENt rosetts (EAC rosotts) forming property,
tollowing the method descridbed hy Ouasaridge snd Dufty (1961).
ENC Rosetes tachnique.

A Ce2 ml of monoruclear oell suspsnsion obtained from
peripharal blood was miwnd with Ou4 ml of amnsitised bovine
red ocells (3% suspension of SREC 40 glve lymphocyte-red cell
ratioc spproximetely 1530) and {noubetsed at 37°C for 15 minutes.
The gell mixtucse wves then ommtrifuged ag 300 x ¢ for 5 mimnes
at 4°C and left st 4°C for overnight, The cell pelist was then
gently resuspendad by blowing air with a wide oouthed Pasteur
plpetas, A Arop of this suspmsion wes placed on a ¢lesn glass
slide and covered with a gover slip. Rosetites were counted
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in these slide preparation under the high power (400 X) of
a Might microsoope, Each lymphocyte bimding three or more
red oslls vas countad as & rosetts. A tokal of 00 Llympho-
cytes were oounted and the nunber of rosetse foyming cells
were indicatad as peromntage of total cells counted.

Yor ersssaration of Telymphouytes, two narkers vis.,
ANAE activity and Be-xrosette formation were employed,

Exythrocyte rosetts (ER) technique.

Total Berosstte forming cells wire determined employing
the technique described by Jondal gt al. (1973).

of ehe mononuclesr oell suspansion prepered from perie
pheral bhlood, 0.3 ml was miwed with 0.4 ml of 2X SREC sus-
pension (lymphooyte-red osll ratio approximately 1:50) and
incubated st 37°C for 185 minutes. Subsegunt steps were
carried cut as wers done for EAC yosstee tschnique.

ANRAE activity,

Semears peepared from mononuciesr oells separsted from
peripheral blood were used to stain for ANAE activity of
lymphocytes.

Susars were fiwed following the method reported by
q&mmmxyuun. Before the smesrs were dry, they
ware dipped in fixative (acetone-sodium citrate mixgure) for
30 ssoonds and fimmediately rinsed in distilled watar, dried
and stored at room temperature until atained,
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The £iwed smears wese stained following the msthod of
Knowlos gt al. (1578), 7The fimed sasars ware incubated for
18 to 21 hours at room semperature in the reaction mixture
containing phoophate duffer, haxasotised pararosaniline and
aslphanaphthyl aostate, pH adjustsd to S.8. Following incuba~
tion, the slides wvere washod with distilled water and counter
stained with 1% aquous toludine blus for 60 minutes. The
slides were then rinsed in distilled water, dehydrated in
ascending conoentrations of isopropyl aloohol, cleaxed in
xylol and mounted with DPX,

™he siide preparstions wers eanined for AMAE activity
in cella using 1000 x magnification. 7o work ocut the peroen~
tage of AUAR positive Telymphocytes, a total of 200 cells per
slide wore examined and courts wers made,

The test was carried out acooaviing to the mathod described
by Dendixen (1977) with minor modifications.

The lsukooyte suspension prepared rom the peripheral
blood (1.5 x 10% cells per ml) was divided into two equal parts
and to ane portion was added 0.1 ml of antigen and to the other
portion O.1 ml of sterile noymal saline., Contents of sach tube
was thoroughly mimed and then incubated for one hour at 37°C
with oocasional ehaking to avoid esll clumping. The contents
of sach tudbe was f£illed in six wells of 3 mm diametor cut 8 mn
apart in the agarcee gal. 7The charged plates were incubated
at 37°C in a2 huaid chambar for 20 houra, At the end of



incubation period, the oslls were fixad to the glass surface
by flooding tho plates with methanol acetic scid fixative

for 15 minutes. The agar gsl in the plates was then partially
4aried to facilitate pealing off agar gel from the plates.

Migration ares of leuhnoytes was nessured by taking
average diancter of the opaque sons around the wells, The
aigration index was caleulsted as the sverage sres of atgration
of calls trested with ansigen divided by the average area of
migration of oslls trested with normusl saline., Leukooyte
migration index less than 0.8 wvas conaldared as s poaitive
reaction.

2xin hyeexamal tivity tesk.

€. caadotuberqulaogis toxtn prepared as culture super-
natant having hasmolytic titre 1 in 64 and mamnalian tuberculin
(IVRI, Iaatnagar) were usdd as the test matarials for the akin
test., A dosa of 0.2 ml of each of the antigana (taet matarials)
was given intradermally using a tuberculin syringe and needle
on the neack region (toxin at the left oide and tuberculin at
tha right side) in axperimmtal a8 well as control animals
(Group I and III) after shaving and disinfecting the area.
Measuranents of skin thicluwas at the atte of injections wore
made uaing vernier callipers before injection and 24 h, 48 h
amd 72 h aftor injection. Frum some snimols under each group,
skin biopey fram the site of injection were collected at 48 h
post=injoction and presexved {n 10% formol salina, Sections of
shese tissuse were prapared by paraffin embodding and statined
by hematoxyliin and eocsin to study the tissue resoctions.



Pathogeneeis studies
Exoaximental. infeation.

Group IX goste (P, X, X, K, ¥ and U) were inoculated as
desaribed for the experimental infection of goats for Lmmune
responss study axnoept that all snimals wvere injected sub-
micosally in the mouth, intrademmally st the scepular region
and suboutanecusly at the flank region, Group II goats were
also housed away from group IIX gosts to preovent oroes infeo-

tion.

One animal each, from group IZ gosts was sacrificed bw
exsanguination on every 15th day post-infeotion, Detatled
atopey was conductod on Carcasses and gross abnormalities
were recorded,

Immadiately after the slaughter of gosts from gronp 1IX,
lysphnodes (both peripheral snd desp) ware dissected out and
ounined for gross ovidence of CLA lesions, Poctions of
lymphnodes and other tissuse weve collacsed in 10% formol-
saline for histopathological examination. Tisouss were
processed by reutine peraffin smbedding tschniqus, Parefiin
soctions cut at $ €0 6 microm thickness were stained poutinely
with Harris hasmstosylin and eosin as dsscribed by Drury and
Wallington (1967) .

Analvals of daka.

statistical analysis of the data was done as per the

methods of Snodecor and Cochran (1967),



Tabie 1. Dotails of animals used for experimental stulies

No. gosts {in months) nale Fomals Tdantity of goats
4 11 Bl 8 3 AgB D, P N® H (I R X Y 2%
Iz 6 8-123 7 - PoX K B W, U
XX 7 8-12 3 b O,M,C T, K, 8,J"

* « Pomale gost



Tabhle 2. Routos of incoulation adopted for exparinmntal infection of Group I goats

Routes of fnoculations

goat Submucosal /D at a/c st flank I/D st flank /¢ at scapular
of ¢ injeotion soagular region reglion rogion
&t ocsl region

L K 2N K R K J
* ¢ ¢+ 4 e

MO XM XX R 2O
L B 2 2R 2 B O B K B 2

* + % ¢
L R I I 4

+ =« tndicate injection at the site
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Uniform suspension of evenly distributed individusl
bacterial oolls was obtained by repsstad sheking, centrifuge-
tion and xesuspansion of . padiotabareulonis in blle sale~
sodiun chloride solution, Very raxely amall bacterial clumps
wore also cheerved but for the purposs of enumerstion, they
ware considered as aingle cell uniss. . paeudotuberculosis
suspanded in chilled bile salt~sodius chioride solution {4°C)
retained viability for more than aix hours as evidenced by the
conparable growth obtained on blood ager, soon after the pre-
paration of becotexial suspension and aix hours later.

Baotoxin from . paeudetuberculoals

LancO protecas broth containing 0.135% glucose and 10%
sheep serum was found to support good growth of C. pgoudotuber-
suloaia under serobic conditions at 37°C, The growth in the
broth was characterized by gramular depoaits in the bottom with
apparaently clear fiuid coluwon ou top, The granular deposit
gradually increased and produoed maximunm deposit Ly the and of
72 h of incubation. Reapesated owntrifugation of the culture
supernatant .. this stage at 1500 x g for 45 minutes under
starile condicions made the auwernstant freo of bactoria as
evidenced by the sterility tests done by soeding the culture
supsrnatant on blood agar which failed to give any becterial
growth,
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TAsEation of Hasmolvaln.

Undiluted culture supernstant of S mamplotuberculosis
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cslly tesbed and & mmddm titre of 13258 wves ohkained afcar
72 hours of incubation of culture. The pokancy of the toxin,
when stored at ~18°C was without any reduction for moxe than
one year as proven in subsequent experimeats in vhich tho same
toxin stored at ~18°C was used.

RESRACKOLKICAtY .

Intyadermal inoculation of toxic oulsure supernatant of
Ge gaeudotubarouiosis which had 14258 hasmolysin titre produced
cheracteristic dssmonecrotic lesious in the robbit skin, Hyper-
mmmmmdmﬂmmﬂﬂmm—
o-umurwzmwuumuuawm
the festures st 24 h posteinjeation. By 48 h, the thickness
uemmmmd.mmnamwuzw
muv&tmoﬁtu!mmv&ﬂiﬂnmmd
Mm:nmhnmm&nto!mm. A omall ares of
mwmumuuolijvnlmmm
pus (Fig.l)e 'rm.kLnaeempaimolmmumW
mmmmmnmmmmw






by 72 h, Tha neavrotoxie reastion at the aite of injection
lasted for about & week by whioh time the pustular area
healed up with formation of seab.

Iwmane Aseponsse astudy

<chinioal obesrvasions.

All goats in group I wvhich were inocculated with single
cell suepension of G. pesudotnberculosis st the rate of 2 x 10°
bacteria per site of injection developed symptoms and lesions
characteristic for casecus iymphadenitis in local and regicnal
lymphnodes, All the gosts in group ITX were normal and without
any evidence for CLA throughout the pertod of study.

within 24 hours all expsrimsutally inoculated goats showed
an increass in body temperature, which lasted for 72 to 96 h,
During the £irst three days these animals exhibitod general
weakness, lethargy, rough coat, and impaired appetita, The
sitss of injections showed varying degree of inflammatory
resctions, All goats hac osdematous lower lips (FPig,2) conse-
quent to the subrcosal injections in the oral cavity and the
area vas found to be highly painful when touched,

The intrademmal injection sites showed marked inflarmatory
reaction characterized by painful, hyperasmic skin which was
thickanad and having sign2 of necrosis and pustular lceions
ot the points of injoction (Fig.d). The resstion subaided by
10«14 days post-inoculation,

T™he sites vhich received subcutaneous injections were
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Pig.5. Ocat akin: Necrotic lesion ak the site of
émmwd
»






found to be highly painful and the skin over the area showed

increased thickness and was haxrd to touch., Local suboutanecus
absgessos developed in same goats (gost U and N) at the siee,
about 14 to 20 days following infection (Fig.4).

All experimentally inoculated goats developed enlargement
of one or more regional/local lymph node (scapular, mandibular
or femoral) within 21 days (Fig.,3 and 6) irrespective of the
routes of inoculation excapt the gost 'N' which chowed involve-
ment of lymphnodes cnly by 35 days. The enlarged lymphnodes
later showed cassetion, and sheosssastion. The abscessed lymphw
nodes opened spontaneously and discharged thick white cresny

i was egularly recovered from the pus
discharged from the abecessed lymphnode and also from the
cutansous ahecesses developed at the alte of inocculation,
Hecroosy £indinas.

At the ond of the 13th woek poet-infection, all goats of
group I (exmpt goat "N' and °Y') and IXIX were necropsied and
detalled postemortam axamination was conducted, All goats in
group I had revealed lasions sugoestive of casocous lymphade-
nitis in superfictial local/regional lymphnodes(Table 3). 1In
fow goats (goats B, F and O) the afferent lymphatic channel
at the dorsal alde of the mandible was seen with nodules SUGIED-
tive of lymphadenitis and few nodules ware found even abacessed,
™he pus contained in the affected Aymphnodes and nodules wes
eulturally positive for C. pegdotuRerculosia. No gross
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Fige4. Goats Loosl abecess Aevalaped after MDARINBOUS
1e injection of S, nemmiGkRaTIOSLe
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Table 3. Distribution of lesion in the lynmphnmodes of experinentally infected and control goats

. Retropharyngel Parotid Submaxillacy Prescapular Prefemoral Lymphatic
Anical's channel at
1datitY  1eft  Right Left Right Left Right Left Right lLefe Righe the dorval

sogion of
asndible

A * * + oL + + +* + + * NL

B + + L L. + + + + +* H¥L +

D NL Hi. -+ 17 * +* + * il + .1 5

4 nL * NL + * * + + + + +*

H * + HL NL "L + + + + > . 2

] L Wi .1 7 NL + * +* e, * + »

R NL ) + * NL * 8L ML + + "L

X Al n. + * + + * * + +* NL

2 oL NL + + * * +* "L + BL

+ - Spacific lesions for CLA

HL « Ho lesions detected
All control animels were negative for spocific lssions of CLA

e



abnormality wes noted in any of the viscaral organs or tissucs
of goats which recetved sxperimental {nfection. Control goats
(Group III) Aid not show any lesione on nocropsy exanination,

Zotal aeRan DROMWAAD.

The rangs and mean values of protein concentration of
axperimencally infocted and control goats and the t-valuves
are given in table 4, The ‘0’ wesk woluaes represent the serun
protein conoontration befors the commanocement of the experiment
and the rest of the valuss repsesent the conoentrations st
weskly intexvals, The rean values axe graphically presented
in £1g.7.

At 'O' weok the serum protein caonosntration ranged from
7.187 to 9,500 grem paroentage in group I goats with a mean
value of 8,579 & 0.243 while it ranged 8,395 to 9.730 with a
mean of 9,071 & 0.20% in group IIZ gantrol gosts and botwoen
the groups the serum oonoentration was not significantly
diffevent.

T™he concentration of protein in the serum of growp I and
IIX goats was not aignificantly different till 4th weck poate
infection, Significantly highexr (P< 0.08) sexrum protein oone
centration in group I goats warw recorded during Sth, Sth, Sth,
9th, 10th and 12th week post infeotion compared to uninfected
controls (group IXI). The mean sonoentracions during the above

periods were 11,113 & 0,228, 11.102 & 0.316, 11.346 & 0.355,
11.289 3 0.477, 10.386 ¢ 0,258 and 10.414 £ 0.305 g %
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Table 4. Mean value of total sesum protein (g X) of experimental
and ocontrol animals st weskly intervals

eek Range Meax s tevalun  Signifd.
Canoe
B 7.187-0.900  8.57% 0,243
O ¢ 5.37549.7%0  9.0Mm  oO.208  1ed13¢ ns
£ 6.562+9.750 8,357 0,321
1 ¢ 7.937-9.937  6.874 o0.324 1074 ns
E 6.083-10.137 8,998  0.352
2 o 8.32-10.873 10.618  1,57%  1.3%6 w3
g 8.1.1.1100‘: 9.607 o.m
3 ¢ 8.62%-10.000 9.29¢ 0,248  0+86% ns
B 5.000-13.562  9.789  0.448
4 ¢ 8.187+10.437 9.169 0,372 009993 ns
B 9.500-12.437 11.118  0.208
5 ¢ 9.250-10.730  9.937 0,222 29083 *
B 9.500=12,437 11.102 0.316
6 ¢ 9.280-10.625 9.964 0.181 26726 .
B 8.437-11.628 10.374  0.395
T ¢ 8.437-10.312 9.639 o0.a48 144389 Ns
B 9.875-13.312 11,346 0,358
8 ¢ 8.107-10.250 9.689 0.381 33398 b
E 9.062-14.373 11,200 0,477
9 ¢ 8.625-10.623 9.380 0.232 27037 .
E  9.250-11.812 10.386 0,290
10 ¢ 8,280-9.812 9,187 0.307  3+36% .
B 0,250-13,000 10,518  0.506
11 ¢ 8.625-9.937  9.348 O0.186  1-93%9 w8
E 8.500-12.187 10.414  0.308
12 ¢ g.78049.825  9.044 0.117 3437 -
E 8.125-10.312 9.368 0,237
13 ¢ gl187-10.362 8.999 0.339 09T ns
£ - Rxperimental animals
C = Control animals
*  Significant (P< 0.08)
*+  aignisicant (P < 0.01)
NS Mot significent
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respectively foxr group I goats and 9,937 & 0,222, 9.964 &
04181, 9,669 % 0,281, 9,580 & 0.232, 9,187 & 0,207 snd
9.044 2 0,117 zospechively for group IIX, The differsnces
in sorum protein conoentrations bhetwesn tha two groups at
Bth, 10th and 12th week post-infaction wore highly signifi-
eant (P<0.01),

Though higher serun protein conosntrations wore recorded
in group I gosts during 7th, 1ith amd 13th week post~infection
(10,374 £ 0,395, 11.518 & 0,906 and 9,363 ¢ 0,237 g X respeo-
tively) compared to group IXII goats (9.629 & 0.246, 9.348 o
0,186 and 8,999 & 0.329 g % vespectivaly), the differences
betwesn the groups were not statistically significant.

Sapm. eheqtronlorenis.

Sexum proteins wore separsted into seversl fractions of
globulins and & single €xaction of albunin by agar gel
electrophoresis, The different fractions of globuling, which
could ba arbivrarily identified were alpha globulin, bets
glebulin and guwmma globulin (Fig.8), In certain electropho-
retogrens, there was overlapping between the subfractions of
globulins and henos quantification of all sexrum protein fraoce
tions could not be arrived at based on total protein congen-
tration and proportion of different fractions. The protein
fractions which wers identified as globulin was compared to
that of slbunin to £ind out the quantitative shift in the
pEoporsion between altumin and globulin (albumineglobulin ratio).
The mean albumin-globulin ratio (A/G ratio) estimated for
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group X and IIT Qosts aFe presonted in table %, The ‘0' week
valus represents thes A/C ratio estimated for both groups before
the stary of the experiment and then st weokly intervels after
experinental inoculation of group I gosts with C. peeUGOtulaX-
@ulonis. The mean AO ratio of infected and control goats
are graphically reprosonted in fig. 9.

™e mesn A/G ratio estimgtad wigh group I and IXI gosts
bafore thwe atart of the amxparimant were 1,94 & 0.26 and
2,92 £ 0.28 respectively ond the difference in values between
the two groups vas not signifiosnt, During the first week of

inoculstion the A/G retio wars 1,39 & 0,13 for group X and
2445 £ 0.18 for group IIT goats and the valusa were signifi-
cantly different (P<0.08). The dscrease in A/G rotio in

group X inoculated goats indicated an increase in tho Propod
tion of globulin in serus. During tha post=infection period,
from che Ind waek onwvards the A/G ratio in group I gosts,
recorded high values till the end of the cheervation period
exgspt on the 4th week. The xesults thus indicated that
during the posteinoculation periods, the proportion of globue
An in the senum of infected animal wae uniformly low, On the
osher hand A/G ratios ostimsted in control goats were uniformly
low during the entire period of ochearvation axoept on two
sauples at Teh and 11th week. The decrease in A/G ratio in
tun Andicated the propartionste rise in globulin €raction
{0 serum. Though there wese apparent difference in A/G ratio
betwesn growp I and IIX gosts, the difference was not aignifi-
ot from week 2 through week 13,



Table S. Wuﬁma.an:uue!um»gwmn ratio of
ook Range Mosn S8 t-value Signifi-
canos

0 & aads 392 ows % ms
1 ¢ deeam 248 o Gews ¢
2 & s 353 oy oeess
TS 14 2o on 1,279 ns
¢ ¢ aeam 2232 ow8 2327  ns
5 ¢ 1saaios 38 N3 owm
6 & e 3 X oms m
7 o aockaes W om e om
8 & 13nte 308 o3 Ome ms
s & leraie 97 3B oses  m
0 ¢ e 2% o4 Ok ns
n g s 3:3¢ o8 2008
2 g It 308 oms Oum m

Bew

C = Comtrol animals

N; : ﬁ“‘mtm (P < 0.09)
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Hasmolyais inhibition test was found to detect speci-
fically the serum antibody produced against C. DaoUdCtURERgY-
Ao8ig in infected goats. All the control animals wore unifommly
collected from group I goats after experimental infection hed
specific hasnolysis inhihition titre vhich ranged from 118 to
10256 during the 13 woak observation period while sora from
group III goats were nogative as the titre was uniformly less
than 114 exoapt with two samples whose titre was 138,

T™e gecmetric mean of hasmolysis inhibition titre recorded
at woekly intexvals in pre and post-infection serum samples
from group I and 1IT gosts are presanted in table 6. The mean
titre of group I snd IIX goats sre aleo graphically prosented
in £ig. 10,

™e pre-infection sera of group I goats had a mean titre
of 2,42 vhile group IXI goats had 2,24 and thus all tho animals
used in thess experiments were found negative for HIT, There
was an increase in tho mean titre (2.92) of serun from group I
goats from the Ind week of infection but the increase was not
significant, From this week onwards sera from group I had
shown maried inorease in the titre and the maxioum titre (33.60)
was resched by the end of the 5th week. The serum titre
recorded for group I goats collected from 2nd week to 13th weak
post infection were signifisantly higher (P< 0,01) frem that
of group IIT gosts, Throughout the obheerwvation period serun
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Table 6. Coomatric mean value of serum antibody (Hasomolysis inhibi-
um):tl:mummmmmumuy

Heek Range Geomstric  SE  tevalue  Signifie
mean cance
o ¢ 3% 241 00 4
1 ¢ dou 290 ol i o
- v et SR - S
- iS¢ - S o S
¢ ¢ o VR OEB nen -
3 : ;'?Gg;fge ’:Ig 3:33 10.127 e
6 ¢ 2.0 N oap  sem o
LS e~ aeld o e
8 & it S I X VPR
® & 3 1o 18 aem3
10 ¢ 3:040 n 1235 e e
A
LI - ' 23 een -
13 g g:&:fao 1;:%; g:i: 10,138 .

E « Exparimental gosts
C « Control goats

** o sicgnificant (P 0,01)
13 - Not significant
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samples from the contral goats were mgative with HIT,

In group I goats Hesmolysis inhibieion titre ahowad &
shazp increase during the ind, 3ad, 4th and S5th woeX poste
infection and the moan titros were 7,08, 19.33, 30.29 and
38.64 respectively. From the éth week orvards tho ticres
gradually declined end the mean titres recorded wers 30,03,
27.86, 21.93, 17,04, 17.76 amd 14,09 with serum samples collec-
ted at 6th, Tth, Sth, 9th, 10th and i3th week reepsctively.

A marginsl incresse in ths titre was then noted during the
12¢th and 13th week of infection and the titres recorded were
15,02 and 17,03 respectively,

Tasal AaRvia Sk

Total lsukosyts ocount of sach goat from group X and IIX
was made before the axparimental infection and then at weekly
Antervale upto 13 weeks pust-infection, The range, mean valuss
and the results of t-tost are presentsd in tahle 7. The mean
values are graphically sepresmnted in f£ig. 11.

Before the experimentsl inoculation, group I goats had &
mean Aeukocyte count of 10718 & 627 per mm’ (range 8250=14400)
while the counts wers 11342 ¢ 630 (range 8900-13400) for
group IIT goats, The difference in lsukooyts ooumts botween
the graoups wes not significant. Throughout the period of
chesrvat.ion total leukocyte count in group I goats were unie
formly high after the experinmeatal inoculaticn with
S maudaiubexculanis vhen compared to Group I control goats.



Table 7. Mvﬂm“t&ﬂMM(W’) at
intervals

wenlly
Weak Range Meen . tevolua Signifi-
cende
O GloniMm 1124208 em.ee 0:%06 ™
1 ¢ ooy 1148714 Jr.ae  smres e
3 alo-ia00 1iesnil4  edior 1% o
3 3 ooisesy 12157014 Taeeae  2eMm .
¢ g mi‘gom ::ﬁﬁg 8'22233 1.580¢8 ns
5 omoiamo  104m.00 eaours  dow0 -
6 ¢ TMsoidioo ilire.sy  ses.z 17
7 C Bxol1%0 T deses  4e1ss o
® T 215013000 1073.08  4veces  Joest o
P ¢ amuinio  owear  saia  hme o
05 Nm-iean  lorieds  drows 200w
1 3 3300n14%00 1107143  933.08 0wt
12 5 0001370 15162 969.88 yqp .
13 O 33001300 1123571  see.33  0-W”m %

E - Kxperimental animals
C « Comtrol animals
* - Significmt (P <0.0%)

** . Sionifiomt (P <0.01)
NS « Not significent
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™he difference in counts betwesn axperimentally infected and
control goats was aignificent at one pes oent lovel at firse,
secund, fifth, seventh, aighth and ninth weeks; at five per oent
level, at third and twelfth woek and not aignificant at fourth,
tenth, eloventh and thirtesenth wesk posteinfection. The
highast mean lsukooyte count (20790 £ 1355) was recorded by
second woek of infection in group I goats ss compaxed to the
near normsl valuse (11957 » 841) in growp IIX goats. Though
leukacytosis in exparimentally infectsd enimalo was a constame
fosture, it showed varying dagtes of fluctuation,

R[eLoaraotial aount.

The differential leukooyte counts for group X and IXY
gostn was done before experimental inceulastion with C. peeRdo-
Subaxeulonls and at weekly intexvals wpto 13 weaks post-
inoculation, The results obtalmed &8 mean percentage Aistrie
bution of leulouytes for group I and IIX goats are presented
in table 8,

lymphocyis.

TThe mean perosntage distrilmtion of lymphocyte in group I
and IIX goats sestimated bafowe and after infection is presented
in tabls 9 and gtigure 13, Mean pavomtages of lyosphocytes
setimated for group I and IIT goets (58.36 & 3.13 and 58.14 &
3.,49 respectively) at pre-infection period wore almast the same
and the difference in values was not significant, During the
first threes weeks following experimental inoculstion, thare
vas signiticant reduction (#< 0,01) 4n the poroventuge



Table 8. Mean Alfferwntial count (X) st weekiy intervals
veoks 70 2 Hautyow Zosino- Honow Baso~
crse phid phils cytes bils

o E 58,3 3,16 1.72 0.72 -
e 38.14 . 3.43 0.72 Oedd

1 38,9 8,81 1.20 1,09 -
c 63,00 33,28 3,00 0.57 0.18

2 B 35,01 61.90 1.56 0.64 0.09
c 80,00 36,28 2.58 1.14 -

s E 36,90 61,20 1,60 0.60 0,10
c 56,00 40,00 ’o“ 005, -

4 E 4!.3‘ 49,00 I..ll 0.“ -
c L ”os’ 3.“ 0015 -

s B 49.13 54.27 1.93 0063 -
c 37.14 37,838 4.29 0.72 -

¢ E 43.72 50,18 1,90 1.7 0427
[~ 5‘.5’ 40.4! .o“ 1.35 -

) B 48,27 49.27 1.83 063 -
¢ 56,14 3.88 2.7 1.28 -

s B 83,38 42.85 1.48 0.42 -
[~ 61,00 37.00 1,88 0.34 -

9 5 45,18 51,63 1,90 1,29 -
c “05' 39.14 2.88 1.44 -
10 ¥ 45.45 $2.45 1.68 0.45 -
c . ”Q” "” 00’: -
11 E $0.00 48,00 1.43 0.58 -
¢ 5!.57 “.8! ‘o” 0.29 -
12 B 51.‘5 46.00 ‘ow Oe358 -
[+ . 38,587 3.28 1.44 -
13 B 48,00 49.36 1.9%0 0.74 -
c 58,42 B.N 2.18 0,72 -




Table 9, Maan lymphocyto peroentage st weekly intervals

Pariod Range Mean . value signi-
in wooks £icance
o & &M sl ne  oosr e
1 ¢ BN Oam kR wms o
't 2 bR G e v o
s WA RR B awn o
¢ ¢ WROfE MR e 0w
s ¢ AR OB 88 2em -
¢ & B Nm te vem 0w
LS v S v ¢ S
s I BN® % m oma: 0w
- o R S
o B8 B8 L e o
u § B8 e 046430 rs
2 ¢ B8 whR im W o=
B We ma wn wme -
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E

(P < 0.08)

umm (P <0.01)
Loank

Rot signif
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Fia- 12 MEAN PERCENTAGE OF LYMPHOLYTE IN PERIPHERAL BLOOD

%X GROUP 1 - (NFECTED GOAT
6—0 GROUP 3 - CONTROL GOAT

~104
60
504 / \¥
u
404
g
q
'—
A
W
U 30
\4
u
o
204
10 4

[0 S— —— ———

1 2 3 <4 5 = kd 8 S 10 1" 2 13
INEEKS - POST INFECTION




dfstriution of lymphocytes in the peripheral blood. During
the 1st, 2ad, and I»d wesk of infeotion, mean percantage of
iymphocytes recorded were 38.9 & 4.20, 35,81 & 4.95 and
36.5 £ 3.17 respectively fior group X and 63,00 & 3.00, 60.00 2
4463 and 56,00 ¢ 4.27 respectively for group III goats. It
was further chesrved that reduction in the parcentage 4distri-
mtion of lymphooytes was a feature in group I goats Aduring
the entire period of cheexvation but significant reductions
(P< 0,08) ware noticed only during the 5th, 9th, 10th and
13¢h week,

The moan values of absolute lymphooyte counts for group I
and IXIXI goats and the results of W~test are given in tadble 10
and figure 13, Moan valuss of adbsolute lymphocyte counts
obkained st pre=infection period were 6301 & 372 for the
oxperimental and 6389 & 4614 for the control goats and the
difference betwaon the groups was not significent. Similarly
after infection also the absolute lymphocyts count at weakly
intervals for the exparimental and eontrol goats did not show
any significent reduction of inoresse.

Neutrophils.

Mean peroentage distribution of nsutraphils in group I
and IIX estimaked st woekly intervals is presented in table i1
and figure 14. During the pre-infection period, peruentage
distribution of neutrophils in peripheral blood of group I
goats was 39,18 & 3.14 and in growp IIX 37,57 & 3,985, The
difference bestween the groups was was not significant, During



Table 10, mmmu&w(m’)u
waekly inkezvals

wooks Range Maen = tvalve  Simiei-
O G ii03038i oom.az eieus O3 m
1 & 30aoo33  2007.42 ooses 007 ms
1 ¢ Ui 7130047  sioss 0030 e
3 ¢ 0%e  csm.00 eteese 078
¢ & (man:  svasr cene Oms e
s B OB A Il o.mw ns
¢ & i03e817 oon.38 s O6m
T & S it e 1me  om
8 & 8135735  e31e33  catios Oy s
Y o 35503 mmae vy 0001 m
0§ 55002  sth.e0  dsves Oeomd om
U 0hess  smaae sy o ms
13 ¢ (Mosre  sese00 e O ms
130 Unems  eseew0  seros  beus

E = Exparimantal onimals

C « Control animels
N3 « Not significant
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Table 11, Mean noukrophil percsntage st weekly intervals
m Range Moan s t~valug m‘b
0o § =8 WH s oam s
1 & s s sqp wmes
2 : w g:g ::g 3.5922 o
- S-S« Y
¢ ¢ N8 O BY Lx w02 m
R« S SRS
¢ & 38 o 1 wLme 0™
LSt o 44 1.9138 u8
s ¢ B8 O #HE N omn om
» ¢ OXB O wU I8 e -

v & e e+ e 2.9113 .
N 3De  4es re oms  m
12 ¢ Pe e na 1.8349 "
LI R S-S < - B .
Ew
C = Control

andmale
* « Significant (P < 0,08)
- wem (P < 0,01}
18 « ot significant
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perouttage dlstribution of neutrophils in the peripheral blood
but significmt difference from that of the controls were
recorded, only during the ist, Ind, 34, Sth, 9th, 10th and
1Rnh week of chesrvation. Post inoculation mean paroentage
distrimtion of nsutrophils in group I goats ranged from
42,88 & 4,13 ¢o 61,90 & 4,97 while in group IXY gontrols it
ranged fram 33,28 & S.11 t0 44.08 & 3.84.

Range and mean veluee obisined s sheolute neutrophil
counts at weekiy intervals from ssperimsntally infected group X
and uninfecked control group IIX guats are presented in
table 12 snd figure 15, 7he sbecluts mean values of nsutro-
phils for group X and Group IXX goats were almost tho same
(4154.18 & 335,49 and 4154.8% 3 370.43 respectively) before
shs commencoment of experiment. Pollowing experimental) infec-
tion, group I gosts oonsistently showsd high absolute neutro
phil oount compered to group IIX gmtrel gosts throughout the
obeazvation period of 13 wesks, The counts with infected goats
ware significently hich (P< 0,01) compared to controls at the
ist, 2nd, 3xd, 5th, Teth and 9th week post-infection. The mean
oounts obtained during the above periods wore 10928,10 &
1191,28, 13120,36 £ 1487.07, 11157.10 & 1335,57, 0068.90 1
708,13, 6560.90 & 392,93 and 7319.81 & 643,00 respectively for
group I goats and 3624.42 & 512.44, 4267.28 3 553,33, 4017.14 &
588,97, 3956,88 3 559,22, 3966,38 & 299,77 and 4046.43 + 284.88
respactivaly for group IIX control goats, The Adiffarences in
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Table 12, Mesn abeclute Gount of neutraphils (number/ms’) et
wookly intesvals

o R Heen % twvalw st
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** o significent (P < 0.01}
significant
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the mean absolute counts of infected and Oontrol goats were
significant only at five per omnt level (P<0,08) during the
4th, 6th, 10eh, 13th and 13th wesk and not significant at 8th

and 1ith weak poest-infection.

Bosinophils, Monocytos and Basophils,

Tha pesrosntage distrition snd sbsolute counts of
oceinophils, monocoytes and basophils in group I goats &uring
pre and prb-zmnuan periods 4i4 not Aiffer significantly
from group IXI control goats.

Honomuclear cells and platelets ware segregated to form
a band between the plasma and Fiocollepague layers, when perie
pheral blood of goat was subjected to density gradient centri-
fugation using Ficoll=paque st 720 x g for 45 mts at 4°C,
Mononuclear cells were further ssparated from platelets and
odtained in pure form, by subjecting the cells collectad from
the band to low speed centrifugation at 200 x g for 15 mts in
phosphate buffer salina. The muwear made £rom the pure mono-
mclear osll suspension on staining by Giemsa's method revealed
on an average 91.73% lymphooyte (range 38-9%%) and 8.27% monoe-
aytes (range 5.0 to 12%). Viability of the cells thus separsted
was checked by dye excliusion tost using t®¥ypan blue and on an
avarage 91.22% (range 87,5 to 95.9%) of the oells ware found
vieble (Table 13).



suparated density gradient
centrifugation and their
TR R
o et Pra
A 88,0 12,0 908
B 920.0 10.0 91.5
D 94.0 6.0 87.8
P 91,8 8.8 9543
<4 92.8 7.8 90,5
B 94,8 8.3 92,0
Q 91,8 8.8 91,8
R 1.3 8,8 93.0
x 91,0 9.0 92.0
Y 94,9 5.8 9440
z 92,9 T8 91.5
Cantrol animelsy

o 95.0 8.0 91,0
M 94,8 8.8 90,0
c 88.0 12,0 91,0
T 88,5 11.% 91.%
X 88,0 12.0 90.0
8 9440 84,0 91.5
J 91,8 8.8 89,5

Ovaerall average s lymphooyses « 91,72%

Monooytes - 8.2

vViabiliity - 93,22%
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Enmaxation of B-Avibegyigs

EAMC posstte.

RBovine red oslls sonsitised with subagglutinating level
of hesmolysin and mouse complemant (EAC) formed roeettes with
goat lymphocytes, The lysghocytes shich had shown adherence
of thres or nors sod oclls were omnsidersd as EAC romotte
positive B cslls and their peromtage dfstribution in peri-
ptarsl blood nancmadlears wvas cramerated. The rangs and mean
paroartage of PAC rosette positive B-oolls from growp I infested
and group 11T control goats and the results of t=tost are given
in table 14, Fig., 16 depicts the mean psromntage of S-oells
from infected and control groups.

At the pre-infection period, the mean percentagd of EAC
rosstie positive lymphooytes in group I goats wes 11.08 & 0.79
wharess in group IIT it was 9.17 & 0.57 and the difference
hatvesn the groups wes not significent, During the first week
of inomilation, the mean pecoentage of EAC rosatte with group I
vas higher (12,56 & 1.31) in comparisen in group IIT controls
(10,42 £ 0.94), But there again the Alfference was not signi-
ficant,

Significantly high percentage of EAC rosette positive
Bectlls was recorded in group I gosts £rom 2nd to 10th wesk
poat~inoculation, sucept in Sth wveek, in compacison to the
corrvesponding velues obtained with greap 1XII goata, The mosn
percantage of Begelis rocowded in sese of group I goats were
13.79 £ 1.48, 24,79 £ 0.95, 17,08 2 1,08, 16.35 + 1,67,
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Table 14, Mean peroentage Of EAC rooekts forming calls at
weakly intexvals

wesk Range Mean s tevalus Signifi.
oanoe
O & aSoine oa7 oy lemee  m
1o Temen B8 o e 0m
2 ¢ it s o wese :
3¢ Torina @ ey demw e
¢ o RENE R 15 o
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¢ C  aerina it ome 2 .
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e ¢ 'Rk a1 v .
» ¢ Einm e ol dew .
1 ¢ lalaainds lo.es  owe M0
U2 LTINS %01 oum  eses  m
1B ¢ Jerine 1008 o.s nem  0m
13 ¢ Jieaiels 1ot o bwm

B = Experimentol animale
C = Control animals
* =« Significant at (v < 0,08)
*e o Significant at (P < 0.01)
N8 - Not significent
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17,63 £ 1,30, 13,74 & 1424, 15,71 & 1.46 and 15,42 2 1.08
xespectively st 204, 34, 4th, éth, 7eh, S8th, 9th and 10th
wosk poste-infection as compared to the coryesponding valuss
Of 8.56 + 0.73, 9.58 £ 1,07, 10.34 & 1,03, 11.58 ¢ 0.98,
11,38 & 0.48, 10.86 & 1,00, 11.42 £ 0.89 and 10,44 & 0,58
cbtained with group III goats.

Though the mesn percentagh of EAC rosette poeitive
Belymphoayte recordsd with group I goats at %th, 1ith, 13th
and 13th week posteinfection (17.03 3 1.968, 13,56 2 1,43,
12,30 £ 0.8%5 and 13,32 2 1.13 respoctively) wexe high in
oumparison to tho percentages obtalned with group III goats
(1330 3 1,09, 10,01 ¢ 0.80, 10,08 & 0,62 and 11,05 3 0,84
respectively) the differences were not significant,

During the posteinfection period the highest percentage
of EAC positive Becslls (17,63 & 1,20) was recorded at the 7th
week while the least porcentage (12,30 ¢ 0.85) was rocorded
st the 13th weak.

EmmsEarion of T-Avmeeciis.

Berosetts,

Sheep erythrocytas formed Spontansous rossttes with gost
peripheral bhlood lymphooytes(B.rosstts) and in majoricy of
such rosates, ths roed cells woere surrounding the entire peet-
phery of lymphaoytes (Fig.17). Iymphocytss which formed
Rervssttes with SREC (at 4°C incubetsd for 16 hrs) were con-
sidered as T-lymphooytas and their porosntace in peripharal
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which foumed Brythrocyts

Fig. 17. Gost Lymphooyies
roesttes (200 X)
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blood of group I and IIX were emserated. The mean parcentages
of Burosette positive oslls obtained with each group and the
results of t~test are presented in table 15, Fig.10 depicts
the msan parcontage of T=08llS enumowassd with group I infected
and group IIT control goats.

Mean psroentage of 30,74 £ 1.3 (range 18,26+33.46)
Berosette positive oslls was recorded for group I gosts during
pee=inoculation period as compared to 24,53 + 3.06 with group IIX
goats and the valuss did not differ aignificantly betwean the
groups. During the first weak of infection significant reduc-
tion(P < 0.08) in EK=zoeetts positive lymphooytes was noticed
with group I goats (mean 18.44 & 1.40%, range 12.5 to 25.55%).
Such a reduction wes not seen with group 11X animals and in
them the values were almost atmilar to that of ‘0’ week (msan
% 24.83 & 2,33, range 14.20«33.1M0 . Though the perventage
of B«rosette forning cells remained low (moan 31.13 3 1.82,
range 15,09=33,18) in the infected group during the 2nd week
aloc, this dlfference was not statistically significant when
compared to group III animals (moan 25,92 4 3.14 range 168,09«
36.28).

During the 3rd and 4th woek of experimental infection,
the moan psreentage of E-rosette positive oslls showed a fure
ther increase (msan 31.23 & 1.06 and 31.24 £ 3.69 respeatively)
with group I goats, but not statistically significant f£rom that
of tha group IXIX control animale (24.61 & 4.09 and 33,78 ¢
3.13). However a significentiy higher poromntages of E-rosette
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Table 13, wugmmamuzmmu
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positive cells were seconded in group I goats during Sth, 6th,
7th and 8th woaks of fnfectuion (31,72 & 2.56, 32,39 & 1.4,
29.31 2 1.71 and 32.77 £ 151 respeotively) whon campared to
group IIT goats (21,68 & 3,09, 22,58 £ 2429, 21.19 & 2.11 and
24,09 2 2.7 respectively). Though there wes no aignificant
difference betwesn the peromntages of Berosette poaitive colls
ottained wish group I and IIX goats during 9th, 10th and iith
wesk of chastvation, the psroentage values obtained with
group I gosts (32.64 & 1.80, 31.68 % 1.83 and 31,73 £ 1.07
respeatively) appeared high to group III animals (26,40 & 3.37,
24.24 £ 3.48 and 26.54 & 2.30 respectively). .
Towards the end of the ocbestwvaetion period (at 12¢h and
13th week) the percentage of Bezosetie increased with group I
goats and the values were significantly higher (P<0.0%) than
the corresponding values obtained with group III goats, During
the 12th week, the nsan percentage of Berosetts positive
lymphooyte in group I and IXIX gooks were 20,38 ¢ 1.79 and
22.28 2 2,04 respectively and at 13th week tho counts were
25.34 £ 1.58 and 24,69 £ 2.94 respectively.

AMAE activity.

AHAE activity was demonstrfated in the mononuclear cells
from the paripheral blood of goats,

The amsars prepared from the mononucleer oells separatod
from the peripheral blood were £ixed with aoetone-citric acid
solution and it was found that suoh £1wmsd ansars could be
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stored in dry state without interforence to the demanstration
of ANAE activity for wvarying periods, facilitating batoh
staining.

Majority of goat lywphoayte which revealed ANAR positive
resction was with one or two localised nodular pink to red
coloured reaction product in the aytoplamn adjscent tn the
oell membrane (Fig.19) while few cealls were with more than two
scattervd punstate nodular reaction produat of comparatively
small sise., Both type of oslls were idmtificd as Twlymphocytes.
The monocytes presented diffuse reantion product in the ayto-
plasm which could be sasily distinguished from lymphooytes.

The mesn psroentage of ANAR positive lymphooytos in the
peripharal bhlood fram group I and XIT goats obtained at weekly
intexvals are presented in tabls 18, P1g.20 dapicts the grae
phicel representation of moan valus of ANAE positive cells.

Mean pergentage of ANAE positive lymphooytes estimated
in group I goats before experimental infection was 28,09 2
1,52 (rangm 15.31-32.59) as against 385.86 3 4.87 (range 18,22~
36.88) for group III goatess Tho Aifference in values between
the two groups was not gignificark, It was further cbesrved
that the lymphooytas exanined £o1' ANAE activity at woekly intex-
vals from infectsd and control ooats did not show any statis-
ticelly significant difference i:) the percentage distribution
in tho peripheral blood througho'w the posteinfection observo~
tion period, eventhough the nunoriosl values ahowed a tendency
towards marginal increase of AMAL positive lymphooytes in
exparimantally infected goats. |
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Table 16. Range and mean pevosatage of ANAE positive oslls at
wookly intexvals

Huak Range Mean sx tevalue Signifi-
canos
O & ioidassces 08 ey e m
1 g el WG 35 owo  ns
2 ¢ N @ o wum owm
32 e e g o
¢ 2 imirendo a0t PN oss  ws
5 ¢ ladnss 30.03 3% o0 m
& & Joisisin 30w s 0w ms
T 2 ledidnm om0 Onu m
8 ¢ lasse00 e R o m
P & lectouriy  3a38  am M0
0 ¢ 33T st e lam o
g Rooeses  ases R wu owm
12 ¢ ikt Wm s o m
13 ¢ eNeB% M3 4p w0

£ = Bxporimental animals
C - Control animals
N3 = Kot significant
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Iaearie Alaxation Anbibision teot.

Laukooytos were easily separated from the peripheral
blood of gosts by the method of ROC lysis uaing Adistilled
water. The leukooytes thus eor A was without any ved
ooll contamination and on an avarage 90% cells were found
viable by dye exclusion method., The leukooyts suspensicn
prepared at & concentration of 1.8 x 10° calia/ml did noe
show clumping or reduction in viability after incubation
with the toxic culture supsmmatant of . pesudotubsrculosis
which had hasmolytic titre 1:16 and the pH edjusted 7.2.

Leukooytes from oxperimentally infected and control goets
Ald show migration on the glase surfaoe and the wone of migras
tion was woll discernible. The sons of migration of cells
appeared as circular opaque ares sround ths wells and the
diameter of tha arca was magsured,

The MIT was performed with leukocytes collectod from
group I and IIX goats before the start of the experiment and
thareaftar at 13 days intervals posteinfection upto 75th day.

The results of thw IMIT indicsted that there was signi-
ficant reduction in the migration property of leukooytes
obkained from infected animals when treated with toxic culture
supsrnotant of C. paeudotuberoulogls (Fig.21), whilo the
rnigration of leukocytes from conerol goats was not affected.
Leukocoytas from infected as well as aomtrol ¢oots did show
normel oomparable sone Of migration in the agarose medium when
suspended in physiological saline without any antigen trestmant.
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LMI index less than 0.9 wes conaidered as poaitive reaction
w‘m mﬂ.

™e mean values of IMI index obtained with group I and
III goats and thair comparative differsances are given in
table 17. Fig.22 depiots the mean IMI indax obtained for
group I and IIT gosts.

The mean LMI index obtainad with goats from group I
and III before the start of the expsriment wexe 0.93 & 0,02
and 0,84 £ 0.01 respectively and the difference was not signi-
ficant betwesn ths groups. With the posteinoculation samples
fron group I animals taken at 15th and 30th day, the mean
LMI index calculatad were 0,94 + 0.02 and 0.87 + 0,03 respoc-
tively, while the corresponding values with control animale
ware 0,98 & 0,04 and 0.91 i 0.03 and here agein the values
wore not sicuificantly different betwoen the two groups. By
45th day oowerds thare was significant reduction (P< 0.085) in
the migration property of leukocytes from group I goats while
laukoaytes from control goats continued to show norrmel migre-
tion profile, It was further ocbesrved that by the 6Oth day
post-infection, the LI index was recordsd minimen in case of
group I goats (aionificantly low, P<0,01). The mean LMI index
recoxdad with group I goats by 45¢h, 60th and 75th day poste
infection were 0,75 & 0.03, 0¢74 & 0,03 and 0.71 % 0.04 res-
pectively while the values obtained with group IIX goats were
0490 £ 0,03, 0,93 + 0,03 and 0.89 & 0,02,
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Table 17, Moan Migration Index calculated for
' infected and control goats
pertod Range Nean - tevalue Signifi-
in days canne
E 0.80+1.06 0.93 0.02
0 ¢ 0.881.00 0.94 o.01  0.8281  ms
T 0.87-1.13 0494 0.02
C  0.76+1,10 0.98 0,04 0893  u3
) 0eTi=1.06 0.87 0.03
-] 0,80=1.07 0.91 0.03 0.745 i
B 0.85-0.94 0.78 0,03
48 o olea-1.00 0.90 0.03 2897 *
B 0.36-0.97 0.7¢ 0.03
© . glez-1.01 .93 2.08 %7 b
B 0.56~0.96 o.M 0.04
TS ¢ 0.89-0.97 0.9 0.02 | 359 .

B = Experimental goats
c Congral
tP< 0.08)

L -smnm (P < 0,01)
NS - Mok sfgnificens *
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AKAD _DZRaKesnsAtivASY .
S. aasudotubacaulosla toxin.

Group I gosts were intyadesmally injected st the neok
region with toxic culture supesnatant of C. pemdotubaxculosis
at 13th wesk post-infection. The results obtained showed that
injection of toxic preparation in small quentities (0.2 ml) to
an infected animal developed typiesl dalayed hypersensitive
skin reagtion (Pig.23). Conkrol goats wltich were negative for
S pesudotuberculoais infestion (Group IXIX goats) were aleo
aimilarly injected and the results wese negative.

™he rangs and mean skin thioess of group I and IIX
gostn before intradermal injestion and after 24, 48 and 72 h
post~injection are pressnted in sadble 18, The mean thickness
of skin in grouwp I goats was 4,09 & 0,28 am defore injection
{nosmal thickness of skin) while it was 4.28 & 0,42 mn in
greup III gosts and tha valuss were not significantly diffe-
reot between the groups. By 24 h posteinjection significant
ingreass (P < 0,01) in skin thigkness was rocorded in group X
animale (8,38 % 0.33 mm) compared o group IIX goats (5,92 3
0.22 mm). The swelling at the site of injection in case of
goats from group I was highly peinful and hard on palpstion
whils reactions with group IIT goats were at minimwm, The
inflammtory resctions augoestive of delayed hypsrsensitivity
was at maximam by 48 h with the Imown infected animals and the
mean skin thickness recorded with the group was 9,31 £ 0,62 mm,
while in uninfectsd control animals by 48 hrs whatever little
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Tsble 18, Results of Delayed Type Hypareensitivicy teet in

« DEOUGOEIth

in hours
Range Moany [ "4 Levalue

E 3-4 4,09 0.29

° ¢ 36 4,38 0.42 0.3987 ne
x 6,512,0 8.3 0.53

# ¢ Si0e7.0 5.3 O.22 44t b
B 6.0=14.0 %31 0463

8 ¢ 8548,0 Se42 oo23 ¢.752 "
E TeOelle$ 8.9 082

n e ‘e 5018 Oz G004 o

B « Buparimentally infected goats
C « Contyol goats

* . aggnifioant (¥ <0.01)

H3 - ¥t significant
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influmaetory resctions mhiidised at 24 h hed subaided and &
reduction in skin Shicknees was noted (5.42 & 0.22 ma). T™he
intansity of inflammatory mesction at the aite of injecsion
showed a Yeduction by 72 h and even than the skin thickness
zecorded was 8,91 & 0.02 mm with Group I goats, which was
signiticmtly higher conpared to the akin thiciowmss of
group IIX goats (5,18 & 0.432 wm).
8kin biopey.

sxin hiopey taken at 48 h posteinjection frum group I
gosts showed charactaristic histopathological changes sugges-
tive of hypsrsansitive reactions of type 1IV. Prerifollicular
and periglandular infiltrstions of lymphooytes, macrophages
and sparse noutrophils wvere 'he femtures. Cystic glandular
Aatlatation and manonuclear infilsxstion in cystic epece and
also in glands was also noted. Blosd vessels were congested
and there wes parivescular infilcration of lymphooytes and
magrophages, Dermal csdems and myositis were also the features
in the skin (Pig.24).

The skin biopsy taken fxem group IIX gosts at 48 h poste
injection was histologically mear normal exgept for the pre-
senoe of sperse lynphocytes and nsutrophils st the perivascular
PROR.

‘Tubsreulin,

Intradermal injection of tubaroulin in group X and IXX
goats 444 not produce any resstion sugoustive of hypersensi-~
tivisy till 72 h post~injecsion, Hean skin thickness of
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group I and ITX goats before and after injection with tubexr-
culin ave presented in sable 19, Skin Mopey talken from both
oroup I and IIX gosts was hissologically neaxr nosmal berring
slight cedema and perivascular infiltrastion of few menonuclear
oslls.
Pathogenicisy

Group IT goats which were inocoulsted with C. paeudotuber-
SIASRLE ot a dose rate of 2 x 10° bacveria per site of injes-
tion also developed general symptoms and inflammetory resctions
sintlar to vhat vas Jesaribed for group I gosts, infected for
imme vesponss studiss. ALl the six goats hed exhibited rise
in body temperature whioch lasted for three to four days along
with general weakness, lethargy and impaired appstite. The
intyadermsl injection sites in all the guats developed marimd
Anflamastory yesction cheracterised by development of painful
hyperammic skin thickening and the aite of injection showed
meorotio and pustuler lesions. 7The injection sites at the
flank region {(#/c injection) showad thickening of skin which
was painful to touch. Barzing the lecal lesions lasted bayond
one wosk, all goats were near normel in habits and behaviour
by cne wesk posteinaculation,

Necropey findings

S Janiong.

Esah of the eix gosts vhich was sacrificed st 13 days
intesval 4id not reveal any leaion suggestive for CLA in eny
of the inkaxnal desp seated lymphnodes and visgeral organs,
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Table 19, nmu of Delayed Typs Rypersensicivity test in
infecyed and control goatse
a8

8kin thicknose in ma

Period in stgnigi-
hours Range Feon = tevalue CONO®
36 4,80 0.5
o ¢ rovt 5.00 0,40 0038M u8
x 4=t 5,10 0,33
u ¢ 58 5.25 0.a8 03444 ns
@ I oS- S S W T ns
r 435 0.47
L £i Gl oy 0. w8

2 « Dxparimentally infected goats
€ = Contrel goats
N3 = Mot signiticent
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while regional/local superficial lywphnodes were inveriabhly
affected with varying degues of involvenent.

By the 15sh day through 90 days the goats necropsied showed
involvement of prefemoral, prescepular sulmaxillary and parotid
lymphnodes with lestons sugpestive of ClA. In severely
affected lymphnodes thare was snoxmous enlargement (several
folds) with total dmuage of perenchyma and soosumulation of
caseatod pus (Fig.23). 1In few gosts, the absosss doveloped
in the lymphnodes had opened spontanscusly and had evacusted
the creemy pus. Ths skin wound thus produced later hesled
with soab formaiion. In less severely atfectsd inetances, the
lymghnodes were seen enlsrged in sise two to three folds, ¥When
such lymphnodes vere cut, it contained necrotic area in the
perenchyas and the sine of the lesions varied depending the
severicy of affection. In osctain snaimals the lywphatic
channel st the dorasal aide of the mandible was sean affected
with develogment of nodular lasions suggestive of Cia, Tha
poplitesl, mediastingl, intesmal ilisc, mesenteric, renal and
othax deep soated lymphnodes wise norszal and none of the
visceral crgans showed any lesions suggestive of CLA,

Pus collected from gross lesions was positive for
S+ pamdoRubexoulosis by direct staining and for cultural
TROOVELY.
fistopsthology

Ristopathologiocal findings pertaining to the paripheral
and dewp sestad Lymptnodes and visosral organs collsoted from
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the mecropeted saimals st vearious intexvals revealsd varied
degres of inflamsstory reections as descrided below,
lamsboadas-
1%eh dxy posw~infection,

Duplation of lymphocytses from the cortex and meduilla was
a festure on the 15th day in the prescspular lynghnode. Active
germinal omtres were ahesnt in the folliclies snd scae of the
lymphetics and blood vesssls were thrambosed, rFocal areas
showed hissiocryse proliferation and reticular hypsrplasia
{(r4g. 28),

Prefamoral lymphnods 3180 revesled depletion of lympho-
cytes from the gortex and msdulla. An encapsulsted cassating
abscess conaisting chisfly of neutrophils vas seon with &
festooning of plasms cells at the periphery (Fig. 27).

In the sutmaxtllary lymphnods share wes dapletion of
iyphocytes from the cortical xegion and there was no alear
differentistion between the cartex and medulls. Subcapsular
and cortioal oedema, congestian of blood wvessels, hasmorrchage
and infileration of monoouclear oells in the lymphatics and
blood vessels vere evident, Accumlation of macrophages and
plasms cells in the medullary region and dilatation of ainu~
solds were charactaristic festures (Fig. 28),

Parotid lymphnods showed lymphoid depletion and scoumu~
lation of histlocytes {n the ocortmx, Dilatation of lycphstios
and hlood vessels and acowsilation of macrophages in the
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iymphatics and blood vesssls was seen (Fig, 29). The aimscids
wore engorged. Yoosl colisctions of mecrophages wers seen in
the modullary region.

Medisstinal iymphnode was osdematous and there was depie-
tion of lymphocytes from the cortical region snd dllatation of
sinusoids and capillary sclscoeis, ESxtensive infiltration of
plasma cells in the rmedulls and mariked sinus histiccytosis
ware noted (Fig. 30),

Tracheal, mesenteric, poplitesl and renal lymphnodes
presented a ploture of reactive response characterised by
hypertrophied follicles. Sinus histiocytoeis was also noted
in the tracheal and popliteal lymphnodes.

0th day post~infection,

Prescapular lymphnode was soen highly reactive and
mature lymphooytes were seen in the cortex with hyperplastic
follicles (Fig, 31). Thare was aocumilation of lymphooytes
and modarate degree of sinus histiooytosis in the medullary
zegion.

Prefanoral lymphnode appsered to be & cassated mass
enclosed by fibrous tissue. The capsule showed hyalinisation
of the musales fibres and collections of lyrmphocytes weare sean
in the f£ibrous capsule (Fig., 32).

In the submaxillary lymphnodo, the follicles wers hyper-

plastic, Pibrous tissus proliferation was @ festure, Many
hyparsrophic follicles with well stimulated large and sall
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gerninal cintres wesw oeen in the corvex (Pig. 33). Fooal
depletion of lywmphoaytes from the cortisal region and sinue
histiooytosis in the medulls were evident,

An oxganised chronic swppurative foous was evident in
the parotid lymphoode. Surrounding thw focus, sinue histio-
oytosis and foreign body glank osll resction were soen., There
was sl aooumilstion of lymphocytes and macrophages in the
ainises,

In the mediastinsl lymphnode, medullary cassstion was seen
and the area of caseation was surrounded by large number of
magrophages, histicaytes and few glant cells (Fig. M).

The hissclogical pieture of the tracheal, mesenteric,
popliteal and renal lynphoodes was not much Atfferant from
what was cbeerved on the 15th day.

45sh day posteinfection.

Prescapular lymphnode pressnted hypsrerophied follicles
ia the cortical region. Soattared areas of cuseation necrosis
ware soen in the paracortex and the medulla contained only few
lymphoid oells.

Casoated mass replaced the lymplwmods parenchyms and
peonounced fibrosis was seen in the prefemoral lymphwmode,

Submexillery lymphnode was ssen to contain stimalated
hypertrophic follicles with large and snall germinsl oentres,
Fooal deplstiom of lymphooyses from the cortical region amd
sinus histiocytosis in the medulla were evident,
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In the parotid iymphaodes, the histological changes were
almoat similar to thak seen on the 30%th day,

The changes in the mediastinal tracheal, mesenteric,
poplitesl and renal lymphnodes were not much Aifferent from
what was observed on tha J0th day.

60th day posteinfection,
Prescapular lymphnode showed resctive response of tho

lyzphooytes and folliculax hypurplesia was the charaateristic
fostura.

In the prefemoral lymphneds, ¢w lymphoid follicles at the
cortex showed hyperplasia, The casseting foct were extensive
and caloification was evident, This was associated with fibrous
tissus proliferstion around the foal and st the medullarxy regicn.
The granulomstous reaction was aovompanied by the accumilation
of mature lymphooytes at the periphexy of the lesion (Fig. 3%).

Lymphold hyperplasia and scowmlation of lymphooytes in
the medulla and ainus histiocytosis were seen in the submaxillary
lysphnade. The sinuses were £iliad with iymphooytes, PFibrous
tissus encapsulated focal areas of calaification snd cesestion
suxyounded by layers of macrophages and lyuphocytss ware seen.

Histological plotwre of parokid, mediastinal, trachesl,
msantaria, popliteal and renal lywphnode was not much diffe-
fenk £from that yecosded on the 434h day.

7%:h day poet-infecsion.

Cassation, csloification and fidezus tissus proliferation
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were cheerved in the msdullarxy region of the prescapular
lymphnode, Oroups of large lymphocytes ware seen infiltrated

Prefemoral lynphnode showed follicular hypexplasia and
sinus histiocytosis.

Submaxfllary lymphnodes showed hyperplastic follioles

Focal cassstion, deplation of lymphocytes and accunulation
of histiocoytes ware the features ssan in the parotid lymphnode.
Simis hhumu. scsumilation of macrophages, epitheloid
oalls and glant cells were also noted in the medulla (Pig.368).

Histologiocally, the mediastinal, tracheal, mesentaric,
poplitesl and renal lymphnodes were reactive with hyperplastic
follicles, Tracheal lymphnode shewed capsular sclerosis,
engorgament of venules and infiltration of mononuclear cells.

90th day post-infection,

Prescapular lymphnode showed fogal suppurstive foel in
the ocorticel region,

™he peracortex of the prefemoral lyrmphnode preseated hyper-
trophic follicles and proliferstive lymphocytes., There was
lysphoid depletion from the germinal centree of the cortical
lymphodd nodules.

Submaxillary lymphnode was osdematous and there was no
dlffarentiation into the cortax and medulla., Thare vas dego-
nerstive and necrotic changes of lymphocytes in tha cortex and
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medulla. Depletion of lymphooytes from focal areas of costex
was seen., Dasides macrephages, glant oslls were also ohsorved
in the msdulla.

The perotid lyzphnode contained focli of cesssstion, calci-
fication and these were suxrounded by a layer of proliferating
fiwous tissus., Foreign body giant oslls and epithelioid ocells
vere sesn at the periphery of the suppurative leaton,

Mediastinal and mesentearic lymphnodes presenmtied & piature
of reactive lynphnode with mose pronounced fibrosis,

Trachsal lyspinode was wish capsular sclerosis, angorgo-
sent of vermles with infiltxration of monomasiear oslls,

Popiissal and renal lympimodes showed fooal cessation
at the medulla with sinus histiooytoatis and plasms cell
resation.

Jelynx.

There was 20 tissus changes on the 15th day. However,
by the 30th day there was granular degeneration and by the
60th day fogal areas of fatty changes and necrosis were seen.
The central wein and sinusoids were engorged, There wars mild
to moderste necrohiotic changes on the T8th ant %0th day of
iafection,

Kldoay-

™here vas aild granular degenerative changes in the
tulules of the kidney from day 30 omrds, However, by day
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7S and 90, thare were fool of nearvsis in the tulmles and
hasmonrhecic fooli were seen £{n the oedulla,

Splann and_shrms -
Splesn and shymis Aid not siww any histological chengee,
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DISCUSSION

Casscus lymphadenitis ceused by Q. peawdotubarauloais
in capxines is now regsognised as & world wide problam (Ashfaq
and Campbell, 19803 Burrell, 1981) and is ons of tho mejor
causes of eoonomic loss to the gost industry. Though the
Anportance of the disease in gosts is undoubtedly folt, reports
giving {nformation on mode of 4ransmission and parpetuation,
pathogenesis, imsune response, morbidity, mortality and other
spisooticlogical factors axw few., The present study reports,
the results on immne responses and pathogenicity of
S peondotubarcuioais expsrimental infection in gosts,

Bparimental infection of snimals with G, peMMQtURer-
sulasls wes proviously sstempted with several forms of inocula
such as suspsnsion of ovenly distridbuted individual ocells,
bacteria grown as pellicles and broth culture. In the present
study O pEENGORMDAZOULOSis suspended in chilled sodium chloride
bdle salt solution subjected to Tepsated shaking and oentri-
fugation was quite useful for the preparation of s stable
suspension of evenly distributed single oslls which ocould be
eployed for experimental infeation of goats. The bactarial
oells remained in even suspension with uniform distribusion
for fairly long time and the viability of tha cells 414 not
Gecrease even after six houra of storage of suspanaion under
chilled conditions. Barring the presence of stray mumbers of
small clumps which occeprised 3 to ¢ bacteria the suspension
was uniform with single cells and the bacterial concentration
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was emmersbls by counting in Petroff Hausen counting chenber,

It was Jolly ((1965a), who first reported the preparation
of single osll suspension of . pesaiotubarculosis in chilled
bile sslt-saline solution during his studies on the pathogenic
sckion of the bactarium on the vescular bed, Hs had ohoerved
that the method was ocucoessful in abtaining single cell sus-
pension most of the time buk cocesionally & few clumps were
sncountared, The same method was subssquently adopted by
Hard (1969a) for the inoculum pweperstion for sxperimental
infeckion of mouss,

Camaron (1972) obeerved that becteria derived from
pslifcles in static culture were supsrior to dispersed beo-
toria derived from shake culture for intravemous injection
of alwep for the establishnent of discrete abeoess in visoeral
organs,

Sevexal mothods Like, resuspending becteria in buffer
solution (0,02 M pH 7.3=7.4) containing %X lsctose and 1%
peptone (Camszom and Minnar, 19493 Cameron gt al.. 1972)) wee
of supsrnatant of heavy batterial suspansion in saline which
wvas allowed for gravitational setiling for one hour at room
temparature (Zaki, 1968) and growing begteria in Aislysis bag
containing phosphata buffered saline, suspended in nutrient
asdiun (Ashfag and Campbell, 1980) were advocated faor the
preparation of bacterial suspansion to be euployed for experi-
mantal infection, Few other woriers were of the opintion that
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machanical agitstion of ¢, pamdotubarculosals growth in
saline would px only pension of ia with clunps
and single owlls (Burrell, 1978; Srown gt al.» 1993),

The results of the pressnt experinent showed that the
suspansion of single cell bactaris, though oontained a few
clumps also, 414 not ke ool ion or chrond
abecoss formstion st the aite of injecticns. Instead the
preparstion used was found to be abls to initiate chronic
lysphadenitis, Thus the present methodology adopted for the
preparstion of aingle osll susponaion was satisfactory to
sparinantally blish chronic cae lymphadenitis in
goaka.

Gosts which were injectad with 3 x 10° beateris per site
of injection had daveloped specific lesions and absoess in
adjsoent lymphnodes. The mamber of bactaria used for experi-
wntal infection oould produos ahronic lymphadenitis in gosts
as the Gose Aid not produos fatal infection or soute illness.
muring the £irst week of fnfecsion, all the gosts had shown
fetrils responsa with inflassatory reaction at the site of
Ainjection followed by genexal wealness, lethargy and inappe-
tance. Thees initisl symptoms wers sttributable to the
reaction of the animols to the messive dose of bacteria and
thair toxic products received at different sises in the body,

Similar results were cheerved by Ashfaq and Ceapball
(1980) when they had used 1 x 10% CPV of g, pesudotubarculoels
for experimantal infeotion of gosts by different routes.
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Brown gt gle (1983) reported that a dose of 0,5 x 10° cru of
capeine strain of C. pagudotubarguloeis was sufficient to
produce chronic sbecessation of lysmphnodes in goats, Acoording
%o Gemesl and Tartour (1974) suboutanscus injoction of 3.8 x 10°
becteris could produce soute severe hasmolytic ansemia end
desth in sheep within four days of inoculastion snd 1.9 x 10°

0 0,76 x 10° bacteria could produsce only subacute to chronic
infection, Cameron (1972) had also cbeerved that severity of
infection in sheep wes directly relstad to the dose of bacteria
sdninistered and his view was supported by Brodgen gt al, (1968),

The results chtained in the pressnt study evidenced the
omperative resistance of ceprines to C. pasudotuberculosis
infection ss all the goats resisted fatal infection even after
inooulstion with a messive total 40es of 1.2 x 10 bacteris
per animal. Comparisan of the results obtained in the present
study and those reported by other WOEKers sugoesks thet goats
e moxe resistant than sheap, Noveover it could also be
inferved that a relstively grester mmber of becteris could
be inooulsted into gosts wWithout ceusing acute or fatsl fomm
of ClA,

Hstural infection of animals with CLA was showm to bhe by
S8VerTal routes vim., skin contamingtion and wound infeotiocn
(Raizn and Robertson, 19743 Ragy, 1976) inhelation amd inges-
tion (Carne, 1933 Maddy, 1953) and tramastised hucoel mucosa
{burzell, 19815 Campbell gt ale. 1983). Dwperimental infeo-
tion of animals with C. pERdOTALAZONIGELA hed besn suacessful
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with several routes vis., intravencus (Camexon gt al.. 19723
Bredgen g% Ales 1985) tnkvalywphatic (Fusband and Yakson,
1977 Burvell, 1978) suboutanscus (Genssl and Tartour, 1974)
and ekin scerificstion (Nalwn snd Robextson, 1974).

In the present study goats waze inoculsted with live
S DEESONRMITRANSAS Suspension by thres routes -~ smucossl,
suboutaneous and intradeswal. AL} the thres soutes of inocoue
lation produond lesione sugoestive of CLA in lyrphnodes at
the Lmediste vicinity. No absslate preference was noved with
any of the routes fox the sbility o oot lesions in the lymph-
nodes, The incubation pexiod talen for the development of
astactable lesions in lymphnodes also 444 not ahow any prefe-
Tenoe as the regional lyagimodes wawe unifornly affectsd within
14 o 21 duys posteinooulaticn, irvespsative of routs smployed.
Neczopsy £indings indicsted thet these rvutes of inoculetions
ware gensrally incapable of setting up gmerslised infection
in deep seated Lymphnodes or visgesal organs within 13 vesks
of chosrvation period emwpt for the involvenent of mediastinal
Appinods in ¢wo animels wnder group IX, This £inding was in
close agreessnt with the resaliss seportad by Ashiag and
Campbell {1990) who employed 14 gosts for ssperimental infeo-
adon, out of which only one gost developsd fooal abheoess in lung
parwnchyma and msatassinal Aywphnods, RBrown g al.(1968) also
Deportald shacessation of mdisstinal lynginode of goats which
received Co REMINLERSSIAGIA ¢ Ahe flank region by intre-
darmal route, But several others (Sariar and Bhattecharys,
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1973; sharma and Dwivedi, 1977 Nairn gt al.. 1982) were of
the opinion that goats are mowe susosptible for thoracic form
of CIA 4in case of natural infection., The remults of the
present study indicate that the goats when experimentally
infected evinoced thoracic form of CLA only in isolated cases.

S+ paeudotubarculoeis is wvell known for its ability o
produce potent exotoxin when grown in yive or in yitrg (wilson
and Miles, 1980).,

In the present study, growth of C. pasudetubekculosis in
Lemco proteces bhroth congaining sheep serum had produced meximum
toxin in the culture supsrnatant by 72 h of sardbic inmbstion
at 37°C. The piH of the culture was found ¢o get lowered from
7.3 to 5,00 & 0.2 as the toxin acowmlated in the medium,

Similar procedure was reperted by burrell (1979) for tiw
preparation of tonin from several straine of C.peeudotubarculosis
and he observed that an atmosphere containing incressed CO, vas
superior for maximam towin production,

The toxin content of the gulture supernatant as assayed
by dermonecrotaxic action on Fabbis skin and haemolytic action
on sheep red cells, attained the peak lovel at 72 hours of
incubstion, following which there was gradual reduction in the
toxin level. The culture supsrnstant was found to contain a
maximam hasmolysin titre of 11336 at 72 hours of growth,
Intradormel inoculation of this tomic culture supsrnatant
produced characteristic desmaneorotic resction in rabbit skin,
™he inflamstory and nocrotic seagtions were maximum by
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48¢th haurs., The point of injection was seen exaisting sexo-
purulent fiuld by 72 hour post-injection. Ihe resctions sub-
sided and the ares healed up within a weeks time.

Among the varicus biologioal proparties of the toxin from
S+ pamdotabarculonis dermosseretoxicity to Xadbit ekin is
moss cammenly used for assuying its potemcy (Doty gt al.. 19643
surrell, 1979), When lemoo PEORAOSS broth wes used for towin
production from several ssraine of Q. pamudotuberculoais.
Burrell (1979) reportad s meximm titre of 1331 assayed dy
rabbds akin test. Burrell (1900a) sbeexved a very alose come
perison hetweon hasmolysin and rabhit dermonecrotoxin titre,
nigh yield of G. gyis swotonin (hesmolysin titre 1:32748) was
reported to be produced by Burrell (1961) whan Lemoo protocse
broth was periodically supplemented with daxtroee undex OO
trolied pH,

Several other media and methods for the production of
ewtoxin from Co DEMAQEURACONLARAR have heen eployed with
fairly geod xesults (Carne, 19403 Camsron and Swart, 19635;
taskintape, 1978)., Cummsron and Sadt (1970) showed that emo-
toxin preparations from G. gyl ocvsained antigene derived from
products of bectsrial lysis.

The mediun used and gaseous and SGIPAratuzre requirement
provided for the growth ware found o favour the production
of suffioient quantity of toxin by C. pasudotuberuioatls -
ATCC 19410, which oould de deveossd by hemsalytic and dermo-
neqroboxic SHOparty. The results also indicsted the edxdlity
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of the stratln used to pEoduae detectable guantity of tosdn

by 34 hours which incresssd %6 reach the psak level by 72 hours
snd shon declined graduslly thereafuer. Thase chesrvations
deviate frem the findings of Burrell (1979) who reported toxin
production anly after 48 hours, astaining the poak titre at
72 hours snd pacsisned as she same Jewel t1l) 130 hours, This
alfference in resilts oould probadbly be steribuued to the
ditdeyence in the stxains used,

Serun protain conomtrakion s knows 0 be lovered by
ssversl factars such a8 blood loss, hpatopsthy, malmuerition
and heavy pavesitism, whils 1% 4s Ancweeesed as age of the
aninmal sdvanoed wish a decreass {n albumin anvd incresse in
glabulin temotions. Though plassa proteins fall within nosmel
range in many dlsesss conditions, elavated conomntration Soours
in many ohronie diseases, 7The reasmn for this incresased plamm
aonmntration is understood to0 he either dus to dehydration or
Ancreass in gumma globulin synshesis or bath,

Gaats which were used in the pressnt study had normal
serun protein concentration which ranged from 7,187 o 9,750 gwi.
Befare the start of the experimemt, group I gosts had a serum
protain canoeniration of 8.379 gn %X while group XII had 9,07
snd the Aifference in values between the groups was not atatis
stically significant, Group I gosts showed a significant inoresse
in sexun prosadn contant from the 5th wesk of infection cowards.

Afssr emperimental infeotion the sarvm protein oonoWtre-
siem in group I gosts showed an initial deciine Mt from the
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Ind wesk onwards there was an inasesss, the maximan level being
11.346 gn X at the 8%h wesk, Throughouk the period of obeesve~
tion, the Greup IIXI control goats presmted only mintmun varie~
tion in serum protain contant and {t ranged between 8.874 and
10,615 om %,

The mean condentration of sexum protain at the preinfeo-
tion period was more with group IXXI goats as oompared to
group I goets, mummm.umm
in group I goats. Though there was increase in serun protein,
significans Alfference from that of control was chearved only
during the Sth, 6th, 8th, 9th, 10th and 13th week past-infection.

™he results presented have shoved a higher serun protein
omoentration in normal aross-bred Malaberi goats as oompered
to norvml values published by Sehalns (1970). Castro gk al.
(1977) estimated normal serum protain oconcentration for pyomy
gosts as 7.3 &+ 0.7 g X by miavukjeldahl method and Lewis (1976)
reported as 8.35 g % by electrophoresis. ‘

™e quantitative or qualitative change in the serum provein
profile of Q. § infected animals was not
reportad by many woriers. Gemes)l and Tartour (1974) observed
that ahaop which developed soute dissase had high serum protein
contant while 41t was reduoed when animal suffered subacute to
chronic fom of infeotion. The rise in protein valus was con-
sidexrod dus to the presance of free hasmoglobdn in plasma as a
result of in yive hasmolysis while the decrease was considered
a8 an offect of stress and insppotance which supervensd atter
infoction,
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T™he present result indicatad that as corynsbacterial
infestion progressed in gosks, the serum protein conomtretion
inoreased, whille thexe was no subetantial changs in control
gosts as the age of 4he animals adwenoed. These cheexvations
are in close agresmant with the results reparted by Moxtalid
2t ale (1979) and Desiderio gt al. (1979) with respect to the
serun proteins of sheep with CLA, Acoording to Schalm (197%0),
in chyonic form of diseases, especially in thoes involving
ficantly increased adove notmsle. AS & controwersy to thase
obesrvations, there are roports of decrease in serum protein
(RleAbdin gt ales 1977) or no change (Brown gt ales 1983) in
goats affected with CLA,

Rectrophoresis is constdered as & valuable tecimique for
ovalusting the quantitative and qualitative distribution of
serun protein fractions, Agar gel slectrophoresis method whish
mmmmmmmmmmumw
protein freotions of sexun of gost. The electrophoretogran
clearly distinguished albwmin, alpha globtulin, bets globulin
and gama glotulin fractions of ssrum while subfractions of
globulin could not he unifommly dlsgened in all cases. 3Sepe-
ration of protein fractions of serun into slbumin, alpha=i,
alpha 2, beta and garma gloduline by pepar elsctrophoresis was
repoxted by Lowis (1976) and Castro gt al. (1977).

With seversl samples the protein phasses Were soen over-
lapped in electrophoresograns and henoe quantitstion of
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individual globulin fyachions oould not be attempted,
Osbaldiston (1973) had qaantitated noxmal sexrum protein
fraotions of domestic snimals using elsctrophoresis an osllu-
1000 acetats medium, M tod had cbeexved thet several of the
sexum samples d4id not provide distinct separstion into protein
containing sones in the alectrophoswtograms.

With the present study the albumin=globulin ratio was
casily obtained by demsitemster tracing of the electrophore-
tograns and this ratioc was used to work out the gquantitative
shife in the major serum prodsin fractions of gosts infeoted
with . aasndotubssulonis.

During the posteinfestion period, group I goats showed
an increass in globulin contant cnly during the lst and 4th
weak while with all other samples the globulin content was
found to be decressed. Tiw globulin content was found €o be
uniformly increased with serum samples collected from control
goats throughout the period of cbeerwvation emcept st the 7th
and 1lth wesk, Though there were some apparent difference
wish A1G ratio beswesn infected and control animals, signifi-
cant difference was recorded only during the 1st week of
infection.

Castro g% al. (1977) reported thw normal AsG rstioc of
Pygmy Qosts as 0.8 4 0.3, Gamesl and Tarvtour (1974) reparted
a Gefinite decresse in serum gammm globulin in sheep suffering
from subacuts form of CLA, while Rl-Abdin gt al. (1977) and
Brown gt al. (1983) cbeerved no change,
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The presmnk resulss shaved that with infected gosts,
there was significant inaresss in total serwn protein while
the conoemrasion of globmlin frastion relatively decreased.
™he fnoresse {n total serum peotain might bHe dus to the free
hasnmeglobin in the serum consequent %0 the hasmolytic action
of toxin from G, DOMNCRNENIQNLA 38 Feported by Gamesl and
Tartour (197¢), Brown gk ale (1988) cbtwezved that thexe was
a drastic incvease in fibtrinogen gontent in the serum of goats
imwdtately after sxperimental infestion with C. pesudotubes-
Sulealiss Which would also sooownh for the increassd total serun
peotain,. In en immne stisuleted snimal, sn inoresse in
protein content need not be due to the incresse in gamme
glotuiin fraction alons. The fmwane oonplemes formsd and
resorpiion of the pus might also result in ingroase of towal
sezun protein (Schalm, 1970),

The globulin content in sara of OOntrol goats 414 show
slight fnoresse and this might prabebly indicats that the
oomtzol animals had rescted normally to the extransous agents
to viilch they might have got expassd, On the other hand,
glabulin fxaction of infectad goats was found relatively
decressed nd this probably indiostes the possibility of
supprossed glebulin peodustion, An general by G. pegudotuber-
S00ls infection, even though it slicited specific antibody
produstion.

Hamaral antibody response to G. pesadetuberuloeis
infection in animals was assessed by several ssrological
mathods and cach method was xeporited to have advantages and
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disadvantages (Shigidi, 1979). Hasmolysis inhibition test
was shown to be highly effioient in detecting antibody to

G GUAR ewotontin in nsturally/artificially infected animals
{suryell, 1980a) and in actively/passively immmised snimals
(Burrell, 1981; land gt al.s 1982s and b). Dus to the simpli~
city of the proocsdure and the high efficiency of the test
reportad, HIT was axployed in the pressnt study to manitor
the antibody responss.

Specific antibody agtivity in the serun of infected gosts
was socn with the increese in hasmolysis inhibision titre,
The oontrel animels remained seronsgative with HIT, throughout
the cbesxvation period. In the pressot study, the group I
goets vhich were infected experimentally, showed detectable
level of specific antibody from the 3rd wesk post~inooulatien.
The peak antibody level was achisved by thes Sgh week of infec-
tion and thereaftsr the titre was found to dwindle gradually
till the 11th week. 5hen g§ al. (1982) recorded similar results
when antibody sesponse wes monitored in gosts employing KLISA
sechnique.

During the later part of the obssrvation period (12th
and 13th week) a marginal increase in the antibody titre was
noted and this aould possibly indicate secondary imane res-
ponse by the animals which were contimously sxposed o the
toxing, Bvidences for sscondary response during the later
pariod of infection have been put forwsrd by Hasband end
vataon (1977).



143

or its products vas considesed as an indispenseble mechanien
by which the fommity is ssdismed in antmels. The results
ebtained {n the present mperiment also indicated thak during
40 yivg malsiplication of bactaris, it lideratad suffiacient
antigenic toxin which induosd humoral antitoxin production
and diagnostic level of antisowin in serum was dedsotabls in
infected animal by HIT from tho 4th week onwards,

The ledlooyts counts obtained befors the start of the
operiment vith goats from growp I and ITI (10718 & 637 end
11242 £ 630 vespectively) ware in clese agresmsat with the
nozmal values for the species desswibed by Schalm (1970)., The
present data thus indicsted thak Shere wvere not much Aifference
in «he lsuldcyte ommts of Malabari crosse-ilwed goats from that
of other breads. The total lewlmuyhe coumts rescrded for
group IIX consrol goats were ageain wishin the nozmsl range
(9964 2 348 vo 121357 & 733) during the entire ohesrvstion
period,

On infection of group X gosts with . neeudotubasoMlonis.
the animals presentad mezked laukscytoxis and the degres of
lsukocytostis seansd 0 fluotusts o8 days pessed by, The perio-
dioal lsuooytosis might indloshe she recurzent flaxe up of
bacterisl osils in tissues, I was worth to note that the
peak leukogytosis in growp I gosts wes during the Ind week of
infection, probabhly the time at which massive mmber of vigu-
lent beoteris sttenk she host system and to which the phago-

cyeit system reacts drastically with the resutant leukocytosis.
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The sheolute lymphtayhe osunts obtained both st pwe and
post infection perteds of greup T and IIX goats 4id not show
significant differsnoes and the veluss ware comparshle to the
normal counts sepoxted for the speaies by Schalm (1970). Pex-
omtage dissribution of lymphocybes in dtfferentisl counts
showad a3 subetantial reduction during the first thres wesks,
and moderets reductions st Sth, 9th and 13th weeks of infeo~
tion. It was worth to note that throughout the period of
obsaxvation, the infected animals showed mmmrically low
AEphooyts peromtage sorpeyed 0 GOntrol goats, but abaolute
oomt remained wnatfected. This indicsted that the infection
did not detrimentally influwmce the lymphocyte populations but
the perosntage distridution of thess osllis was Japt low in
the paripheral bload consequant 40 the inareass of other
Asukogyeses.

Consequent to infeskion, the sbeolute neusruphil counts
recorded for group I goats ware oonsissantly high throughout
the chearvation period, compercd to comrol gosts, The
increass in neutrophil counts was signifiosnt exoept during
the oth and 1ith week of cbsarvation,

The perosntage Aistribugion of neutrophils recorded 4in
aifferential counes wis wniformly high with group I infected
goats when oampared to control gests but the differences
betwesn the group valuss were significent only during 1st,
and, 3wd, Sth, 9th, 10th and 13th wesk of cheecvation,

Sintlar resulss were reported earifer in sheep infected
vith G, cmesticsnitoads) by Gansel end Tertour (1974) and
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wmm.Wumamuw
number and s dvop in lymphecyte pexventage in differential
cowt. Bacterial infeotion with localisation and pus forme-
tion stimulates maxhed nowtruphilia, Considering the slow
snd progressive nsture of the C. pamdatuRarsuleals infeation,
1t would be sppropriate %0 consider that the period of neutro-
philia o coincide the tine of maitiplication and spresd of
hactaxia in the body.

Maddy (1993) zeporsed that the lsukocidin which killed
lsulnoytes and deposited in sity vas responsible for absoess
formation by . gvige Cameven and Smit (1970) demonstrated
the §n vitip leukocidal ackivity of the protoplamaic tomin of
Qe gyig and opined that leukocidal sotion of toxin contributed
the neorotising property of the beoteris.

The results ocbtained in the presmt study did not evi-
dence sny i Yivo leulonidal pwepesty of the tonin, as thewe
vas no reduction in shecluke leuhocyte count in the peripherel
blood, sven after the infected anisals had developed sbecess
in lysphnodes.

T™he absoluts count or the perosntage distribution in
differential count with regaxd %o eosincphil, monooyte snd
basophil ALld not 4differ between the infeoted and control goats,
which indicated the noninvolvemsnt of these osll types in the
pethogenesis or imoune response mounted against C. peaudotuher-
sulosis infection in gosts.

Guangification of cellular changes hrought out by the
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Lne Xesponse in the sysesm would be possible only by
separating she effector calls (lynmphooytes) and their charso-
terisation. Assays of T and Belysghocytes in the peripteral
bhleod are currently in wids use in clinical immmology for
understanding Lemmnity to infecsious dissases (Suites, 1980).

Seperation of thw perigheral hleod mononuclear cells from
sevaral species of animels has been suooessfully doos by
denaity gradisnt ocsntrifugation (Soyam, 19683 Sowles gt A).»
1975; Outteridps gk Ales 1901; Sulochans g Al 1963; Jemes,
1988), Banks and Greenlea (1983) reported the requirement of
a higher dmsisy and gesvisy (1.0 to 1,082 g/l cantrifuged
ab 1200 x g) for bhetter separstion of goat mononuclears, bt
the present study had proved a low density and gravity (1.077 g/md
osntrifuged at 720 x g) would be sufficiemt for the separation
of gost menonuclears. Sulschans gh al. {1982) alse sucoess-
fully esployed aimilar methwdology as sdopted in the present
suldy,

™S separsted moncouslesr alls waxs found to omwain on
an average 91,8 X iynphooyses an? 8,3% monoaytes with an
aversge viability of 21.2%. Mmost similar valuss were reporsed
by Benks and Greonlies (1963) when monommclears of gost, sepe~
Fated by iscpyonic centrifugetion.

Assesamanrt of lymphiocyte pspulstions and their charao-
terisation would provide evidemoss of alterstion in the Lmmmne
systen dus to disease, malicnangy or any other abnoemality.

The lynphocytes sre distinguished L1mao two major subpopulations -
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T and Belymphocytes =~ besed on 4istinct surfasos merkers and
thair functiocns.

Charscterisstion of Aymphooyte subpopulstions and changes
in the B and Twoell ratie mighs provide sn inaight into the
effectivensss of the Lwmme FTeSpIUSe OF about the aberrant
nature of the infection. #inoe the lymphooytes in the peri-
pharsl blood ¢ oansidered as a Grosscut representation of
the total lyphoayte populatsion in the holdy, ascesmosnt and
characterisastion of periphberal blood iysgphocytes would tell
upon the general changes in the fmmme systenr of the body.

The B and Telynphooyte subpopulations of goats have nok
yot bean stuiied by maty wOrNers.

B=lymphooytes of human and animal ocigin are readily
diminguished from other subpupulsticons hosed on the presencs
of puzbwade Ig and receptors for aomplement and P¢ region of
290 (Winchestar and Ross, 1978). COuile hearing surfaoe Ig are
quankicated by staining wish fluswescinated anti g, whereas
oells possessing reosptors for ¥o and C3 are amsmrated by EA
and BAC yosette assays respeoatively.

EAC rosstte assay is widely used to distinguish Becslls
(alanwe o) gles 1970 Ehlsnbecger and Nussensweig, 1976).
BAC rosette sasay method enploying bowins red cells wes con-
sideved smuperior over methods esplayed with sheep xed cells,
sinos bovine red oslls 40 ROt £OM EPORLANAOUS rosette with
lymphocytes (Stites, 1960). Peaulls emmaerated by EAC rosetys
assay from hovines Kanged 1333 (wilkie gt al.. 197
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Yaurs gk Alss 1979) equine 21% Ulayur and dghleger, 1978)
porcine 16.8=19,2% (Shimaw: 9§ Al 1976 Jomes, 1988) and
ovines 2%,8% (Outharidos gk al.» 1981).

During the present study, the normal perosntage of
B+cells in the periphersl blood af goats was estinated to
range between 8,56 and 12,3 by RAC rosetis assay. More or
less sinilar peroentage of Beceils in the pexipheral blood
of goat wes reported (Sulochens gt Ales 19833 Banks and
Greanles, 19623 De Martini gi alss 1983) while highar paxosn-
tage (35,18 £ 7.03) was reportsd by Yang and Shisn (1980),

Whan Decalls wers quartitated st woekly intervals, thare
was significent tncreass in the perosatage of cslls with
group X gosts by the Ind week of infection ouxpared to group IIX
gosts, This ingresse was recorded till the 10th week of
infection sxoept at the 35th veek, duxring which period the
inoresse wes not statisticelly signifiocant. During the posw-

infection pariod B-csll PErXoeniagh SangRd 12.3 & 0.85 - 17,62 &
1.2 with group I coats while in control gosts it ranged 8,98
0.78 = 13.3 £ 1.09. 7he zesults thus presented here indicoted

that C. paandotiiberouionis infession in goats had produced
wifarnly high Begell count in psgipberal blood, compared to
acntrol goats.

It would be worth while to note that the specific snti~
body activity in the serun of infected goats was aleo found to
be inovessing from the Ind wesk snd it athained the paek level
by the S¢h week of infection. The increase in the antibody
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sisre in the serum seemed %0 be well ooxresponding with the
Ancrease in ¢he B.osll population in the peripheral blced
(sew tabls 9 and 19), This ehearwetion shows s positive
oorvelation of antibady sitwe and Be0sll oounts.

Since emotaxin was the antigen in the HIT, the test
astectad only ths antitoxin in the sexuws of the snimal. But
the sustained incxesse in the Beoell ocount in the infected
animal, would probably indicate the lamoral antibody response
to other antigens of the beckeria as goats were inoculased
with live vizulent C. DeSdOSbARGMIONLE. Burrell (1981)
cbesrved miltiple precipitin linss with exctoxin prepsrstion
snd sexum from ClA affectsd shaep,. Though desvelopment of
antihody against toxin, osll wall, protoplass and whole osil
sntigens had been chesrved, absoluse immnity to G. pesudotubar-
Sulasis could not be established in either of the above res-
ponses (Jolly, 19635 Cemsxaon and Minnar, 1969) Canaron and
Purdon, 1971).

Brodgen gt ale (1983) showed that cell wall antigens were
superior over whols cell antigen for antibody produgtion in
lanbe and pesk leval of amiibody attained by 41lst day poste
injection. Husbend and Wageon (1977) had oheerved only poos
amibody reeponse in the serum and Llymph of shesp, following
injection of live/killed G. gyig into the afferent popiiteal
lysphstic duct. They demmonstrased the increased output of
hlast oslls having surface IgM (indicetive of primery responee)
and Igc {long standing secondary responss) from the infectsd
iynphneds as direct evidence for lmwmoral imune response.
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This fmeune responsd was prencunced and prolonged with live
bacteria wvhen compared to killed C. gyig and effect could be
due to the conttinuad libderstion of the antigmmic substances
from multiplying dectecia.

T-lynphocytes of vertstwates have been identified and
enumerated smploying several meriers. Out of the many asasying
tachniques descoribod, demmnstragion of lysphooyts specific
surfsce antigens by using monoclonal antibody (Bhan gt al..
19603 Rednhers g% Al.s 1981), nonelmming rosetts (E.rosette)
formstion with heterologous swyshrooysss (Jondal gt al.s 1973
Collins g} Al.. 1976) and demonstration of nene-gpecific eamymic
alphanaphthyl acetste estarase (AAR) astivity (Mnowles g% al..
19783 Reddy gt Al+» 1960) axe routinely employed to identify
Teoslls.

In the present study also Telymphooytes of goats ware
suoosssfully identified and enumernted by E-rosette asssy and
ANE activity.

Sheep exythroaytas formed spomtansous rosettas with goat
pexiphersl dlood ilymphogytes when suspended overaioght in
tissue culture mediun supplemented with 30% calf serum, Majo-
ity of such rosettes presented srythrooytes at the entire
pexiphery of lymphooytes which indicated the presence of
ssveral receptors to sheep red cells on the surfecs of gost
lymphooytes.

Iguphosytes from several species of animals were showmn 4o
vary in their ability to form rosstte with heterclogous erythro-
cyses (Jondal ok al«s 19733 Taylor gk Ales 1975: Bowles ot al..
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1973; Riggins and Stack, 19775 Xawrs g% Als, 1979). Aecording
o Yang and Shein (1980) ameng the sleven hetexologous exythro-
aytee which they tried, foul esythreoysss vere fomd to form
nanisee rosetts with lymphooytes frem peripheral hlood of gost,
But Sulochana gt ale (1982) zepoxesd that only sheep erythro-
oyte formed Berosetts with gost lymphecytes, when they hod
anployed, sheep, cattle and chiokan red ocslls for occmparison,
The present stidy proves that shesp xythrooytes could very
well be used for delinsstion of Tegells by B-rosetes asssy as
obsscved by Sulochans gt al. (1968).

In the present GXpEZizant th ROAR DIOENtage Of B=rosstts
positive lymphooytes ranged .88 3 3,66 - 36,74 £ 1.M in
nommal gosts and almost similer velus (26,51 3 2.05) was
reporsed eariier by Sulochans g% Ale (1962) for the sane
breed of gost. Yang and Zmin (1900) reported chat only
9.59 3 2.06% of pariphersl hlood lywphocyte of goat ware posi-
tive for Rerosstts. On the otha® hand Banks and Greenlee (1981)
had reported thas §% & 11% of goat lymphooytes were T-oslls
whin sstimated by psanut sgulutinin Dipding property and
De Martin gt al. (1963) recorded 37,4 3 4% Tecells with the
same bechnigque. The Alfferencs in breads of goats teatad snd
sensitivity of each of tha assaying systsn enploved would
splain the meried variations in valuss of Teoells of goats
seporysd £from this laborstory and from that of others,

B«rosatte formation by Teoslls was reported to be affectad
by many varisbles such as incubatisn time, tamperature, serun
csnosntration and the propection of eryshaecytes to lymphooytes
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(Mendes gt )., 19743 Yeody, 1975; Crewal g§ al.. 1976; Tarr
5 Akes 1977), Treatmens of exythrooytes with chamicals or

ensymes has been shown t0 anhanos rosstte formation (Chapel,
1973; Rscajadillo and Binns, 197%a; Paul g% al., 19792). In
the presant stuly the variables sffecting B-rosette formstion
vith gost lymphooytes have not heen studied,

T™he enumareted level of B-rosstse positive Telyxphocytes
in controls 414 not show magh variation over a pariocd of
13 weeks (21.19 ¢ 2.11 - 26,88 £ 2.30). This cbesrvation
substantiated the point that sheep exythrocyts rosotte for-
mstion by T-oslls of goat had nok besn influenced by unimown
varisbles and the present method could detect T-oalls of goats
easily.

Cellular immuns responss is understood to play vesy
vital role in conferring resistance sgainst several faculta-
tive intrasellular bacteris (Yosaans, 197%; Collins and
Campbell, 19682), Sinoe T-galls ave the pivot cells which
mediats csliuler immune response, sstinmetion of circulating
T-0slls in the peripheral blood is en accepted method for
davermining the level of OMI in disease conditions (Campbell,
197). Twoells axe best emmarated by E~rosetto sosays either
as aotive or total E-zosstte forming oslls. Active rosette
forming cells are subpopulstion of toksl rosetts forming cells
and the proportion betwesn thess subests varies in different
diseass conditions (Yu, 1973%; Wyhean snd Pudenberg, 1974).

Iz has bheen further reported that msiber of active rosstte
forming oslls would reflegt betisr the T-gells competence as
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prognostic ald in diggnesis of disseses (Wybran and Fudenbery,
19743 Prabhu and Reddy, 1963).

On ssperimental infection, group I goats showed a signi~
ficant Tefuction in Twosll peroentegs (18.44 & 1.40) compared
80 controls (24.83 & 2.33) st the £irss week. By the seoond
vesk also the E-rosstys positive Teoslls were found to e
low (21.13 2 1.83) but the redustion was not eignificant.
When Twoells WOre enamerated based on ANAE activity, the con-
omsration of thess cells wes not found to be changed signi~
ticantly froa that of contyole during the sntire cheervation
pexiod, Though a reduction in S«zoentoe positive T-oslly
vas recorded,the absoluse lymphooySe count during the period
was not affecwed.

Though Twaslls are identified and anumersted based on
E=sosstte assay end ANAR sctivity, 1t is reported that esti-
mation of active rosstte fornming Twoslls would be of more
value for detarmining Twosll cempstence (¥Wybran and Fudmmberyg,
19743 Prabiwm and Reddy, 1983), Moswower the stimulatory and
functional alterations beought about in the lymphocytes were
aleo found ©0 Anfluenoe the B.roeethe formation and ANAR aotie
visy of the cells (Xnowles gt gl.s 1978),

Reduction of Bwrosstts forming oells in the pexipheral
bleod of infected goats would probably indicste the transient
funcrional alterstion osused to this subpopulation of oells.
Patients with acute bacterial and viral disesses have been
shown 4o have low percentage of T=0slls whan assayed for total
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Bexossttes and amii Teserum markecs (Miklasson and Williems,
1974). Wybwan and Fuleaberg (1973) reported that active
Berosetss peroentags was found decreased in viral disesases
but remained nosmal in bacterisl Anfections. In the present
sxparimert also tho goats deweloped transient acute symptoms
of becterisl infegtion following incoulation of . pAMKGRMLAE-
Suloain and the peried st which reduction in Berosstte posi
tive oslls cbheerved, coincided with the acute stage of the
initial racterial infection.

Yot another possidilisy for she inttial reduction of
Twgolls oould be the tamporary arrest of T-osll cireulstion
from the lymphnode. The tokal lymphooyte number was found
nmaintained sither dus to the hiast cell response from the
Beosll ares or due to the achive mobility of B-cells from
ssoordary lymphoid organs as cheesved by Husbend and Watson
(1977), Zats (1978) alisc cbesrved that lymphooytes were
found to be trapped within the draining lymphnodes of actively
infeoted animals.

Prom the 3x¢ week of infeotion anwerds, inareass in the
Berosstte forning Twoell peromtage was recorded and signifi-
cant inorease was noted by the 5eh, 6¢h, 7¢h, Bth, 12th and
13¢h week of infeotion, the saximum was recardad at the 13th
wesk (39,24 & 1.58%), During the above pariods the Twosll
peromntace in the control gosts Aid not show any substantial
change as it renged betwesn 21,68 £ 3 g = 25.52 3 3.14s Even
&t she 9th, 10th and 1ith week of infookion, Be-rosetts positive
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aells vere numerically high ut the difference from that of
oonkrols was not significen.

There sre no published Jisewsture aveilable on T and
Belymphogyte proffile of animsls sffected with CLA sxoupt the
report by Sulochans gt al. (1962). ¥Thay cbesxved that oom-
pasved to nomal, CLA affected Qoats had only lower paroen-
tage of Twoslls estimeted by B.«reestte assay. In the adbove
menkioned study, the goats used were older (1 ¢o 3 years old)
a8 oumpared to younger goats (8 to 12 month old) employed in
the peosent study, The stage of the infeotion in the gosts
which vere enployed for the study by Sulochans gk al. (1983)
was not assessad, 3inoe older snimals with natural Anfection
ware employed in their study, it would be appropriate to pre-
sune that the animals were sutfering from advanoed chronis
form of CLA, vherein xedustion of Twoells could be expected,

On the oontrary, the Desults ckained in the present
study showad a detiniss inoresse in B-rosette positive Twcells
in the peripharal blood of goats, superimentally infected wigh
S pemadotubexuloais, from tha Jrd week of infection amards.

Savaral powvious worlses had pointed out the significance
of osll=medisved trvune respones for conferring imwnity to
ClA (Jolly, 1965k) Hard, 19¢Se; Hawd, 1970 Husband and Watson,
i,

Camsron (1972) wes of the opinion that neithar the osllu-

lar immine response nor the humsrsl amiibody response egainet
the becteria independently confer absolute imwmity to C. gvis
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byt the participation of »egh the meshantien would be required,

Hard (1970) demonesTabed adeptive txansfer of frowunity
o o Qris vhen perisonsal eslis were transfered from immane
aios to gecsipient mice, He hed further chesrved that lympho-
cyte 1ike cells snd mononuclear phagoaytes were spparently
ogually sapshle of induaing fmmunity in mios. The association
of mature immne maYorheges wes postulated for the functioning
of geliular imemmity to C. pENIGRAEGUloslis by Jolly (19635e)
and Haxa (1972),

usbend and Wateon (1977) by demonstrating an increase in
the susber of lymphoblast cubput from infected lymphnodes
Aemonetrated that immunity v C. pasmdetuberculcsls ves coll-
mdisted,

™he results presented in this study suppocted the theocy
of cell~amdisted fmewne response to G, Remdgtuberculosis since
infectad gosts prosented suhetamial increase of T-ocells in
the pariphersl blood. T™he hide in Berosette positive T-=oells
was not cootinuous and this omild be anticipated stnoe the
inwane response is mediated by & popmiation of short lived
iywphocytes which increase sherply in mmbers following infeo-
tion with most of the faocultative ingreoellular bactaris, which
decline afser & renerimbly showt pexriod of time as teported by
Norch (1973),

Prom the clinical piogure of the snimals it was obesrved
that all the lymphnodes were noh simultansously affected but
thare existad same varistion in pariods at whioh differant
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nofies were affected. The fluctustion in the Berosetts posi-
tive cells would probebly coErespond 5o the stage of infestion
of lynphnodes in the animals, Beh and lesoellss (1974) sugges-
ted & temporary cessation of reciroulstion of Telymphocytes
during the early phase of yesponse in the lymphnoda, Zsts
(1976) dsmonstrated trapping of lymphocytes in the draining
lymghnodes of tuberculous snimals whan BCG was injected,

Damonstration of ANAB activity is yet anocthexr marier
considered for emusration of Tecells, Considering the effi-
oacy and easinsss of the method, demonstration of N activity
is widely used for identifying Twoells in meny species of
animals (Knowles gt gl.s 1978 Reddy g al.o 19003 Rajan gt al..
1962) Sulochans g% al.. 1982).

In the pressnt study, T-gells of goat were identified and
emmerated based on denstration of ANAE activity. Goet
iymphoaytes vhich presented ANMAR sctivity were with one or two
localised nodular pink to red coloured reaction products in
the ocytoplas: adjsomnt to the cell mmbrane and it similated
the Tepstiern of ANAE activity dssevibed for humen Twlympho-
aytes by Mnowlas gt al. (1978). The rssction pettarn obdtained
with lymphooysas of goat wes similar to what had been dsecribed
sarliexr for osher species (Reddy g% Al.. 198903 Valsala gt al..
1981; Rajan gt gl 1983),

Fixing of somars of monsoualear cells with acestone-citric
acid solution had made possible to leep the fimed smsars in dry
state, which facilitated betch steiaing. Otiorno and Beverly
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{1981) had xepocted sarlier, the ussfulness of acetone-gitric
acid for fixing the manomwalesy oells for the demonstration

of AFABR activity and swoh fixing was shown not 4o intarfere
with the enmymic activity of the osll even when the £imed
smars ware dried and stowed for longer periods, The results
obbatned in the present stady aleso indicated the usefulness of
aostone=citric scid solukien for fixing of masars for ANAR
staining. Unlils the procedure followed by Xnowles gt al. (1979)
vherein the £ixed sasers need ¢0 be Jept in wet state throughout
the fixing and staining operstions, the method of fixation
followed in the pressnt study, retained ANAR activity of cslis
oven vhen the cells were drisd after flxation.

Batore the stary of the ewperiment the mean percentage of
ANAB positive oells in group I goats was 28.09 & 1,51 while St
was 35,80 & 4.86 for group IIX gontrol goats. The Aifference
in values betwesn the tws groups wes not signifiosnt. The mean
Peroentags of ANAEZ positive Twaslls xanged betwoesn 30,83 £ 3.5 -
36.91 £ 3,61 &uring the 13 wesks observation period in
group IIT control gosts, whils i¢ ranged 20,91 2 2,06-33.78 4 1.99
for group I infected goats. Though s slight mmarical increase
in the ANAE positive T-0slls wes abesrved in infectad goats,
compared to their preinfection noemal values, it did not show
mmuemmm&mm

™he meen psromntags of Twgells sstimated by Be-yosstte
assay for group I and group IXX goats (26.74 £ 1.34 and 24,53 &
3.08 respectively) was less canpared 0 T=oslls emsmtated by
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ANAE activity (26.09 & 1.52 and 35,08 3 4.8 respectively)
during the preintection paried, Signifiosnt hile in Beroastte
positive iymphooytes congenkfation was recorded in group X
gosts after infection while sush change oould not bs ohsexved
wish ANAR poattive lymphooytes.

Eariier Salochans g3 gl (1963) recosvded ANAR poattive
lymphacytes fxom noxmal goats as 20,89 + 2,36 % in the peri-
pheral blood oslle which is nsar %0 the valuss obtained in
the present. study, The normal lewel of ANAE poaitive lympho-
aytes in the peripheral blood was Teportad to vary asocording
ta the species of animals sested hut renained at moxw or less
constant level within the species (Reddy et al.. 19603 Rajan
2% Akes 1082),

movies gt al. (1978) and xnowles gt al. (1979) omployed
BeXOSGRte assay and ANAR activity simmltaneously for evalusting
the lymphocytes of man and Xeported that the peromntage of
Berogsetss forming oalls was nesrly oomparshle to the AMAR posi-
tive oells in the periphesal hlood. Tottermen gt al. (1977)
and Knowles gt al. (1978) had further chesxved that lymphoblaste
obtained by stimulating T-oslls with mitogen were able to retain
the Berosette formation proparty dut lost their ANAE activity.
It was also daonstratod that AMAR negative blast oslls ocould
xegain AMAE activity on seversion 40 lymphooytes,

In the present study, thers was substantial incresse in
Berosstte forming ocslls in the peripheral blood of infected
goats vhile such changs was not noWed with AR positive oells,
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eventhough both the asssys were imtended to idmtify the
Telynphooytes., When goats wewe infected with C. pesdotuber-
Sesis. the bacterial sntigens would necsssarily stimulate
the specific clones of lymphooytas which in tusn get transe
formed to lymphoblasts, The meture Telymphooytes and lympho-
blasts from such animals were @apected to form B-rosettes,
whiieh might have acoounted for the inorease in total E-xosetts
foxming oells, 3inoe lymphoblasts were knowm to be devold of
AHAR activity, corresponding incresse in ANAR positive cells
ocould not be recordsd in infected animals as against Ee.rosette
forming oells. This obesrvation spports the view that esti~
metion of active rosette forming oells refleocts the T-oell
competenae in dissase conditions (Mybwan and Fudenberg, 19743
Prabhu and Reddy, 1983).

Antigen dependent inhibition of leukocyte migration was
considered as & reliable messurement of call medisted immunity
and the test vas often used as an 15 yitro method to assess
oell-mediated immunity in many infeotious diseases. The results
citained in the present study indicated positive leoukocyte
migration inhiddtion in all gosts experimentally infected with
S DAMMSNUDAXGUQELR Yhich also pointsd the role of cell-
medisted Lmmne response in this infection.

In the present method leudoaytes from peripheral blood
was collected My £lash lysis of REC using distilled water and
subssgquent omtrifugation. High perventage of wviability
(sverage 90%) for such separated oslis was ocbserved and the
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method wes found sasy snd Reliable fox ssparation of leukooytes
from peripheral blood, The ssms method was previously eeployed
by several other wariere (Bendiwsn, 19773 Docssy and Deyoe,
19623 Sulothana 3t A)s» 1982}, leukocytes fron blood was
ssparated by several other methods vis., ommotic shock with
0.83% ammonium chioride solution (waldshiwet and sScott, 19823
Chambers snd Klesius, 1984), Piooll=fHypagque technique (Asadegan
ot Ales 1981) and sedimentatian for buffy coat collection
{Rosonberg and David, 1970; Tioms, 1979).

A population density of 1.8 x 10° celis/ni was found
suisable for LMIT with gost leukocyses. Asadegen gt ale (1961)
had observed that as the conosmirstion of oslls incressed, the
migration sons was slso inoressed,

The culture suparnatant having emotoxin activity (whexe
P adjusted to 7,2) prepared from €. REMUGCRLSXOULONLE could
be suncossfully used as antigen in the test. The toxin oone
omtration wes uniforn to contain & heamolysin titre of 116
and a4 this conomtration and pil, £t was found nonetoxdie to
loukooytes as evidenosd with the normal migration of oells
from oontyel snimals. Chandirasent and Garg (1982) reported
the use of sonicated G, gyig oell emirscht as antigen in LMIT,

™he dlrect IMI assay tnder sgaroes was considered a
sinple and rapid 1o ¥YiLEQ technique, bub the resulta have been
critically affectad by a mmbar of factors such as Cell COobe
omtration, pi, length of incubation and endosoxin action
(Chambers and Klesius, 1984). In the pressnt stuly variables



162

affecting the test vere not stulied as {t was nokt the primery
objective,

Bafore the start of the wwparisent the saverags nigration
index recorded for both group X and IIT gosts wos: 0,93 & 0,02
and 0,94 £ 0,01 respeotively, /nr she difference between the
groups was not significant., Afser infection of group I goets,
the migretion index yecosded st 15 days intarvals showed
reduction. Significant reductien of migrstion indax was noted
by the 45th day posteinfection and the maxims: reduction
reoorded by the S0th day (0,36 £ 0.97), It was cbesrved that
lsukocytes from all experimentally infected goats produced
sdgration inden less than 0.8 during the poste-infoction period
{73 days cbesrvation) whils lswogytes from control goats
exhibited migration index of above 0.8,

Migration Anhibition of leulocytes was considered as &
mssure of CMX response and used to diagnoss microbial infeo-
tions (Buening, 19733 Bendiwsn, 1977 Timne, 1979; Asadegan
2% 2)es 1981; Dorsesy and Deyoe, 1983), It was reported that
osllulsr imsunity required the involvement of living cells and
was depandent on the presence of antigen in the host. Rven
then the osll-mediated immne xesponss was found to he of chort
amration especislly against intracsliliular bacteria (Collins
and Campbell, 1963). Howaver, Collins (1969) cbessved thet
svanthough CMI protective level precedes psak hamoral response ,
it 45 not of much significance for protection sgainst primery
infection,
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Chandiramani and Carg (198%) mads 8 solitary repore
about the use of LMIT o menliter CHMX in sheep infected/veoai~
nated with G, guise In the pRessst swady also the data
obtained presanted signiffcent diffsrencs bhetwesn the miges-
tion of levimaytes from infeswsd and noneinfected goats. 3inoe
LMIT was oot of the methods followed 40 assess the oell~umdisted
fmwane Teeponss, the results pressntad heye indicated the
paxtinipation of cuoll~medisted fmwme respones in goats
infected with . pemndenubarculosis.

Resulss of the skin hyparsensisivity resction in gosts
wperimentally infected with C. pesdotiacailoals (grovp X
gosts) indicated that dolaysd typs of hypessensisivity was
oliciwed following intradermal adadnissrasion of towic culture
supNnatsnt prepared from the bhacteria. The oontrol animals
(group TIZ) rematned negetive for hypsrsensitive resctions
whan fnjected with toxic culture supersetant,. Ia the infected
aninals, delayed hypersensitivity was noticed maximslly st
48 h posywsnsitisstion ss indicsted by significent inoxease
in skin shickness which was painful ond haxd on palpation.

Skin biopsy at 48 h revealed significant infiltration of
lymphooytes and macrophages in the perifolliiculer and pari-
giandulsr avea in contrast to the skin biopay fram comtrol
animale, Cystic glandnlsr dilatation with mononuclear infil.
sration in oystic space, congustion of blood vessals with
perivasculsr infilerstion of lymphooytes and msarophages and
dermal osdema were also the festures of the zeaction in the
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skin from infecked animsls, Ristelogically the akin biopey
from control animals was near normsl exoept for the pressnce
of sparse lysphocytes and nsutrephils st the perivescular
space.

Tubsroulin which vas employed as a non-specific antigen
o alicit hypersensitive resction failed ¢o produse positive
tess aither in the infected or contirol animals. Skin biopey
fram both the growp of animels was also histologically normal.

Deleyed hypersensisive resction (Typs XV hypersensitivity)
18 Jdnowm €0 be evoled by seversl infectious agents which mount
osll-msdisted immme respawe. This resstion msasures the
esllular response of the individuals ¢ an allergen injected
subsequently t0 a eensisised anisal. Tha test is considered
of high valus for dlagnoais of infections dus to ssvarasl of
the facultasive intracellular bacteria (Collins and Caompbell,
1982) and fungus (Kaufman, 1976), Existence of delayed type
hypersensitivity is considexed as one of the characteristics
of soquired osliular resistanoe (Waslooack, 1973).

Delaysd hypersensitive resction in animale suffering from
CLA bad hoen cbeexved in fow studies reported saxlier. Aller-
gsaic materisis prepared from Q. paEMGRUbAKCUlOSls An the
sane manner as tuberculin preparation (Carne, 1932) anstgen
fram 'S strain of £. gyia (Canezon and MoOmic, 1940) filtrste
of heat killed broth culture of S, Qvis (Yarid and Halmoud,
1961) and soniosted §. grig oells (Renshav ot al., 1979
Chandiramani and Garg, 1983) were the sensitising sntigens
euployed for the tese previcusly.
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Parid and Mshmoud (1961) and Chandirameni and Garg (1962)
were of the opinion thet delayed hypersensitive reaction
produced in infected animal wes diagnostic and indiastive of
strong oollular immne Tespense evolmd by the bacteria.
Renshew gt al. (1979) ohesxved that this test was of little
use in the dlsgnosis of CLA in sheap as only S0% of the known
infected snimals Tesctsd positive o the test.

T™he result obtained in the present study svidenced the
usefulness of waxic culture supermatant of C. peeudotubsrculosis
as ssnsitining antigen for indusing hyperssnsitive reaction,
a8 all {nfected animals reacted positive to the test, The
histological picture oheerved in the skin was sinilar to the
characteristic tissue changes desaribed for tubsrculin hypesr-
senaitivisy (Tisard, 1981).

The present results showsd the inshility of the non-
aspecific antigen, tubsrculin, to evele hyperssnsitive resction
in ClA affected goats, Barakat (1979) reported suovessful
vaccination of sheep against CLA with viable BCG, The results
obtained {in the presont study 4id4 not support the obearvation
of Baralat (1979) aince tubsroulin could not elicit any hyper-
sansitive reaction in known CIA affected goats.

T™he results of the pathogemicity studies indicsted that
4rrvespective of the routs of infections vis,, sulbmucosal, intra-
dezmal and suboutaneous, there was an initial logal lesion at
the site of infection and this was followed later by the deve

logment of absoess in the lossl/regional lymphnodes. At
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necropey, gross lesions wase evident in the superficisl lymph-
nodes on the 15th day posteinooulation tteelf; the time at
which the first gost wes necxopsied, From the yesults it wes
cbssxved that osctain lymphnodes wers severely affected with
total dsstruction of the parenchyms snd ths lymphnodes wers
soen a8 & mass of caseating pus encapsulated by thick fihrous
capsile. These abecessses in the lymphnodes matured and opsned
spontansously discharging the pus and the sinus tract hesled
up vhen the pus was completsly discharged, Other than the
superficisl lymphnodes none of the desp seated lymphnodes or
the visosrnl organs rewwesled any gruss lesions of Lymphadenitis.

hyers (1977) and Ashfaq and Campbell (1980) also reported
gross iesions of CIA in goets anly in the smuperficial lynph-
nodes. Sarkar snd Bhattacharya (1978) and Sharma and Duivedi
(1977) reparted that goats Wele mONe prone to thoraaic foem of
infection with C. RASUGOUIEAEIMAQEAS. Results obtained in the
presant study did not support the above view s the thoxacic
viscars of all experinentally infected goats were frve of
gross leaions even after 90 days 6f cdessvation paried,

Histopethologioal changes in thw lymphnodes of goats
nearopsisd at varying intexvals differed depending on the
degres of infection caused by C. aatudotilexcilosts. The
cbesxvetions made in the pressnt study demonstrated that thore
vas no oorrelation hetween the wtent of histopsthologiosl
changes and the duration of infection. This was perhaps dus o
the fact that all the lympimodes of svery experimental gost
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4id not get infected simulsansously; instead, they showed a
randomised involvement at varying periods. The possible
reason for this oould be whe sosidental trapping of bacteria
into the iymphatios which dlwectly led to the infection of
lympinodes in osrtain antmsls. Ia certain others the organism
failed to get trapped in the lysphnodes and infection 414 not
coocurs Hubend and watson {1977) cbeexrved that intralymphatic
inoculation of live . RemONANRGIIOELS could produae patent
sbeosss in lymphnodes of shesp within three days. It would
appsar that the involvemant of lynphaods 4n ths infection is
not staveckype but it is oftea change faotoc,

Histopathological exmsination of the superficial Lymphe
nodes vis,, prescapular, prefemoral, submaxillary and parotid,
which ware close £0 the site of fncoulstion showsd lynphedeni~
tis, The histological changes in the Lynphnode were charace
tarised by hyperplastic response of the lymphold follicles,
histiooytic reaction and formation of a caseating granulome
with calofficstion. Thess histolegioal festures obesrved in
the present study wers similar to thoss reported ecrlier as
characteristic festuzes of onsecus lysphadenivis in sheep and
gosts (Gamesl and Tarsour, 19%; Sharma and Dwivedi, 1977
Masbend end Wetson, 19773 Burmell, 1978; Stcops gg Akes 1984
Brown gt al., 1968},

The chages cbeesved in lympimodes wers basicelly of
twa types) hyperplastic stimulatory reaction and degensrative
changes. The hyperplsstic stimulstory resctions were
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characterised by the poessnce of severel sotive folliicles in
she cortical zegion with well forwed giaminal centres, distinet
medullary oonds densely lined wish plasas oslls and simus
histiocytosise These changes are xeflections of the iatcial
antigenic stimuli induoed in the lymphnode by the antigens of
the invading bacteria. The pressnce of asveral active follicles
in the cortex with well dissinguished medullary ooxds which
sre 1ined by plasma cslls indicates the opsration of mmosal
immaw response in the lyopinodes of affected animals, Similar
obssrvations were reporved earlier by Burvell (1978) when he
studied the pethogenesis of G, gYis in the poplitesl lymphnode
of sheep,

™he degenarative and neareeis changse noted in the
affesssd lynphnode were charactevistic of casecus Lymphadenitis,
These changes were sesn both in the sartical and medullary
reglions, The chaxms are parforos the effect of tha toxie
degmurative astion of the soxin and ocaher products of the
invading bacteris in the syssan, The in yive ‘leuknaidin®
propesty of the exotoxin from G, pENdOAMRSKSNLQNAS ves
OGemonstrated by Cameron and Sait (1970) and the contimued
production of this taxin by the bacwsris vas considexed res-
ponsible for the pathalegicel changes in the tlsmms (Jolly,
196893 Jubbd and ¥emnedy, 19703 Taki, 1976).
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The immune responees and psthelogical festures in
by exparimental infection of cross-bewd Malaberi goats of
812 months of age. 3Single osll bdacsterial suspension in
chilled sodium chloride bBile salt solwtion wes used for this
purpose. Goats were inoculated at both sides of the body by
thres routss visn,, intradesmal, suboutanecus and sulmcosal,
with 2 x 10% bacteria per aite of injection. The experimen-
tally infected and control gosts were cheerved for clinical
nanifestations of caseous lymphadenisis for 3 pariod of
13 woeks,

™he development of Amaone Yeeponse in experinentally
infectad goats was assessed by comparing the data with those
of the oontrols with respect to tokal serun protein, serum
protain fractions, antibody activity of the serum, leukocyse
counts, couwnts of lymphooyte subpopulations, leukoayte migra-
tion inhibition index and skin hyparsensitivity reaction,

Gross and histopathological changes in the lymphnodes
and other tissuss of negropesied gouts ware studied at 15 days
intexval for a pexiod of 90 days.

All experinentally infected gosts exhibited riee in
tenporature, general woakness, lethargy and impaired appetite
whioh lasted for 72 to 96 he T™he sises of inoculations showed
varying degree of inflamatory resotion during the first two
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40 thres wesks of infestion., ALl experimentally inooulated
goats anoepk one developsd lesions typiosl of caseous lywph-
adenitis {n regionsl/local lyvphmedes within 21 days post-
inoculation, Route of infection 4id not influence the ability
to set up lesions in lymphnodes. Although messive dose of
bacteris (1.2 x 107) was sdminiereved, nons of the goats hed
fatal infection indicsting that gosts axe relatively resistant
%0 this infection, Majowity of goets did not develop ganers-
1ised form of caseous lysphedsnitis as thare was no lesions in
visosral/desp sested lymphaodes o oXgans.

The nocmal serum protein cmomntration of aross-=bred
Maladeri gosts was astimeted o range from 7,187 €0 9,730 g %.
Consequent to sxperimental infeotion, sexum protein conosntra-
tion was increassd and recardsd signiticant rise from the Sth
wesk onwards sweching the peak valus by the 8th week ~ 11.36 i,

Batimetion of quantitstive dissxibution of serun provein
frecsions wes done by ager gel electrophoresis and densitometer
trecing of electrophovetogram. Though there was initial
Anorease in globulin content in infestad animal followed by a
dacreass, no significant alserstion in the albumin-globulin
catio (A1G ratio) was noted compered to the control group.

S padotubarcilogis ver cultivated in lemoo proteces
broth containing sheep ssrvm and incubsted ascvobically st 37°C
for 72 he Supsrnatant obtained frem the above culture, having
mastiun hasoolysin titre and decmonscrotoxicity was used as
the toxin of the bacterium ia the pwesent stuiies.
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The hasmolysin content of 4he culture supsrnstant wvas
sstimetad by the hasmolysis test using sheep red oslls. A
maximm tisre of 11256 was found in the culture aged 72 h,
he dermonsqrotoxicity of the soxic culture supsrnatant was
tostad by intradermal inoculstion into the rabhit skin, The
inflasmetory snd nearotic seactions were maximum by 48 h post-
injection.

specific antibody sctivity ageinst toxin of C. pseudo-
subarculoals in the serus wes momitoced by haemolysis inhibi-
bition test and the test vas adjuliged as & usaful tess for
detacking lvamoral Lmmme response 0 Q. pemadotubsroulosia
infection in goste. In infeckted gost fxom the 3rd week of
infection onwaids MIT wes positive while it vas negative 4n
aontrol goats during the pariod of 13 weeks of chesrvation.
™he peak amibody leval was schieved by the 5th week of infeo~
tion and thexsaftar thw titre was found to dwindle graduslly
41} the 1ith week, Towards the end of the obeezvation period
(12¢h veaX) there wes a merginal fmorease in the antidody
tisre, which would be counstidered as secondary L IeSpoOnse
sgainst the toxin of the mulsiplying baceeria.

Infected goats showed lewmaytosis during the entire
pericd of obwervation and maxisum leulmcytosis wes cbessved
during the Ind wesk of infestion. The periodigal fluctustion
in lsukooytoais indicatad the recurrent flarfe up of bacterial
drvasion in ¢tw body,

The sbeolute lymphacyts count obtained bogh at pae and
post~infection perieds with eperinentally infested gosts did
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not show sny change whigh indicated no dsletarious effect on
pexipheral bleod lymphocyess. Thwoughout the period of
ohesrvation infected anfmals showed mmmerically low lymphooyts
peromntags in differential osunts snd with several samples the
peromtage distribution was significantly low.

Absolute counts of neutrophils were conatstently high
in experimsntal gosts when gumpared to thoss of controle and
the same was refiacted fn Aifferensial oount also, The other
bload oells wvars sbsalutely withouk sny change in infected as
well as control goats.

Danalty gradisnt csmgrifugetion using Yioollepague
{1,077 g/m), centrifuged at 70 x ¢) wvas found quits useful
for sepaxation of moncnuclesr lewmcytes from the whola hlood
of gosts, Such separstad monsauclesr oolls were found to gone
tain on an average 91.80% lynphooytes and 0.2X monocytas with
an average viabilicy of 91.2%.

Peripheral bleod Belymphooytss of gosts wars sucoessfully
emmerated by EAC rosetts assay employing bovine red cells.
The nctmal peroentage of B-oslls was estimated to rangs 8,36
and 12.3. Significantly high pexountags of Bmgolls was recorded
4in infected animal from the 2nd to 10th wesk post-infeation
enoSpt at the Sth week, B~08ll peromatage in infected gosts
zanged between 12.3 & 0,85-17.43 & 1,2 while 1t wvas 8,38 & 0,73
to 12.3 & 1.09 in control goats indisating the opsratiocn of
humaral immne responss to Conourrently boost the specific
antidody sativity in the serum,
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Telynphooyses of gosts were idsntified and enumerated
by E~rcsetts assay and NUAR sstivity. Goat lymphooytes
preasented several receptors ¢0 sheep Yed oslls, as majority
of roseties presmnted erythrooytes st the entire periphery
of lymphocyses,

The mean peroentags of Burosetts poaitive lymphocytes
in the peripheral blood of control goats ranged from 24.38 &
3.68 10 28,74 £ 1. M during 13 wesks of cbeaxvation. The
Berosette sechnique enployed in the prewsent study was asoumed
unaffecked by unknown variabhles as ths data recordsed in the
control gosts remained nesy nosmal throughout the cbsexvation
paxiod,

During the first two weeks of infection E-rosetis positive
lymplweyte comt wvas found mamricslly decreased and the
reduction was significant at the £ixwt week (18,44 2 1.40).
From the third week crwards an innreass in the Berosetts form-
ing oslls was cbeerved and significent incresss was noted
dueing the Sth, Sth, 7th, Oth, 12th and 13th week of infection,
the maximum being at the 13th week (35.24 % 1.58).

Twoslls wore alse identified and avzmrasted besed on the
demonetration of ANAE aotivity. PFixing of mononucliear cells
in acetonewgitric acid solution enabled the fixed smoars to be
ssored in Ary stats without any ingerference to the ansymic
activity for longer pertods, Telynmphoaoytes presenced ono of
swo lacalined red coloured seaction product in the cytoplasm
sdjsomt to the oell menbrsne.



174

Moan peroentsge of AMAR positive cells in experimental
goats was 28.09 % 1,51 while 4% wvas 35.80 & 4.96 for comtrol
gosts wvhen estimeted befowe the staxt of the experiment.
During infection, the count ¢f ANAR positive oalls in the
paripharsl blood did not shew any change 88 the MBSR PEXOSn-
tage ranged betwoeen 28.9 & 2.06+33.78 & 1.99 as against the
COrTecponding values (30,83 3 3.8+36,81 & 3.81) in controls.

In infected animels signifigant hiks in E-rosette posi-
tive lymphooyte couts was Sesordad vhile such a changs oould
not ba observed with AMAE positive lymphooytes. Thus the
results of T-osll estimation by E«rosetts assay and ANAE demon-
stration indicated that estimetion of total rosette fosming
oells could reflect better the Twosll cumpetence.

Call madigted immue response to £. pasudotubezculiosis
infection in gosts was demonstrated by leukooyte migration
inhinition test under agaroes, A population density of
1.5 x 10° Jewwcytes/nl was found suteable for LAIT. Toxic
gulture supernatant having hasmolysin titre 1119 whose pH
adjustad %0 7.2 could be sucosssfully weed as antigen in the
test. In experimentally infestad goats leukooyte migration
Andex was less than 0.8 during pesteinfestion period vhile
with contzol goats ik was above 0.8, Signiffcant reduction
in IMX infdex was notad by 45ah day of infection through 75 days
showing maxime reduction by the 60¢h day.

Intradesmal injection of toxic culture supernatant eli-
cited characteristic dslayed sype akin hypersensitivity reaction
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in all experimsntally infeshed goats, wiile s negative reso-
tion in conkrols, Skin hyparsensitivicy resction was found
0 be neximan by 48 h post~injection,

Ristopethology of ekin bapsy talmn from the aice of
inoculation revealed infiltrasion of lymphooytes, and macro-
phages at perifollioulsr snd pexigisndular aress, congestion
of blood vessels with pevivescular infileration of lymphooytes
and mnecrophages and dercel OBdEa.

Tubsrculin failed o produde 8 positive skin hypersensie
tive reaction in S RERICRMRERSLIASLA infected o oontrol
[T

From 13¢h dsy onwards, exparimntally infected gosts
which vere necrxopeied presented gross lesions typical of
caseous lynphadenitis in lywplmodes. The lesions were found
+0 confine to superticisl lymphaodes adjacent to the site of
inoculsticns,.

The hissological chenges chestved in lymptnodes were
basically of two types: typarplasiic stimulatory yeaction and
degunazstive changes, 7The changes ware hyperplastic reactive
follioles with well distinguished gevminal centre, socwmla~
tion of lymphocysss and varxying degress of sinus histicoysonis
4in medullexy region, dense Aining of medullary cords with
plasms oells, depletion of lymphooytes fxom the cortical aress
subospsular and corticel cedems, congestion of hloed vessels,
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hasmeechage, infileration of monomuclesar cells in lymphatice
and blood vessels, sooumlation of macrophages snd plasma
oells in the medulla, @ilatation of simusoids, £ibrous tissus
proliferation, degenerative and necrotic changes of lympho-
oytes in the cortex and medulla, fidrous tissus encepsulated
fooal areas of cassation end galcification surrounded by
lymphooytes, macrophages and glant cells and finally conves-
sion of parenchyma tO A Gassated mess enclosed in fibrous
tissue capsule.

In brief, the results cbtained from the present study
rovealed the oparation of both cell-medistod and humoral
immne responses in gosts against G, & |
tion. Of the wvarious msthods enployed 4o monitor the immune
responses, laukocyte migration imhibition and delayed skin
hypsrsensitivity tests ware suitable for ascertaining the
cell~mpdtated imeune response and haemolysis inhibition test
for humoxal imaune responss, Leukocyte migration inhibdeion
test and haamalysis fnhibition test oan be sucoessfully
employed for the esarly diagnosis of ¢. pasiotubers
infention in goats.
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Caseous lynghadenitis wes @xperimsttally produced in
crossshred Malabari goess aged 8 ¢o 12 momths by bilateral
ineculasion of 1 x 10° viahie ¢, pmsudceubaroulosis
(ATOC 19410) through insradesnmal, sudoutansous and subwsarosal
soutes. The clinicel pioture, {mmune response and patholo-
glcal features ware studied uwee & pesriod of 13 wveeks, The
davelopment of immune response in esperimmctally infected
JOste Was 39808004, by camparing the data with those of the
omtrols, wish respeot S0 S0Lal Serws protain, serum protein
fractions, angibody sctivity of dhw sewum, leukooyts count,
coumts of lymphocyte subpopulations, ieuhocyte migration
inhinition indax and akin hypevsensitivity resction, Patholo-
glosl featuxes in the lymphnodes snd othwmy tissuss of infected
guats nscropaied st 15 dsys Lnbelval Ware alse studied,

Inttial febrile resction whieh lasked for 72 o % h,
lagsl inflasmstory changes Gaused at the site of inoculations
during the first two to three wesls of infection and the
development of lesions typicsl of ceseous lynphadenitis in
logal/regional lymghnodes within 21 days posteinooulation were
the main festures of clinical manifestations of the dissase.
As a result of infeqtion, newkrophilic leulwoytosis was mextmes
during the 2nd week of infection., N0 apprecishle change in
oounks of other blood oells in taene of their sbsclute mssbers
was neted during the entire period of abeervesion.



The Insaaral immune response in infeoted gosts was
indicstad by the rise in sexum prossin, antitomic antibody
and Delymphocyts ommt in the peripheral hlood, The serun
protein concantration inotessed o signifiont levels from
the 3sh wesk oowards and 14 meeched the peak value {11.346 o0
by the 8%h wvesk. Proa the 304 wesk onverds hasmolysis ishi.
bition test, which Gstocted ankitonic antibody in the sesum,
was positive in infecsed goats and pereisted till the end of
the chesxvetion peried, The pesk sntibedy level wes yeoowrded
by thw Seh weak of infection and Wneresfter thare ves gradusl
reduction in the sitre., Significamily high percentage of
Belymphooyts was recosded in infectsd animals from the 2md to
10th wask, encept at the Sth week, The pesventage of Deoells
in isfectad guets Tranged botween 12,3 ¢ 0,8%5-17,43 2 1.2 while
18 was 8,56 £ 0.75=12:3 & 1,09 in conkwol gosts. This wes
considered as an indication of stimalettion of humoral icweow
response,

™he osllemedisted imame respents wes evidenced by the
incxessed T-lymphooyte count in the peripheral hlood, inhihie
tion of leviooyts migration snd the development of delayed
skin hypsrssnsisivity. The mean PeFoEntage of Telymphooytes
in the pacipheral dlood of SNfeqted goats by N«Tosstis aseay
seccnded an initial reduction sk the £Arst wesk (18,44 2 1.4)
followed by an inorease which was significent during the Seh,
Ssh, 7th, 9th, 12th and 13%h weak of infection. 7The maximm
Yalus was £eooEded (35:34 3 1.58) a% the 13%h wesk. In the



case of aontrel goets the pRresntage valuse ranged from
24,58 & 3.66 ©o 26,76 £ 1.34. The Telymphooyts couwk in
thw peripheral blood eruseratsd by AMAR method 4id not show
|y significant change sven after infection, In the axperie
senkally infected goats, lewheoyss migration inhibition index
vas legss shan 0.8 duxing poste-infection pexiod while the
oontrol goats had the index valus shave 0.8, Significent
reduction in the nigration index was notsd by 45th day of
{infection and the saximuns reduction was on the 80th day.
Intradernmal injection of the tomtio supasnatant of the culture
elicited charscteristic delayed oxin hypersensitivity resction
4n all the experimentally infected gosts while there was no
reaction in the controls. The positive reaction was found to
be maximan by the 48th hour posh-iafjechion .

e pathelogical changes were charsctaxised by an indeial
stimilatory hypsrplastio reattion in the lymphnodes and this
was scoompenied by necrobiotic chenges typicsl of csseous
iysphadonticis. The hyparplastic stimulstory reactions were
aharacterised by the prusence of ssveral active follicles
with well developed germinal osmtres in the cortex, distinot
asdullary cords donsely lined with plasme oslls and sinus
histicoytoais indioating the early sliictsation of Immoral
immuns response to the becteriua or ¢o its in yivg products.

The results abtained from the present study reveslsd the
opsration of both gell-medisted and humorsl irewne responses
in goets sguinet C. pasudetibaraulonis infection, Of the



various methods eployed 00 MIRisor the fmwine response,
leukoayse nigration inhibigien end delayed skin hyparsensi~
tivisy tests vare fournd €0 be of valus in sssessing the owlle
medisted Lmmme responss and hasmelysis inhibision test for
umorsl iomne response, Lewsooyss migration ishibition test
snd hasmolysis inhibision Sest oould be employed for early
diagnosis of C, pesudotubarenionis infection in gosts,



