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STMMARY

The impetus for research on "studies on viral
interference induced by rinderpest virus" has beer
the recognition of protection afforded by live
attenuated tissue culture rinderpest vaccine (V. 7)
virus against virulent infection before the development
of specific antibodies.

Review of literature has revealed that r C i
is still enzootic in certain parts of the world
including Pakistan. Attenuated rinderpest virus
vaccines are being mostly used to control and
eradicate the disease. These vaccines produce-
protection against "virulent infection before t* <
development of antibodies through interference.

Viral interference both in vitro and in vivo with
other viruses has been shov/n to be mediated by inter-
feron production. TChere as, bovine cells both vlt:v
and in vivo, have also been shown to have the potential

to produce interferon following stimulation v/j“ -



TORY on exposure to U-Y irradiation and $
heat treatment was inactivated in an exponent:! A
fashion. Infectivity of the virus was stabilize ;
by the addition of serum or vaccine additive.

TORY was found to interfere with both horncl un
as well as heterologous viruses and viral interfer* ;..o
was observed to be mediated by interfcrcn produce !
by bovine cells, Fully attenuated rinderpest v;
virus strain induced more interferon production
in vitro as compared to virulent strains. Betwoc-n
the virulent strains, non-contagious strain r.t:
bovine cells to produce more interferon t: m the
virulent contagious strain of rinderpest virus.

The increased interferon inducing character of a
virus strain may then be used as a marker of vim -
modification,

Buffaloes inoculated intravenously *ith 10*'A
TC3D50 of TCRV developed detectable levels of
circulating interferon as early as AS hoi s post
infection. Interferon titres, however, r rallelcd

viraenia. Circulating neutralizing anti;. ies were

detectable as early as day 6 p.i. and the ir increase



effected decline in titre of interferon and
viraemia*

Animals challenged at 48 hours p.i. succu .lei
to virulent virus infection in the cane nanner aa
the controls, hut those challenged 12 to 96 hour:; p¥*i.
were protected and showed a transient r.ild rc .r ' n.
Animals challenged on day 6, 10 and 14 were solidly
immune*

It is concluded that early protection aff; ric!
by TORY virus to buffalo was mediated through

endogenous interferon
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CHAPTER 1

I m obuc?TO0IM

1.1. HISTORY AND PITOXOTTOE OR RV'*RTRS"

Rinderpest (Synonyms: Pestv lovine, e
Contagious typns and Cattle pla“em) anno- « -
originated in Asia (Merchant and lather, ? 7} . '
earliest recognisable disease deoc v tic . .
in the 4th Century A.D. (Barton, 35:h).
the disease wets recorded as inevitable uo* 1 *<& <
major military comrjaign in Europe* In the ~Pi*
alone it is estimated that about 200 mill i c.itth
Europe fell victim to rinderpest (Curawion, R-'2).

With the development of intematior al tr -

cattie in the 39th Century, incidence of " ;

increased manifold and led to sue- destrv
as the 1865 epizootic in Great
cattle transported from Rev”l (Tallin/*- h mer* of
Estonian Soviet Socialist Republic of R.s. . N.
this epizootic 500,0C0 cattle died of r.hi - '
in Great Britain In two years. In Africa e« -
gained repeated access to the Rile Valley f
Europe in 1805, 1828 and 1865. AccordInf ~’ u'
(1952, 1942) it spread as far as Cub mr
Africa.

The most severe epizootic of cent
resulted with the introduction of < v o

Somaliland during the Italian invasion of

»

i ‘o«



1889 (Lugard, 1893 and Hutcheon, 1902), It r. «
across Kenya, Uganda "by 1890 and as far south a ? >**
Kyasa by 1892. In Rhodesia, it was reported in >
and by 1897 spread throughout South Africa, An

SVr. Africa. Cattle losses in Rhodesi? were 1,3 - r
in South Africa 2.3 million and 1.0 raillion in iot. vr-
(Curasson, 1932, 1942),

In Asia rinderpest has continued to per: '
particularly in the South find South Cast an v-eV- <n
in the Indian sub-continent. For example, in. 1 o' >
were about 8,000 outbreaks in India alone (Aro> |,

The major epizootic of rinderpest ir. h 1: a i
in 1938 and spread almost in all the Central re «
many areas in the North West as well as “\ the ' >e
The losses occured during the period 1938—10i>2 vr>'i
estimated at 300,000 heads, and the d.h

brought under control in 1962 (Akhtar, o fi).

With the exception of isolated r -nor'c" - -on
of fever and diarrhoea from North, South -ud ; <\t wd«'
regions, such as Loralie "1965-1S76”, ,e. m
19677, Bahawalpur 71967-1968”, Sukur 719’

1970) and Karachi 71973” (Ismail, 1973) active
rinderpest outbreak has been recorded ' ny p;r
Pakistan since 1962. At present the ctv: 'y

free from the disease. It may, however, ;o
that the reporting system of outbreaks * rot w»
reliable and it is possible that iher -0 |

unrecognized foci of infection in the re; r-*

free areas.



A control and eradication programme . r con '- .l
during 1958-1962 on a country wide basin (. v.bo-, -
and vaccination was carried out by mobiles -
Systematic vaccination with goat adapted *.le*-
virus has kept the disease under control " \: V.o 1 -0}
14 years.

From June 1969 till June 1970, an ( - -aotje rr
rinderpest occured in lIran, when about ro,«v*0 c
died from this disease (Hessami, 1972).

North America and New Zealand have r-- dm-
of rinderpest, while it was eradicated '
(1877), South Africa (1903), Formosa (1>\>), .e. -
Europe (1929), Phillipines (1935), Ceylon mi ?V:-'cy
(1934) 9 Ireland (1950) and South India i {+ °
Robertson and Boddie, 1966).

1.2. CIJITICAh AND PATHOIOGICAT "™At’. ;_";JJ_ _ _
Curasson (1932) who worked :u Euro

described seven clinical variations of < f

Scott (1967a) summarized these seven fo-- : Into e\:* il,

abortive and inapparent reaction:. Indium o* | »

various forms appear to be rein. m' to -« f

resistance of the infected stock and to t* ¢ virv-1 n: e
of the virus. Henning (1949) postulate! ' e res!
races were evolved by the process of na: mnol
from ancestors, which had survived prev ‘o-- visl*V
of the disease. The influence of age an ' '
resistance does not appear to have - y *'™eel on ¢

disease epizootiology (ScheJLn, 1517; Ou'



Vatson, 1950, 1951; Plowright, 1957 and Brown, 1/ ).

1.2.1* Incircation Perj.od:

The usual incubation period of rinderpest In
natural cases is 6 to 9 days (Blood and tlendersc>: , 19
but Plowright, (1965a) reported an incubation period
of 15 days duration in crossbred Zebu cattle of last
Africa. In experimental infections the hicubai K
period is considerably shorter (Curasao™ , 1950;
and Plowright, 1964), even though it in Jurlie*.c- ’
host adaptation of the virus (fcott, 1959a), v<;
dose (Wolley, 1906; Scott and Hacleod, 1 )f:; \f o
Scott and Witcomb, 1958), the route of injectto ( <oM.
and Rainpton, 1962) and innate, resistance of tbh* ;
(Ball, 1947). Jezierski, Scott, Y.iktor m:d Be
(1957) have reported that innate resist-''icr of ’ec
host did not affect the incubation period. Cur
(1952) observed that the response of yo" ,enl e ’e
animals was the same to rinderpest infecti , 1
Plowright, (1957) noticed that the incu' ';

of rinderpest infection in white Pulanl v

shorter then in adult Pulani cattle.

1.2*2* O0linleal Features:

A sharp fever marks the onset of f-e **%r *
but it is frequently missed, except in the on~c
lactating cows whose milk yield fells. V.*J In
the animal becomes ill, and restlens. ~*0

stares, breathing becomes shallow and - ' "M *



is dry, visible raucous membranes are congested,

iIs impaired and the animal is constipated, ever
reaches its peak in two or three days and falls wv.i

the onset of diarrhoea. Mild leukocytosis present

the "beginning of illness is replaced by a leukop

that persists until death or for jsevenj weeks if th*
animal survives (Refik-Bey, 1902), Xeukoperi y r -
cularly involves the lymphocytes and 2 to 3 days r/" '
its onset, there is a sudden shift to prodr mice
immature neutrophils (Maurer, Jones, Master-*ay :ui.
De-Tray, 1956), Simultaneously there i3 an eosino \

(Refik-Bey, 1902).

V/lien fever is at its maximum, : arfccd c - T

results, Nasal and lacriaal discharge cor. u-r.cc ru i

serous e:cudate which later become nucopur *,

characteristic lesions appear in the nuco. <" th

nose and genital tract as greyish-white pi.- or.

enlarge and coalesce, Their necrotic cenhe. ro ...
* gEE lesrvi...... 2 -*--m3 iemarcatefi

with raw red floor. Predilection sites r the lino,

guns, Duecar papixxae ana unaersuriace or 3 tongue.

Similar lesions develou dater on the bar* r*te. The
irritation stimulates salivation and the h bocomor
foetid, ihe eyes become shallow with bry red

conjunctivae anu mucopurulent TUCXP=CIL ui. *<irg3 it.
profuse (Kenning, 1956).

Diarrhoea persists for about a ..eck c
The faeces are watery dark and emit charact”rr
The animal strains frequently. In fatal r --

becomes progressively torse and contains s™c- 3 < .’

<

r.



blood, mucus and shreds of epithelium. There >
dehydration, which leads to emaciation, prosti
death. Most of the clinical cases die within '
after the onset of illness (Curasson, 1977?).
cows which survive mostly abort. Convalescence
prolonged and animals take several weehr "0 re.
good bodily condition.

In peracute cases which are of'e. sc
virgin, epizootics animals die suddenly n Tore m
the clinical signs become evident.

In enzootic areas subclinical = i
are frequently encountered and jiilay be di 'f.i ;\0 :
diagnose (Eggebrecht, 1910; Boynton, ICE e\l *

1979), but recent advances in serologic Cc . s;;

have facilitated their detection (Plow 1,

1.2.3. Pathologico.l “rndInge.:

Intensity of the lesions vai-.ir- with " ¢ rr oi-
resistance of the animal (Thiery, 1956a).
virus has a major tropisro for lymphoid : ee": hu*
marked destruction of lymphocytes (Mauv<
and Defray, 1955, 1956; Thiery, 1956b,c «r e
1953a,b,e). Macroscopically the ly-ph :e 0-0 w*-'cn.
oedematous and congested. The lymph nodes in
that die late are shrunken, greyish ar ; r
streaks in the cortex.

Microscopically there is mac * Seal >n

of lymphocytes, particularly in the go | to: &

the lymphoid follicles, which are replac ' y r



eosinophilic matrix (.Maurer, Jones, tc- v’ev 1,
DeTray, 195*5). Kultinucleatcd syncyti . } vy,
lymph nodes are scattered throughout the corto .
-Sv’ t an-' ivjaera, Ip58a). The Peyer*s .in' .r
usually- swollen, haemorrhagic and necro’

often covered by diffu.se fibrinonecrotio dc-To<\
Occasionally the whole patch sloughs off. ‘hie <
tonsil at ohe junction of the caecum end color. ’
similarly and invariably affected, but. t' e de
congestion is greater*

Other characteristic lesions arc foun |
the alimentary tract* Petechial erosions and >o<
encrustations of the lower lip, adjacent gv:3, 'm
cheeks, underneath the tongue cud the posterior

palate, are common* The lesions ay o; --' h>

pharynx end “sophagus. The muzsle ar' ? I,

congested, haemorrhagic and of. -a \g T#
erosions are covered by putrid greyia- ; ' . ; e
crusts,

J-SwOIOnxOclji.; necrosis begin
squamous epithelial cells of +ir. prick"™ ¢ 71 |
Their nuclei become pyidiotic and frag::>ented, syne
are frequently seen in this region (TVlory, 19r °
Khera, 1958b; Plowright and Ferris, Iff' »). &
lesions seldom penetrate belov; the st -, < .
of the epithelium.

lesions are rare in the for* ichs, i
present, they are sited on the pillar. the mum

and onasal leaves. The abomasa! fclk



and oedematousO Erosions are linear and lie -ion;’
the margins of the folds* The pyloric region of th*-
abomasum is more commonly attacked and necro.-i:. of .
epithelium produces grey round patches, that nleu: ” </

to leave sharply marginated erosions. The v ''ri;

tissue is edematous, the congested capillar;, e .hi
haemorrhagic end the ulcers often contain V ' : c'l«l- .
The lesions in the small intestine ' are of - e

general character, hut less intense. Those > 'to
large intestine are characterised by v.-tc-Mcs ¢’ .rite-:
which may extend from the blind end of the o 'u. ' >
the anus* The ileo-caecal valve is often c
In peracute fatal cases the heart doionst . \
degree of sub-endo-cardial haeraorrhny' i * h."™
ventricle and sub-epicardia.l petechiae at
along the coronary grooves*

The mucous membrane of the bVuhb n
irregularly congested. The vagina' r nosa < m 'or >n-
strates lesions similar to those which do* h © %0

oral mucosa.

1* 3* FATFOCETFOGTO:

All the domestic cattle aid vate - * " ®hi
susceptible to natural infection wit: rh
and these species constitute the ort 1 no X
hosts* In recent years considerable ;he’th ’- h.r
paid to the possibility of wide spre- : Infe ' *-
small domestic ruminants as an ir/ mcart fsm " |* ] <

maintenance of rinderpest virus in ersootie



literature on this subject has 'been revjesv,” * =
Curasson, (1932, 1942), Dk&nda and “r ; we -,

and Ccott, (@955} Rinderpest has lor'" “ee" "®
affect domestic swine iIn Asia (Carre & : ,
1892; Boynton, 1916). Inappare” A\t form of  rk » m >
has also been observed iIn European type pirn. < >= 11
infected materials or by contact* wit* ~ fret*d = :t
(Scott, Delray and V.hite, 1959, 1962), °?

(1963a) made a serological survey \Wbioc*x . caa-=*

indicated that game population t@ler, as > r P~ -

capable of maintenance of the virus. trams of vlrv
vary also iIn their virulence, for e e, "em
Arnold, Plowright and Scott, (1959) isolate

from an eland, which was avirulont for cv v

other strains isolated in fast Africa have

likewise to be nonlethal for caltie (1 «

There as a strain isolated from the —e* AN 1

in gane of Kenya proved more virulent ror c 1 =

the laboratory strain (Uacowan, 1961)e
pette des petits M nei-ts v e m _.

but was avirulent for cattle ( or?*et, »&*e7f, ,

fhiery ana i.i&madou,



10 -

1. 4* CIUIAOTEB.ir,TTCa 0? RHIDT"PESg VIPUS:

ledele Olassifloatfor:

Rinderpest virus is now classified an a “e* *
of the paramyxovirus group (Y/ildy, 1971; Andr* m <id
Pereira, 197??),, On the basis of cytopat* ogenlc 1b
in vitro, Plowright and Perris, (1957) /and sup.gf g.r i
classification of the virus in the group 10T ¢ 1
(1954) among viruses causing large syncy hi a
About the seme time the immunological r«In ' lo
between rinderpest and canine distemper vjruse (
and Imagawa, 1957; Carlstrom, 1957); rf .. - d
measles viruses (Plowright and Perris, 1959a) v
strated. This prompted Imagawa, Goret >Ada , (l'o;
to propose that measles, canine distc ow -"in vm m
viruses constituted a closely related rroup.
classification remained obscure. Cooper, 3f ) e
classified them together with herpes vi *
microscopy rendered this hypothesis untenable,
morphology of measles (V/aterson, Cruicd n! .
and Kanarek, 1961)* rinderpest (Plov oL F
and V/aterson, 1962) and distemper (:'ru'eh' s A;
Kanarek and Berry, 1962) viruses had a str-C e
similar to that of ITewcastle disease v!nm an' -' -
"larger myzoviruses™ (V/aterson, 1962). "he v'

a spherical structure enclosed in an e v<"op-*; r
nucleocapsid is helical. The i-ihonuclev. ' "I
of the genome was demonstrated by 10'i

(cited by Wild, Underwood and Broun, 1974)« to
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the close immunological relationship let’-ve?

canine distemper and rinderpest virus, the-:

Em,
* ! ||i Ofy

are generally known as the neflipest triad of 'T

paramyxovirus group (Helnich and ITcCo ' , 1

1*4.2. "orrshology:

Carmichael and Hug? es estj; *;*od V =« rmo e

the virus particles to be 34-125 nil? f.v -
bovine tissue extracts throw U coll'.-: f
(Simmons, 1941)* VTith the ail of if" locl
scope, the diameter of the .virion
he 120—300 millimicron (Plo’-right,
W aterson, 1962; Breese and Be 7;oer, " B).
Plowright, Cruicks; arl: and e

showed that the RBOK strain at the S' -c =
passage had a definite outer r*ibrnn* *
with short projections# T»*.l,emei\*f
coiled component approximately 13 mi?*1'
and characterized by easily lesolvex ¢ »
the length, fhe rvric.iicily . Vr "
millimicron, Y7aterson, (.1963) four e

roiic coii QujHio-. i*v uii wL txlU Ci—3.
as well as lipids. He considered ch- |
to be ribonucleic acid coated along 1

with regularly arranged molecules of v

*r

r
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1#4*3« |ITucleic aci.d and other biochc ic »

The characteristics of the v.«

depended on the passage history of the virus* ilut*
passage virus had a density -reenter th J
potassium tartrate gradients, while vJ."
dilute passage had a density of 0*12'1 / "
diluted and undiluted passage viruses
peptides with molecular weights of f-, 7 , 75# :
43 and 37 x 10" The molecular rej,; ¢ Of 'ewe nr>ce
polypeptides are similar to c;-ir of ", 0. Foeo o
measles and canine distemper virusor wjfyl7 .
Brown, 1974).
N 4*4-#  fee istance tr *oorrowe .

Rinderpest virus har long ' r o -
highly labile in tissues oi dc'le nr
Shilston, 1917? i)aubney, 1951 end Piercy# 1°5n)-e
(1959b) studied the heat stability o *m"
caprinized strains in lymphoid tiss- e d d 1

p ey fry Oo
0 oo *
2p°vJ; 105 minutes at 37 0 and 5 minute*; e<m+
vation in heparinized blood at 25 end .m} 0 x.n: ulif
in the oi

Jcott. (1964) suryes';ed that this war < o *
of virus either by plasma proteins o * ir ‘e yi(
Ox serum was also found to have a pro’ ': -
on heat inactivation of cell culture v. ( 1m

and Ferris, 1961).
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In sernitive to re neated c*cl
O (Scott, 1959b; Grieff, R.1
sa Anon, 19 $), but sue1 IBC.f <
-tion of 26 direet")yl sulpho::.Ldc
the suspending medium. Fov.™a&r, fror.ea r. ;rc*

stable at -?5°0 and ~70°C icr unto r:' e

and Perris, 1961). During freeze dr;’l ; t*c 8 untc

80i>loss in virus titre (lanore;*, 19r ; v :
Scott and Y.iktor, 1937? P;uye .-Pa-luoi.. ,

Lien, IMguyen-"Tgoc~hinh and Vu-' ien~ :, L. - e
Johnson, 1962a). duct, losses ray Vo T
addition of preservatives to the susvc. .-
like defibrinated or citrate! blood ( -
194-9; Scott, 1954), peptone water (m -
ITgen—van-Llem, ’>u.ver-'* 00-> huh and V—- 7
or 2 .1 actalbumin hydro!.*" mry™ r. ' m e

Hampton, Taylor and demiTn, 1970). r-:
is stable at ~20 C (Joimson, 1962b; :

I i+
Kindernest virus 5s Inbhle : .
til i/j.aVj.0j.v u jLo~— v XCX'jj-1"i j *.c*C-- , i

Plowright, Herniman and Hampton, 1971).

Prtrifaction of infected ca”o-' n
destroys the virus (Edwards, 1925; Cuime m , d ;0 m
Rinderpest virus is ph labile, aval

the pH range 7.2 - 3.0 (Paubrey,

Plowright, 1963a). It is ether scusitiv lorn <
1962b; Waterson, 1962). Rdycerine,

and chloroform readily destroy tv
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tne antigenxcity of the virus. Conseru tl 3 ee
agents have "been used in the past to prc * v

vaccines (Bruner and. Gillespie, 1961).

1.4.5# Antigenic ntrviotnre and relay
Like other members of the TI

of rinderpest virus show an irm.urologic'B m.r

Complement fixation and gel clifin;ion hr-.-r-
used to study antigenic conponc: l.. of
The complement fixing antigen 5- smal***" ' 0.

distinct from the infeotions or'tif-le...
to heating, freezing and dessio*’ion (
Eak5..”aki, 19545 hakarrure end Goto, 19 1': *T«kor.uro
Kishi, 19525 and ITakammra, 195'),

In ouchterlony double diffu.r *oee'
precipitinogens may be observed -«; ‘

and heat resistant antigen (vi ' r

1962b; Scott and Brown, 1961; Store, 1 Je 7hito and
Cowan, (1962) considered the )e'; I-i wocip T OHH
to be protein in nature but difG ve.nt m infcctio
particles. Scott and Brown, (15'B) a.. bite (1952)
suggested that the complement fv m the preoifitati:
antigens were similar-* but Plov.Tight, ( 2b) re**arded th<
to be diffextent.

There is only one immunologic tyj®e of
rinderpest virus (Jacotot, 1951' ' 1 1961 8 Rotnon,
Arnold. Plowright and dcott, 55r'r Bf ¢ri+91nva),
Tn wx*h Africa a disease known as wpesl PO BQitn

ruminants” has been reported in rdeep | goatng a /



is clinically, virologtcally and n i-oloyic iy *
to rinderpest (Hornet, Grue and Cilbem, if: ; Ho * ,
Grue, Gilbert, Thiery and Hamadon, 1956j Gilbert and
Homier, 1962). Cattle are not infected V. ‘'onv- ¢
with sick sheep or goats. It appears that ike nc
agent is a strain of rinderpest vims whic' 'os lo
its capacity to infect cattle by the natural route.
Recentlx Inagawa, Goret and Ada;- (1960)
showed that samples of rinderpest entire A
contained neutralizing antibodies to nees?* di “on*
viruses. The homologous titre was higher ~’
logons titres. Delay, Atone, Karzo]:, Hat:;; m 1 wu

(1965), reported immunological reaction v* :
distemper end rinderpest viruses, ronkeym td
with distemper virus had antibody' respors- W m e
and rinderpest viruses, but none to neasde.; ’

fop other bond, cattle inoculated with clv-'r eu

showed no response to rinderpest or ueanlc

likewise, dogs inoculated with rinderpest -in-" e evc™*
My W ¥ A rroigft A "

net to canine distemper virus. however,uo ;
to challenge with vim'l canine dlntei ~er virua. iora
inoculated v/ith measles virus ha" CT Q&

to rindernest and none to distenre-r -*frv . " "
however, were refractory to distemper ¢ He* - o
showed worked increase in antibody le’fel " "

three viruses after challenge v/ith the t X% vim
reasles is the only member of this group ick

mproperty of agglutinating certain red oo’ cc*ll



led4*6* In vitro cultivation:

Until relatively recently when Plowr:ght
Ferris, (1957) demonstrated the adaptation of ICabett * "
strati to growth in calf kidney monolayer cultures,
the only practical met?aod of cultivating rk >0
virus was by animal inoculation, mainly goa! (. V.
1930) and rabbits (Nakamura, Y/agaturaa and Fukusho., v '
Host authors have used calf kidney monolayer < |
for the propagation and assay of rinderpest e«: e
(Plowright and Ferris, 1957; DeBoer, 19'0.%
and Villemot, 15615 Johnson, 1962; , 3lowr3
1962b; Plowright, 1963b; Plowright, "evn.i
1969). The virus also replicates jn calf 5 m»nf
(Huygelen, 1960), lamb, pig and dog kidney
cell cultures (Plowright and Ferris, 1957; ™ "
and Ferris, 1959a; Plowright, 1962* ), rolo ’emll*" ('m’<
and Plowright, 1963b) and Vero cells (Th/cyrl ", c-r
communication), but not in rabbit kidney or h pk u.dr-
cells (Plowright and Ferris, 1959a; Fokewak ' 6
J.ioriiaoto, 1954). Ilakanura, Motobas-i end - ; , (
grew the LA strain in svispended frag :ont cul k r- o"
fowl embryos.

CPE and virus yield are optimal in vapidly
growing calf kidney monolayers, he-lor Tlovr: ' ark
Ferris, (1957), Plowright, Kerninan and ,
preferred inoculation of virus into freshly "vr h

dispersed cells and incubating cell cultures were rolle

throughout the virus growth cycle. i0



changes were seen as early as the 3rd clay post
inoculation (Plowright and Perris, 1959a)* m’
of rinderpest "virus is characterised Ly the .\

of multinueleated syncytia with long fine anas nx. cl;
processes. Infected cells frequently contai < '
philic cytoplasmic and intranuclear .irclusio: , <

on the virus strain, the cell type and the

infection* These syncytia may vary fro . ruiol  r

to rounded refractilo structures containing ' < -
more nuclei with ill—defined edges oC ¢ co»
cytoplasm*

In BK cultures .infected at : -
inoeula of the RBOK strain of viru.s -evcei o
formation occur. The first "/beginnin .0 he " " @
day and reaching its maximum on the i\ to V
It is characterised by large numbers or relr ' *i
heavily vacuolated syncytia contain! - a c<v
mass including nuclei. The second cycle re. .
14th to 3.8th day* It consists largely of T <
small, vacuolated syncytia and singl’
expand and form glossy sheets contai n y ore -
centrally located clumps of nuclei vi (Y
cytoplasmic inclusions surrounding T =!.
the nuclear ring is often occupied h Doe
m aterial (Plowright and Perris, 1933:; fe. mo ,
Small spindle-shaped syncytia are for ’i. h
infected with recent field isolates

virulence (Plowright, 1962a, 1963c).



- 18 -

Masses of deeply eosinophilic material are
seen in the cytoplasm of syncytia which gradually
increase with aging. The earliest inclusions wr-rc small*
granular and outlined "by a narrow clear zone hub later
they fused end became homogenous, forring continuous
masses surrounding the nuclei of syncytia* Single
nuclei usually contained one or two eosinophilic bodies,
the larger ones showed an irregularity of structure,
suggesting vaetiolation, but the smaller ones were

homogenous (Plowright and Perris, 1957J 1959&).

1. 5. BffOTITY ATD mUMXZATIOH HI KTfIn"PBSTf

Immunity to rinderpest has been studied "or
many years and several immunizing methods have been tr Ae
Recovery from infection is followed by c lifelong
immunity.

A rtificial active immunity was first produce’
by the injection of immune serum and virus sjmO t-meounl
(Kolle and Turner, 1897)* Although this method was
successful, it was abandoned because of the Mg* cont
of serum, and the use of live virus which spread
infection to new areas.

later, chemically inactivated vaccines woro
tried; such as Boynton*s tissue vaccine, prepared
by the addition of phenol arid glycerin to lymphoid
tissues of rinderpest infected cattle. The w rtu~" ...
heated to /0 C and held for 3 hours to accor.pl *

inactivation. The final coneonbracion of p-''-ol wn

(cited by Boynton, 1928).



mlorofonr> inactivated vaccire Tvppoarr*
according to loelser's (1929) method cited oy « A~
end Gillespie, (19-51) v/as also found to "pe useful ir.
producing active immunity. Cattle inoculated '
virulent rinderpest virus were sacrificed durw ' the
acute stage of the disease and chlorofom was added
to make 0.75ij concentration to the lynghoi!l t:i
emulsion. After 43 hours the vaccine viaa ready to ».-.
‘These methods of vaccination were supersoeded vy 4’0
use of live virus attenuated by passage in goats
(Edwards, 1930), rabbits (Nakamura, Vagatuun
1933), chicken embryos (Jerkin and Shope, 194 ) *r.i
tissue culture (Plowright and Ferris, 1959b).

YThen the virulent Kabete strain was passaged
in monolayers of calf kidney cells there was nt d * *
an exaltation of its virulence, folio--o'! after : ‘L
passage by a phase of increasing attenuation for cutt'»»
(Plowright and Ferris, 1959a). No clinical rir
disease signs were observed in animals innunirr by
virus of the 21st to 45th passage levels erce*4 i" n
few end trey only had. mild transient fever, 'N.c atte-
nuated strain was supplied to Nigeria in its 65th
passage and was used there as a vaccine at the 66tv to
70th passage levels (Johnson, 1962b). In fast Africa
the virus was used as a vaccine at the 90th to 9™id-
passage levels (Plowright, 1963b). Johnson a m ,
(1962), and Plowright, (1963b) published their nnl}< :

for the production of cell culture vaccine. -
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tecliniqgues TEre essentially similar, Seed culture
adapted virus was mixed with calf kidney colls Y

in growth medium, dispensed into flat bottles a;

incuoated ez 36=37"0. |Ihe optimal dose of virus
n < A’

inoculation was Kr** to 10 '* TCID"q per m illilitn

oi the cell suspension, -he fluids v/ere harvested

5-7 days when cytopatliic effects were well define".
In Nigeria the harvest VSIS mixed with an equal volume
of mist desiccans, containing 2/j lactalbvr in ¢ |
alone. In East Africa protective additive was 2.
lactalboumin hydrolysate and 5 sucrose. '-he vaccl e
was freeze dried in ampules. Potency and safety te-i‘e
viere carried out in cattle, guinea pigs and ce!P ¢ "°
Each field dose contained 30 to 100 ?CIPCA

Stable characteristics of cell culture var-vt* s
virus are its high degree of attenuatio: >r c¢'1°’?
(Plowright and Ferris, If*2b) and its irnb’l’ 1%
by contact (Plowright end Ferris, 1959b; roves', |, ;
Johnson, 1962b) and inapparent reactions in vacci h-
East African cattle (Plowright, 1962c). n ,
however, mild fever was observed in most nearer*
cattle and even in 34/6 of vaccinated Zebus. ‘'here wcre
no other clinical signs (Johnson and r.nith, 1962).
Cattle with trypanosomiasis v/ere not adversely offee*
(Provost, 1961). Seven back passages of the cu] v w-
vaccine in cattle did net alter its level of atten alic\

(Plowright and Ferris, 1962b; and Johnson, 19"2b).
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«/attie mociilatecl with cell culluce *«acei
resisted challenge with virulent virus 14 dr;-.. laUr
(Plowright and Perris, 1?59b; Johnson, 19 GR'i # \I;
protection to challenge wan observed withir 1 to 5
of vaccination although senm neutralizing a '
vias not detected until 7 dags post vaccina ("1
ar.d Perris, 1959bj Taylor and Plowright, If r).

Plowright and Perris, ob~r.... ' *e
following higher dose inoculation of the vr.- ¢ |
neutralising antibody could be detected earl'e" tha
aninals which were immunised by low dosage, >
and Plowright, (1965) reported generalization of v:
within 90 hours of subcutaneous inoculation : h A9
but serin neutralizing antibody repaired v
until the 7th day of virus infection, dec* h, «
Rweyenanu, (1974) detected rinderpest neutwh'.-w , g

on the 7th dav following "Hcrtercovw Hoc”™

cattle with Iff* -mC7Tjr~ of

The duration of rnunity accord! f

and «jmith# (1962) and Plowright, (19<5b) was over two
years. Recently, Rweyema-v, and f ~
reported that animals inoculated with TOL7, 6 to 11
years previously resisted (to- intranasal challenge
confirming the earlier suggestions by Howry. and

Taylor, (1967) that TCRV conferee* life long ; mr
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respite the extensive stu3j.ec caxr’o!l out &
rinderpest vaccination and nore particularly « to
tissue culture rinderpest vaccine, there bor; ' 't
attention paid to the production of intorferr' -e r* *r
in vitro or in vivo as a result of rinderpest
infection* However, other viruses of the >t~
group have been shown to induce interferon = 9*.
Rosenquist and Loan, (1979) demonstrated low J«v i ¢
circulating interferon in calves inoculate !
Newcastle disease virus. Measles v’ruc, r e» « of
the jflidpest triad (l.lelnick and LlcConts, 19,v ),
been shown to produce interferon both 'r vj ‘12 " 111
vivo by J>e—-Haeyer and Tenders, (1975} el o7 x
and Hilbvr, (1975?).

gnat interference night p?-;/ r part !
protection fron rinderpest infection *as bee- o Lo
of conjecture for a long tine. ifaf , (193!; hr- e»
that cattle and buffalo resisted chsllei
rinderpest virus 43 hours after inoculation wv.i
50> minimum infective dose (T.!H)go) of er rin' *
rinderpest virus before antibodies rera ‘'etccl-
observation was further confined by t7il£ and Scott, [«i
(t961). 2inilarly frothere,ton, (195!la) c ' :
(1954) reported that lapjnised rind orper-> vi o' -

(fiakBnurz.-jkttf strain) protected vaccirw r' a.i-f ¢ * j£)

Bi-108 hours post infection; while avh



virus (Gross isle strain) afforded protection 9 m0000."
after infection, although antibody die" not eppr.m
until the 8th day (Kale, “Talker, I,Inurer, T*.vef*e
denkins, 1946). Using tissue culture ette-uv* 'ees
rinderpest virus at a dose of [0"*" 50/- t ?~ eul'ur*

infective dose (?CID~0), Plova*ight and Pinter, (1999')
‘ r,

noticed protection against a challany. “"cfo m* " to
10 cattle IH50 of virulent noneoutc y.iou ri. .
virus, 78 hours after vaccination, elf ovy: ml "l

antibody was not detected until trie 7' day at f
earliest (Paylor and Plov/rigit, 1979) uid tic;
this early protection to viral interfe <'nee.

Plowright and (cited by ‘'lov/--i. *1, 12dr.)

. S : : .
were able to detect r. slight depressio’ in wvi

virus growth in calf kidney cell cultures wle>re ' ooe

pre-inoculated with Hin&bis virus. oy rvy e

this depression was due to interfere.:, \-ec- '" ; *rirh,
Ishi and Watanabe, (1968) described an u-*"ce
substance produced in rabbits inoculated ef.* o ¥

lapinised rinderpest virus.

In the absence of authentic?!od re. o, f
was decided to study viral interference r.i rin
ana to try and evaluate its role in early proi".

of buffalo afforded by the tif sue ciO tare racci:
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2. 1. Viral iInterferencei

The observation that attend '«
vaccines Induce protection lor. *before
he detected in the sera raised specula hi<
protection *vs medio, bed throw'-i interfr %y
constitutes the central object:Lve for the
in this thesis. In order to provi e ;
this study the following parepro.s e
important aspects of viral interfere:-.

Interference was first desc
(1935)# v/ho noticed that nev.ro'rooic
fever virus protected -orJceys —' m °

lethal visceretron:c Lol

viith inte~fr mr>0e he tveen ;

“n *.jr hiological pro~er

o’ - ion to e:perimej
19U Doerr Dh* rexdr . — T
Anure , 1942 burry > 194-

Similar observations
strrir r5rvr Imk
1531)# t- Hale
.t strain of riu
IH arteln an® Gu-
rain of avianise'

virus (,Te:d:in
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;a”e* ’telkee, Maurer, Baker and Jen]-::'.;, vv \ .=
aroiG K culture a% enuaced aid tL& - 7N
(elowrig't and Pernio, 195905 .Jo'rsor, 35 V# ]
P—airy naturally 00curing variants of ove t--m * 3>
ojici mgh. pathogenicity were enpioyed *c U000¥*tri'*o
interference between strains of ITewcasMe if e

viruses (Barg, 1949).

I-hcse exanp3.es of intorferonee rg’e hr * r
agent's imxmoldgicaliy closely related, if not identical.
Such close kinship 5s not a prereouis *te for ’
occurence of interference as it has also Leon L=

to occur, between more distantly relrfe' rm =,

such as between ectronelia end vaccinia * r;:r:

(Andrewes, Aford and liven, 1973), hr’-. nentorf;

of the psittacosis —Ilymphorennuiona vonr ... onr
agents (Golub and bag.-or, 1941' ,b) a o o
“A”. Swine influenza viruses (digel,

and Horsfall, 3944) and between Ainure? e *wf? * =

viruses such as Columbia &K and If'. v;ite pc3i0: ;"' im
viruses (Jimneblut a?2\d 3andorr« 3Q/0? <« uo0.»
handers, 1942; .landers and Jux-geblut, IIf.- ; % i,
1945)f foot and mouth disease and rabies virus©.*-.
(levaditi and "Toury, 1943/ Western eoninx onceyf r*c
myelitis and TTev/castle 3i 3

and Heraberg, 1925; G-ildeneister and 1«? , 3if'")
influenza "AMand Newcastle disease vir-sr-:. fur *
3.9435 Bang, 1949)7 Hev/castle disease red r-' <

viruses (Reagan, Lillie, Hauser, PooV-a r*

1gA?), rabbit papiloma and sheep dev ¥, e



(SelMc, 1946) vaccinia and rabies viruses (J.evadili
and Kicolau, 1925) and vaccinia with .foot and mouth
disease viruses (Crildemeister and Helm, 1932).

It was noted first in the case of tactorlop' *
by Luria and Eelbruclc, (1942) that the interfr.rj? ;
property of a virus may also be retained upon inacti-
vation of the agent to such an extent that it a.; no
longer able to propagate, Similar observation.: were
made between ina.ct5.va.ted and active animal viruses one*
as Eastern equine encephalomyelitis with mumps. ( cv;, %
fowl pox with herpes simplex (Anderson, 1942), herpes
simplex with rabies (Anderson, 1942), influence "A" .>:
rabies (Yilches and Hirst, 1947) Mynpbocytio ci.orlone
ngitis with distemper (Dalldorf and bo.uglaos, 19“'s,
mumps with Newcastle disease and vice-versa ( , ¢!
poliomyelitis with rabies and vice-versa (bev*
yellow fever with Venezuelan equine encep' alr **5s
(l.ennette and Koprov/ski, 1945).

In. vivo interference is best demons’ma‘e’ m <
infection of an interfering virus is given a
before challenge virus (Jungeblut and Gander? , %
Jungeblui, 1945)¢

In the case of live viruses t'e a~ .- *’a-
that the interfering virus has to nvV'iply r > v
before interference can be observed (Yule, 195-),
agreement with this interpretation is t-e he- ’ '

interval required is shorter®, Y ert * ‘mc o"

primary administered virus is largoj (die:her



anrl Horsfall, 1944; Golub and Y.bgner, 19»<?«), On

mde ooher nand if the interval "between iuterferh g an
challenge infections is too long, interference may no
longer "pe demonstrable (Jungeblut and Sanders, 194?77,
Halldrof and v/nitney, 1945; Vilches and hirst, 1947).
This limitation, is for Immunologically unrelated "

In the case of immune?,ogically eclated vl *=*%
the state of interference rim into irarrur 1 m (Yali e« t
1957; Doerr and Kon, 1957; Doerr and Sei.de?'berg, 19171
Green and Stulberg, 1946; Golub and Wagner, 194-b). '
the appearance of antibodies in serum ir. ;receoh# *
antibody formation in the affected organ (organ, "
Schlesinger, 1949)* The first demonstrable appo. r.v'v
mof antibodies in the serum of experimentel pt
however depend upon the sensitivity of n-hhodn use !
for the assay of antibodies™*

In the case-of superinfected virus, antibody
formation precedes the interfering virtu., bui set v. |
factors determine failure or success, due' nr the
interfering virus has to be markedly in ¢ ccrr of tie
one to be excluded (Andrewes, 194??; Jungeblut am'
Sanders, 1942; Sanders and Jungeblut, 1942; itgel,
1944; Ziegler and Horsfall, 1944; Vilches o "7 o |
1947; Golub and Wagner, 194Sa), or has to be ropr>
(Jungeblut and Sanders, 1942; Jungeblut, 1945) ir o”er
to attain the desired results, or the interferirv
virus must multiply at a faster rate t™r " ¢ meo

be inhibited (Findlay and Haccallur., 1957; -V
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? 0o -;r, 1933; Ziegler >end rlorsfr-.il, 194/; -

—r »iven, 1943) m1l finally the i: " 3
virus nay have to he given by a route whir! pc--my.
i~, to reach susceptible organs or tissues in r. m-.,-.
oj. me vijief; no be excluded which As inject-* *e
different route (Green and Gtulberg, 1946). V. IV...
instance, an miordering effect nay be obtr.l:od v;’ici
bio: .. :virus is administered within a relatively
short period of tine after the virus to be r-

, 1935; Bindley end Kaccallum, 1937; Dalldorf
and Douglass, 1933; Jungeolut and render , 3 ;
Ziegler and Horsfall, 1944; Jungeolut, X943 ; -
Stulberg, 1946; Yilches and First, 3947; =« | [ 1.
The interval however, depends to a large c¢ unci
the rate of propagation of the urinary infer- *
(Henle, 1950).

Demonstration of interference i.. I'o c *
embryo (Henle and henle, 1943), in tissue c
in tissue culture (Huang, 1943; Lemefcte r 0; \

1945; 9chie.singer, 1951) which are lack:" / -V

mechanigm afforded firr*~r intere0* m '
lul the mechanism was poorly understood until the

discovery of interferon by lIsaacs and t o, (y oo



2, 2. Interferon:

Interferon is a cellular protein pro ;
in response to, end acting to prevent replicat' >n, of
an infecting virus within the invaded cell. Tut
can oe produced in cells "both in tissue culture in
the intact animal (Kleinschmidt, 1972). De Maeycr,
Derlaeyer-Guignard and Jullein, (1969), have obt 4
evidence from radioisotope tracer studies that '. . —
cytes are the primary source of interferon indue*
by nyxoviruses. In animals, interferon produce
ce!3.s of the reticuloendothelial system on: circ
in the blood is taken up by other cells.

Interferon was originally described a
product formed by incubation of heat inactivated
(1 hour at 56°C) influenza virus with isolated ;
of the chick chorioallantoic membrane (lsaacs nr.n
lindenmann, 1957)* Subsequ;nt invest:'.-/ i ri s’
that interferon was indeed distinct from pnrticl*
inactivated virus, that is, it was produced by c* sio-
allantoic membrane cells, after they had been in c ntr.ct
with inactivated virus, but not in the absence o
Incubation with virus. Studies of phyMcooher”e'!
properties revealed vnat incerieron was stable on
dialysis against buffers ranging from nv 1-10. It
precipitated by ammonium sulphate, its aclivity vte
sensitive to the action of trypsin but resistant la
ribonuclease and aeoxyribonucleasand it waa not
sedimented by centrifugation for Id*ninutc;- at

100,000 x g. It was also shown that, int rferon



'@ VIPUS (iSSUICSj JiilldO f
1957} Liiidennann, Burke end lIsaacs, 1957}.

it was soon realized that the epoce.*»wC\
for tnc inactivation of virus 'no-l a erofov n o
the anoimt of interferon produce!. :r~rr- are: (*h

inactivated influenza, virus was found to he a '

inducer of interferon synthesis thru her.J 1
virus (~4ndennartn, Burke end Isaacs, 1957? »
Isaacs, 1953a). Virus inactivated eat: ">e

at 6000 did not induce interferon syntc.esir. . ir o *x

hardly any detectable decree of interference (Isane.
and Lin&enmann, 1957)# Increasing the close 0~ irv-
irradiation also decreased, and finally abolished,
interferon inducing canecity of influerr.n o1*._.. r x
Burke and lIsaacs, 1.957? *vrke and T'aros, ! ctve

these results suggested that the ability of innc’3$ .

influenza virus to induce interferon synl n"ls a: .

interference were clos-*l; liilied d led t< ml . u
that interferen was responsible for vf-prl ; n*
[Jj@lhe ~ U xLiuiiCo, — «

Burke and lIsaacs, (1953b) showed that othrr
myxoviruses, inactivated by TTV-jrrafiatiov., » k n"'
interferon synthesis in chorioallantoic ne 'ee"e Cc " :
ITenle, Ilenle, Bienhardt and Bergs, (1953)
that interferon was induced by active or .
layxoviruses in stable cell lines. fyrr»f o (1 955/

found that interferon was foimed duri: e rrovt
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I.IvO influenza virus both in isolated pioo'-r. of ‘e m
chorioallortoic membrane and in cultures of calf 'e: e
cells* Using cells injected with a live attenua'-t
strain (RUG) of polio virus, Ho and Bnde.\ , (Ipf :
found tne synthesis of a virus inhibitor/ subs|
which turned out to he interferon. Ho, (If«G6) s
that interferon could be induced by pcyo

pox, picorna, myxo and arbo viruses. 1 Alor n
interferon by adeno viruses wa* shovm by v<"

Pusztai, (1967). However the efficier c. ’
interferon synthesis is elicited varied te "ly

one virus-cell system to another ("'0 and rh e,

By the same token Interferon has been r;'< > i "h
the multiplication of virtually all v:

the degree of inhibition is very varia"« .m 4

on the sensitivity of the particular v.” -

to the action of interferon, Pr lu , o< o]
Arlenstein, KcCowan, fundon or< mzd, ?° 1)
Vilcek, (3.964), observed that cells e <=

sensitive to the action of interferon, -«
resistant to viruses.
Saluda, (1997 one 1997?) “*bscr> ’
between, inactivated and active lowcastl*-
which was net mediated by intc * Instead,
inactivated virus acted by destroying tre viral recopt
sites on the surface of sensitive cells. 7'enend
the dose of interfering virus, alula, (T-TIT) :v-

that mrmu:i resistance was reached or 0.1 io ' e



reversed "co their original iif ma®e > e
Lo e | pA\r- {le QG > mimm o e
the rege eration of cell receptors, A siraili ere
of interference vras demonstrated in one co. I to-
viruses (frov/ell and Ayvortov, lo'/M

Henderaon and laylor, (19 -1) rtudjr' * tein
ference between Aayaro an Sindbis viruses ir. c.If-,
embryo cell cultures. live A'ayaro interfe ¢ D
multiplication of Sindbis virus. *I\eevxxlt) i’ .
of Sindbis virus was completely ir' V *3ed ’; ¢ *t
inoculated as early as | 'our after infecth* ' \u
high multiplicity of haycro virus. bice- * .
did not appear in llayaro infected cultures o o'l o -
later, the authors called this early inter A u om
“infection interference” as oppose! to the '

mediated, interference which levelcrcd v <

Ttayaro infected cells or not. |Infw- *n e *c * |
with undiluted vesicular stomatitis virus ; *o'f?
lower yields then, infection with diluted

and Belleti. ¥959)* Huar-- and Hec ) *
of experiments snov/ea thax: (1) t:iis lower yield
due to interference of defective ? pa? " les «f b
infectious B particles presort in " ‘e* -
(2) Purified P particles complete" ?

of homotypic virus. (5) fhe groi fi of

inhibited if P virus v/as added as lal

after B. (4) Short exposure to If'-lip :



inlerfering capacity of T particles, while their
adsorption was still impaired* 'Phis finding ind 'c--'*“
the importance of the ribonucleic acid (PITA) of
- particles for the interference* (5) Interfere
v/ias not involved "because it was not induced by ' ;
also because no "interference was demonstrated with,
interferon sensitive heterologous ELIC virus. M

type of interference then, represented a highly o
homologous (Komotypic) interference between Po-Ct''v&
and complete virus particles of the same <-“retype,

such as between incomplete and complete *\?luc:v.a
virus described by Magnus, (1954). Anoh cr typ<*

viral interference not mediated by intc-rfe *or ee o
described by Marcus and Carver, (1975). >

when green monkey kidney cell cultures m Tl See eem -
with rubella virus were challenged 5-4 C o: "U*=+ ;
Newcastle disease virus and tested for '. .m® n
after a further 15 hours incubation* "h >ct;

cells with the latter virus was detected ; .

of red blood cells added to the culture. ut c-
infected with rubella virus failed to .suppers
multiplication of Newcastle '

nonhaemadsorbing cells were seen* The unique fr °-C
of this of interference *u t*e sp'o* 'n
challenge virus* Because fully refrado-v Lo h ’
virus, rubella infected cells did not r"v *res?:;

to BCT.O 11, polio typo 1, vaccinia, - " '

other viruses* Go interferon nr; riot r '



Jo jluterferer.oe« loreover#the ncilo::
did not influence the vix*1 i1lei<forenee
Carver, B§t7\4 iifr:dir 1+ rubells vin'e
ference v/as apso not due oo the (lestruc
—2  I|*e-rear; .l ¢ onees.s0 virus, since a.dsor* o'
lattor virus on infected cells eas r.ot * o

anl server, {1967)# J thin type of

lintrinsic interference”« Sirlbis, . em @
viruses have also "been ahem to 1 luce < hi '
ferouce against rev/cristlo disea-w yirv;* 0

underlying this type oh interfere,.ce 5r 'rt .lei

but it is thought to depend upon tto syjth< h; - "

protein (J.arcus and Carver, 1967).

An interesting aspect o~ ir.tr5 o M
is the fact that rubella virnr ' also * 4
interferon hi human amnion and boy*ne e cC

(77eva and heller, 1964).

Thus four distinct tyres of vil¥'l ""'f e
(1) interfcjrence
due +> r™

- *a* Ng* (7“? - - -

N aZ A nd S UOWUL pic jj
virus en-J (4) h

interfe”™clce
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A .

Induction of interjLeror by viruses;

ic seems that even, before Isaacs and hindenua' .
(1951) detected end named interferon, other Lave: I;*?to
(Orskove and Andersen, 1938; Gard, 19/4; Lennetle and
Koprowski, 1945# Nagano and Kojima, 195*)# had * ry « t .
effects most likely due to interferon but were ‘ot
fully aware of the importance of their observele
(reviewed by lsaacs, 1963). The production o' : ?cr-
feron was demonstrated in cell culture inoculo’o' m *
a wide variety of live infectious viruses, j clvi- ;»
influenza "A” (Tyrrell, 1959) mumps (JTcnel, Ken* 1,
Dicnhardt and Bergs, 1959), attenuated polio v’
(Ho and Endere, 1959a,b), parainfluenz; vim-'
1960), foot and mouth disease (Hinter, 19'0),
encephalitis (Vileck, 1960) and rabies virus. (
Vvecker, Forsek, and Koprowski, #960). .mer, (?
reported the accumulation of interfere 5e¢ 'e . &
fluid of chick embryo inoculated with i alrus.
Isaacs and Hitchcock, (i960) found into ¢'e\-n *\
lungs of mice infected with type Al H
Nagano and Kojina, (1953) detected r >?Huai as ‘
probably due to interferon, in the extract o' redd
gjcin lesions which had been produced by vaooii La vi
lie list of various virus cell sy r : ¢ ’ * oK ele
synthesis had been demonstrated, was v "Ry
Ho, (1962)» Ho, (1966) reviewed the ir ees* |
interferur synthesis by member: %< eh; Dl

viruses. 1Te concluded that n8 e :

readily induce interferon synthesis i: -osc *y =



Arbitrarily cell-virus interactions c
distinguished in three types which result in in ¢ vc-
synuiiesis, (Blaskovic, 1963)# Birdt« after cor. :ar)\
of une cells with u— or heat inactivated or defective
/irions \.hich are unaole to reproduce# Secondly, by
live virions in cells, which do not allow the cc fete
replication of anotner invading virus and thir>»i;, ,
following infection with live virus undergoirr* or,. :
replicative cycle# 2he following viruses have ; .lL.
shown to act as interferon inducers after gen
TJY -inactivation or heating at 37°C or 36°C; di
types of influenza, llewcastle disease, fowl pi g e,
mumps and Sendai viruses (Burke and lIsaacs, I<v
Henle, Henle, Deinhardt and Bergs, 1939; CantoU,
vaccinia (Glasgow and Habel, 1962), Inactivate e ¢
induced better and earlier interferon synthesis
when used without any treatment (Burke asa Is e
1958a; Y/agner, 1960; Ho, 1964a).

Ilhere are not only great variation

efficiency of interferon induction w > -

of different groups of vii but al.>u : %

types and even strains of same virus. Vagner,
Sni.ider, Ratcliff and Hyatt, (1963), e’™."* | v
induction of interferon synthesis v/i *

of the Indiana type of vesicular stom atitis . .
produced large plaques, multiplied v/e31 r le.l lo
detectable synthesis of interferon in L c.

other one formed smaller plagques, mult; !

titres and produced some interferon in f. > u

?

fu
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°~ ce“lcU ™ere was also a narked difference in i? &

sensitivity of the two variants to the action of
inter ieron, tne variant producing large plaques be’
less sensitive than the snail plague variant, Likewise
Locnart, (ljo3) studied the synthesis of interferov
with two variants of V/estem equine encepl alo’yelibjs
V3,rus m different lines of mouse L cells. He found
that one virus variant which grew to higher titre .a
prouucca cybopathic effect, also consisten'lly in o
more interferon synthesis than another va.r.iant of <
same virus which multiplied at a lower ra’e ;»nd \
less cytocidal.

Viruses which readily inhibit host cell
biosynthesis upon infection not only fail to indue*
interferon synthesis, but can inhibit the ;-'oV-f e
of interferon induced by another virus, " "m efr* m

was demonstrated by Wagner and Huang, (19 > , wov:’s:

with suspended cultures of ICrebr;-? carer o' m .
Interferon synthesis v/as rapidly induced i 2R
cells with an ©virulent strain of 'Tevca : ‘'m,

virus, but not by vesicular stom atitis v..rr/ ,

Aurelion and loizman, (1965) co 'v " t?
behaviour of two strains of herpes simple vi '
cultures of dog kidney cells. One strai
in these cultures and produced no detectable interferon*
The other did not multiply but induced jn'» »v>rc:. e
inoculated at a multiplicity of 10 IPU/cf",

no interferon v/as detected when the latte: . b*ai;



inoculated at multiplicity of 100 PFU/cell. The first
strain and the higher multiplicity of the latter strain
caused a depression in cellular RNA synthenin and th.tri
effect apparently prevented interferon synthesis,
interferon inducer' virus must not shut off cellular RHA
synthesis to a degree which would interfere with the

synthesis of the interferon moleoule.

*x

Interferon may also be induced by cone bac er’,
and bacterial toxins (Youngner and Stinebring, 19r4;
Ho, 1964b; Michaels, Y/einberger and Ho, 19*"5; He-oner
and Billiau, 1966; Lukas and Tlruskova, 1967; Cnith arid
Wagner, 1967; Nagano, Kojima, Arakawa and Kannr.hlro,
1966), chlamydia, rickettsia and mycoplasnata (Hopps,
Kohno, Kohno and Smadel, 1964; Kazar, 1966; Merigan,
Hanna, 1966; Jenkin and lu, 1966; Rytel and Jones, 1 ;
Freshman, Merigan, Remington and Brownlee, 1966; Ye*
and Zhdanov, 1965), statolon and helenine (Kleinsc.. ~’
Cline and Murphy, 1964; Kleinschmidt and Murphy, 19
1967; Shope, 1948, 1953; Rytel, Chope and Kilbourne,
1966), phytohaeraagglutihs (Y/heelock, 1965) by anionie
polymers (Regelson, 1967; Merigan, 1967; Merigai ,
Frinkelstein, 11968) and nucleic acid (lsaacs, 196la, ;

Rotem, Cox and lIsaacs, 1963; Kohlhage, Falke, 1964;

Jensen, Neal, Owens and Warren, 1963).
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CHAPTER 5

0? TISSUE CULTURE REfDERPSST VACCIT..?
ZBLT". -BY ULTRAVIQIET T?P,ADIATIOIT ATP RY HEAT
TREATSEUT AT 56°C.

3. 1. IE1RGPUQT IONs

The use of noninfective virus is preferred
to the use of live virus in interferon studies
(Vilcek, 1969). Literature has revealed only scan tv*
information on the rate of inactivation of rinderpcr;-
virus by heat (56°C) or ultraviolet (U-V) irradiati
It was therefore considered imperative as the firs i
step to establish conditions for adequate inactive'/
of tissue culture rinderpest vaccine virus at 560

by U-V irradiation.

3. 2. HATERIALS AND METHODS;

Animals:

"R BINTITIAG A A o | y" S
used for preparing kidney cultures.
Media aixu boiuoxQiiLi;

Hank* s and Wallace (194-9) balanced ralt u V
containing 0.5" lactalbumin hydrolysate (LAE), 0.1.
yeastiolate (TE) and 10/9 bovine serum (BS) was usee a.”
growth medium. Maintenance medium ccmprised Luxlc*.

(1943) balanced solution supplemented with 0,?2r 11"

All the chemicals, LAE, YE and 1:250 Trypsin were o\ :u

from Fisher or l)ifco Laboratories U.S.A.
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0*1$ YE and 5$ donkey serun (D3). Trypsin

(0.25k) was prepared in phosphate buffered . ' o\

(Dulbecco and Vogt, 1954).

JdhIVf: Prkj-P- hydrolysate sucrose vaccine f* *
500 gn of lIAH and 1,000 gn of sv.o Ve

dissolved in 30 litres of distilled water.* !

wal sterilised by filtration and stored a

temperature.

Virus?

ICabete 10" tissue culture rinderr
virus strain (TORY) adapted to culture grc : in #*
(Plov/right and Perris, 1957), at 96th pa3l: L .-

in primary bovine kidney cultures *-is obt?

Dr. Rweyemamu, Head Division of Virus Disc. .. Ein
African Veterinary Research Organisation,

(EAVRO).

Cell culture:

Primary cultures were prepared by
described by Plov/right, Hernimam and Rampte: , U.tei
Preparation of virus stock:

mreeeniic t T*yP3iriftd[Jcalf kidney . (N

growth, medium to a concentration oi 1:200 f./»>.
were seeded with virus at the rate of lo” *
of cell suspension. 75 ml quantity e«*P
suspension was then dispensed in each of W Tco »
bottles.” These bottles were initially incu
for three days and rolled from 2 hours befc: ; ;.0

medium change. A fter replacing growth medium Vv/i
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l.....l«enance meaium, oottles were replaced on the roller
apparatus (rolled at 8 revolutions per minute). On the
5th day post infection (p.i*), medium was replaced
again by fresh maintenance medium* On day 7 p,"..
moie ohan 8Qo of the cell population showed oytopa'faic
changes* Bottles were shaken and the cell culture
xluid was harvested* This was subjected to light
centrifugation (4*000 r*p*m* for 60 minutes at
Clear supernatant fluid constituted the stock virus*
Tnis was dispensed into 15ml aliquots and stored at
—0 C till used. At the time of experimentation <.
bottle containing stock virus suspension was thaw
under cold tap water. This was further subdivide ! into
three portions* To the first portion an equal vc!; :c
of maintenance medium was added* The second porti
was mixed with an equal volume of DS, v/hile the t 'm
portion was diluted in an equal amount of vaccine
additive before inactivation*
inac oivctiloii«

Virus diluent was equilibrated to 50°C a
at time zero 5Sml* virus suspension was pipetted >
5 ml* of prewarmed diluent in bijou bottle:. (14 -1.
capacity) and immersed in a water bath maintained
temperature (thermostatically controlled and fixe-
lid and stirrer)* Samples were removed from the v
bath at 10 minute intervals* These were cooled r

in a bath of ice water and stored at 4°C from 6 to § 1
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All the virus titrations were performed in a single

"batch Oi bovine kidney primary culture system.

U ltraviolet rays inactivation:

90 mm open Pyrex petri dishes each contain!l*;:
10 ml, of virus suspension were exposed to U-V raya
released from Philips TGC 30 watt germicidal tube-
connected in series with a constant volt transfor.or
regulated to 220 volts. The virus suspension was placed
at a distance of 10 centimeters from the ultraviolet
tube where the dose was found to be 1014800 A° in
uw/cmO/second. To ensure adequate exposure virus
preparations were shaken manually and the ultraviolet
tube was allowed to warm 30 minutes prior to use.
During the inactivation process, control virus :n:pcnni a
was kept cool in a bath of ice water and all irradiated
samp3.es were stored at 4°C from 6 to 8 hours, ill tho
virus titrations were performed in a sinrle botch or

bovine kidney primary culture system.

*rtnovl C" TV'fee

10 fold serial virus dilutions were prepared 1 .
s, -, n-a —-—2—-—-TO N6 . * N rii as
dilution was inoculated into each of a set of live tubes
of 48 hours old primary bovine kidney monolayers. Pie
cultures were examined daily microscopically 202 »e-> mc
of cytopathic effect (CPS) upto 12 days p.i. On eac
occasion, cultures showing definite CPS were discore
Maintenance medium was changed every 48 hours. Irih-ti-
vity titres were calculated by the method of Sp<arm. u

and ICarber (Dennett, 19My#
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3, 3. RESULTS:

Heat inactivation of the virus:

Results of a series of experiments 021
inactivation of virus at 56°C suspended in maintenance
medium, donkey serum, and vaccine additive recpectiv ' ;
are presented in tables 1 to 3* The means of virus
survival for this experiment are plotted in figure 1.
It is evident from these studies that virus inactive
at 56°C proceeded very rapidly during the first 10
The half life was 2.5, 3.35 and 4.0 minutes for vtrv
suspended in maintenance medium, 501 donkey serum f;
vaccine additive respectively. In all the experime: ’
performed with infectious culture fluid diluted in
maintenance medium, a small quantity of irfeotivo v
survived up to 60 minutes. In the presenoe of dc
serum a small quantity of residual infective virus
detected after 70 minutes exposure at; 56°C ana in v.
preparations containing vacoine additive s infeofv:
virus survived upto 80 minutes at 56°C. The influe:
of donkey serum ana vaccine additive on tne rate 0!

virus inactivation at 56 0 heat 5s mown trblo e

jnnctivation tv ultraviolet Irradia vion!

The rates of virus Inactivation by ultravi
rays are shown in table 5 tc 7 and in fifjvre < it s
0Y ~02%; from these studies that inactivateon oi -c..
culture rinderpest virus by ultraviolet irradiatic

proceeded exponentially. A small quenti y of tafsc



- 44 -

virus was detectable after 110 seconds of ultraviolet
irradiation of virus diluted in the maintenance : .dim

did ent'~r ~50 and ;500 seconds of exposure to rat-=*
containing donkey serum and vaccine additive re 'pectiY' ..,
i-ile respective half life periods were 5f 12 and 16 seoonij.
A comparison of the effect of donkey serum end vaccine
additive is presented in table 8. fhc vaccine additive
stabilized the virus against ultraviolet irradiation

better than serum or maintenance medium.



t.QSS OF PTFECTIVITY AT 56°C OF CELL CULTURE VIRUS
FUJI >COTTAHTING EQUAL VOLUT.3 OF IAIITIILAIMC3 MEDIUM

at log Z virus dilution
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TABJjB 2
LC3S OF IUFi-'OTXyiTY AT 56°C 01? CEU, CU11URE VIRUS FLUID
COHTABTDrS 5Q= POITKBY SERITH

THIS 32 PITRE OF \3UJS (BK/97) 1og10'TC rv0/nl AVERAGE VIRUS
expos IXis nr TITRE log1Q
HINUTES EXPERIMENT TCIDr-0/nijl,
1 2 3 4 5

0 5.7 5.3 5.6 5.4 5.5 5.5

10 4.5 4.1 3.9 4.3 4.2 4.2

20 3.5 3.3 3.1 - 3.4 3.2 3.3

30 2.6 2.5 2.3 2.3 2.8 2.5

40 1.9 1.6 2.2 1.9 1.8 .1.9

50 1.2 1.3 1.7 1.2 1,1 1.3

60 1/51at 30° 3/5+at 10w 4./5+at 10° i/5+at 10° |/5+at 10°l 2/5+at 10°

70 - 2/5+at 10° 2/5+at 10° —~ I/5+at 10° |/5+at 10°

80 . - . : .

90

100

110 — — - _

120 . ~ : —

Half Hie = 3.55 cinutos

LAYs WY §* Ca/ 4ubr: poxitive out of total of B tubes at 1or X virus mi. W7+t
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TABIXE 3
| OS3 OF DTP::CTr/ITY AT 56°C OF CELL CUIffUKB YIRUS FliUuzZzD

COJTAr BIG AN EQUAL VOLUME OP VACCHIE ADDITIVE

TH33 OP °
EXPOSURE HT HARE OP VIRUS (BK/97) 1°S10 TCID50/ral -{IAD\YIEM%%G&}/I%US
IAINUIES
EXPERIOUT TCID50/m I,
2 3 4 5
0 5.7 5.5 5.6 5*9 5.8 5.7
10 4.3 4.5 4.S 4.9 4.5 4.6
20 3,3 3.6 3.7 3.8 3.6 3.6
30 2,4 3.0 2.9 3.1 3.0 2.9
40 1,9 2.7 2.5 2.6 2.3 2.4
30 1.9 2.1 2.0 2.0 1.9 ' 2.0
60 1,6 1.9 1.7 1.5 1.4 1.6
70 I/5+it 10° 5/5+at 10° 4/5+at 10° 3/5+at 10° 2/5+at 10° 3/5+at 1.0°
3/5+at 101 I/5+at 101 1/5+at 101 I/5+at 101
80 & 1/5+at 10° 1/5+at 10° — - -
90 - - - — - -
100 — — - — _
no - - — _ _ -
120 - - - - - _
Half lifo = 4*0 norate3
V/IB+ ai X | ‘'ube: positive out of a total of B tvbrs at lor 7 virus dilution



CRLIBARISON Op_TTiGANRBTINGT VAT NRATES 02 RINDKRy ; #
VIRUS 7RAHIICADME 105 64 dnhoc f) FIRE EQUAL VOLUT-S 07

—V; jiHj I'0.Tja~ SSRUI AND VACCITE ADDITIV.

%PQ/SL'{'FISI'E H3AN vIRtrs TXIKB (log10 2Cn>50/ral)
HIITUTES Xi: -E3 POIIOWETG SOIiOTIOITS
i-anraEiTAS'CB DONKEY  VACCINE
ivasMiiivi SERUM ADDITIVE
0 5.7 5.5 5.7
10 3.5 4.2 4.6
20 2.5 * 3.3 3.6
30 1.6 2.5 2.9
40 0.9 1.9 2.4
50 0.4 1.3 2.0
60 0.2 0.9 1.6
70 0.1 0.5 1.3
v N « N ﬁﬂ/
: L Z i 7
1 Half life in 2.5 ' 3.35 4.0

m'm)

A+
3
=,
<
@
D
n
—_— -




TB.1E OP
EXPOSURE HT

secojxds

10 .
20
30
40
50
60
70
30
90
100

49 .
TABIJE 5

LCSS OP | TISCTI 'ITY BY ULTRAVIOLET IRRADIATICIT OP CELL CULTURE FXUID
m JATED IN' EQUAL VOLUME OP HABTTEITAITCS MEDIUM

LIT IE OF rIRU3 (BIC/97)
EXPER.I

3,2

2,1

1.7
1.6
0.7
0.5
0.6
0.5
0.4
0.4

2

N ol

w © w w

o O o O o o Bk

o N g e

los~,0 TCLD”o/ml=*

UE K1
3

5.4

[EY
D O w

o

©O o o o o
O ~N © ~N o~

6.1
3.3
2.5
2.3

1.9
1.5
1.3
1.1

0.9
0.6

0.5

5.8
2.9
2.3
2.1
1.8

1.1
0.9
1.0
0.8
0.6

AVERAGE TITRE
OP VTRUS
o0 10jjlpql iH

2.9
2.1
FT
1.5
0.9

0.9
0.8

0.8
0.6

0.5
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TABLE 5

110 0.2 0.4 0.5 0.7 0.6 0.5
120 I/5+at 10° 5/5+at 10° 3/5+at 10° 2/5+at 10° 2/5+at 10°
130 ,'5+at .0° I/5+at 10° 2/5+at 10° 3/5+at 10° I/5'’at 10° 2/5+at 10°
140 1/5+at 10° 1/5+at 10° ~
150 1/5+at 10° 1/5+at 10° |I/5+at 10° I/5+at 10°
160

170

180

Helf life - 5 Sconds

Ley: A/B e;: s A tu'es positive out of total of B tubes at los 7 virus diiution.
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TABLE 6

LOSS OP E:'FE 31IVIT f BY ULTRAVIOLET IRRALIATIOIT OF CELL CULTURE FLUID
OXT ?A:in TG AN 3QUAL VOLUTE OF DONKEY SERul!

B(I\ISISSSI%E N M EE OX VIRUS (SSC/97) loglo TCID"0/mI AVERAGE TITHE
SECONDS 1 2 3 4 5 107AiQ 10IE o i

0 5*5 5.7 5.3 5.9 5.5 5.6

10 4.7 4.8 4.3 4.9 4.6 4.7

20 . 3.9 4.3 3.9 4.3 3.7 4.0

30 3.3 3.8 3.5 3. 3.0 3.5

40 3.L 3.3 3.2 3.5 2.8 3.2

50 2.7 2.8 3.1 3.0 2.5 2.8

60 2.3 2.5 3.0 2.8 2.7 2.7

70 2.3 2.1 2.9 2.6 2.3 2.4

80 2.3 1.7 2.6 2. 2.1 2.1

90 2.1 1.9 2.5 2.0 2.1 2.1

100 1.3 1.7 2.1 2.1 2.4 2.0

no 1.9 1.5 2.0 1.9 2.1 1.9

120 1.5 1.3 2.3 1.9 1.7 1.7

130 1.5 1.3 1.9 1.5 1.3 1.5
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loss ON rm ctivt Y by ultraviolet irradiation op cell culture fluid

PONT, . TNUTG 50/ VACCINE ADDITIVE

I TIME OP "HR:
EXPOSORB IN
SECONDS 1
0 5*6
10 4.3
20 4.1
30 3.9
40 3.3
50 2.9
60 2.7
70 2.5
80 2.1
90 2.3
100 1.9
110 2.0

120 1.9
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TABLE 7

OP VIRUS (BK/97) log,0 TCIS50/al.

2

o~
N

w W W w
N O W ©

NN NN
P W W N~ ©

3

5.7

IO

N O w W » © W ©

N W DD W W wWw W w w
\l

4

5.3
4.9

W oW w N
©

N w oo ow

N N NN W w w
\l

5

6,0
5.7
5.3
4.7

4.3
3.6

3.2

2.9
2.5

1.9
2.6

2.2

AVERACE TITRI
AT
10S102CrD50/n: gy,

5.7
5.0
4.6
4.2
3.8
3.2
3.2
3.0 j
2.8
2.8
2.3
2.6
2.2



1

130

150
160
170
180
150

200
210
220

230

220

1.9

1.7

1.3

2.1

2.0

1.9

1.9

1.3

1.3

1.7

1.6

1.5

1.5

#@n

1.3
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TABLE 7

2.3

2.1

2.1

1.9
1.7
1.7
1.5
1.3
1.5
1.3

1.3

1.1

2,2

1.9

2.3
2.1
2.0
1.3
1.7
1.3

1.6

1.5

1.3

2.3

2.1

2.1

2.1

1.3

1.7

1.5

1.5

1.4

1.4

1.3

1.2
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TABLE 7
3. 2 3 4 5

250 0,7 1.0 1.3 0.9 1.1 1.0
260 1.1 0.9 1*3 1*2 1.1 1.2
270 1.0 1.0 1*5 1*2 1.7 1*2
230 11 1.0 1.3 0.9 0.9 1*0
290 1,0 1.0 1.2 1*1 1.3 1*1
500 I/5+vt 10° 1/5+at 10° 2/5+at 10° 2/5+at 10° 3/5+at 10° 2/5+at 10°
510 - - — — - .

520 - - _ _ _ _

Half life = 16 Soconds

Key: A/J+ at X =1 tu>os positive out of a total of ? trbes at lof£ Xvirus dilution.
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)ABE

COKMHISOI! OP ?2?2@ 118117 ;Q7ACTr:ATTOTT pa'P'?* 0? CELT,
chrasjitT ¢ "-p EHDIir) m~soul.T, vot~ ) 07 FjiU'ﬁ'EiTA;:
bG/j/_jerul ;..d vacch:3 ADDiirA =

TEE 07
EXPOSURE IX, I'S/a? YXRUS TITEE (log10 TCID"nl)
bijOQIIDS ET SEE F0ilOV/rjG SOXUTIOITS
IIAEICEIUITCE  DOITKEY VACCINE
lIEDrd:: SERUIJ ADDITIVE
= R T S— 11
0 5.7 5.6 5.7
10 2.9 4.7 5.0
20 2.1 4.0 4.6
30 1.7 3.5 4.2
40 1.5 3.2 3.8
50 0.9 2.8 3.2
60 0.9 2.7 3.2
70 0f8 2.4 "0
90 0.6 1 2.1 i 2.8
1
100 0.5 2.0 | 2.3
FII‘II |L_
Half life In a 12 «
1 Seconds I i

N ~ LI - - r






Old
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j « P JI<TJoS +017;

[I'jere appears to bo no criteria in assessing

the rate °- rxriderpoot virus inactivation, except to

determine the mere presence or absence of virus
infectivity (ldess and Plowright, 1963a). The veriablts
which neea to be taken into consideration while
investigating the rate of virus inactivation are the
composition and pd of the suspending medium, the ori j.
and passage mstory of the virus and the temperature
or exposure (G-oman, 1960)* In the present i* .
these variables were kept constant except the
medium as described in the materials and method

It is evident from the results expresoo
table 1-4 that the composition of the suspend!:’,
had influenced the rate of rinderpest virus in
further, percentage of the surviving virus and * 11 2lp
periods derived from the regiejeion eoex'licienw.
in figure 1. rqoo™*1v ’
was exponential and was influenced by the eompo itinr
LFETAOONY UL, V0 i ovil., Qdvy WOl vdL... O
additive and donkey serum exerted a stabilisin'- r-
on the virus* These observations ore in agree:.
- "l ® G Al Gorham, (ibdo) in respect the effect
ap fves e”neoition of ic uXw , oiiu ox ocoi»o, tfPriy i
and Plov/right and Perris, (1951), regarding th: -
of the inactivation curvee These ixixuxii®o - *
the half life "period from that give..) oy Plowright
Perris, (1961), ivho observed r. half life period or



3#5 EinUteS fOr the Katrte ”0¥ strain of rinderpest

virus suspended in Earle"s medium containing 5% bovine
serum and subjected to heat treatment at 56°C. The
coir*pon~.i_,.£, period in these studies was 2.5 minutes.
The discrepancy might be due to the use of donkey serum
& £bc.iiio ¢ w»6ez serum used by Plowright and Perris,
(1961) or tne use of very young cells in determing.
the residual virus infectivity because Plov,Tight and
Perris, (1957, 1959a) observed that the C}?3 of rinder-
pest virus was extensive and striking in young ac
dividing cells than in old cell cultures. As she..: in
Tables 1-3, there was no significant difference in the
results obtained from replicated tests.

It is evident from the work reported in thin
chapter, that reported by Plowright, Racpton, Ta; Lor
Hemiaan, (1970); and Johnson, (1962a) that vacci
additive and serum stabilize rinderpest virus to
inactivation by heat, iusser and Underwood, (19CO0),

0 v VVa w Il n»!CO U t* i'nl' O 401 <JjLO OIL
measles virus by the addition of 5" celf :oru*i to
tne storage medium.

Little vrork been published c. the i-*.v-1-
vation of cultured rinderpest virus oy ultraviolet
irradiation. During the present invest!" tion, al?
possiDie variables except the composition of the
suspending medium v/ere Icept const.-int <3  _e<ibc*
the materials and methods. Inc results . .arized i.i
Tab3 e 5—8 and Figure 2 demonstrate inacit tion <

cultured rinderpest virus by b-7 irraoi.* -on to be



exponential. It is also evident that vaccine additive
and serum, again exerted a stabilising influence on
the virus to inactivation by U-V irradiation.

At in evident from the work reported in this
chapter, also that by LlaeOwan, (1956); Johnson, (19C2b);
and Plowright, Heminann and Rampton, (1971), that
rinaerpesc virus inactivation proceeded as a first order
reaction on exposure to UV light. Addition of vaccine
additive and serum stabilize rinderpest viru3d to inacti-

vation by ultraviolet irradiation.

3, 5. SUHILARY,

The inactivation of cell culture rinderpest
vaccine virus by heat (56°C) or U-V irradiation was
studied after diluting in equal volume of maintain” :e
medium, donkey serum or vaccine additive.

In both systems the pattern of inactivation
was exponential. Virus was rapidly inactivated in
maintenance medium as compared with donkey serum or
vaccine additive. Addition of vaccine additive provided
maximum protection

to 3C°C or ultraviolet irradiation.
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CHAPTER A

AlH) :i'lj?KRPEROINT HrpUCTIOIT BY TISSUE
SISITM A HINJ35RPS? VACCINE VIRUS .. VTIVRQ

4. 1. INTRODUCTION-

Plowright and Perris, (1957* 1959a) observed
tliat the CP.o of rinderpest virus was more extensive
and sorx_xing in young actively dividing cells than in
old cultures. It was also observed that complete
medium change accelerated the extension of CPE
(Plowright, 1964) and the release of the virus in
culture fluid (Plowright, Herninann and Hampton, 1969).
These observations suggest that autointerference right
be a limiting factor to the development and progression
of rinderpest virus CPE. Plov/right and Perris, (1961)
have also suggested autointerference to account for
irregularities observed in the titrations of heat
inactivated samples. The work reported in this chapter
vias carried out to investigate the ability of rinder-
pest virus to induce iniex ftsx®e.nce xn vxcro ana arso co

characterise any such inhibitor as interferon.

4. 2. MATERIALS AID METHODS:

Media. Animals and tissue.cuV”vre:

Description of animals, media and solutions
used and procedures adopted in the preparation of co. u

culture have been described in chapter 5 ox this tics.":/.



Interfering virus-

Kabete nC* strain of rinderpest virus
(Plowright and Perris, 1957), described in earlier
experimencs was used in these studies.

Challenge viruses.

Bovine tissue culture adapted, bovine vj.rus
diarrhoea (PYD), infectious bovine rhinotrache” ti: (1.~ .),
para influenza-3 (PI1-3), maintained in the 2AVRO were
used, while foot and mouth disease (FLID) virus, A La
type-1 collected from a field outbreak in Pakistan sal
adapted to grow in calf and goat kidney cells in t; e
Veterinary Research Institute, Pakistan (VPI) was
included in these studies.

Preparation of stock viruse

All the viruses were propagated on primary
cultures. Cell culture fluid was harvested when G£
was evident in more than 80" of tne cells, This was
centrifuged at 5>CO00 r,p#m 1ia 4 0 xor cue hour
stored at -70'C,

Immune serum,

mRirdernest reference immune rabbit r?er
maintained in EAVP.0 was used.

Virus 1nact jvation and ass&y g:;>01jg*

TCHV diluted in maintenance medium was
inactivated for 3 minutes by ultraviolet irradiation.
Virus titrations and calculation of the 20.m>50 wev.

made @S described in chapter 3 of this thesis.



Interference earnerinfvn-fcep

Interference experiments were carried out
in the following way: Active or inactivated TCRV at
a tibre of 105#1 ICrD”0 per ml was used. It was
inoculated into 5 day old bovine kidney primary mono-
layer cultures in tubes. After 6 hours incubation at
37 0, maintenance medium was changed. Then after
43 hours of incubation, BVD and TCRV viruses were
titrated in these and control cell cultures. The
control cell cultures were similarly pretreated with
ultraviolet treated maintenance medium. These were
incubated at 37°C and observed daily for the develo' f.i.t
of CPE. CPE and virus yield were recorded. These
experiments were carried out in triplicate.
Preparation of interferon from bovine kidney (BK)
cells treated with inactivated TCRV.

Fluids from cell cultures inoculated wit: V-V
inactivated TCRV and control cultures, collected at
the time of challenge virus titration, v/erc used d m
the source of interferon induced by inactivated T(' /
and control fluids respectively.

Preparation of interferon from BK cells «™ocujjipil
with live virus (TCRV).

One litre Blake bottles containing about
5N 0° freshly trypsinised BK cells per ml of growth
medium were infected in suspension \;vit..i ’.’[(l)\5’1 TCID"q
of infective TCRV. These were incubate! as described

+n chapter 3 and observed daily microscopically.



CPE appeared on the 3rd day p.i. and was allowed to
progress without medium change for the next 48 hours
by which time it was observed that no new foci Jt' G
viere developing and some cell growth in the areas of
CPE \<as observed. At this time, fluids from the
infectea and uninfected control bottles were harvested,
centrifuged at 3,000 r.p.m. for 60 minutes at /°C.

2he supemates were stored at 4°C for a maximum of

4 days as interferon and control fluids respectively.
Assay of raterferon.

Principally, procedures described by Printer
and Philipson, (1932), were strictly adopted to arsoy
interferon, 1 ml amounts of the serial two-fold dilutii
in Hankls solution of interferon preparation were rdded
to 5 tubes per dilution. Twenty-four hours later 100
TCH)50 of challenge virus was added. The interferon
titre v/as expressed as the highest dilution which
diminished about pO”* of the CPE as compared w control
cell culture fluid.

Characterisation of interferon,

RO

the following studies:~

a. Acid stability,
The procedures adopted by airchainsay and Hayy,

(1969) were used. The Interferon fluid saiaples were
acidified to pH 2 with 1:20 hydrochloric acid and stored
at 4°C for 43 hours. Then the pH was Hrovght to

neutrcviity with A swpst e interferon ¢ ntent ¢ /



the test culture nurds were assayed before and

after acid treatment.

be [ITo/i-sedinerttabil T-hy, "
0

Interferon fluid was centrifuged at 30,000

r*p*D, Ffor 1 hour at 4°C in a Spinco ultra centrifuge

using che Sw 30 rotor. The supemate vras then assayed

for interferon activity.

c. |ITon-dialvgg.bility »

Dialyzability of TORY interferon was
assessed as described by Rosenquist end Loan, (1967).
fluid.samples were dialysed in cellulose tubing at
4°C against 100 volumes of 0.1 M KC1-HC1 buffer pH 2
(Bower and Bates, 1955? cited by Long, 1961), for
24 hours and then against 100 volumes of Ilank*s balance
salt solution pH 6.3 (Hank!s and Wallace, 1949), for
24 hours and then tested for interferon activity.

d. ITon-neutrallz?bllity.

Interferon samples obtained after ":f lift
were mixed with equal volumes of 1:10 diluted r
erti -rinderpest sorum cuid iLe mixtures incuoa-ueu o\" r
night at 4°C. Interferon content of serum treated
and untreated samples was assayed.

e. Virus-specificity.

Tost interferon fluid was serially diluted
two-fold in Hank: s balanced salt solution. Por each
dilution 1 ml amounts were inoculated into each LI mono-
layer cultures. Twenty-four hours later, the cultures

were superinfected with 100 TCE>50 of BVI) virus or PI-3



or IK wvirus or Hffl virus Asia type-1. The cultures
W6re 6Xamined daily development of CPE caused
by the superinfecting virus.
£* Specios-snecificityu

1 nl amounts of the serial two-fold dilution
in Henlc*s balanced salt solution of Interferon pre-par*-
tions were inoculated into bovine and goat kidney
primary cell culture tubes. After 24 hours Incubation

at 37 0, uhese cultures were challenged with 100 'ID.O
v

of BVD or PIlD Asia type-1 viruses, 08?hey v/ere exr::inc;'.
daily for five days for evidence of CFi due to challe-
nging virus. Interferon titre was expressed as the
reciprocal of the highest dilution that caused a 50(
redu.ction in the challenging virus.

g. Trypsin sensitivity.

Interferon, after acid treatment war treated
with trypsin at a final concentration of O.Civ (0.3 a jz
and incubated for hours at 37°7, after * *'
inliibitor was added at a concentration of O.lrv/w'i
cf the oritoh:.cl. io.tcj.-ler-on propara-cron, 1lhen rabbit
immune rinderpest serum was added (1:10) end the
was incubated for two hours at 3? C after which ic "as

assayed for interferon content.

h. Heat stability.
5 ml quantities of interferon were sealed

in glass ampoules and heateci in a eace.? oa -h either

at 56°C for 30 minutes or at 70°C for 1 h Afto:



reraoval from the water hath the ampoules were

immersed In. ice cold water immediately for 20 minutes.

?he contents were then assayed for interferon
activity*

4. 3. RESULTS:

U ltraviolet irradiated TORY
inoculated into BK cells induced a significant
depression to BYD virus titre (table 9 and 10),
which means that TORY preparation interfered with
BYD virus replication. Further, inactivated TORY
interfered with hoth homologous as well as heterologous
viruses, but more depression in virus titre was
observed with the heterologous than the homologous
superinfecting viruses (table 11 and 12).
Depression in BYD virus titre was more narked on the
3rd day p.i. but with active TCRV a constant depress!
cf log 10lo° TCIDp;0/ml was noticed from the 3rd day
nost challenge onwards. Likewise ultraviolet r r.Ax.-
vateu TORY treated BK ceils afforded a significant
depression in virus yield of the superinfecting virus

on the 3rd day post challenge (table 13 and 14)*
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gHS,ggggcg o”"Laafm .“w 0? Tv uoitgqlayus CULTURE UITH U=V

Sm m jAJ22M _c” yrieirt susceptibility to evu W-;;

Experiment  Day post WD ByD Virus Titre in Depression

Number Virus Ao AN ) _
Inoculation 10 MDD /k . in Titre
A B y
1 3 4.5 5.3 0.3
4 5.1 5.9 0.8
55 6.5 1.0
2 3 4.3 5.5 1.2
4 5.0 5.9 0.9
5.5 6.7 1.2
3 3 4.5 5.7 1.2
4 5.0 6*0 1.0
A P, &F 0.6

5. 5

L = nvu Vvirus ecure in uwv cultures protree. >c -t
U«v Tnactivated TCRV .
B = BW virus titre in 7z cultures pretrcai.ee v.-ilh

normal cell culture fluids (controj.).



table 10

MEAN PBPPBSSIOIT 0? THREE EXPERIMENTS JIT
BVB TITRB BTDUCBD BY ENACT1YATEP TCTY.

Experiment ITo, Depression on P.l. Day
3 A 5
1 0.8 0.8 1.0
2 1.2 0.9 1.2
3 1.2 1.0 0.6

MEAN 1.1 0.9 0.9
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SABLE 11

TIPS EEEE; ~_OP_ REAM.ENT OP BIC MONOLAYER CULTURE V/ITH INACTIVATED TORY
OR Tli. IR SUSCEPTIBILITY TO EVP AK3J} Bri/itOTTVE TORY
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TABLE 12

m AT DEI SESSION HI HOMOLOGOUS AND HETEROLOGOUS
CFAJIEITCE 77 RUSES IMDUCED BY [IILVGTIVATEI) TCRV

E:rperiment Eel ?escion in virus titre 1og™Q Tcro-oM . p.i. day
Number
HOMOLOGONS HETEROLOGOUS
3 4 ) 6 7 3 4 5
1 - 1.0 1.0 1.0 1.6 2.4 2.2
2 - 1.2 1*0 1.0 1.9 1.9 1.8
3 - 1.0 1,0 1.4 2.0 1.6 1.8
MEAN - 1.1 1.0 1.1 1.8 2.0 1.9

2.2

2.0

1.3

1.8

1.8

2.0

1.4

1.7
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*AllLB 15

h-1 QF WTREATLIU?H Off BIC CULTURES V.TTH TV TT+¢0*W\V

TCRv DOR UCURS C;: THEIR STJoOEPTIBTLTAY TO BTD VjRUC
_ Bay post BVD virons yield Depression in
Exp%rlment fBVD virus in log10 titre
umber inocula- A
tion fCIDA/mI. Ly o L /6 ~c
A B
3 5,1 5.7 0.6
A 5.3 5.7 0.4
1 5 5.7 6*1 0.4
6 5.9 6.1 0.2
7 5.9 6*1 0.2
3 4.9 5.7 0.8
4 5.3 5.9 0.6
2 5 5.7 6*1 0.4
6 5.9 6.1 0.2
7 6*1 6.1 o
i
3 r h r r 1 0.6
4 | 5.3 5.7 I 0.4
5 i) 5.9 0.2
m
1 - [ !
J j J—— —— -

A = BVJ virus yield in BK cultures pretreated with U-.r
inactivated TCRV.

3 ~ B3 virus yield in £& cultures pretreated with normal
tissue culture fluids (control)#



[ISM-
EXPEK

OP BK CELLS 7;iTH T17ACT1YATED LCRV#

Experiment
Number
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TABES 14

TIT BEVT) YIKTjg yiE-Td “From TH’E'!.
S Ao -753TH.IATSD BY 24 HOURS VRETRI'.T

depression

0.6
0.8

0*6

0.7

in virus titre

0.4

0.6

0.4

0.5

p

day
5

0.4

0.4

0.2

0.3

0.2

0.2

0.2

0.2

TCTD g/ K,

0.2

0.1
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"grte®ionjog interferon fron r:nder-co-;v:_
infected BK culture fluids.

ae Acid stability.

litre (log 10 *Vol) of TCRV induced virO
inhibitor in BK cultures was not affected by \cid

treatment,,

be ffon~sediaentabil 1ty.
High speed centrifugation did not affect

the titre of the viral inhibitor substancee

c, [MMon—dialysabllity.
Inhibitory action of the TORY indued
inhibitor was unaffected by dialysis os its m

before and after dialysis remained the same (lor

102'Vml).
d. Influence of anti-rinflamest serum.

jii =K iiw o/ w0 ILilIXJayV
growth did not decrease. It is assumed thermo r *

this activity was not derived from the presence of

AN B> el rri TV

Virus inhibitor at a dilution 3::6
CPE of EVD, 1lER, P1-3 and KID (Asia type-1 strain)
viruses in BE cell cultures. Therefore it war esc

that the substance did not posses tns so-called

virus specificity,
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f# Species-specificity,

The inhibitory activity of the interferon-
lihe substance was demonstrated in the assay of
interferon with the system of USD and BK cultures,
but not with the system of FIW virus in goat kidney

cultures* Accordingly it wrcis proved that the cubstone

had species specificity™*

g* Trypsin~sensitivlty «
This enzyme destroyed the virus inhibi cory

property*
he Heat-stability.

Heating at 56°C for 30 minutes decrease.’,
the virus inhibiting activity to log 100*”, where as
heat treatment at 70°C for 1 hour totally destroy |,

the virus inhibiting activity*
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4. 4* DISCUSSION:

_ This study .indicates that infective TcAv
when rendered non-infectious by U~7 irradiation
interfered with the replication of superinfectin
homologous as well as heterologous virus (Tables 9-'r;,
These findings are in agreement with those of nany
workers (lsaacs and Lindenmann, 1957; Xindenmann,
Burke and lIsaacs, 1957; and Burke and lIsaacs, 1958b),
who observed similar behaviour with other viruses.

The present study also provides evidence
that interferon is produced in BK cultures inoculabc"
with infective or U+ inactivated TCRV. The iuent;
cation of the inhibitor as interferon is supported
by the evidence that virus was not present in the
inhibiting fluid following acid treatment, and that
its activity was not influenced by oreatiaeiifc with

BTN AT .
mviruses are known to protect cell cultures -fairo”.
challenge viruses (”“.neeiocic ano "iciey, 19crj$ m- o
treatment o#& ar*ture fluid bv sell ication (Liefco
and 110 T/riglit, 1963a; -doer a:-.:. Barber, IS -=ws, ur.-|
high centrifugation (Plowright, Cruickshank end.
W aterson, 190a) procedures, which v/oulu tend to eih.er

inactivate or eliminate virus particles Oil rot affect

the virus inhibitory substance.
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oncivir™l substance produced in BIC

cells was found to filf-iillll Wlé /t;iological criteria
to be classified as 3?} interferon (Levine and
NiCh015 1970)* « — a maeroraolecule of relatively
small size as indicated by its lack of sedimentation
at 30,000 r.p.m. for one hour and the fact that it
vras non-clialyzable. it possessed stability farkv

PK 2 8Mdg ~ f censztive to trypsin. The latter
indicating that the active antiviral substance was
protein in nature. The antiviral property was
partially inactivated by heating at 56°C for

30 minutes. Brcad-spectrum antiviral activity v.-as
demonstrated by inhibition of BVD, IE?, ard

MD viruses,

A nuiTOi; lios o—species specificity was shown
by treating heterologous cell cultures with the anti-
viral substance produced on BK cells,

These properties justify the conclusion
that the antiviral substanoo produced by thw j
response to 2CRY is in fact an interferon.

The results obtained in this chapter clew -
indicate that interferon mediated autointerfei *nco
provides an explanation to the observation by Plov.vi
(1964); end Plowright, Hemimann and Rampton, (1969);
that complete medium change of TCRV infected cult;
accelerates the extension of CPS and the release of

virus in culture fluid. This is because interfere?:
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produced endogenously inhibits further replied ;c
°f the sane virus (lsaacs, 1962; an er, i;S3 .
where iiequent enange of medium reduce the in;
j.eron influence anu thereby permit normal virus
grorrth resulting in cell destruction (lsaacs, I-
j-he induction or interferon system in BK cell
cultures infected with TORY coupled with the o
tions of Plowright and Pinter (cited by Plova-i
19';S), tnat an interferon preparation, produce.] . i
calx Icicney cells infected with Gindbis virus
suppressed the growth of virulent RGIC/l strain of
rinderpest virus, suggest that the interferon
coud..d play an important role In the pathogenor

rinderpest virus infection in vivo.

4. 5. STOUARY:
1) itRV virus was found to interior

Njth inf" * T* [ A\ u,. toe-
bovine virus diarrhoea end foot end " d is;---

viruses,
2) Stimulation of bovine ?"TInc "V

with -CRY produced interferon,
3) Viral interference induced by TCRV v-

jy inuex'ie _ «
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-ile interfering factor was demonstrated

to be interferon on account of the following

characteristics :

a”

h &

Stable at pH 2.

[Tfon-dialyzable.

Hot sedimentable at 50,000 r.p.n. for

1 hour.

Hot affected by rinderpest immune rerun.
Active against homologous as well as
heterologous viruses.

Effective in calf kidney cells but

not in goat kidney cells.

Partially stable at 56°C for 50 minutes.
A ctivity destroyed by 70°C for 1 hour
heat treatment.

A ctivity ciestroyeu. Dy urypsin treat-enu.
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C&AMER 5

ht"lreerar jjrUOglOIl BY ATTSIITATPI) Ahi

ViRuiatne -"3 07? Do |

5. 1» iT:gRor>uo0?io”;

Snders in 1960 described that vaccine r
ox measles virus induced cells to produce nor
feron than virulent strains. Subsequently, y mc.
and Snders, (1961) reported that 5 attenuated :t-
of polio virus induced interferon. The titre *
log 10 °«:5-0*S in man. The virulent strains ( rv
MSPI, Leon and Chat) did not produce any detect-
amounts of interferon. Sellers in 1963 demon
that attenuated strains of PhD virus were better
interferon inducers than virulent strains,

There is no published information c.r, 1
about N of interseror. v
of rinderpest virus. Although it was describe' :'n

iz X = o_xclu x wiiv j_ii.CithOCU. XilOtilX &x.CiiCi. 1r* A 21*  wasx
as well as heterologous viruses, and that viral
interference was mediated by interferon, -*-
to find out the relationsnip between virus virulent
A rv-*i *j-~ *q indues cell- to produce iuwriwru*..

The aim of this investigation war to

interferon inducing capability of vuu ful-** d,ou..

and virulent strains of rinderpest virus.
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usthodf;*

If"V7a~G* "3dia and solutions#

Snese have %Yeen described in chapter 3.

h”rcceoure o.t cg.aj. cultures,

xnis has also been given in chapter 3.

Viruses *

n* n---ndornest vins strains.

a*

bt

a.ily attenuated tissue culture vaccine
strain uKabete 0" described in chanter 3*
Virulent non-contagious strain "RiOi”,
passaged by subcutaneous inoculation
over 60 years in cattle at 2AVRO was
obtained from hr. Rweyeranu, Head
Division of Virus Diseases FAVRO.
Fully virulent contagious strain "PAi’l,
passaged, by subcutaneous inoculation o”cr
23 years in buffalo in 711, where i . is
used in all research projects.

ir TR Xe= o T Ks y/ 'C.

*Phis has been described in chapter /,

Adaptation of the virulentjr v7/.*

Du cultures ,,

Virulent strains wereCpncel*passaged|in

susceptible animals. Blood was collected duri g the

acute febrile stage of the disease and virus v.rs

isolated following methods described by Xllov.njrh!; ah
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ior five times in tic cultures? ysing limiting virus
dilution procedure.

Preparation of stock virus.

T*his was done Yy methods described iIn

chapter 4.
Assay of virus infactivity.
Procedures described in chapter 3 were
adopted.
Immune Serun.

This has been described in chapter 4*

Preparation of interferon from EK cultures infeetcl
with rinderpest virus strains, characterisation and
assay of interferon..

These procedure have been detailed in

chapter 4#

5. 3. RESULTS:

A4t —+
included in these studies induced interferon production
in BK cultures. Table 13 shows that fully attenuated
vaccine strain Maoete 04 produced interferon oj.
lem 20“*~/nl when assayed against 100 TCID"g/ 0.1 :1
of FLU) virus. The virulent,non-contagious strain
"RBOE" effected, interferon production to a level of
log igle8/mlc V/here as stimulation by fully virulent

contagious strain "PAK"™ produced totertoron/titre of ~

log 101*2/*! to 2K cultures.
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gABLE 15

SAxaxIQIl1Si’l by attenuate!) ajad viaulta

SAT -l T3 Q? AT:'T)EAPESM “rTT*Tis

Experiment nterferon titre in lo.~ 10

Number
A 3 a
N wl
1 2.4 1.8 1.2
i
2 2.7 2.1 1.5
2.1 1.5 0.9
Kean .8 1.8 1.2
Key: A = Fully attenuated vaccine r+rr:r
"Kabete OM
B = Virulent non-contagious strain "RA . .
n -r TSY tr YJ**"lon+ g "o

FIED virus yield in BK cultures pretr™atr
with interferon Induced by fully attenuated vaoeir.c
strain “K.abete Ou was log 10 " AJED”q/nil r. show
a log 10~*" depression (&&/the test virus tire
(Table 16-17)e Similarly challenge virus yield i

cultures pretreated with interferon ox vir lent
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non-contagious strain uRBOKu was log 10442 and inter-

feron wureaunenfc caused a log 10"*" reduction in virus

oi“re. ..sere as challenge yield in cultures proe.eased

with inter! eron produced following stimulation 01 IIl
cultures by fully virulent contagious strain MPAITh

5.0 A . . .
was log 10 "* /ml, only the decrease in virus titre

was log 10 '*;

TABLE 16

EFFECT OP STfIRFEROH ATTAINED FROIl BK CUI/IIR-"

irsaihd wii:: biprsrhtt strains op rihdrri v.

VIRUS Oil HID VIRUS REPLICATION TIT VITRO

Experiment litre of HID virus in log 10 TCID”/nl on

Humber 3rd day p.i. of BK cultures 24 himrs  *e-
treateel vrith interferon
. ‘ % c D
! o*i | 4*1 5.1 5.7
[ ] 3.X | 4.7 L | 6.1
| 3. j 2.5 | 5.9 4.7 I 5.3
I
| kean j 5%4 | 4.0} I

Kev, 4 s pully attenuated vaccine strain *To>eto 0”.

B » Virulent non-contagious strain "RBOi:".
0 -z Fully virulent contagious strain n-Rie

ij = Control virus titration.

(

J
j
|



86

EAIBXE 1?

HTT?ERgEROIT OT GTALJENGE VIRU:!

Chall . Depression caused by Interferon
allenge Experiment of Rinderpest Virus 3trains on

Virus Kunber Challenge virus log 10 ?ClIDc, /' .1.
EADETE "C" RBOK ‘HJ.
A3IAL
1 2.0 1.6 0,6
foot and
Mouth 2 3.0 14 0*8
Disease
Virus -
3 1.8 1,4 0.6
MEAIT 2.3 1.5 0.7

tatistical analysis of the effrc' /-j/
ox interieron atcaxiieu xrom xsh cultures treated wit:
different strains of rinderpest virus on F'n vinu
replication Xvue X3 1C @O+  wihiov ulie iiitiiOi
level of interferon was induced by the fully attenuated
strain, followed by the virulent non-contagious strain

and the fully virulent contagious strain respectively,
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av 5/' prooabH ity level "Kabete 0“ and nRBOK" strains
or significantly from the control fluid, but

ohe control iluid and "PAK" strain do not differ

significantly. The nPAKn strain differs significant!:

fron the 'Kaoeoo OH and MRBOXf strains of rinderpest

virus with respect to their ability to induce

interferon in B+ cultures.

It is thus apparent that the attenuated
strain produced more interferon than the virulent
strains and that the enhanced interferon inducc-
ability of the attenuated strain may be a marker of

rinderpest virus modification
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8TATISTICAL ATA}YIXS SHO PG "N SICrVIPICAVT DIFFER v
BETMSSUT THE RESUTTS |RoseT28D HT TASTE 16

L0A
S.0.V. D .i\ b4 H.S. P
Total 11 — -

i- -
Tr. 3 8.68 2.89 82
Error [ 8 1.04 0.13 -
LSD =t. 05 (8)ATTr~ = 0.68

3

Difference table

s of oo 2 T
Virus litre 5.70 5.03 4.25 3.43
NxL 2.2/ JI.oO U.tfO -
A.25 1.4*7 0.S0 ~ -
ot &917 - - -
3.70 - — —

Significant difference at % probability l«”rel
5,03 4.23 3.43
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wS3e investigations were undo;.”:
order to find out the possible difference h
ability of virulerrc and modified strains o'
peso Vv*ali'iis to induce iaterf©ron* ‘'be t*
interferon v/ere log lo”*'-, iol*8 and 101,
the fully attenuated vaccine strain Mabo-
virulent non—ontagious strain M{)QLu and
contagious strain nPAKn respectively* fh
are in agreement with these of many v/orhe
Enders, 1959b; Enders, 1960; Delaeven and
Sellers, 1965, 1964), who observed a sin:. .
with other viruses*

he llaeyer and Enders, (1965) su
that the attenuation of measles virus strati
to the activity of such strains to induce
amounts of interferon than that induced rr

VAL

supports the observations presented v th«-
that the “Kabete 0* vaccine strain of rinr v
was able to T-ndr>cs r*or® "
the virulent strains. Ihe virulence ot a w
can be defined only in terms of susceptib: i:
specified, hose, is con elated witn the r- .
degree of viral multiplication in that

after the discovery or interferon by lUsc. s



linderanann, (1957), It was suspected of being one

..... —1- u-«Gnui)ant of virus virulence* Althoy. *.
one xully virulent rinderpest virus strain nPABP
induced interferon in BK cultures, the less virulv:
non-contagious rinderpest virus strain “KICK" and
bne wully attenuated vaccine strain induced/none < uA
in.erferon production* It S thus evident that
interferon produced endogenously during the courrw
01 viral infection, nay feed hack Into the svste
end inhibit further replication ci the er ne vjuru :
that induced its formation and consequently, its
eontagiouness* This hypothesis is supported by
findings of Keller, (1963) and 'Vagner, (l96a)f v* >
observed that the prevention of endogenous inter:"
production by actinomycin-D resulted in t v raced
pathogenesis and virus yield* It is the.- fere e\
that interferon induceability of a virus strain i
correlated with its pathogenesis*

in the work described in this o'-outer

was no =K. go ShOW VITUS
ox interferon induced and the depression v- challr
virus yield*- The finding that the av*--%- :
nreduced mor® interferon, coupled with & :h c-rv
made by Plowright and Perris, (1959b): r Johnson,
(1962b) that "Kabete 0” vaccine strain / -cfered
with virulent virus in cautxo, ou ,gesl .t oiic

effect of virus virulence was masked by teifcro: .



°fnce a desirable attenuated strain

icr use as a vaccine is considered to be one that
concerns virus tnat replicate without production of
lesions, an application of these findings would be
u.e 0, enhanced interferon production as a

nai“ei in the o.e'/eiopnent of a nodified strain of

rinderpest virus.

5 5~ Soi:

Puily virulent contagious, virulent non-
contagious end fully attenuated vaccine strains of
rinderpest virus induced interferon production in
BK cultures. The ability of rinderpest virus strain
to induce interferon, however, varied with their
virulence and that increased interferon inducing

character of the virus nay be used as a narker of

Vjltus atxe,max:ion,
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CHAPTER 6

TITDUCTIQI- op CIRCTY. «n ar
AHTIEODT'Co IH RUPRAT.Q PCOLLO,

e cuipure R-nrn-AT

6, 1* IHTRCPUCTIGr;

2he demonstration of rinderpest V.
interferon in vitro in chapters 4 and 5 raise A
possibility that this vims may induce interim
in vivo, Ho work appears to have been carrie .
the interferon induction by rinderpest virus i
or buffaloe, although such interferon lias bee
from the serum ox rabbits infected with the 1
of rinderpest virus by Fujisaki,Ishii end Va
(1968) * The ability of cattle to produce into; '
following inoculation v/ixh Newcastle disease v e
uoo " J-.-ui. I Voo uwhUX -a *y
Rosenauist end loan .In 196c,

The aim of this work was to study g .

niT; of ir mwfKYm  Art'yhr o ivrortlet ~

juTfalo v/it/i XCHv in relation go vnut'-iu tuiu

lizing antibody development*



6- 2 MATERIALS Aro METHODS;

i:Ost of the materials and methods have
‘been described in chapters 3 and 4#

Detection of viraenla.

Viraemia was detected by methods as
described by Plowright and Ferris, (1962a). Blood
was collected in ethylenediamine-tetra-acetie acid
(EDTA) dis odium salt from the jugular vein. 1t was
centrifuged and the huffy coat after aspiration was
suspended in physiological saline. Blood cells were
deposited again by way of centrifugation. The cell
pellet was resuspended in maintenance medium voliu e,
equivalent to that of blood and EDTA suspension. Two
m illilitres of this suspended buffy coat was inoculate
into each of a group of five BK culture tubes. lext
day, these tubes were washed twice with PBS and
refilled with maintenance medium and treated lire
other infected cultures.

ITeutraliz jng antibody assaye

Scrum neutralization tests were
in BK cultures on the basis descrioed by Plo.rr.ign®
and Ferris, (1961), Two-fold serum dilutions were
prepared in the maintenance medium end mixed with
equal volumes of virus diluted to contain 100 TCXI)50/
0.1 ml. Serum-virus mixtures were kept overnight

at 4°C and 0.2 ml from each dilution was added to

each of a group of five tubes.
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Induction of interferon.

A group of five rinderpest susceptible
buffalo calves were inoculated with 10° rcc
0~ ana three buffaloes were similarly inoev.l o
with ois sue culture fluid from uninfected cultures.
Aj.l one animals were bled from the jugular vein 2
°, 24, 34, 43, 53, 72, 96, 120, 144, 168, 192, 21',
240, 288, 330, 384, 432 and 480 hours pest inocu. 1
A fter keeping them for 30 minutes at 20°C, the If
clo” detached from the glass and -wee—mnentrifv.' t 'CL
at 2,000 r.p.m. for 30 minutes at 4°C. The clea-
serum sampl.es were subjected to interferon anc; an

assay.

1

Preparation, characterization and assay of inter
Procedures of acid treatment to serum -«

for interferon studies described by Rosenouist an

% j ..ere xoliox'ttti »vicii minor aociiiiCciiio...
Sera were dialyzed in cellulose tubing at 4°C rg;
100 volumes of 0.1 U KO01-HC1 buffer (pH 2) for 2/
and then against 100 volumes of . auk*
for an additional 24 hours. Precipitated material,
developed in some specimens after dialysis and were
removed, by low speed centrifugation. Acidified se. .
sajnp3.es were filtered through 300 mm llillipore f:
and presumed as interieron preparation. Assay and
further characterization of interferon was none as

described in chapters 4 and 5.
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6, 3. RESULTS:

Clinical response,

io rise in body temperature and visible
abnormalities were detected in any of the experimental

animals during the period of this investigation,

Viraemia,

The amount of virus, pathogenic to the BE
cultures, was never sufficient to be expressed
accurately a3 50 percent end point. Consequently
it was expressed as a proportion of tubes showing
rinderpest virus CIS (Table 19). Viraemia v/as first
detectable in 2 of the five animals on the third day
post inoculation. Peak viraemia v/as attained on t"e
6th day, when also all the animals were viraenic.
By the 8th day, only 2 of the 5 animals demonstrated
low grade viraemia. Prom the 9th day p,i, onward
none of the inoculated animals wore viraenic, "he

mean viraemic resnonse ns plovted in .fjp'ure >

e ill- - 1eril i- L[ 0]
Oa the basis of procedures described in

chapter 4, a viral inhibitor from the serum samples
of vaccinated animals was characterized as interferon.
Data of circulating interferon is presented in Table

The mean titre of Circulating interferon is graphed in



figure 3. Out of vaccinated buffaloes interferon
we.s detected only in the serum of animal 1t0.3,
following 48 hours of vaccination. At 58 hours

post vaccination, buffalo Ho.5 showed interferon
titre log 10 # later on, Interferon was detected
in 4 out 04 5 buffalo blood samples collected at

72 hours p.i. There as peak interferon titre log 10 *°
was attained on the 6th day p.i,, on the 12th day,
circulating interferon reached a nondetectable lev* 1
in aD.l the animalse Interferon was, however, not
detectable at any stage in the control animals dur..’

these studies.

Antic ody response.

Results of the development of sen-*
neutralizing antibodies in buffaloes following nCv:
vaccination are presented in Table 21. The mem
titre of vhc same data is plottee in figure 3*
Antibodies wene detectsd from thc r-erun sample» o *
two buffaloes only, on day 6 at the earliest. On
O p, > B  antibodies were detectable jux. N
samples of all the animals vaccinated with log 10 *

tcii)s0 Of TORY and peak antibody mean titre log 102+

was attained on day 20 p.i*
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*TABLE 19

ta t.. TUPEALO FOLLOWNG tcrv inoculation

"Virus titre; No. of tubes showing CPU out
Animal 5 tubes inoculated.

Number i i
umbe Post inoculation day

12 n 4 || Pi7 8 9 : 10 1

2 0 0 02 04 04 10 04 02 O
3 0O 0 02 02 02 02 O 0 0 0 0
5 0O 0 O 0O 04 02 02 O 0 0 O

7 oo 0O 04 0O 10 02 02 O 0 0

L i1
8 lo 10 0 !0.2 0.2 0.8 0.2 . 6 10 0
1" !
nean 0 0 Drbojl o240 M 8T 010
L i o g
Kevs 0.2 = One test tube showing CPE

o
]

No CPE.



TASTES 20
iCUTE :ics oOr c rnoui tfhtg- tftirfsrcit op buffaloes hitray:

LCIl 106 TCXDr 0 OF TISSUE CULTURE RINDERPEST



TABLE 21
KHEFT103 CPJEUTT IUGITG AITNIBOBY 0? BUFFALOS!
Y/ITH LCT 10'J :ced-~ of tissue culture rued
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6. 4. Discussion

The lack of clinical response in buffalo
to cell culture rinderpest vaccine virus was found
to be in agreement with the findings of Singh, Omar,
Raz, and EIl Cicy, (1967)# who failed to record pyrexia,
or any visible abnormalities in Egyptian buffaloes
inoculated with the strain of virus used in the work
reported in this chapter (Kabete ,r0O1L 99th passage
level virus). As Pakistani and Egyptian buffaloes
are genetically similar, these findings demonstrate
clearly that the cell culture rinderpest vaccine
virus, strain "Kabete 0" attenuated at EAVRO, LIUGUGA
(Plowright and Perris, 1962b), is completely inocuous
for the domestic buffalo, as it is for cattle
(Plowright and perris, 1962b and Johnson, 1962b).
The development of viraemia in the buffalo provided
evidence that TCRV replicated in the tissues of this
species, a! uo atlcmpu wao ii<~av 0o bxauiai,”
bhe work of Taylor and Plowright, (1965),
probable that such replication takes place m the

i.~nhatic tissues as aemenstrate to - . -

auohors,
The data on interferon and viraemia suggest

a close correlation between viraemia and interferon
in the blood. These findings are in agreement with
those of others (Kono end Ho, 1965? Baron, 1966; and
Baron, Buckler, iicCloslcey and Klrschstein, 1966), that
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titres of jnterfere:’, in serum often paralleled the
degree of viraemia, further evidence for the
occurence of circulating interferon during viraemia
cones from the reports on serum interferon during
viraemia in nice (laron, Du Buy, Buckler and Johnson,
1974; and Steinebr.ing, and Youngner, 1954), chicken
(Youngner end Stincoring, 1964) and man (V/heeloclc
and Sibley, 1964; and Petralli, lierigan and Gregory,
1965).

It was found that the degree of viraemia
with ICRV was not so high* The possible contributory
factors of low or terminating viraemia seems to be
strict lymphotropic characteristics of the virus
strain (Taylor and Plowright, 1965) coupled with a
close correlation of viraemia and interferon in
blood. Further ability of the attenuated strain
to induce more interferon (Chapter 5), may offer
an answer o0 one quest, why TCRV did not cause high

0 Vi"™ ym™*a.

It is evident from the results of
neutralis antibodies presented in Table 21 ana
figure 5 that antibodies were detectable at the

earliest on day 6 after inoculating log 106*0 TCID, f)

TCRV, Shis observation is similar to the findings
of many workers (Plowright and Perris, 1962b; Johnsor;

and Smith, 1962; Plowright and Taylor, 1967; and



Okuna and Rweyenanu, 1974), who observed that
foilowing vaccination ,ribh TORY antibodies become
detectable between 6th~10bh day* A point of special
interest in this stndy was that both virus and
interferon started declining with the appearance of
antibodies which is possibly due to the blockage

of the extracellular virus by antibodies and the
suppression of the formation of viral components

at the intracellular level by interferon.

6* 5. SULPIART:

A study was made to determine in vivo the
possibility of interferon induction by PCRv* Buffaloe
responded to intravenous virus inoculation without
showing any clinical reaction, low level circulating
interferon was identified as early as 43 hours p.i.
Peal: interferon titre was, however, attainable on
fleyr f) > @ WIRNS Vier? o Co00e 10T
viraemia. Circulating specific antibodies were also
uu oou o/0 V.c TFHiUoo Gi tik 0 Qay P*l« tadh
the elevation of antibodies, the titre of viraemia
and interferon started to decline* It is concluded
that SCRY virus infection in vivo, first stimulated

interferon production followed oy OAjLoouy —ermauio. *
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CHAPTER 7

i
a:7 iittbstisatio:. op ttd hols op nvssstymon m tpit/t

PHCTBCTIOIT A??QRPZD ?Y TI3SI33 CUBTIIRB RBCDERPBST YAOCITB
7. 1. HTTROPUQTIOIT:

Many workers have reported that animals
inoculated with live rinderpest vaccines resist
challenge as early as 2-3 days after vaccination
(?faff, 1938; Hale, Walker, 'Maurer, Baker and Jenkins,
1948; Brotherston, 1951a? Simpson, 1954; Plowright
and Perris, 1959"h; Wild and Scott, 1981; and Johnson,
1962h), although antibodies become first detectable
between 6-10 days (Hale, Walker, Maurer, Baker and
Jenkins, 1948; Plowright and Perris, 1959b; Johnson,
1962b; Johnson and Smith, 1962; Taylor and Plowright,
1965; Plowright and Taylor, 1967; Okuna and Rweyemaru,
:{j\f{}y o w029Hero uiv  uwaoyc - woL uAcls sxee-axa plOofewUj.o
afforded by TORY was due to viral interference (Plcwri™h
and Perris, 1959b; ana-Johnson, 3962b)* Such protection
mediated through interferon boq b”on demonstrated
in the case of many viruses, for instance, influenza
(Isaacs and Hitchcock, 1960), vaccinia (Baron .and
Buckler, lyo5; Glasgow ana fiabel, 1965), yellow fever
(V.heelock end Sibley, 1965), EW (Baron and Buckle *
1963; Baron, Buckler, Priedman and McCloskey, 1966),

measles (Petralli, Ilerigan and Wilber, 1965a,b), and
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Ir- strain of rinderpest virus (Pujisaki,lshii and
Yatanabe, 1$68). The demonstration of circulating
interferon in buffalo inoculated with TORY in chapter 6
has given some credence to the hypothesis first advanced
by Plowright and Perris, (1959b) and Johnson, (1962b)
that this vaccine induces early protection through
interference.

The aim of the present investigation was
to clarify the mechanism of early protection follov/ing
live rinderpest virus vaccine inoculation which
develops prior to the appearance of neutralising
antibodies. Hence experiments were designed to study
the development of interferon, neutralizing antibodies
and the appearance of resistance to virulent virus

infection in buffaloes inoculated with TCRV.

7. 2. NATHPTALS ATT) ?
Most of the materials and methods nsod

the present studies have been described in chapters
Ko i C
Twelve rinderpest susceptible young

buffaloes were each inoculated with 10 * TCID"
mcry intravenously. They were bleu before vaccination
and at 2A, 54, 4-8, 58, 72 hours and then cn 4, 6, S,
10 and 14 aay3 p.i. for serum collection. On day 2,
3, AL 6. 10 and 14 n.i, two vaccinated animals wore

challenged by subcutaneous inoculation with “og/10v'

rpCU\p% virulent contagious rinderpest virus strain !I3ARU
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and on day 2, 5, 4> 10 and 14 p#i* a susceptible
control animal was also similarly inoculated with
virulent virus. All the animals were examined

clinically daily, Tie serum samples were assayed
for interferon and neutralizing antibodies using

methods described in chapters 4 and 6,
7, 3. RESULTS:

Clinical response.

None of the animals showed any clinical
response to TORY inoculation. Animals challenged
at 43 hours post vaccination succumbed to infection
in the same manner as the control, but uhose challenged
72-96 hours post vaccination were protectee, They
did show a transient mild reaction characterized by
a rise of 3°C in body temperature above normal.
Detailed data of the development of resistance to
rinderpest infectioii in buffaloes vaccinated with
pM'flIO~'C yCTOrr,TCRV is wreeonted in fable 2

A=A L si anmt -

attached as appendix 1-17*

Animals challenged on day 6, 10 end 14
were solidly immune and did not snow ?iz cl.n 1
respouse whatsoever. In all cases, control susceptible
buffaloes x'eacted severely to challenge inoculation.
They demonstrated typical symptoms and post mortem

piotur™ as described by Scott, (1967b)*
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Interferon response.

Detailed data of interferon production
by buffaloes following TCRV inoculation is presented
in Table 23. low level interferon was detected at
the earliest, 48 hours following TCRV inoculation
in animal No0.36. At 58 hours p.i. low level
circulating interferon was detected from buffaloes
IToel7f 31s 32 and 38. On day 3 p.i, interferon was
detectable from the blood samples of all the 12
buffaloes except No0.29. Peal: titre of interferon was
observed on day 6 p.i, On the 10th day p.i.,low
level interferon was detectable from 2 out of 12
animals only (I'To.15 and 20).

Challenge virus inoculation did not influence
interferon production in any of the vaccinated animals.
It however, stimulated the control animals to produce
interferon which was detectable from the 3rd to the
L 0+h foilowing inoculation with virulent

virus.

All the animals resuonded to tissue culture
rindernest vaccination and developed neutralising
antibodies, which are shown in Table 24* Pive out of
the 12 vaccinated animals, showed low iesrel circulating
antibodies on day 6 at the earliest, which subsequently

. _ n2.35
Increased and attained a mean uitre log 10 on

day 14 p.i.
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Challenge virus inoculation to v
also stimulated antibody production in com-
animals. The earliest circulating novt. i
antibodies from the blood samples or react.-?
were observed on day 8 p.i. Virulent wv.
apparently did not influence the antibody

in vaccinated buffaloes.



DIPrEL.QTn.fITIL 0? RESISTANCE TO RTHI1BRPEST riFil
HTOCUIATED WITH 35&T 106*0 TCID50 TISSUE CUIiTt US RE ierplst VACCEIE

Interval
80w A4

™m

Humber Vaccination feron

12
13
14

15

17
13

21
22
26

28
29
31
32
33
35
36
37

and
Challenge

48 Hours
u it
Control
72 Hours
1 Il
Control
96 Hours
h it
Control

6 Days
PR

10 Hays
it ﬁy
Control
%4 Iﬁys

Control

Titre
X-

<>

| o~

=
N Ul

P
w©

=N N = oo
o N | [e]e] NN

AY 4 =

body
litre

109 -

TABLE 22

Ir ;

CLBTICAL IU& PQBSB

Pyrexis lacrimal
discharge

+ BD D+

>|CIf

‘SUWTFALOL .S

I'i or:hoe , Sequelae

iaso.l
Jischtrge
4 J.
4 -4
+ 4
_ j.
- ru
4 €
4 4
4
4 J-

Recovered
it
ti
Rec%vered
it
Recgvered
lied

Recovered
n

Rec%vered
it
Recovered

lied



I+

110 -

TABLE 22
Log 10 IP5C
Log 10 SITyq

Rectal temperatu-
Rectal temperainr
Below detectable

Positive

Moderate diarrhoc



TITHE op ci?cinA\M:.i

CELL CULIUIS RINDERPEST VACCINE AIN) SUBSEQIIEITTLY CHAINJINCED
vfl'ir YIRULENT RINDERPEST virus

Animal

Interval
Between

Number Vaccina-

12

13

14

15

17
18

21

22

26

28

51

: —t
CralemS, M aa154 48 58 T2 4

48 Hours - IN)}TB 1.9 0.7

. . i—

t 0.7 1.0 1.cl1.0
Control 0.7 1.0
72 Hours 0.7 15 13 1.6

u - 07.1.0 1.3 19 1.3
Ccntrol 0.7 0.7
4 Days 1.0 15 1.9 x.J

. m
it it T X 1.0, 1.2 1.611.0
_,,m
1Control i - M =-j-i-r- - ﬁ'r*
f - i i1 01 0 -1 1 i
| Lays | ~~ =% — <G 1.2(.9(.51
i «— B B-- I_ I-r_\]l F J - L
L 1.0 1.8(1.5
r “ i -i- i- I -H -
i T T B RR— i
J10 x/ays 1.311

TABLE 23

r;iNriEERo:r b: buffaloes

POST VACCINATION SAMPLING-
HOURS

inoculatcn pith

HTTLNVAL
+h.\VJ
0 121 «
1.6 0.7
1.0
1.2 X0
o7 ITT
7 i
0.7 071 1.0
S 1
A T .
Y —
T
Lo 1
20 -] -



32

33

35

36

37

10 Days

Control

14- Days

» »

Control

112

TA3DB 23

HOURS DAYS

. 1.0 0.7 1.8 1.0

— - - 07 0.7 07 15 13 0.7

Tr* = Traces



01116/ \VAR

X1TOCUIATED

Interval
Animal Between
Humber Vaccina-
tion and
Challenge
12 48 Hours
13 1] b>
14 Control
15 72 Hours
17 N u
18 Control
21 4 Days
29 t n
26 Control
28 ,0 .oays
20 i n
10 Hays
32 "o
33 jjControl

- 113 -

AL A

H352 NACCrHAUIOIT s;¢J1P1IHG 11TTERVAL

— To ALJI3C:Ji lit BUFPAIOIjo
vaochiB aitd

7IRUia::l RIJIDERPSST VIRUS

oS
024 BPsI72 5 g
e 0*2 1.2
- 1.8 1.8
SR -
_ pr ~ — 08
- . - - . 1- —0.2 11
P . 52058
~ - - - - 04
S PO I R
- -1 0.2]
LIl b
G.U L_ u
¢ - -1 - 102
1- - =] -1 -1 . 108!
B N O I R A
- 1n 11§ |

BAIT
10 |12
1.5 1.8
2.0 2.5
0.8 1.8
2.2 2.2
20 23
- 0.9
1.8 2.0
0.9 1.8
Sr.*
1.1 1.8
IS
R
0.9 3.8
1.8 | 2.0
1

1%

2.2
2.8
2.3

Q8
12.3
1.1

2.8
2.2
0.2

2.3



35 14 Days
3 it t»
37 Control

0 24 34

114 -

IivtL|O L 172 %9
IR0 750 3 10 nr 7>
t .
- -2 11 1.8 23 2.2

= Traces



- 115 -

7. 4. PISCUSSIOF,;

In this investigation, factors which
might lim it virus propagation and thus aid in the
animal recovery have been considered. The very
first factor which strikes the mind is the develop-
ment of specific anti-rinderpest antibody. Results
of the present investigation shown in. Table 24,
indicate that antibody was first detected on day 6 p.i.
with TCRV. This observation is in complete agreement
with the findings of other workers who have studied
the development of rinderpest neutralizing antibody
in cattle and demonstrated it to be first detectable
between 6 and 10 days p.i. (Plowright and Ferris,
1959b; Johnson, 1962b; Johnson,and Smith, 1962;

Taylor and Plowright,. 1965; Plowright and Taylor,
1967; and Okuna and Rweyemamu, 1974)*

Results described in Table 23, show that
interferon was detected in the blood of vaccinated
buffaloes on the 3rd day post vaccination. This
aspect of the observations coincides with the
response before the development of specific antibody
in the case of many viruses, in vivo, such as influenza,
vaccinia, yellow fever, TODV, measles, and IT strain
of rinderpest virus (lsaacs and Hitchcock, 1960;

Baron and Buckler, 1963; Glasgow and Habel, 1963;
Wheelock and Sibely, 1965; Petraili, Merigan and Wilber,
1965a.b; Baron, Buckler, Friedman and McCloskey, 1966;



Observations recorded in Table 22, indicate
that there was a tendency for animals that had circu-
lating interferon to show marked ability of protection
against virulent infection even when circulating

neutralising antiboji™ fr&sj not detectable* tf 'U

in addition to this, it is natural that
some factor other than interferon must be taken into
consideration to interpret the results hitherto
obtained* rut it is hardly possible that before the
appearance of demonstrable level of neutralizing
antibodies, the mechanism of preventing infection
will come into operation by the participation of an
amount of neutralizing antibodies so little to be
detected before day 6 p.i, Absence of neutralizing
activity from the serum samples collected in the
early stages of ECHV infection (Table 24), appearance
of interferon following 46 hours of vaccination
(Table 25), and resistance to virulent infection on
day 3 (Table 22), suggest a possibility that intor-~
feron might have participated in protection afforded
in the early stages of infection* The ability of
interferon produced in vivo to affect the course of
viral infection has been described by many workers
(Isaacs and Hitchcock, 1960; Hitchcock and Porterfield,
1961; Friedman, Baron, Buckler and Steinnuller, 1962).

Thus the experiments reported in this chapter indicate
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that interferon p?*a™a role in early protection
afforded by TCRV. Circulating interferon in buffalo
was demonstrated after 43 hours of vaccine injection.
This interval is long when compered with the findings
of Baron and Buckler, (1963), who detected circulating
interferon in mice one hour after intravenous inocu-
lation of HDV, The results of TCRV stimulated inter-
feron in buffaloes are, however, comparable with

the findings of Fujisaki,Ishii and l/atanabe, (1968),
who detected circulating interferon in rabbits on
the 2nd and 3rd day p.i. v/ith lapinised rinderpest
virus strain (LT)* This seems to be a general
character of interferon response in animals (Baron
and Levy, 1966). The failure of interferon to
persist may be related to the observation that cells
which have absorbed or produced large amounts of
interferon do not produce interferon on subsequent
infection with the same virxus and that the absorbed
interferon is not extractable in active form (Vagner,
3961). On the other hand, low level intracellular
interferon persists for several days and participates
in later stages of recovery despite the absence of
continued interferon production (lsaacs and Westwood,
1959; Lockart end Horn, 1963; Paucker and Cantell, 1953

and Friedman, 1964)# Thus the relationship between
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the appearap.ee of resistance to challenge virus and
the presence of interferon in the "blood of buffaloes
indicate that early protection afforded by TORY'is

mediated by interferon production.

7. 5. SbimRY:

1. Lot level interferon was detected in
the sera of buffaloes after 48 hours of/ 10'6*0 As
TCjJ)g% TORY intravenous inoculation.

2. Animals challenged at 43 hours p.i.
succumbed to virulent infection in the same manner
as the control. Those challenged 72-96 hours p.i. were
protected, but showed a transient mild reaction.

Animals challenged on day, 10 and 14 were solidly immune

3. Interferon was also detected from the
blood of control animals, 3-10 days following challenge

infection.

4. Circulating neutralizing antibodies from
the vaccinated buffaloes \vere decected at the earlier*fc

on day 6 p.i* .antibodies were detected on day 8 iron

the animals subjected to virulent challenge alone.

5# Early protection afforded by TORY in
buffalo to virulent virus infection has conclusively
been shown to bo due to the development of endogenous

interferon



CHAPTER 8

GPITPRAI pis PUSSIQ]I

The research reported in this thesis was
designed to study viral interference in rinderpest,
which has "been a natter of conjecture for a long tine
(Pfaff, 3933; Brotherston, 1951a; Simpson, 1954,
Plowright and Perris, 1959b; Johnson, 1962b). Aspects
of critical study were: the production of interference
in vitro and in vivo as a result of rinderpest virus
infection; whether interference played a part in
protection from rinderpest infection, and to investi-
gate and evaluate viral interference and its role in

early protection of buffalo afforded by tissue culture

These objectives have been achieved. The
results efhor? that virulent and fully attenuated rirdee-
pest virus induced interferon production in BK cultures
and in buffalo and that viral interference was mediated
by interferon* Furthermore, these resu3.is indicate
that it is possible to monitor virus virulence by

assessing the interferon induced by Phe virus and
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the depression in the challenge virus yield.
Consequently, the finding that avirulent virus
strain produced nore interferon and the fact that
"Kabete 0” vaccine strain interfered with virulent
virus in cattle (Plowright and Perris, 1959b;
Johnson, 1952b), suggest that the effect of virus
virulence was masked by interferon in both the HC
cultures and in buffalo, Moreover, these results
also show that TORY virus infection in buffalo sti-
mulated the production of interferon followed by
antibody formation and clearly demonstrate that the
cell culture "Kabete On strain rinderpest virus
vaccine is completely inocuous for the domestic
hnffal v 14 o (Plowright and Torris,
1962b? Johnson, 1952hb),

nost sicmifleant findings arc, that
the addition of vaccine additive to the vaccine fluid
stabilized the virus against exposure to heat at 56'JC
and against UV -irradiation. UV-irradiated or active

TORY virus had the ability to interfere with homologous
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aa well es heterologous viruses. The viral inhibitor
produc. r K cultures fulfilled the
biological criterion to be classified as interferon
(Levine and ZTichol, 1970), and that the fully attenuated
MKabete OU rinderpest vaccine virus had an enhanced
interferon inducing property compared with the
virulent non—ontagious «RBOX’ and the virulent
contagious MPAK" strains respectively. The relationship
among the appearance of circulating interferon, the
absence of detectable levels of neutralizing antibody
and resistance to virulent infection show that inter-
feron was responsible for early protection afforded
h-r TCRV virus. The detection of interferon in the

Ao VERIE
\rt50RS Hago W piovright (1964), that complete change
fF~ AP p¥>i c'-nc-ori opv that the changing of
media from cultures infected with TCRV released more
virus into che surrounding fresh fluid.

It should be noted therefore, from these N

vxI
.esuits that vaccine additives should oe carefully / p>

considered and probably evaluated before tney are j
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added to the vaccine fluid* Due to the enhanced
interferon inducing property by fully attenuated
"Eabete 0” strain compared with, virulent “RBOK” and
nPAKn strains, increased interferon inducing character
of the virus may be used as a marker of virus attenuation.
These observations are also in favour of the use of
TORY virus in the event of rinderpest outbreaks because
of its interferon inducing ability, instead of gamma
globulin which is given for the same purpose.

Inspite of the homogeneous nature of
rinderpest virus strains (Plowright, 1968), avirulent
strains produce CPi; of a different morphology when
compared with the CP3 produced by virulent strains
(Plowright, 1962c5 1963b; Plowright and Perris, 1962a
M ess, 1963). The explanation is that this difference
iud* be due to differences amongst these strains with
-Aspect to their ability lo induce interferon. There
is therefore a need to pursue further studies to

elucidate this point,
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Sore rinderpest virus strains such as
“Karate 0" (Plowriaht and Perris, 1962h) and “RBOKu
(Bruthersfcor 5 1951t>: ’lo’.right, 1952)> do not gxe<./l1
\)V contact. These strains do replicate iIn the "body
of _inoculated anduals (Savior and Plowright, 1955;
KaCovan, 1956) a id-durirg the present work, they have
beoTi shown to possess a more emanced aoility to
induce interferon then the virulent contagious "PAi."
strain. Secretion of interferon from nasal washings
has been demonstrated in human subjects following
virus infection (Jao, >/heelock and Jackson, 1970).
It could therefore be postulated that due to the hi.™u
interferon inducing potential by these strains, there

>0 U reims£O C fir
& hifihu-I. C

~% 1 1 N
the mucous rutacranes a™a W,\r.e_nchrmato\ls tissue” o
L el ol -- Trahili1™r hee strain
mfciivi jii&y — | - ah of t strains
ITO o.r,ed by contact amornst susceptible animals.
Since there i1s no relevant information to support

this view, detailed iInvestigation iIs thereiore

indicated in this direction.
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Enhance | interferon inducing ability by
viruses proved to be responsible for virus persiEitance
in cell cultures (Ho, and binders. 1959? Wagner, 1960:
1965c). The virus persistance theory, which may
likely be responsible for the life long Immunity in
rinderpest, is still not ascertained* On the other
hand, the influence of enhanced interferon inducing
ability of viruses on antibody production in animals
is not completely accepted (Hitchcock and- Isaacs,
19605 Anderson, 1965? be Soner, Billiau and Clercq,
1967), The influence of endogenous interferon on
antibody production therefore, needs a careful study

in order to answer this question.

the three above mentioned areas, is both desirable
and necessary for the understanding of ~irel inter-

ference in rinderpest
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