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Summary. - Caprinised rinderpest virus GTV strain (GTV) was adapted to grow in Vero cells (vGTV) by 
polyethylene glycol-mediated fusion of infected goat spleenocytes with non-infected Vero cells. The usual meth­
ods of infection of cell culture, i.e. virus adsorption or co-cultivation, were not successful. vGTV-induced 
cytopathic changes in Vero cells were similar to those reported for rinderpest virus. Virus titers increased with 
the passage number but the virulence for goats decreased. Immunoblot analysis did not reveal any difference 
between vGTV and vRBOK, the tissue culture rinderpest virus RBOK strain adapted to Vero cells. 
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Rinderpest is an acute febrile and highly contagious dis­
ease primarily of cattle but other ruminants, e.g., sheep, goat, 
pig, camel etc., are also affected. The disease is character­
ized by high fever followed by erosion and haemorrhage in 
gastrointestinal tract leading to diarrhoea, dehydration and 
death within 7 to 10 days (Plowright, 1968). 

Serial propagation of cattle rinderpest virus in goats 
("caprinised virus") resulted in attenuation of the virus for 
cattle but in appearance of virulence for goats (Edwards, 
1930). This attenuated virus has been extensively used in 
the past for immunization of cattle of Indian and African 
origin (Libeau and Scott, 1960). However, clinical reactions 
including abortion and loss of milk yield have been ob­
served among  certain breeds of  cattle as a result  of 
vaccination with this virus (Krishnamurti, 1945; Datta, 
1954). With the development of tissue culture rinderpest 
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Abbreviations: CPE = cytopathic effect; FBS = foetal bovine se­
rum; GTV = caprinised rinderpest virus GTV strain; MEM = Ea­
gle's Minimal Essential Medium; PBS = phosphate buffered sa­
line; p.i. = post infection; s.c. = subcutaneous; vGTV = Vero cells-
adapted GTV; vRBOK = Vero cells-adapted RBOK 

vaccine (Plowright and Ferris, 1962) and the advantages it 
offered (Plowright and Taylor, 1967; Bansal et al., 1980), 
the practice of vaccination with the under-attenuated goat 
virus has been abandoned. 

The aim of the present study was the adaptation of GTV 
to Vero cells in vitro and its characterization. 

Vero cells(ATCC, USA) were grown in Eagle's Minimal Essen­
tial Medium (MEM, Sigma) supplemented with 5% foetal bovine 
serum (FBS) and employed in their 125th to 145th passage. 

Viruses. GTV (Edwards, 1930) in its 614th passage in goats 
was used in the present study. The virus was passaged by subcuta­
neous (s.c.) inoculation of 1.0 ml of 1% suspension of spleenic 
tissue into one and half year-old hill goats. The goats were eutha-
nised on the fifth day post infection (p.i.) when rectal temperature 
started to decline. Their spleens were collected aseptically for fur­
ther manipulations. In some experiments also the tissue culture rind­
erpest virus strain RBOK (Plowright and Ferris, 1962) was used 
after 4 - 6  passages in Vero cells (vRBOK). 

Methods of virus adaptation. Three methods were applied for in 
vitro adaptation of GTV to Vero cells. 

Method 1. Confluent monolayers ofVero cells were inoculated 
with 0.5 ml of 10% suspension of GTV-infected spleenic tissue in 
PBS. After adsorption for 1 hr, the virus inoculum was discarded 
and fresh MEM was added into culture flasks. After 8 - 9  days of 
incubation at 37'C, the infected cells were subjected to three cycles 
of freezing and thawing. The resulting material was used for infec­
tion of fresh Vero cell monolayers. 
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Method 2. In this method (co-cultivation), GTV in the form of 
splcenic suspension was mixed with freshly trypsinized Vero cells 
before seeding the mixture into culture flasks. Subsequent passages 
were done by co-cultivation of infected cell suspension with non-
infected Vero cells. 

Method 3 consisted of the technique described by Ishii et ai 
(1986). Briefly, 2 x 107 GTV-infccted splcenic lymphocytes were 
mixed thoroughly with 2 x 10''non-infected Vero cells in 10 ml of 
MEM.The cells were centrifuged at 500 x g for 10 mins, the pellet 
was broken by gentle tapping and 1 ml of prewanned 50% (w/v) 
polyethylene glycol 1500 (Boehringer Mannheim) was added drop-
wise over a period of 1 min under constant shaking in 37'C water 
bath. Then 15 ml of prewarmed MEM were added. The cells were 
pelleted by light centri ftigation and resuspended in 250 ml of MEM 
containing 10% FBS.The cell suspension was distributed into cul­
ture flasks and incubated at 37 'C in C02atmosphere. 

Virus infectivity titration was done according to Rossiter and 
Jessct (1982). 

Immunoblot analysis was described previously (Hemadri and 
Bandyopadhyay, 1994). 

Both the virus adsorption to monolayers and co-cultivation tech­
niques (Methods 1 and 2) failed to produce virus-induced cyto-
pathic changes even after seven serial blind passages. Infected cov­
er-slip cultures at the 3rd and 7th passages did not reveal any virus-
specific changes or inclusion bodies in cells. In contrast, the cell-
fusion method (Method 3) produced cytopathic changes once the 
fused cell monolayers were trypsinized after 4 days and resecded. 
Small foci of infection appeared within 48  hrs of reseeding which 
resulted in complete dctachmcnt of monolayer within seven days. 
Subsequent passages were done by co-cultivation of infected cul­
ture fluid with trypsinized non-infected Vero cells. Clear rinderpest 
virus-specific cytopathic effect (CPE) was observed from the 3rd 
passage onwards which included formation of intracytoplasmic and 
intranuclear inclusion bodies, syncytia, and rounding and clustering 
of cells leading to detachment of the monolayer. The time required 
for development of total CPE decreased with the increase of pas­
sage number, and remained constant between the 5th and 15th pas­
sages, studied so far. Attempts to infect a preformed Vero ccll mon­
olayer with infectcd culture fluid was successful only after 12 pas­
sages by co-cultivation. 

Tabic  1. Infcctlvity titers o f  G T V  strain dur ing  its adaptat ion t o  

V e r o  cells 

Tab le  2 .  Virulence  o f  unadapted G T V  a n d  V e r o  cel ls-adapted v G T V  

strains f o r  goats  

Passage N o ,  L o g  T C I D f l / m l  

a f t e r  fus ion  

1 

2 

3 1 . 6  

6 2 . 5  

9 3 . 0  

1 2  3 . 5  

1 5  4 . 6  

Rectal  Clinical Post  mor t em 

Virus  tempera ture  

(C") 

s y m p t o m s  les ions '  

G T V  4 1 . 5  Diarrhoea,  

e y e  d ischarge  

Spleenomegaly ,  

a t rophy  o f  

l ymph  n o d e s  

v G T V  

(passage No. )  

4 4 1 . 3  D i a r r h o e a  -

8 4 0 . 2  U n d e t e c t a b l e  S p l e e n o m e g a l y ,  

en la rgement  

o f  l ymph  n o d e s  

14 39 .0  Undetec tab le  Sp leenomega ly  

T i t r a t ions  w e r e  d o n e  in mic ro l i t e r  p la t e s  b y  co-cul t iva t ion  o f  f r e sh ly  

t rypsinized Vero  ce l l s  w i th  serial  d i lu t ions  o f  infcc tcd  cu l tu re  f luids .  

( - )  = v i r u s  no t  d c t c c t c d .  

"Inoculatcd goats  we re  cuthanised 8 d a y s  p.i .  In all t he  animals ,  r inderpest  

ant igen w a s  detected in lymph n o d e s  a n d  sp leens  b y  A G P  a n d  C I E  tests. 

The infectious virus titer of culture fluid following ad­
aptation of GTV to Vero cells (vGTV) increased with the 
passage number (Table 1). However, the cell-free virus was 
not detected in first two passages. The growth pattern of 
vGTV was compared with that of Vero cells-adapted RBOK 
virus (vRBOK, Fig. 1). Maximum concentrations of both 
the cell-associated and cell-free virus were obtained 96 hrs 
p.i. of Vero cells. The growth pattern of vGTV was similar 
to that of vRBOK, albeit, with a lower titer. 

In order to study the viral immunogenic polypetides, 
vGTV-infected Vero cells were subjected to immunoblot 
analysis using rabbit rinderpest hyperimmune serum. Three 
major immunogenic polypeptides were detected in both 
vGTV- and vRBOK-infected Vero cells (Fig. 2). These 
polypeptides, on the basis of their molecular mass and pre­
viously reported data (Hemadri and Bandyopadhyay, 1994), 
can be putatively designated as H, N, and F l .  Molecular 
mass values of vGTV-induced polypeptides were similar to 
those induced by vRBOK in Vero cells, suggesting similar 
immunological properties. 

The virulence of Vero cells-adapted vGTV and unad­
apted GTV in goats was compared in terms of clinical re­
actions and post-mortem lesions (Table 2). The unadapted 
GTV produced severe clinical reactions in infected goats 
indicated by high fever (41.5'C), nasal and ocular discharge, 
and diarrhoea. Post-mortem lesions indicated enlargement 
of spleen and lymph nodes. Vero cells-adapted vGTV main­
tained the same virulence for goats even at the 4th passage. 
However, the severity of clinical reactions declined with 
increased passage number, e.g. between the 8th and 14th 
passages. This suggests further attenuation of GTV occur-
ing simultaneously with its adaptation to Vero cells. The 
decrease in virus virulence for goats with the increase in 
passage number in Vero cells is in accordance also with the 
findings of Ishii et al. (1986) on lapinised rinderpest virus. 
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GTV has been extensively used in the past as a vaccine 
for cattle (Libeau and Scott, 1960). Attempts to grow this 
virus in Vero cells either by infecting a monolayer culture 
of or trypsinized Vero cells (co-cultivation) failed but the 
virus was successfully adapted to grow in vitro by poly­
ethylene glycol-mediated fusion of infected spleenocytes 
with non-infected Vero cells. Although its exact mechanism 
was not studied, the failure to grow the virus by a normal 
method of infection suggests that GTV possibly could not 
adsorb onto or penetrate into cultured Vero cells. Since 
the polyethylene glycol-mediated fusion bypassed the 
above two steps in virus replication, it became possible to 
adapt G T V  to  grow in Vero cells b y  this technique. 
A similar approach fo r  replication of a virus in non-
permissive cells has been described with a retrovirus, 
lapinised rinderpest virus and transmissible gastro-enteritis 
virus (Rohde et al., 1978; Ishii et al., 1986, 1992). In our 
experiments, the Vero cells-adapted vGTV was able to 
infect preformed Vero cell monolayers only from the 13th 
passage onwards. Thus the intervening passages were 
carried out by co-cultivation of freshly trypsinized Vero 
cells with the infected culture fluid. Regards the above two 
features, the in vitro growth characteristic of vGTV was 
different from that of lapinised rinderpest virus as described 
by Ishii et al. (1986). The cytopathic changes induced by 
vGTV in Vero cells were similar to those reported for 
a rinderpest virus (Plowright, 1968). 

The caprinised rinderpest virus has never been employed 
as a model for the study of rinderpest virus pathogenesis or 
for understanding the phenomenon of its attenuation vis-a-
vis the host reactivity to it. The molecular make-up of and 
phylogenetic relationships among vaccine strains of rind-

Fig. 2 

Immunoblot  analysis  o f  V e r o  cel ls-adapted v G T V  a n d  v R B O K  

strains  

Infected o r  non-infcctcd V c r o  ccl ls  lysatcs w e r e  subjcc tcd  t o  S D S - P A G E  

a n d  immunob io t  analysis  (B).  S D S - P A G E  p ro f i l e s  a f t e r  s t a in ing  w i t h  

Coomass ie  Brill iant B l u e  (A). v G T V ,  100 hrs p.i. ( lane 1); v G T V ,  114 h r s  

p.i. ( lane 2); v R B O K ,  80 h r s  p.i. ( lane 3); mock- in fec ted  control  ( lane 4). 

H ,  N a n d  F 1  indicate  posi t ions  o f  t h e  three  m a j o r  viral  i m m u n o g e n i c  

polypeptides.  Posit ions o f  s ize  marke r  proteins  o f  180 K ,  116 K ,  8 4  K ,  

5 8  K ,  48 .5  K ,  36.5  K a n d  26 .6  K a r e  m a r k e d  o n  t he  l e f t  s ide.  

erpest virus (e.g. lapinised strain, RBOK strain) and viru­
lent virus isolates became known recently (Chamberlain et 
al., 1993; Baron et al., 1994). GTV, in spite of being the 
first attenuated rinderpest virus, has not been studied in 
detail yet. We hope that the successful growth of GTV  in 
vitro will promote its further studies. 
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