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Summary. - Large amounts of  infectious bovine rhinotracheitis (IBR) 
virus was produced in Madin-Darby bovine kidney (MDBK) cells in 
suspension culture on the microcarriers Gelaspher M. Virus yields 
(TCID5 0 per ml) were approximately 10-times higher as compared to 
clasical stationary cell culture. 
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Introduction 

The principle of cultivation of cells on microcarriers is simple: the cells 
adhere, grow and multiply on the surface of beads. The best results are obtained 
using suspensions of microcarriers floating in gently mixed culture medium. In 
this way the microcarrier beads do not sediment, they keep continuously moving 
due to the mixing of medium. This arrangement has many advantages. It fulfils 
the demands for a solid support which is necessary for the growth and division of 
majority of normal tissue cells. The monitoring of  cultivation conditions and the 
cell sampling are easy. The utilization of nutrients from culture media is 4-6 times 
more efficient with microcarriers than without them, what results in marked 
saving of expensive culture media. The risk of  bacterial contamination is 
reduced. Also the man-power is saved; there are even reports on full automatiza­
tion of cell cultivation o n  microcarriers (van Wezel,  1967; Reuveny, 1985). 

The  advantages of using gelatin microcarriers for  t he  cultivation of fibroblasts 
and endothelial cells were described by Wissemann and Jacobson (1985). T h e  
growth of M D B K  and other  types of cells o n  three different commercial gelatin 
microcarriers was compared by Varani  et at. (1986). M D B K  cells grew o n  all 
types of microcarriers tested with a high percentage of viable cells, the  Ventregel 
beads having the  best properties. 

The  use of large-scale cell cultivation on  microcarriers for the  preparation of 
viral vaccines was described by Arathoon and Birch (1986). In  our  work we used 



74 LEŠKO, J. el al. 

a microcarrier Gelaspher M for suspension cultivation of MDBK cells and finally 
for a large-scale production of  IBR virus. This virus product might serve as 
a suitable starting material for preparation of formalized IBR vaccine. 

Materials and Methods 

Viruses. T h e  IBR-R-6 a n d  t h e  IBR-BK-5-PTOB virulent strains o f l B R  virus,  caus ing  respirator)' 
d i sease  in cattle a f ter  intranasal application w e r e  used.  

Cells. M D B K  cells w e r e  cultivated in Eagle ' s  minimal  essential  m e d i u m  (MEM. ÚSOL,  Prague) 
s u p p l e m e n t e d  with 1 0 %  inactivated calf  s e r u m .  

Microcarriers Gelaspher M w e r e  d e v e l o p e d  a n d  m a n u f a c t u r e d  b y  L a c h e m a  (Brno) on t h e  b a s i s  of 
chemical ly  m o d i f i e d  gelatin.  For  cultivation o f  M D B K  cells  a concentration o f  3 0  m l  o f  Gelaspher  
M p e r  o n e  liter o f  cultivation m e d i u m  w a s  used.  T h e  optimal  s ize  o f  microcarrier particles f o r  M D B K  
cells  (data n o t  s h o w n )  w a s  in t h e  range  o f  150-200 / j m .  O n e  m l  o f  t h e  microcarrier suspens ion  
corresponded  t o  approximately  2 6 0  000 particles with s u r f a c e  area  2 5 0  c m 2 .  

Bioreaciors. For  suspens ion  cultivation o n  microcarriers t w o  types  o f  bioreactors  w e r e  u s e d :  (a) 
special  5 liter v o l u m e  bott le  f r o m  neutral  g l a s s  wi th  stirrer dr iving unit  o n  t h e  bott le  neck,  t h e  w h o l e  
fixed o n  a s tand  at an  ang le  o f  75  ° (Bioveta ,  Ni t ra ) ;  ( b )  2 0  l i ter  L a b o r a t o r y  b io r eac to r  S L F  2 0  ( D A K  
Slušovice)  adapted f o r  cell cultivation. 

Cultivation on microcarriers. T h e  cell inoculum f o r  large-scale cultivation o n  microcarriers w a s  
prepared in stationary cul tures  in 1 200  ml R o u x  f lasks .  Cell  m o n o l a y e r s  w e r e  trypsinized, w a s h e d  
twice  wi th  PBS, pelleted b y  centr i fugat ion and  resuspended  in f r e s h  m e d i u m .  T h e  concentration o f  

FiR. 1 
G r o w t h  o f  MDBK cells on  microcarriers a f ter  4 8  hr  cultivation 
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viable cells w a s  es t imated a f ter  t rypan b l u e  staining.  Since there  is  n o  d i f fe rence  in cultivation o f  cells  
in two types  o f  bioreactors  descr ibed a b o v e  (except t h e  v o l u m e  o f  cultivation m e d i u m ) ,  w e  descr ibe  
in detail t h e  technology o f  cultivation only  in t h e  bioreactor S L F  2 0  u s i n g  10 liter v o l u m e  o f  
cultivation m e d i u m .  

First, t h e  suspens ion  o f  cel ls  and  microcarriers  in cultivation m e d i u m  w a s  prepared.  A 300 m l  
vo lume o f  suspens ion o f  Gelaspher  M in P B S  w a s  m i x e d  w i t h  1.5X10 9  M D B K  cells and  added  t o  
3 liters o f  Eagle 's  M E M  w i t h  10 % ICS. A f t e r  s h a k i n g  t h e  suspens ion  w a s  t ransferred into the  
bioreactor and  heated to  3 7  ° C .  T h e n  t h e  s u s p e n s i o n  w a s  s t i r red  f o r  8 -12  h r  d i scon t inuous ly :  1 m i n  
stirring a 50 r p m  a n d  30 m i n  w i t h o u t  st irr ing.  A f t e r  t h i s  p e r i o d  a b o u t  8 0 - 9 0  °/o o f  cells a t t a c h e d  t o  t h e  
bead  surface .  T h i s  a t t a c h m e n t  p e r i o d  w a s  con t ro l l ed  i n  s a m p l e s  o f  mic rocar r ie r  s u s p e n s i o n  a l o n g  
wi th  p H  a n d  microbiologica l  con t ro l .  T h e n  7 l i ters  o f  cul t ivat ion m e d i u m  (37 ° C )  w a s  a d d e d  t o  t h e  
bioreactor  a n d  t h e  s u s p e n s i o n  w a s  kep t  c o n t i n u o u s l y  s t i r red  a t  5 0  r p m .  T h e  cell g r o w t h  o n  b e a d s  w a s  
control led in s a m p l e s  a f t e r  24,  48  a n d  72 h r  o f  cul t iva t ion .  A s  a ru le ,  a b o u t  9 0  % o f  b e a d s  w e r e  
covered b y  cell m o n o l a y e r s  a f t e r  2 d a y s  o f  cul t ivat ion.  

Virus infection of cell microcarrier culture. T h e  s t i r r ing w a s  s t opped ,  microcar r ie rs  se t t led  d o w n  a n d  
t h e  m e d i u m  w a s  e x h a u s t e d .  T h e n  mic rocar r i e r s  w e r e  w a s h e d  w i t h  5 l i ters  o f  P B S  a n d  t h e  v i rus  
infect ion w a s  carr ied o u t  a s  fo l lows.  I B R  v i r u s  w a s  d i lu t ed  i n  2 li ters o f  cul t ivat ion m e d i u m  w i t h o u t  
s e r u m  (37 ° C )  t o  r e a c h  t h e  mult ipl ic i ty  o f  i n f ec t ion  o f  0.1 P F U  p e r  cell a n d  a d d e d  t o  t h e  w a s h e d  cells. 
T h i s  su spens ion  w a s  s t i r red  a t  5 0  r p m  f o r  1 h r  a t  3 7  ° C .  T h e r e a f t e r  8 l i ters  o f  c o m p l e t e  cul t ivat ion 
m e d i u m  w a s  a d d e d  a n d  t h e  i n c u b a t i o n  c o n t i n u e d .  S a m p l e s  o f  mic rocar r ie r  s u s p e n s i o n  w e r e  t a k e n  at  
var ious  t i m e s  p.i. a n d  t h e  cells  o n  b e a d s  w e r e  microscopical ly  e x a m i n e d  f o r  t h e  p r e s e n c e  o f  C P E .  
Also  samples  o f  cul t iva t ion  m e d i u m  w e r e  t a k e n  f o r  m o n i t o r i n g  t h e  in fec t ious  v i rus  t i ter .  W h e n  C P E  
was  c o m p l e t e  in  all cells  a n d  t h e  v i rus  h a d  t o  b e  ha rves t ed ,  t h e  s t i r r ing w a s  s t opped ,  microcar r ie rs  
w e r e  left  t o  set t le  d o w n  a n d  t h e  cul t iva t ion  m e d i u m  w a s  e x h a u s t e d  a n d  saved .  

Virus titration. I n f ec t i ous  t i t e r  ( T C I D  J 0 / m l )  o f  I B R  v i rus  w a s  e s t ima ted  in  t u b e  c u l t u r e s  o f  M D B K  
cells in fec ted  w i t h  serial  t e n f o l d  d i lu t ions  o f  v i r u s  mate r ia l .  T h e  C P E  w a s  r ead  5 - 7  days  p.i. 

Fig. 2 
G r o w t h  curves  o f  M D B K  cells o n  m i c r o -

carriers a n d  in  s ta t ionary  cul t iva t ion  
x - microcarr iers ;  o - s ta t ionary  cu l tu re .  
Abscissa:  t i m e  (days);  o rd ina t e :  cell c o n ­
centra t ion (cell n u m b e r / m l x i O 5 ) .  
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Results and Discussion 

Up to 80-90 % oľ  cells attached to the surface of the microcarrier beads during 
the 8-12 hr attachment period. Thereafter they, started to spread out and 
proliferate. This phase of  cell growth lasted 2-3 days under continuous stirring. 
The morphology of cell layers on beads was controlled daily. The gelatin 
microcarrier beads are transparent in the cultivation medium, so that the 
morphology of  the attached cells could be monitored straight via a light 
microscope. 

The growth of MDBK cells on microcarriers in the bioreactor after 2 days of 
cultivation are presented in Fig. 1. To this time about 9 0 %  of beads displayed 
a confluent cell monolayer on their surface. The growth of MDBK cells in the 
bioreactor and in the classical stationary culture is compared in Fig. 2, which 
demonstrates the respective growth curves. The cell yields (number of  cell per 
ml) were about 4-times higher in the bioreactor than in the stationary culture 
(1 200 ml Roux flasks). 

Three days-old culture from the bioreactor was infected with IBR virus and 
the cell morphology and virus titer were monitored. The CPE of virus was visible 
after 2 days (Fig. 3) and became complete after 3 days (Fig. 4) p.i. The infectious 
virus titers in the cultivation medium from the bioreactor and the stationary 
culture were compared (Table 1) and the formed were found by 0.5-1.0 log 
higher than the latter. No difference between two virus strains tested was found. 

The present results demonstrate that the Gelaspher M microcarriers are 
suitable for a large-scale cultivation of MDBK cells in suspension in the 
bioreactor and for a production of high titer infectious IBR virus. The yields of 
both cells and virus per ml were up to 4-times and 10-times higher, respectively 
in the bioreactor than in the stationary culture. The bioreactor system with the 
Gelaspher M microcarriers displays several additional advantages concerning 
time, labour and costs over the classical stationary system. The IBR virus 
produced in the bioreactor might serve as a suitable starting material for the 
production of  a formalized IBR vaccine. 

T a b l e  1. Infectious tiler of IBR virus propagated in MDBK cells in microcarrier a n d  stationary cultures 

log  T C I D 5 0 / m l  
No. o f  exper iment  

Microcarrier cul ture  Stationary culture 

1 8.33 7.33 
2 8.33 7.50 
3 8.50 7.60 
4 8.33 7.33 
5 8.33 7.50 
6 8.33 7.30 
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Fig. 3 
CPE o f  IBR v i r u s  o n  M D B K  cells 4 8  hr  alter  infection 

Fig. -4 
CPE o f  IBR v i r u s  on M B D K  cells 72 hr  a f ter  infection 
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