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S u m m a r y .  - Foot-and-mouth disease (FMD) virus is poorly immunogenic. There is need to improve the 
quality o f  the vaccine by incorporating enhanced quantity o f  purified virus antigen to prevent sporadic 
breakdown o f  immunity in regularly vaccinated organized herds. A technique has been standardized f o r  
virus purification and concentration by polyethylene glycol (PEG) treatment f o r  large scale production o f  
concentrated FMD vaccine. The vaccine prepared with tenfold concentrated antigen w a s  given field trial in 
an organised farm with a reduced dose as compared to the conventional vaccine. High level serum 
neutralizing antibody in cattle w a s  observed throughout the entire period o f  study. The concentrated vaccine 
controlled the spread o f  the disease when used in face o f  outbreak in villages adjacent to the organized farm. 

K e y  w o r d s :  foot-and-mouth disease vaccine; polyethylene glycol; virus concentration; BIIK-21 

I n t r o d u c t i o n  

F M D  i s  e n d e m i c  in India a n d  repeated  vaccination is  
r e c o m m e n d e d  f o r  better  protection aga ins t  t h e  disease .  E v e n  
a f te r  r e g u l a r  vaccinat ion  there  are  reports  o f  b r e a k d o w n  o f  
immunity  in o r g a n i z e d  f a r m s  a s  t h e  v i r u s  i s  poor ly  i m m u ­

n o g e n i c .  T h e r e  is n e e d  t o  i m p r o v e  t h e  exist ing vacc ine  b y  

increasing i ts  ant igen conten t  t o  enhance  t h e  i m m u n e  response  

fo r  a reasonable  pe r iod .  S ince  it i s  d i f f icul t  t o  increase t h e  y ie ld  

o f  F M D  v i r u s  i n  B H K - 2 1  cells appreciably  b y  manipula t ing 

various fac to rs  t h e  a t t empts  h a v e  b e e n  m a d e  t o  deve lop  a n  easy 

method  f o r  concentration o f  F M D  virus a n d  production o f  

concentrated vaccine  f o r  cattle o n  industrial scale. 

M a t e r i a l s  a n d  M e t h o d s  

Cell and virus production. BHK-21 cells were grown in sus­

pension in batches in 300 1 fermentors using Eagle 's  medium 

(MEM-G) with 8 % PEG-treated bovine serum. The  same medium 

with 5 % tryptose phosphate broth and 2 % PEG-treated serum 

was used for  virus growth. A number  o f  batches o f  F M D  virus type 

O, A22,  C ,  and Asia-1 were produced in the  fermentors. These 

virus batches were  treated with 1 % chloroform, clarified at 7 500 

rpm and filtered through Seitz K 5  filter pads. 

Purification and concentration of virus. The  filtered virus was 

precipitated by adding 8 % PEG (M r  6 000)  and kept at  4 °C 

overnight. The  virus was processed fo r  tenfold concentration with 

0.05 mol/1 Tris buffer. 10 1 bell filter with one K 5  filter pad and 

large Orion filter with f ive  filter pads (40 x 4 0  cm) were used f o r  

filtration o f  20 1 and 300 1 batches o f  precipitated virus, respecti­

vely (Sen and Rao, 1986; Sen and Rao, 1990). This procedure 

ensured total retention of the PEG precipitated virus on the  filter pads. 

Virus inactivation was carried out with binary ethyleneimine 
(BEI) at  3 7  °C for  2 0  hrs (Bahenemann  et al., 1974). 

Preparation o f  aluminium hydroxide saponified Alhydrogel 

vaccine was done by the method of Sen and  R a o  (1990).  A dose  

o f  4 ml  polyvalent vaccine incorporating F M D  virus types O ,  A22,  

C and Asia-1 was recommended fo r  cattle. 

lnnocuity and potency test of Alhydrogel vaccine. T o  test  the  

innocuity o f  the vaccine f o r  cattle two  susceptible animals were  

inoculated intradermolingually 2 ml dose o f  the vaccine into the  

tongue and observed fo r  10 days. Potency tests were  conducted in 

both guinea pigs and in cattle (Sen and Roa, 1990). 

Serum neutralization (SN) test was  performed in 96 well N u n c  
disposable plates, following the method o f  Rweyemamu and 
Hingley (1984). 50 |il ofinactivated serum was added in each well 
starting from dilution 1:8 to 1:512. This  was  followed b y  the  
addition o f  50 (il (100 TCID50) o f  respective virus t o  the diluted 
serum in each well, T h e  mixture was incubated fo r  1 h r  a t  3 7  °C, 
50 |il of  BHK-21 (Glasgow) cells (1 mil l ion cel ls  pe r  m l )  wi th  
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4 % foetal ca l f  serum w a s  added t o  each well .  Suitable controls 
were kept along with the test. The plates were incubated at 3 7  °C 
fo r  4 8  hrs  in CO2 incubator  and C P E  was  read. The  SN index 
( log SN50) w a s  calculated in a s tandard way.  

Estimation of 146S particles was performed by the method 
described by Lei (1978) with some modifications. 

Results 

Experimental and pilot scale studies on purification and 
concentration of FMDV by PEG precipitation were con­
ducted with 20 I (25) batches and 300 1 (3) batches of FMD 
virus grown in fermentors, respectively. The mean results 
with each type of experimental batches of FMD virus type 
O, A22, C and Asia-1, and 3 pilot scale batches of FMD 
virus type A22, C and O in respect of complement fixation 
(CF) titer, infectivity titer (TCID50) and quantum of infec­
tive virus particles (146S) before and after 10-fold concen­
tration is presented in Table 1. 

D i s c u s s i o n  

The presented results show that there was high percent­
age of recovery of virus after PEG precipitation and filtra­
tion. Similar recovery of virus was reported earlier with 
small and large virus batches (Sen and Rao, 1986; Sen and 
Rao, 1990). This method ensured high rate of virus recovery 
with existing facility available in the vaccine production 
unit and was cheaper as commpared to the techniques 
reported earlier (Morrow et al., 1974; Cowan el al., 1974). 
Lei (1974) reported that filtration procedure was more 
efficient than the centrifugation method for concentration of 
virus, but he could not reduce the dose of  vaccine with PEG 
precipitated virus obtained by filtration through Kiesselghur. 

The concentration and purification of the antigen is 
necessary for the following reasons. Large quantities of 
monovalent product can be stored at 4 °C until the results 
of bacteriological and safety tests are available and the 
vaccine can be finally formulated. With the concentrated 

Table 1. Purification and concentration of FMD virus by PEG precipitation 

Virus Original Titer before concentration Titer after 10-fold concentration 

type volume CF Infectivity 146S CF Infectivity 146S 

(1) (CFU/ml) (TCIDso/ml) (jig/ml) (CFU/ml) (TCEDjo/ml) Qtl/ml) 

A22 20 80 5.43 0.60 320 6.19 9.47 

C 20 80 5.93 0.52 320 6.43 9.50 

Asia-1 20 80 5.43 1.2 320 6.19 6.16 

0 20 80 5.43 0.34 320 5.93 4.5 

A22 300 80 6.10 0.84 320 6.4 7.5 

C 300 80 5.91 0.52 320 6.43 7.8 

0 300 80 5.43 0.40 320 6.1 4.5 

The potency of the BEI inactivated single concentration 
vaccines tested in quinea pigs and cattle were highly satis­
factory (Table 2). The single concentrated, Alhydrogel 
polyvalent saponified vaccine was tested under field condi­
tions in State I livestock Farm, I lessarghatt, Bangalore. I ligh 
immune response against all the types of FMD virus was 
observed in vaccinated cattle by SN test (Table 3). Satisfac­
tory efficacy of this vaccine (1 ml dose) to protect cattle 
under field conditions was also noted on two occasions of 
FMD outbreak due to type A22 and O. A total of 40 000 
doses of vaccine against type O and A22 were used in the 
field for prophylactic vaccination. Vaccines prepared out of 
single PEG concentrated virus were found to be satisfactory 
in these conditions. 

antigen a smaller dose volume of polyvalent vaccine can be 
obtained. If the vaccine contains purified antigen, adverse 
reactions after vaccination are reduced (Bauer el al., 1970). 
With some procedures the antigen can be both concentrated 
and purified (Barteling and Wreeswijk, 1990). Ultrafiltra­
tion systems for concentrating FMDV virus were success­
fully pioneered by Strohmaier (1967). Later, follow fibre 
systems were applied by Morrow (1972) and they have been 
introduced by many vaccine manufactures in South Amer­
ica to obtain high antigen concentration necessary for oil 
adjuvanted vaccines. However, even if filter materials with 
cut off values of 10 000 (Mr) are used, purification of the 
antigen by ultrafiltration is limited. On the other hand, one 
precipitation step with PEG is sufficient to remove aller-
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Table 2. Potency tests of  vaccine prepared f rom single PEG 
concentrated and BEI inactivated FMD virus  

Vaccine batch 
No. 

Virus type Guinea pig 
C index 

Cattle 
protection 

(%) 

1 Asia-1 2.57 ND 

2 0 2.44 ND 

3 0 (pilot scale) 4.0 ND 

4 C (pilot scale) ND 100 

5 O ND 80 

6 A22 (pilot scale) ND 100 

ND - not done. 

Table 3. Immune response in cattle vaccinated with single PEG 
concentrated polyvalent FMD vaccine (dose 4 ml), State Livestock 

Farm, Hessarghatta, Bangalore 

Immune 
response 
against 

SN index (log SNso)f 

1st vaccination 2nd vaccination 

type Day 

0 25 45 164 0 45 164 

0 1.57 1.75 1.76 2.06 2.06 2.09 2.05 

C 1.24 1.84 1.91 2.30 2.30 2.30 2.40 

Asia-1 1.46 2.01 2.01 2.20 2.20 2.10 2.12 

A22 1.44 2.16 2.16 2.06 2.06 2.25 2.06 

Mean value of 2 0  vaccinated animals. 

genie components from vaccines (Bauer et al., 1970). The 
method can be applied on a large scale and the virus can be 
concentrated up to 1 000 times. At  least 95 % of the proteins 
from the virus culture harvest are removed (Barteling and 
Vreeswijk, 1990). 

in large scale production, the concentration ofFMD virus 
is achieved either by follow fibre system (Amicon) or by 
cassette system (Millipore). In both the systems, cellular 
products, serum and other non-specific proteins are also 
concentrated along with the virus. The time required to 
concentrate large quantity (300-600 I) of virus is also a 
limiting factor. Moreover, high cost involved in replacing 
the cartidges should be also considered. 

The method of virus purification and concentration in the 
present study seems to be very suitable for large scale 
vaccine production unit. The advantage of the present 
method is maximum recovery of virus and minimum deg­
radation of virus particles (146S) as 300 liters of virus 
harvest can be concentrated in the cold within 30 m ins. 
Moreover, the vaccine prepared with concentrated virus 
proves to be very potent under field conditions. 
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