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FMD vi(%cine production in India
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1. FMD Waccine manufacturers
2. Vacgihe production technology




FMD vaccine manufacturers

S.No. Name of the Manufacturer Installed Year
Production established
& capacity

Indian Immuhologicals 240 1982
Limited 3 _'

IVRI - Indian Veterinary 10 1972
Research Institute

BIQVET 40 2006
Brilliant Bio Phafma Limited 100 1998
Intefvet India Pvt. Ltd (MSD 50 1975
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FMD Vaccine produced in India @

Mio. doses

Year ﬁv‘ Quantity supplied Total
,‘w :
| Institutions | Trade
'(FMDCP,
% FASCAD &
Others

208.68 2.3 210.98

-

18362 Sy 185,72
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Vaccine production technology

 All manufaeturers use BHK suspension culture
technique or manufacture of vaccine.

. Bioreactoi?s/fer’rnentors ranging from 50 L to 10000 L
are beingtused-for production of vaccine

. Binary ;hylena\@ine (BEI) is used as an inactivant.
| S
u’num hydrOX|de and oll adjuvant vaccines are.
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Vaccme productlon flow dlagram

U e
~ -
| B

4' -
'8

o 4 g3 W . i O - -
{ | n . T T SN 2
i = Filtration / . — .T;'.
= R Centrifugation S e '

'T . /‘—"' =
Vlrus seed ins

|
- BHK cu1turé“ _~_|

Production

scale

i

N

Filtration /
Purification

Filling & | |
Packmg -

- *

Inactivation

,. Qi‘-c yr '
| i€ a L g
m&b\ e

0'4




Vaccine strain selection

Until 2003 FI\,@Vﬁccme manufacturers in India used different vaccine
strains.

Project Directofraté on FMD (PDFMD), ICAR and Government of India
harmonized the strains used for vaccine production.

PDFMD undertakes responsibility of supplying the appropriate vaccine strain
to FMD vaccine manufacturers.

S
Serotype Vaccine strain
Type O © TN':ﬂfﬁ’gi;LSr '2'\(')0D3R2/ 7 O IND R2/75 from October 2003 onwards
Tvoe A AIND 17/82 or AIND 7/77 A IND 17/82 till September, 2008
P Till 2003 A IND 40/00 from September 2008 onwards

Asial WBN 117/85 or Asial IND 63/72 | A 01 |ND 63/72 from October 2003 onwards

Type Asial until October 2003
C IND 51/79 or C BOM 64 : . :
Type C until October 2003 Discontinued since October 2003
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A

Antigenic relationship between the field isolates (2001-2011) and
the Bovine Vaccinate Serum of the (BVS) serotype O
(O IND R2/75) vaccine strains

7

(__ -

MER 57/2001 APV 94/2004  TNC 01/2006 INDS506/08/AP IND33/09/GJ
TNTn 62/2001 KAB 11/2004/2 APRr20/2006 INDO02/08/KL ORKo 08/2010
GUK 142/2002 KAK 12/2004 TNKr 59/2007 IND158/08/KL UPMe 11/2010
POP 144/2002 APKr94/2005 TNKr 58/2007 IND323/08/MH MAP 7/11/1
MAA 29/2002  APR 01/2005 KETr 24/2008 IND333/08/AS
KETr 119/2002 KEEr2/2005  KEI 18/2008 IND420/08/OR
UPV 112003  KETr 83/2005 IND160/08/WB IND287/09/UP
ORC 20/2003 KET 89/2005/1 IND284/08/BR APR 19/2009
UPR 69/2003  MPSh 09/2005 IND290/08GJ  APR 23/2009
KAK 40/2003 MAJ 90/2005/2 IND294/08/UP CHRn 05/2009
MAPb 37/03/5 PUL 88/2005 IND533/08/MP GUK 26/2009
RAJ47/2003 TNTm 14/2005 IND157/08/G] KEKm 27/2009
APKu 72/2004 APP 76/2005/2 IND554/08/WB UPMe 10/2009
APMb 76/2004 APRr01/2005/3 IND320/08  GUK 29/2009
APNa 08/2004/3 KAB 17/2005/3 IND09/08/TR IND359/09/UP
. \ O IND R2/75 .
Combin% a&‘pm lIL and - Project Directorate on Foot and '
mouth Disease Annual report 2008-2011 ... .
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A

Antigenic relationship between the field isolates (1968-
2011) and the Bovine Vaccinate Serum of the (BVS)
serotype A ( A IND 40/00) vaccine strains

A IND 5/68 IND23/06 IND123/08 IND 749/09
IND17/77 IND106/06 IND314/08 IND 1/10
A ORS 66/84  IND 744/06 IND437/08 IND 46/10
A GUA 27/91 AKETr04/07 IND 436/08 IND 61/10
A TNAn 60/94 A KETr 15/07 IND 438/08 IND 63/10
A HAH 14/00 A TNC 56/07/1 IND 09/09 IND 192/10
IND281/03 A TNK 57/07/1 IND 12/09 IND 194/10
WBJ 30/04 IND360/07  IND 13/09 IND 196/10
A KEW 20/05 IND417/07 IND 17/09 IND 747/10
A APS 66/05 IND407/07 IND 332/09 IND 226/10
o IND101/06 IND245/07 IND 333/09 IND 197/10
j IND28/06 IND195/07 IND 747/09 TNS 4/11/3
[ A IND 40/00 |
o\ IND17/82 IND97/06 IND 17/09
-~ _;:f A RAJ 21/96 IND53/08 IND 45/10
u‘ | “‘;:'ﬁ/ IND461/02 IND17/09 IND 136/10 =2 »

| Combined daf%\?on'eﬁ_ and Project Dlrectorate on Foot and mouth Disease.
. ﬁﬁ:,lal report 2008-2011 s in =D



Antigenic relationship between the recent isolates (2007-2010) and @
the Bovine Vaccinate Serum of the (BVS) serotype Asia 1 (Asia 1 IND 63/72)
vaccine strains

IND 12/07 IND 341/08
IND 29/08 IND 79/08
IND 30/08 IND 94/09
IND 90/08 IND121/09
IND 93/08 IND 248/09

IND 94/08 IND 327/09

IND 95/08 IND 328/09

| IND 96/08 PD 508/10
IND 97/08

Asia 1 IND 63/72
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Adapted fromProject Directorate on Foot and mouth Disease Annual
report 2008-2011 e






Limitations
|

P

Safetfcyffhe vaccine
Potencyof the vaccine

: ince f non-structural protein (N

SP)
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Limitations

o Safety ﬂe vaccine

R

— Does the vaccine incorporates
comﬁletely Inactivated antigen?

: In,éctlvatlon kinetics
mpllfl tion test ,
: nhocm / safety test In anlmals




Inactivation of FMD virus

&
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Average mactivation kmetics of two lots of FMD virus serotypes O, A, and Asia-1 mactivated with five different concentrations of BEI
Kinetics 0.4mM 0.8 mM 1.2 mM .6 mM 20mM

0 A Asia-l 0O A Asia-l O A Asia-1 |0 A Asia-1 O A Asi
ty 2 (1in) 44778 40772 36.181 3184 30632 3134 2095 18226 22822 [ 16835 IT4IR 14350 | 14278 12569 108
SD#n (min) 4482 TRO3 4082 2537 3628 2718 2502 4609 2005 | 142 3045 LRG| 249 2138 03
M =0.403 =044} -049 -0.567 -0.59 =0576 -0862 0991 -0.79] |-1073 1037 1238 |=1.265 -1437 -6
SDM 0.04 OO0B5 003 0045 007 005 00103 03251 0073 | 0091  0I81 0100 0221 0245 00
HRS 20483 24035 22639 20432 1R0R} 19061 13766 1082 13953 | 10862 10326 RO73 | 923 T4 65

tjp = half-hfe of the virus; 5Dty = standard deviation of the half-hfe; M = slope; SDM = standard deviation of the slope; HRS = hours requir

for complete inactivation.
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|nactivation of virus

Inactivation

— Validation
» Validation of’bl

ary ethyleneimine (BEI) used as an inactivant for foot and mouth disease
tissue cultyrﬁt ccine. Aarthi D., Rao K.A., Robinson R., Srinivasan V.A. (2004). Biologicals. 32, 153-156.
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Limitations

A

()

 Potency of FMD vaccine

1. Dogs the existing potency adequate for
thei'Jseﬂ-in control programmes?

2. V écin _potency test - Should this be
| fif to the vaccine manufacturer?




Limitations

« FMD vaﬂne Potency
—Currenf requirements - > 3 PDsx,
. European Pharmacopoela - 2010
B msFrPharmacopoela 2010
f{ﬂlan harmacopoeia 2010
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Limitations

A

, &/

» FMD vaccine potency
—Is it ngcéssary to increase the potency values




Limitations

« FMD vagg;;fne potency
— Current-trend — all vaccine manufacturers are
responsible for assessing the potency.
— It is ideal to establish an independent FMD
v?'me testing laboratory where all the

par meters of vaccine including the potency
be assessed

— G vernment« of India / ICAR shall consider this
H‘:‘aépect sgrlously

N T e ——i .
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Limitations

.« FMD Vafé%ne free of NSP

—How: |mportant IS It to produce FMD
vaccine'free of NSP?

— Curtéentsstatus — vaccine manufactured
innhdia varies from NSP free to traces
of SP

— Né separate claims on absence of NSP

, & @yg%made T St
T, TRy S



Limitations

FMD Vdecine free of NSP
—The usefulness of NSP free vaccine in
endemic countries is limited.

— Useful irrcountries free of FMD with
vac;t:matlon

—UJefuI In agreas which are undertaking
H\éss vaccinations — to detect the
ol rnpdence of disease in vaccmated

amﬁ%lm



Current method of testing 9

vaccine for NSP
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Limitations

Limitationggf the NSP antibody test

1. Needs disease / antibody free animals
for testing.

2. Testitakes 90 days for completion.

Reléase of vaccine is likely to be
delayed; ¢
3. ._g;é%cine batch will be rejected if the test
o ofails :




&
NSP detection In antigen lots

Advantagﬂ

1. Each Iot of antigen can be tested.

2. Can be (sed as an in- -process control
test.]) =

3. Passed afitigen lots can alone be
e rpora:%j in the vaccine.

mal tests can be avoided
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NSP antigen gquantification ELISA &
format

Baculovirus expressed

FMD NSP mutatedd ™%
3ABC antigen

FMD NSP 3B MAb

FMD NSP 3B NIAIg

__ Streptavidin HRPO
biotin labeled - % '

NSP-3B MADb biotin labelled

FMD NSP antigen
NSP-3B MAb



Standard curve

0.700
v =10.0025x + 0.0441
0.600 4 R’ =0.9999
0.500 -
0.400 A
&
3
3
0.300 -
0.200 A
0.100 - : : - T
» Analytical detection limit: 2 ng
I]'.l]'l]"]' T T T T T
0.0 50.0 100.0 150.0 200.0 250.0 300.0

Bac 3ABC concentration (ng)
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FMD NSP quantification

-
’

"5 )
£~
i

FMD NSP concentration (ng/ml)

Samples! O A Asia 1
24 h post infection 500.12 245.83 315.91
40 h post infection|  498.97 256.50 100.23
Post clafification 432.31 183.50 101.14
24 h_;p’)fost =
inactivation % 359.15 162.83 106.36
48 h-post 5
inactivation .| 352.31 150.00 118.30
Concentrate. Ll 570.77 281.17 19523




Tests to decide the quantity of
NSP antigen in the vaccine

=
+ To find out minimum FMD NSP antigen
elicits I}ISP immune response in cattle
+ Animal experiments using recombinant
FMDINSP éwtigen and FMD vaccine
iked with pative FMD NSP antigen
) -
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The journey of a product .
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Cold Chain Maintenance -
Challenge

The Challenge

Is the patient receiving the right drug ?
and in right condition
?Who owns the chain ?




A

Vaccine Movement — Distribution Channel

=/ Central Cold Super
Production 7 Storage Distributor
Unit v
W/ 5 [C & F Agent |

2 ~ \Distributor]—{ Retailer ]
| _ |Gowt. Institution |
- r \' X




lIL Logistics Network
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Mode of Transportation

The new depot at Kwai Fong wili help TINT meet surging demand for

the transhipment of goods in and out of China
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FMD control programme

1. Gover@ent of India programme — FMD
control programme

2. Asssfance to the State Governments for
contrdl OiAnlmaI Diseases (ASCAD)

Da 'coo eratlves
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(A
Government of India - FMDCP

« 2003 to da&4 districts in the following States are being
covered unﬁ’e'r,_this programme.

State .=/ T no of districts
Kerala » 3
Tamilnady 1
Andhra,RPradesh 4
6
[ —
10
10
16

24

1~ " Total area e
~ “~Totalarea | s
Cosbae.. Jotalarea — o




FMDCP
« 2010 — 2011 - continuing

. Statesﬂ Districts
=)

Kerala G AL, 14

Tamilnadu < 3& &5 30

Andhra Pradesh © 23

Karnataka _g= - 30

Maharashtra, & 36

Gujarat / ™ 26
Haryana J | k 20
Punjab © f .' . | 17
Uttar Pr esh 16

212 (221)

Total é j

AII the

In the above Stateewﬂl be covered. -
rritories & Goa are Covered
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FMD Control Program
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FMD Conirol Program - Southern

AMMU & KASHMIFP eninsula
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FMD control programme
o Surveillﬂe

—Currently post-marketing survelllance is
eft td the manufacturers.

— dealfy an independent agency should
ntru%id with the responsibility of

nducting FMD vaccine post-marketing
g velllan
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FMD control programme

N .
+ Surveillance in FMD control project area
— State-.quernments collect serum samples
from vaccinated animals in FMDCP area.

— The serum samples are analyzed by the
PDFI\/ID Iaboratorles located In different

ularly undertakes disease surveillance
ugh Lhe epidemiological unlts
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Project Directorate on FMD and Epidemiological Units Q

. Central FMD Laboratory — PD
FMD

‘ Regional Centers (8)

Network Units (15)

SAARC FMD Centre




Percentage of animals showing antibody titers of =21.8
log10 against FMD virus — 30 DPV

Typ g O

Type A Type Asia 1
=
Pre- " Post- Pre- Post- Pre- Post-
Pha VaccinatthaCcinati Vaccinat | Vaccinati | Vaccinat | Vaccinati
se ion | | 'sen ion on ion on
SSk 52 73.3 526 73
y 87 50.6 74.1 48.9 76.7

I report 2010-11

A



Recommendations for consideration

s,

4

Vaccing manufacturers may undertake
validation of inactivation kinetics while
Introducing new batches of BEA/BEL.

Potency of FMD vaccine to be increased to 6
PDgg(?)
An }’hdepengent agency to carry out EMD

Ny & x ;
vaecine batch testing and provide the
mﬁﬁufacture’{s with the batch release

,;c;éﬁfica'tg.
PruLIC

~h o~

Post-Maketing surveillance should be made

/. _mandatory. —
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