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Introduction

Livestock sector is an important sub-sector of Indian agriculture and plays a mgor

role in Indian economy of which buffaloes comprises an integrd component and provides
livelihood to rurd population. In India, buffaloes are mainly reared for both milk and mest
production. With the advancement and adoption of scientific managementd practices, the
buffalo husbandry industry in India has made considerable progress in the recent years.
However, a the sametime, many emerging problemshaveinterrupted its Speedy devel opment.
Incidence of various infectious diseases is one of the most important problems faced by the
farmers, of which vira diseases are commonest one. Buffadopox is such a contagious vird
disease affecting buffaoes (Bubal us bubalis) and rarely cows with morbidity of 80% causing

high economic lossto the farmers.

Thefirst recorded incidence of buffalopox datesback to 1934 and occurred in Lahore
in undivided India (Sharma, 1934). This was followed by regular reports of both mild and
severe forms of the disease from Maharastraonly (Sehgd et al., 1977). The causative agent
of buffaopox, buffaopox virus (BPXV), is classfied in the Orthopoxvirus (OPV) genus of
thesubfamily Chordopoxvirinae and thefamily Poxviridae (Van Regenmortd et al., 2000).

Clinicdly, buffaopox occursin mild as well as savere form. In the mild form, lesons
arelocalized on the udder, teats and inguina region (Sharma, 1934), over the parotid, and the
base and inner surface of the ear and eyes(Bhatia, 1936; Wariyar, 1937; Mdlick and Dwived,
1982; Madllick, 1988). In the severe form, the lesions are generalized (Ramakrishna and
Ananthapadmanabham, 1957; Chandra et al., 1987). However, generdized forms of the
disease are infrequent these days as the lesions are mogtly confined to the udder, teets, and
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sometimes on the thighs and hindquarters of the affected animds. Infection in milk animas
leads to madtitis, which contributesto reduction in milk yield and the working capacity of draft
animals. In severe cases of madtitis, apermanent reduction inmilk yield isaso recorded (Singh
et al., 2006c). Although buffaloes are primarily affected, cows and humans are occasiondly
involved (Baxby and Hill, 1969). Outbresks of buffaopox are reported not only from India
but adso from many other countriesincluding Pakistan, Egypt, Nepa and Bangladesh (Ld and
Singh, 1977). Recently, amilar outbresks of pox-like-infections caused by Vaccinia virus
(VACV)-like agents viz. Cantagalo (Damaso et al., 2000) and Aracatuba viruses (de Souza
Trindade et al., 2003) have been reported from Brazil.

Of late, buffdopox has been recognized as an important emerging and re-emerging
zoonoss (Singh et al., 2007). The Joint Expert Committee on Zoonosis aso declared
buffal opox as one of theimportant zoonotic diseases. The committee d so emphasized that the
mode of transmisson of buffalopox to human subjects and other epidemiologica festures
appear similar to cowpox (Chandraet al ., 1987). Human beingsincluding smdl pox-vaccinees
contract infection upon close contact with buffalopox virusinfected animas, but the extent of
disease is greater in non-immunized individuals. The appearance of gross lesons in human
beings maintaining close proximity with pox-affected buffaoes, attendants and milkers has
been reported from time to time (Wariyar, 1937; Ghosh et al., 1977; Mehrotraet al., 1981,
Mitra and Chatterji, 1986; Kumar et al., 1987; Kolhapure et al., 1997; Raut et al., 1997,
Jain, 1998; Singh et al., 1999, 2006¢,2007; Bhanuprakash et al.,2009). The lesions are
mainly confined to the hands, foreheed, face, buttocks and legs. Occasiondly, lymphadenopathy
has a so been recorded. Human-to-human transmission has not been reported. Until recently,
BPXV was considered host specific infecting only buffaoes but experiments on biologica
transmission of BPXV (BP4 drain) indicated that BPXV could be transmitted to cow calves
if giveninahigh dose (Singh et al., 1996).

Control of any infection depends on accurate diagnos's and trestment/prophylaxis.
Accordingly, buffalopox can easily bediagnosed by clinica sgns. However sometimesclinica
lesons can confusewith other vird diseases such as papilloma, foot and mouth disease (FMD)
and capripox, hence laboratory confirmation is necessary. The laboratory tests include virus
isolation, electron microscopy, histopathology of the affected tissues, specific serological assays
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viz., enzyme linked immunosorbent assay (ELISA), serum neutrdization (SNT) and nucleic
acid based methods such as polymerase chain reaction (PCR) and red-time PCR.

In countries where the disease is endemic and anima movement is difficult to redrict,
disease control becomes complex. The problem iscompounded by lack of precisediagnostics
and prophylactics. Further, the contamination of buffalo meet for export is another problem.
The socid belief, culturd issues and economic consderations prevent India from having a
daughtering policy for cattle. In the absence of suitable immunopropylaxis and restriction on
anima movement, employing sanitary measures such as segregation of the infected animadsis
the only meansof containing the pread of infection. In our laboratory, recently alive attenuated
vaccine was prepared using Vero cdl-adapted BPXV (V1J96) and compared (unpublished
data) with the dready available reference strain (BP4) vaccine. It was found that the BP4

vaccine was sill superior in terms of potency compared with the Vero cell adapted vaccine.

Further, Indiabeing asubtropica country, it experiences wide range of temperatures.
Therefore, maintenance of shdlf-life of the vaccine is very difficult and needs cold chain. Like
many other modified live atenuated lyophilized vaccines, the attenuated buffa opox vaccineis
no exception in therma inactivation. The vaccine requires cold chain for storage and transport.
As a reault, the cost of production and transportation are high and user’s expenses are
unavoidable, especidly in developing tropica and semitropical countrieslike India Therefore,
evaduaion of the vaccines for their thermo-gability with different stabilizers is of very much
demanding in order to maintain or improve immunization effectiveness through reduction of

potency loss due to heat damage; reduce cold chain costs and logistical requirements.

Likewise, the efficacy (sero-conversion) and safety of live attenuated vaccine depends
on the number of viable particles in the vaccine dose. One of the steps in quality control of
vaccine is to fix the number of live vird particles per dose, which varies with the type of
vaccine as prescribed by the manufacturers. To estimate the number of infectiousvird particles
in the live attenuated vaccine, commonly used assays include, tissue culture infective dose
(TCID,,) or Plague forming unit (PFU) in cell culture, or egg infective dose (EID, ) estimation
in embryonated eggs, respectively. However, these assays are time consuming and labor
intengve, require extendve standardization and interpretation of results is mainly subjective.

Quantitative polymerase chain reaction (QPCR) has presently been used as novel gpproach
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for the potency estimation of multivalent human vaccines (Schalk et al ., 2004; Ranhem et al.,
2006), animal vaccineslike goatpox and PPR (Kallesh et al, 2009) for its advantages such as
high sensitivity, specificity, reproducibility and rapidity. The QPCR isvery flexible and need no
post PCR manipulaions. Identification of the amplified product is very specific as detection
chemigtries usad in the QPCR are highly specific. The commonly used ones are SYBR green
| dye and TagMan probes. In view of these, the present work has been designed with the
following objectives,

° To evaluate the thermo-stability and potency of live attenuated Vero cell

adapted buffalopox vaccine.

25 25 &S
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History of Buffalopox

Thefirst recorded incidence of buffalopox datesback to 1934 and occurred in Lahore
in undivided India (Sharma, 1934) and theterm * buffaopox’ was first used by Haddow and
Idnani(1949).Thiswasfollowed by regular reports of both mild and severeformsof the disease
from various sates of India (Sehgd et al., 1977). Outbreaks of buffalopox are reported not
only from India but dso from many other countries including Pakistan, Egypt, Nepa and
Bangladesh. Recently, smilar outbreaks of pox-like-infections caused by Vaccinia virus
(VACV)-like agents viz. Cantagalo (Damaso et al ., 2000) and Aracatuba viruses (de Souza
Trindade et al ., 2003) have been reported from Brazil. The WHO Joint Expert Committee on
Zoonosis (FAO, 1967) has declared buffalopox to be one of the important zoonotic diseases
caused by avirus, closdly related to VACV and frequently encountered in countries where

buffaloes are reared as milch animals.
Etiology

The causdtive agent of buffalopox, buffalopox virus (BPXV), is classfied in the
Orthopoxvirus (OPV) genus of the subfamily Chordopoxvirinae and thefamily Poxviridae
(Regenmortel et al., 2000). It isadouble stranded DNA viruswith agenome of approx. 130-
200 Kb (Murphy et al., 1999). BPXV resembles vaccinia and cowpox viruses (La and
Singh, 1977).The BP4 drain (Department of Bacteriology and Hygiene, Haryana Agricultura
University, Hisar, India) isregarded asthe reference strain of the virus (Singh and Singh, 1967;
Baxby and Hill, 1969).
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Epidemiology

After thefirgt report of buffalopox in 1934, disease has been regularly reported from
buffao-rearing areas involving different states of India. The disease has mainly been recorded
in young and old buffaloes during the epidemics. However, cattle have aso been occasondly
affected (Ghosh et al., 1977). Transmissibility of BPXV was experimentaly studied (Singh et
al., 1996) in a number of animal species, which reveded a wide host range, viz. buffaoes,
cows a high dose of virus, guinea pigs and suckling mice (BALB/c and Swiss white grains).
Strain BPH-80 produced pox lesionsin rabbits, 6-weekold mice, cow and buffalo caves, and
chicken. Sheep, goat, fowl and adult mice (BALB/c and Swiss white) were refractory to
experimenta BPXV infection (Kumar et al., 1987). An overal disease prevaence rate of
10.13% was reported in one study, in which there was no significant difference between
prevaencein adult males (13.63%) and fema es (13%) and young males (6.32%) and femades
(5.24%) (Kumar et al ., 1987). Madtitisdueto secondary bacterid infections has been recorded
in50% of affected lactating buffaloes. A higher prevaencerate (23.4-79.4%) wasreported in
another buffalopox outbreak from Mandya and Mysore (Karnataka; Muraleedharan et al.,
1989). A recent outbreak of buffalopox in Aurangabad (Maharashtra) caused amorbidity rate
of upto45% (Singh et al ., 2006). Although 5.6% seropositivity in buffal oes has been reported
using CFT from various parts of Egypt (Iwadet al., 1981), the spread of discasewasrapidin
buffa oes but cows, sheeps and goatsin the same areas remained unaffected. Biting flies such
asLyperosia exigua, Musca crossirosiris and Muscavicina aggravated the sores. Therefore,
it was contended thet fliesmay be involved in mechanicd tranamisson (Murdeedharan et al .,
1989).

Buffalopox as zoonosis

Buffalopox is an important contagious vird mdady of buffaloes of al ages, occurring
in epidemic proportions in countries including India, where buffaoes are reared. The Joint
Expert Committee on Zoonos s declared buffaopox as one of the important zoonotic diseases.
The committee dso emphasi zed that the mode of transmission of buffalopox to human subjects
and other epidemiologica features gppear smilar to cowpox (Chandraet al., 1987). Human
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beings including smallpox-vaccinees contract infection upon close contact with buffalopox
virus infected animds, but the extent of disease is greater in non-immunized individuds. The
gppearance of gross lesons in human beings maintaining close proximity with pox-affected
buffal oes, attendants and milkers has been reported from time to time (Wariyar, 1937; Ghosh
etal., 1977; Mehrotraetal ., 1981; Mitraand Chatterji, 1986; Kumar et al., 1987; Kolhapure
et al., 1997; Raut et al., 1997; Jain, 1998; Singh et al., 1999, 2006). The lesons are mainly
confined to the hands, forehead, face, buttocks and legs. Occasiondly, lymphadenopathy has

a so been recorded. Human-to-human transmission has not been reported
Diagnosis

Theconventiond isolaion methods of buffaopox virus (BPXV) indudeether passaging
in chorio-dlantoic membrane (CAM) or inoculation of specific hogts—hbuffao or catle. Although
various serological assays have been developed for diagnosis of buffalopox including agar gel
immuno-diffusion (AGID), counter-immunoeectrophoresis (CIE), serum neutrdization test
(SNT), enzymelinked immunaosorbent assay (EL1SA) and immunoperoxidasetest (1PT), these
testsfail inaccurate diagnos s of the disease because of antigenic cross-reactivity. Conventional
biologicd and serologicad methods havelimitationsin identification and differentiation of orthopox
viruses (OPVs) (Murphy et al., 1999). Anayss of virion polypeptides by SDS-PAGE has
enabled genus and species differentiation but not between closdy rdated members of the same
genus (Aritaand Tagaya, 1977; Eposito et al ., 1977). However, REFDNA profiling (Esposito
and Knight, 1985) has been a proven method for poxvirus identification but requires virus
propagation and vird genomic DNA isolaion, which istime-consuming (Singh et al., 2007).

PCR-based assays have been described for diagnosis and differentiation of OPV's
likevacciniavirus (VACV), Vaiolavirus (VARV), monkeypox virus (MPXV) and Came pox
virus (CPXV), based on incluson and HA genes (Knight et al., 1995; Ropp et al., 1995;
Meyer et al., 1997, Damaso et al., 2000)

Prevention and control

In countries where the disease is endemic and animal movement is difficult to restrict,

disease control becomes complex. The problemiscompounded by lack of precisediagnostics
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and prophylactics. Further, the contamination of buffalo meet for export is another problem.

The socid belief, culturd issues and economic consderations prevent India from having a
daughtering policy for cattle. In the absence of suitable immunopropylaxis and restriction on
anima movement, employing sanitary measures such as segregation of the infected animasis
the only meansof containing the pread of infection. In our laboratory, recently alive attenuated
vaccine has been developed using Vero cell-adapted BPXV (V1J96) and compared

(unpublished data) with the aready available reference strain (BP4) vaccine. The vaccine is
currently undergoing extengve fidd trids in different parts of the country.

Thermostability of live attenuated vaccines

Indiabeing asubtropica country, it experienceswiderange of temperatures. Therefore
maintenance of shelf-life of the vaccineis very difficult and needs cold chain. Like many other
modified live attenuated lyophilized vaccines, the attenuated buffal opox vaccineisno exception
in therma inactivation. The vaccine requires cold chain for storage and transport. As aresult,
the cost of production and transportation are high and user’s expenses are unavoidable,
especidly in developing tropical and semitropica countrieslike India Therefore, evaluation of
the vaccines for their thermo-gtability with different gabilizersis of very much demanding in
order to maintain or improveimmunization effectivenessthrough reduction of potency lossdue

to heat damage; reduce cold chain costs and logistical requirements.

Thereare only few reports regarding thermo stabilization of animal vird vaccines. The
notable ones are against Newcastle disease (Bensinki and Spradbrow, 1995) and rinderpest
(RP) (Rautet al., 2001). The earliest reports on the thermo-stability of the cell culture adapted
RPV were of Plowright and Ferris (1961) and Johnson (1962). Rinderpest viruswas selected
for mutant clones by growing the virusfor 6 passages a 40°C. The increment of temperature
was given a intervals of 0.5°C. It was seen that compared to the vaccine virus, thermo-
resstant virus multiplied a higher temperatures (40°C). On evauation of both viruses, it was
seen that immunogenic protein profiles are Smilar, indicating that there was no change with
regard to these characteristics but there were minor changes observed in the amino acid

sequences on the basis of nucleotide sequence andysis (Raut et al., 2001).
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Reports regarding the development of thermo-resstant strains of NDV notably 1-2
and V-4 grains from avirulent Augtrdian strains of NDV have been published. These strains
were selected on the basis of two criteriaviz., ability to produce rapid antibody response and
dability at 56°C. These vaccines were used either as ocular or ora drops or incorporation in
cooked white rice (Rehmani and Spradbrow, 1995).

A lyophilized thermo-gtable Vero cdl-adgpted RP vaccine, sabilized with lactalbumin
hydrolysate (LAH) and sucrose, was tested for safety, serological response and suitability for
use with an abbreviated cold-chain under field conditionsin Nigeria. Cettle, goats and sheep
of unknown serologica status were vaccinated at organized ranches and observed for 22
days. No untoward effects were detected. The serologica response to the vaccine stored at
environmenta temperaturesfor 30 to 34 dayswas determined in 144 previoudy unvaccinated
yearling caves. Sero-converson was demonstrated in 98% of the yearling calves using serum
neutralization. The un-refrigerated vaccine retained atiter of 3.69 log,, TCID, / dose through
day 34 (Mariner et al., 1990). Based on this gpproach, recently, the Indian Veterinary Research
Indtitute (IVRI), Mukteswar, have been successful in devel oping live attenuated Tr-PPR vaccines
(goat and sheep isolates) employing thermo-stable Vero cdll line which is adapted to grow at
40°C. The vaccines have undergone successful in-house trids both in the sheep and goats
ether as sngle or in combination with sheegppox or goatpox as bivdent or Orf as trivaent
vaccines (Personal Communication). In an another study conducted by our
laboratory,thermostability of high passaged (P100) GTPvaccinewascarried out usng LAH +
10% Sucrose (LHS), LAH+10% trehdose dihydrate (LHT), Trehaose dihydrate 10% in
HBSS (T-10) and Trehaose dihydrate 5% in heavy water (DT-5) stabilizer combinations.
Vaccine vids with different stabilizers were lyophilized and exposed at different temperatures
viz., 45°C, 37 °C, 25 °C and 4 °C and titrated. LHT found rdlatively superior than LHS and
T-10; Rdativedifference of abilization between LHS and T-10 wererecorded. No significant
loss of virustitre in freeze-dried vid for 5 daysat 45 °C; 9 daysat 37 °C & 98 daysat 4 °C
was observed (Personad communication).
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Potency estimation of live attenuated Vaccines

Unlikeinectivated vaccines, attenuated livevaccines (AL V) requireanin vivo potency
assay on each batch, the whole dose—+esponse curve of modified livevaccine (ALV) isassessed
only once on the master seed virus or a representative vaccine batch of the virus seed. The
potency of subsequent batches can be based on the rel ation between virus dose and protection
asobserved in the dose-response curve of the master seed (Terpstraand Kroese, 1996). One
of the important causes of vaccine induced disease outbresk or vaccine failure is excess or
inadequate infectious vira particles. Hencein recent days, control authorities made amandate
to have a fixed amount of viral load in their vaccine formulations. The European
Pharmacopoeia generaly requires that one dose of recongtituted vaccineis equivaent to the
minimum virustiter stated on thelabedl/ lesfl et and that amount satisfies the criterion for potency
acceptance of the product. United State code of federd regulation of animas and anima
products [US-Code of Federal Regulations (CFR 1993)] has made mandate that batches of
ALYV should contain a any time within the expiration period a virus titer of 10° 7 titer greeter
than the titer of master seed virus that provides an accepted level of protection in anima
challenge experiment for potency testing.

From decades back, plague assay (PFU) and tissue culture infectivity dose (TCID, )
estimation were used asstandard assaysfor estimation of theinfectivity of the ALV. Eventhough
the plague assay is consdered to be the stlandard assay for estimation of number of infectious
vird particles, assay has some serious setbacks. It has been observed that the results of plaque
assay areinfluenced by severd parametersincluding the incubation temperature, virusinocula
and pH of theagar used. With rubellavaccine virus, some strains produce higher infectivevirus
titresat lower temperature, while some need higher temperaturesto produce desirable plagues.
The temperature aso influenced the morphology of the plaques produced by individud virus
grains (Fukudaet al., 1996). The pH of agar and virusinoculums are the other factors, which
affect the accuracy of plague assay (Umino, 1995; Fukuda et al., 1996).

5 S e

Y




Materials and Methods

3.1. MATERIALS
3.1.1. Reagents and Buffers

Detailed formulation of al the reagents and buffers usad in this sudy are given in
Appendix.
3.1.2. Cdls

Vero cdls (African green monkey kidney) obtained from ATCC (CCL81) mantainedin
the Divison of Virology, Indian Veterinary Research Indtitute (IVRI) campus Muktesvar were
usd for growth and titration of buffalopox vaccine virus. The cells were propagated in Eagle's
minimum essentid medium (EMEM) containing 10mM HEPES, 2mM  glutamine and sodium
bicarbonate supplemented with 10% new born bovine caf serum (NBCS). For maintaining the
cdls, maintenance medium (MM) containing EMEM with 2% NBCS was used.

3.1.3. Viruses

The seed virus (buffa opox virusisolate, Vij/96, P-49) collected from the scab materid
of buffdo infected with buffalopox, maintained in the pox virus laboratory was used for
preparation of the vaccine. Different batches of live attenuated buffal opox vaccines prepared
using different stabilizers for thermo-gtability evauation as well as for estimetion of live vird
particles by QPCR.

3.1.4. DNA isolation

DNA wasextracted usng Au Prep Genomic DNA Isolation kit (M/sLife Technologies
India (Pvt) Ltd, New Ddhi) as per the manufacturer’ singtructions.
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3.1.5. Enzymes

The Tag DNA polymerase enzyme (Invitrogen) was employed in the study for
performing conventiona aswell asred time PCR assay. T,DNA ligase (M/sMBI Fermentas,
Maryland, USA) was a0 used in the sudy.

3.1.6. Oligonuclectide primers

Detalls of the oligonucleotide primers used in the sudy are given in Table 1. The
primers used were previoudy reported and were got synthesized from Metabion, Planegg-
Martingied, Germany.

Table1: Primersused in PCR and QPCR

Nameof Orientation Sequence (5'-3') Length Gene Reference

Primer target

BPXV- Forward CGGTTATTGGAATATGGAGCGAGTG 25 C18L (Truncated Baamurugan

Ci18L F Ankyrin repeat etal.,
protein) 2008

BPXV Reverse CGTAGTAATCGTCGTAGGGAGAGAC 25

C18L R

Probe(P1) Forward HEX-CGTAGTAATCGTCGTAGGGA 25

GAGAC-BHQ1

CoPV 3  Forward AGGGATATCAAGGAATGCGA 20 ATI gene Meyer and
(A type Rziha,
inclusion) 1993)

CoPV 4  Reverse TCCATATCAGCATTGCTTTC 20

3.1.7.Kits

a) Genomic DNA extraction kit- AuPrep™GENP'DNA Extraction kit [M/s Life
Technologies India (Pvt) Ltd, New Delhi, Indig]

b) Min Elute G Extractionkit: QIAGEN [QIAGEN GmbH, D-40724 Hilden, Germany]

) PCR purification kit- AuPrep™ PCR purification kit [Life Technologies India (Pvt)
Ltd, New Delhi, Indig]

3.1.8. Equipment
i. Microscope

Inverted binocular microscope NIKON —Model TMS (JAPAN)
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ii. Centrifuges
a Refrigerated microcentrifuge-Biofuge (Heraeus Instruments, Hanau, Germany)
b. Microcentrifuge-Minispin (Eppendorf AG, Hamburg, Germany)
iii. Redl time PCR system (Moddl Mx3000P) (Stratagene, La Jolla, CA USA)
iv. PCRThermal Cycler
a Madter cycler gradient (Eppendorf AG, Humberg, Germany)
b. Persona cycler (Eppendorf AG, Humberg, Germany)
V. Incubator
Sanyo CO, incubator-MCO0175 (Sanyo Electric Co. Ltd., Japan)
vi. Other Equipment

Vortex mixer, cyclomixer (Remi Instruments Pvit. Ltd., Mumbal, India)
Micropipettes of various volumes (0.5ul-1000ul) (Eppendorf India Pvt Ltd)
Horizontal electrophoresis gpparatus. Horizon 58 (Gibco BRL, New York, USA)
Orbital Shaker CLA881C C24 (New Brunswick Scientific Co. Inc, Edison, USA)
Gd Documentation system-ImageMaster®V DS (Amersham BiosciencesAB, Uppsda,
Sweden)

Freezer (-80°C) (Thermo, USA)

Weighing Baance- BP-121S (Sartorius, Germany).

Horizontal and Vertical Laminar Air How Cabinets (Klenzaids, India)
Ultracentrifuge (Sorvall, USA). Waterbath (Jouan, France).

3.1.9. Plasticware and glassware

All the plasticware used in the study were procured from M/s Axygen Scientific Inc.,
Union City, CA, USA; while glassware was procured from M/s Borosi| India Pvt Ltd, New
Déehi, Indiaand M/s Schott Duran, AG Mainz, Germany.
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3.2METHODS
3.2.1. Revival and bulk production of buffalopox virus

Bulk production of buffaopox viruswas carried out in confluent \VVero cdl line monolayer
maintained in roller

The procedure is as follows

I. One ml of vaccine virus from P 59 passage recongtituted in serum-free EMEM was
inoculated on to confluent Vero cdll monolayer in a roller (multiplicity of infection
approx. 0.01) followed by addition of 200ml of EMEM medium having 2% NBCS.
The cellswere monitored everyday and the mediawas changed on every other day till
CPE appeared.

i. Theroller was harvested by repeated freezethawing after 80% CPE appeared, which
generaly took 24-48 hours.

il To maintain a uniform virus iter, virus harvest from al the roller bottles were pooled
after first thaw. The bottles were kept at —80°C until used.

3.2.2. Test for identity of buffalopox vaccine virus

The presence of buffdopox vaccine srainsin the culture was confirmed by thefollowing
tests:

A. Cytopathic effect (CPE)

All thevaccine virusesinfected and mock infected cultureswere observed daily under
low power and high power inverted microscopefor the gppearance of buffal opox virus specific
CPE.

B. Nucleic acid based detection

The vaccine virus was confirmed by diagnostic PCR (OPV specific) and red-time
PCR amplification of vird DNA using specific primers and probe.

C. Cloning and sequencing of selected gene

For further confirmation of identity of the vaccine preparation, the C18L gene was
cloned into pGEM T vector and sequenced.
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3.2.2.1 Density gradient purification of buffalo poxvirus

BPXV.

Sucrose gradient purification of BPXV was carried out to concentrate and purify the

The harvested sample was subjected to centrifugation at 6000 rpm for 10 min and
supernatant was collected into a fresh container.

The supernatant was added with PEG 6000 (Poly ethylene glycol, SRL, Bombay,
India) a the rate of 8.0% (w/v) and NaCl at 2.3% and then subjected to constant
mixing under magnetic dirrer a 4°C overnight.

Samplewas subjected to centrifugation at 6000 rpm for 30 min and pellet was collected.

The pellet was recondtituted in 5 ml 1X TNE buffer (10mM) and subjected for
homogenization @7000 rpm for 4 min.

Thesamplewasoverlaid onto 34% sucrosefollowed by ultracentrifugation at 85000xg
for 1 hour. The resultant pellet was collected and again centrifuged over 60% and
36% sucrose gradient and run the ultracentrifuge a the rate of 80000xg for 1 hour.
Theviruspresent inthetranducent layer interfacing the 64 and 36% layerswas collected
and peleted after diluting in TNE buffer.

The pellet was again collected and resuspended in 1X TNE buffer and store at —-80°C
till use

3.2.3. DNA extraction

DNA extraction was carried out using Genomic DNA extraction kit- AuPrep GEN

DNA Extraction kit [M/s Life Technologies India (Pvt) Ltd, New Delhi, Indig]. This method
was used to extract the DNA from the purified virus and virus-infected cells as described

below:

20m Proteinase K and 2001 EX Buffer were added to 200m of purified virus or cell
culture harvest in a 1.5 ml microcentrifuge tube and was incubated a 56°C for 1 h
after mixing the solution by inverting followed by further incubation at 60°C for 20 min
then 70°C for 20 min.

210 m absolute ethanol was added to the solution and was mixed by inverting gently.

Mixed solution was loaded onto B/T Genomic DNA Mini column (supplied with the
kit). With the soin column insde a 2ml collecting tube (supplied with the kit), the
column was centrifuged at 9,300 xg for 60 sec at room temperature. Flow-through
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was discarded.

The column was then placed in aclean 2ml collection tube and 400m of wash buffer |
(supplied with the kit) was added. The column was centrifuged at 6,000 xg for 2 min

and flow-through was discarded.

The column was then placed in the same collection tube and 500m DNA WS buffer
was added. The column was then centrifuged at 6,000 xg for 2 min and the flow-
through was discarded.

The column was again washed second time with 500m of DNA WS buffer.

After discarding the flow-through, the spin cartridge was centrifuged for 1 min at full
speed to completely dry the matrix.

The dried column was then transferred to a new 1.5ml microcentrifuge tube and the
DNA was duted with 50 pl of pre-warmed TE buffer by centrifuging at 10,000 xg for
2 min. Stored at —80°Ctill use.

Polymer ase Chain Reaction (PCR)

The PCR reaction was carried out in standard 50m reaction for DNA Polymerase

genetarget following sandard protocols. A typica PCR reaction mixture contained thefollowing
reagents (Invitrogen, Carlsbad, Cdifornia, USA) and was performed in a0.2ml PCR tubes.

Component (stock) Amount (volume)
10X PCR Buffer 50m
50mM MgCl, 20m
10mM dNTPs 10m
Forward primer (10 pmol) 10m
Reverse primer (10pmal) 10m
DNA 20m

Tag DNA Polymerase (5U/ul) 02m
Nuclease free water 37.8
Totd reaction volume 50.0m
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The contents were mixed thoroughly and spin briefly. The tubeswere then placed in
athermocycler. PCR conditionsfor the amplification of the target gene using primers specific
for orthopoxvirus (ATI-F/ATI-R) and buffalopox virus (C18L-F/ C18L-R) are mentioned
in Table 2.

Table2 Thermal conditions used for conventional PCR

Primers Thermal Profile Expected size
used 1 2 3 4 5 6 of amplicons

CoPV 3/4 95°C  94°C 52°C 72°C Step2-4 72°C  552bp
dmns  Imn  1mn Imn 35cycles 7mins

C18L F/R 95°C 94°C 63°C 72°C Step2-4 72°C  138bp
dmins 30sec 30sec 45sec 35cycles 10mins

3.2.5 Agarose gel electrophoresisof Amplicons

1 2% molten agarose (Sigma-Aldrich, St. Louis, USA) was prepared in 1X TAE buffer

(Appendix) in microwave oven.

2. It was then dlowed to cool to 50°C and ethidium bromide (10ug /ml) wasadded to a
fina concentration of 0.5 mg/ml. About 50 ml of molten gel was poured into horizontal
0e dectrophoresis gpparatusand then comb wasinserted. Gel wasallowed to solidify

at room temperature for 20 min.

3. Electrophoresstank wasfilled with 1X TAE buffer and the gd wasimmersed in buffer

and combs were removed.

4, Sampleswere prepared by mixing 5 m of PCR product and 1 m of 6X loading buffer
(Sigma-Aldrich, St. Louis, USA) containing 0.25% wi/v bromophenaol blue, 0.25% w/

v, Xylene cyanol FF and 40% wi/v sucrose in water.

5. Sampleswereloaded in parale with 100 bp molecular weight marker or PCR marker
(MBI Farmentas, Maryland, USA). Theeectrophoresiswas carried out for 45 minutes
a 70 Volts. Then the gd was visudized in atranglluminator (Amersham Biosciences
AB, Uppsaa, Sweden) and documented.
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3.2.6. Purification of PCR products

Min Elute Gel Extraction kit: QIAGEN [QIAGEN GmbH, Hilden, Germany]. The

procedure used was as follows:

vil.

Viil.

The PCR product was run in 1% low melting point (LMP) agarose (Sgma-Aldrich,
S. Louis USA) gd in 1X TAE buffer dong with molecular weight DNA ladder.

With a clean, sharp scapel or razor blade; the gdl dice containing the desired DNA

fragment was excised on aUV Translluminator with minimum UV exposure.

The dice was then cut into small pieces and was placed into a sterile 1.5 ml

microcentrifuge tube.

0.6ml QG buffer (supplied with the kit) was added to it and incubated at 50°C in a
heated waterbath for 10 min until the gd was completely dissolved. The tube was
inverted at every 1-2 min during incubation.

A MinElute column (supplied with the kit) was placed onto a 2ml collection tube
provided in the kit and 0.7ml of dissolved gl mixture was added into the column.

The column was centrifuged at 12,000 xg for 30-60 sec and the flow-through was
discarded. Step V was repeated for rest of the mixture.

The column was washed with 0.7 ml PE buffer (supplied with the kit) by centrifuging
for 30-60 sec at 12,000 xg and the flow-through was discarded.

The column was then centrifuged at full speed for another 3 min to remove resdud
ethanal present in column.

The column was placed onto a new 1.5 ml microcentrifuge tube and 12m of pre-
heated dution buffer (provided with the kit) or nuclease free water was added onto
the center of the resin column.

The column wasleft to stland at 37° C for 1-2 min and then centrifuged at 10000 RPM
for 1-2 min to dute the DNA. The duted DNA was stored at -20° C for further use.
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3.2.7. Cloning of the PCR product

The purified PCR products were cloned into pGEM-T Easy vector usng TA cloning
mechanism (Promega, WI, USA). The PCR products were quantified in 1% agarose gd by
densitometric comparison. The appropriate amount (ng) of the PCR product was subsequently
cloned into the plasmid vector keegping theinsert: vector molar ratio to 3:1 as per the following
caculaion:

ng of vectqr kb size of insert . 3 = ng of insert (PCR product)
kb size of vector 1

a. Ligation of the PCR Productsinto the Plasmid Vector

The PCR products were ligated with desired vector as mentioned below

Purified PCR product 2-5m (depending on product concentration)
pGEM-T Easy Vector 0.5m

T4DNA Ligase 1.0m (1 Weiss unit)

10X T4 DNA Ligase Buffer 1.0m

Voumemade up to 10m by Nuclease Free Water (NFW). Theligation was performed
at 4°Cfor 16 h.

b. Preparation of E. coli Topl0 Competent Cells
I Two LB agar plateswere prepared, onewith ampicillin and another without ampicillin.

. The E. coli Topl0 cdls, from frozen stock (grown in M9 media), were streaked on
both the plates and incubated overnight at 37°C.

. Bacterid colonieswhich gppeared on LB agar (without ampicillin) but not on LB agar
with ampicillin were picked and grown into 5 ml of LB broth without ampidillin. The
culture was then incubated overnight at 200 rpm at 37° C in ashaker-cum- incubator.

V. 2.0 ml (/100" volume) of the overnight-grown culture was inoculated in 200 ml of
LB broth and further incubated a 220 rpm until the culture reached an O.D. of 0.3
04at A, nm (usudly for 3-4 h).
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The culture was chilled on ice and the cells were harvested by centrifuging at 6000 xg
for 15minat 4°C.

The cell pellet was resuspended in 20 ml (/10" volume) ice-cold solution of Serile
100mM CaCl, and was kept on ice for 30 min.

The cdlswere again pelleted by centrifuging at 6000 xg for 15 min at 4°C.

Findly, the pellet was resuspended in 1.75 ml of ice-cold 10mM CaCl, solution with
0.75 ml of gerile glyceral.

The suspensionwasgently mixed, diquoted @ 100-200m/ubein 1.5ml microcentrifuge
tubes and stored at —80°C for further use.

Transformation of Competent Cells
The stored competent cells were thawed on ice (usudly for 5-10 min).

5mi of ligated product was added to it, the tube was flicked gently for homogenous

mixing and was kept on ice for 20 min.

The cdls were then heat-shocked at 42°C for 45-50 sec in awaterbath and then
immediately transferred on ice and kept for 2 min.

850m of SOC (Appendix) medium was added to it and incubated at 37°C for 90

min a 200 rpm in a shaker-cum-incubator.

200m of the transformant culture (from step iv) was spread over the freshly
prepared LB/Ampicillin/X-ga/IPTG (Appendix) plates, which were then incubated
for 16-18 hat 37°C.

Screening of the Recombinant Clones

pGEM-T Easy vector alows easy screening of the recombinant clones among the

transformants. Recombinant clones represented as white colonieswere picked up, inoculated
into5ml of LB broth containing ampicillin (100mg/m) and grown overnight at 37° C in ashaker

incubator for plasmid isolation.
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3.2.8. Isolation of plasmid

Vil.

viii.

iX.

Fiveml of overnight culture (from previous step) wastakenin a2.0 ml microcentrifuge
tube and centrifuged at 8,000 xg for 2 min.

Supernatant was discarded and the pellet was resugpended with 250m of MX1 by
vortexing.

250m of MX2 was added to it and was mixed gently by inverting until lysate becomes
clear. The mixture was kept for 1- 5 min a room temperature (RT).

350m of MX3 was added toiit, inverted upside down to mix gently. The mix wasthen
centrifuged at 13000 xg for 5 min and the supernatant was transferred to a SPIN™
Column onto a collection tube.

Thespin columnwas centrifuged for 60 sec a 8000 xg. Theflow-through was discarded;
column waswashed once with 0.5 ml W Buffer by centrifuging for 60 sec. Theflow-
through was discarded.

The column was washed once with 0.7 ml WS Buffer by centrifuging for 60 sec and

the flow-through was discarded.
The column was centrifuged a full speed for another 3 minto removeresidud ethanol.

The column was placed onto a fresh 1.5 ml microcentrifuge tube, 50m of NFW was
added onto the column which wasthen left to stand for 1-2 min and centrifuged for 1-
2minto eute DNA.

The eluted DNA was preserved at -20°C for future use.

3.2.9. Characterization of putative recombinant plasmid

|solated putative recombinant plasmids were further characterized by digestion with

appropriate restriction enzymes and sequencing to check the presence of desired insert.

(@)

Restriction enzyme analysis of cloned plasmid

Recombinant pGEM-T easy vector was digested with EcoR | enzyme for insert

confirmation. Thereaction mixture contained thefollowing reagentswasusad inthe RE andysis.
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10X Buffer 1.5m
EcoRI 1.0l (101V)
|solated Plasmid DNA 12.5m
Totd volume 15m

The reaction mix was prepared in a 0.5ml microcentrifuge tube. The contents were
mixed thoroughly followed by a brief spin. The tube was then incubated overnight a 37°C.
The RE digested product was then run in a 1.0% agarose gel with molecular weight DNA
marker to check the release of theinsert of desired size from recombinant plasmid DNA. The
clones, rdleasing the exact Size of insert, were selected as positive clonesfor further sequencing

purpose.

850m of the posgitive bacterid culture was mixed with 150m of derile glyceral and
stored at -80°C, while extracted plasmid DNAs was stored at -20° C until further use.

(b) Sequencing of the cloned target

The transformants containing putative recombinant vector plasmid were sent to Delhi
Univergty South Campusas stab culturefor sequencing whereit was done commercidly using
automated sequencer ABIPRISM®3100 (AME Bioscience, Toroed, Norway).

3.2.10. Sequence analysis of amplicons

The sequences wereinitidly analyzed usng NCBI online BLAST Server (Altschul et
al., 1997) to identify the sequence identity. Based on the BLAST results of BLAST server,
sequences were further compared with nucleotide sequences of other members of
Orthopoxvirus available in the GenBank database. Sequence identities among all the
orthopoxvirus were determined using the program MegAlign of the Lasergene 6.0 software
(DNASTAR Inc., Madison, USA).

3.3. TagMan probe based QPCR

The TagMan probe based QPCR reaction was carried out for target gene (C18L) in
50m of reaction mix. A typicd PCR reaction mix contains the following reagents (Invitrogen,
Carlsbad, Cdifornia, USA) and was performed in athin-walled red -time PCR tubes (Axygen,

USA).
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Component (stock) Amount (volume)
10X PCR Buffer 50m
50mM MgCl, 2.0m
10mM dNTPs 1.0 m
Forward primer (10 pmol) 1.0m
Reverse primer (10 pmoal) 10m
Template DNA 20m
Taq DNA Polymerase (5U/ul) 02m
Probe (10pmoal) 10m
Nuclease free water 36.8 m
Totd reaction volume 50.0m

The contents were mixed thoroughly and spin briefly. The tubes were placed in
QPCR cabin. Different amplification program were used with buffal opox-specific primer
st (Table 3).

ProbeisHEX labdled (reporter dye). Excitation maximun and emission maximum are
535 nm 555 nm wavelengths respectively. In QPCR the reading was taken at 555nm at end

point.
BHQ-1 (quencher dye): Absorbance is maximum at 534 nm wave ength.

Table 3: Thermal conditionsused for real time PCR

Primersused Thermal profile Expected size
1 2 3 4 of amplicon (bp)
C18L-F/ C18L-R  95°C 95°C 61°C 40 cycles 138

TagMan Probe 4min 30 sec Imn (step2to3)

3.3.1. Virustitration

Virustitration was carried out in 96 well microtiter plates using Vero cdls before and

after freeze drying of vaccine. Briefly,
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Vero cellswere subcultured and 100l of the cdll suspension was added to each well
(108 cdlg/ml)

The plates were incubated at 37°C in the presence of 5% CO,

The viruswas diluted 10-fold in EMEM with 2% FBS

100ul of virus suspension was added to each well keeping five replicates/dilution
Four wells were kept as control per plate

The plates were incubated at 37°C in the presence of 5% CO,

Changed the media on every dternate dayswith EMEM containing 2%6FBS
Reading was taken on 2" day of titration

End points were caculated (Reed and Muench, 1938)

Freeze-drying of vaccines

Preparation of stabilizer

Three different stabilizers were used for the preparation of vaccines. The stabilizers

were prepared as per standard protocols for freeze-drying of the vaccine. Step-by-step

protocols are briefly described below.

Sabilizer | (LS stabilizer)

LS (Lactabumin hydrolysate +sucrose) stabilizer was prepared as described by

Mariner et al. (1990).

Twenty gram of lactalbumin hydrolysate (LAH, M/sDifco, USA) wastakenin aflask.

150ml of HBSS (Appendix) was added to it and stirred on a magnetic irrer for 10

minutes.
Then the flask was kept in awaterbath a 37°C until LAH was dissolved completely.

After cooling the solution to room temperature, 40 gm of sucrose (M/s SRL Pvt Ltd,
India) was added and stirred on amagnetic dtirrer.

Findly the volume was made up to 200 ml with HBSS and pH was adjusted at 7.2
with 0.1N NaOH.

The solution was filtered using 0.45um Seitz filter and stored at 4°C until use.
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Sabilizer Il (LHT stabilizer)

LHT gabilizer was prepared usng the same method as LS stabilizer except 40g of
trehd ose was added instead of sucrosein LS stabilizer

Sabilizer 11 ( TAA stabilizer)

Stabilizer 111 (TAA) was prepared according to Adebayo et al. (1998) with
modifications.

Solution |

Trehdose dihydrate 4.688g
L-Alanine 0.0267g
L-Hididine 0.04669

The contentswere dissolved in 8 ml of 1X PBSand Serilized usng 0.45um Satz filter
and stored at 4°C until use.

Solution |1
CaCl, 2H,0 0.059
MgSO, 7H,0 0.0038g

The contents were dissolved in 50 ml of 1X PBS and sterilized using 0.45um Seitz
filter and Stored at 4°C till use.

v For preparation of the stabilizer [1, 8 ml of solution | was added to 2ml of solution 11
and pH was adjusted to 7.4 using IM TrisHCI.

v For preparation of stabilized vaccines, 9.4 ml of gabilizer 111 mixed with 10 ml of
freeze-thawed virus suspension.

b. Lyophilization

Lyophilization was carried out using Edwards Modulyo 4K freeze drier. Vaccine and
dabilizer weremixed in equa volume. Taking Serile precautions. 1.0 ml of vaccinewith Sabilizer
was dispensed into serile freeze-drying vids usng an automatic dispenser. The vids were
half-closed with sterile rubber stopper to provide avent during drying of thevaccine. The haf-
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closed vids were then kept at —80°C for pre-freezing overnight. Freeze- drying was carried
out as per the following procedure.

" Freezedrier was switched on 15 minutes prior |oading the vaccineto bring the condenser
temperature at —60°C.

" At the sametime, the vacuum pump was a'so run to heet the oil to reach the operating
temperature.

. After 15 minutes pre-frozen vaccine vids were loaded into lyophilizer trays.

" The pump was stopped and the vaccine vid filled trays were placed in the freeze-

drier.

" The vacuum pump was switched on to raise the vacuum in the shelf.

" The vacuum reached a safe limit of 10°%torr in 1 hr and maintained throughout the
lyophilization period with little fluctuation.

" After 48 hrs, the stopper of the vaccine via'swere closed at maximum vacuum and the

vidswere sedled manudly with duminium cap.

. Sedled vids were tested by vacuum torch for vacuum and kept at —20°C till further

use. Each vid conssted of 100 doses of vaccine.
3.3.5 Sterility test of stabilizersand vaccine

Sterility testing of stabilizers and vaccine was done as per OIE (OIE 2008). Soya
casein digest media (Appendix) was used for the purpose. Test tubes containing 5 ml of Soya
casein digest media was used. Stabilizer/ vaccine in 0.5 ml volume was added to four tubes,
out of which two tubes each were maintained at 25°C and 37°C for detection of funga and
bacterid contamination, if any, respectively. Two tubes without stabilizer/ vaccine were kept
for each temperature as controls. The tubes were incubated for 7 days for the growth of
bacteria and fungi, if any.

3.3.6 Measurement of residual moisture

Residual moisture (RM) in the freeze-dried product was measured by thermo
gravimetric method (Worrd et al., 2001). In brief,
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v Freeze-dried vaccine vias were weighed in an eectronic balance.

v Rubber stopper of the vials were opened and weighed.

v Vidswere dried completely in hot air oven at 80°C for 20 hrs.

v Vidswith dried vaccine were weighed and then washed thoroughly.

v Empty vias were kept for drying again at 80°C for 30 minutes and weighed again.

Per centage of residual moisture was calculated using the following formula:

Initia weight of vid with freeze dried product + rubber stopper A
Weight of duminium sedl + rubber stopper B
Weight of vids after drying for 20hrsat 80°C C
Weght of empty vids D

3.5 Thermo-gtability testing of buffalopox vaccine

The ability of buffdopox vaccine with different stabilizersin the freeze-dried form as

well as after recondtitution was studied at various temperatures.
3.5.1 Stability of freeze-dried vaccine

Ample number of freeze-dried vids of vaccine with each stabilizer was exposed a
25°C, 37°C in incubators and 45°C in a dry oven. The vaccine vias were sampled from
incubator (25°C) on months 1, 2 and 3; from 37°C ondays3, 5, 7, 10 and 14; and from 45°C
a 6 hr interva up to 48 hr. Exposed samples were recongtituted with 1 ml of serum free
EMEM and titrated in Vero cdls. For each exposure, three samples were titrated and their
average log titer was ca culated (Reed and Muench, 1938).

3.5.2 Stability of reconstituted vaccine

Freeze-dried vidsof each sabilizer wererecondtituted with three diluentsviz. phosphate
buffer sdine (PBS), 1M MgSO, and norma sdine solution (NSS). For each stabilizer, three
vias were taken and recondtituted separately with 1ml each diluent. Recondtituted vaccines
were then exposed to 4°C (ice), 25°C, 37°C and 45°C. Samples from each temperature
were taken out at 6 hourly intervas up to 48 hours and titrated immediately.
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3.6 Potency estimation of live attenuared buffalopox vaccine by QPCR

3.6.1 Establishment of standard reference sample

BPXV (Vij/96, P-49) batch of live atenuated buffal opox vaccine produced a poxvirus

disease laboratory; Division of Virology was taken as for reference purpose. The reference
vaccinewasassigned withthe TCID, , by virustitration in confluent Vero cell monolayer seeded

in 96 well plate and vaccine viruswas stored a — 20° C until further use. Thetiter of viruswas
rechecked periodically to know storage effects on the vaccine virustitre. The procedure used

isasfallows.

Vil.

Viii.

The tenfold dilution of reference vaccine virus was carried out in Eagl€' s minimum
Essentid medium.

100 pl of each dilution was added per well in five replicates.
Onepodtive contral with virusand anegetive control with no viruswered so maintained.

Media was changed with the EMEM containing 1% BCS twice, a 48 hour post
infection and 96-hour post infection.

The appearance of CPE in al the wells was recorded on 6-8 days post infection

At the end of incubation, the medium was removed and cdls were fixed with 10 %
formdin for 1 hour and each well isoverlad with 100 pl of 1% crysd violet sain and
dlowed for 15 min.

Plate was rinsed with digtilled water to remove the stain completely and air dried

Based on the extent of CPE thetiter of virus was determined using Reed and Muench
(1938) formula

The above procedure was carried out repeatedly for threetimes and average TCID,

was caculated to assign the titer of virus for the reference vaccine batch.

3.6.2 Estimation of critical timefor harvest

Criticd time(ct) to harvest the infected Vero cdls to estimate the titer of test vaccine

batch by QPCR was established by infecting the different dilution buffalopox virusto confluent

Y



Materials and Methods....

Vero cel monolayer followed by harvesting at different hour interval and carrying out QPCR
upon extracting the DNA from each dilution. The detailed procedure is as follows.

I. Buffalopox (P-49) vaccine virus was diluted ten-fold in EMEM without serum.

. 100 pl of each virusdilution ranging from nest to 10-* were added each well of sx well
plate having a confluent Vero cell monolayer. One of the well was kept as Vero cell
control. Plates were incubated at 37°C for 1hour.

. Plates were removed from incubation. Inoculum was discarded using separate tips
followed by two-timewash with EMEM. Findly 2 ml of EMEM maintenance medium
was overplayed and plates were transferred to CO, incubator maintained a 37°C.

V. Each plate was harvested by freeze thawing at 12h, 24h, 36h, 42h, 46h, 60h, 72h,
84h, 96h, and 120h and DNA was isol ated.

V. The QPCR was carried out with the DNA isolated from each hour interva to establish
the standard curve.

Vi. Thegandard curve of particular hour interva having the maximum dopewas consdered

as the criticd time for harved.

The above procedure was repested thrice and average dope was caculated. The
gtandard curve of particular hour interva having maximum dope was consdered asthe critica
time for harves.

3.6.3 Egtimation of infectiousviral load in vaccine batches

Infectious vird load of test vaccine batches were established againg the reference
vaccine batch by QPCR. The complete protocol is as follows.

I. The reference and test vaccine batches (six different batches of buffalopox vaccine)
were diluted seridly tenfold in EMEM.

. The diluted reference aswell as test vaccine virus were inoculated into two separate

ax wel plates.

. Both the plates were harvested at 30-hour post infection and DNA wasisolated from

dl thedilutions,
:@F




Materials and Methods....

V. QPCR was carried out with DNA from different dilutions of reference aswell astest
sample to establish the standard curve.

V. The titer for the test vaccine batch was assigned by comparing with the titer of the
standard reference sample in standard curve established in QPCR.

Vi. The same protocol was repeated for different batches of live attenuated buffalo pox

vaccine.
3.6.4 Comparision of virustitres obtained by TCID,, and QPCR methods

The vaccine titers obtained by QPCR was compared with the TCID, titers obtained
by titration in Vero cdls and andysed Satisticaly Snedecor and Cochran (1994).

3.6.5 Statigtical analysis

Thedegradation vaues of buffalopox vaccine (both freeze-dried aswell asrecondituted)
after exposure to various temperatures for different time duration, regresson andyss was
carried out using the regression module of Microsoft Excel software. Q-PCR results obtained
for vaccine batches were compared with that of virustitres obtained by TCID, . For sudent’s
t-distribution, the standard table was referred from Bailey (1995).

25 &5 S
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Results

4.1 Revival and Bulk production of buffalopox vaccine virus

The buffalopox vaccine virus (BPXV Vij/96) at passage levels P49 was revived in
Vero cdls The virus produced characterigtic cytopathic effects viz., rounding, balooning,
increased refractility and detachment of Vero cdls from the surface. Bulk production of the
vaccine viruswas donein roller flasks having twenty-four hour confluent. Vero cdl monolayer
was infected with buffalopox vaccine virus (BPXV). Upon appearance of cytopathic effects
characterigtic of buffalopox virus, the infected Vero cells were harvested by three cycles of
freezing and thawing.

4.2  Identity of the vaccine virus

The vaccine virus (BPXV Vij/96) used in the present study was propagated in Vero
cellsand tested for itsidentity based on characteristics CPE, PCR (conventional and redl time)
aswell as by cloning and sequencing of truncated ankyrin repeat protein geng(C18L). Virus
induced CPE was characterized by rounding, ballooning, increased refractility and detachment
of Vero cdls. CPE was initiated by 24 hour post infectionand progressed to 80% by 36-48
hours (Fig. 1 A, B). Further, it was confirmed as buffal opox virus by amplificationof C18L
genein conventiond PCR (Fig 2). Aswadll, amplicons of C18L gene of the vaccine viruswas
cloned into pGEM-Tea vector and sequenced commercidly. The C18L gene nucleotide
sequences of the vaccine virus was compared with that of the sequences available in the
GenBank database. Further, sequence anadlysis of C18L genes showed 100% of smilarity
with other buffaopox viruses at nt leve (Table4, Fig 3& 4). The aforementioned tests were



Fig. 1A : Confluent monolayer of Verocells Fig. 1B : Vero cells infected with BPXV (Vij/
96) showing characteristics CPE

368 bp

Fig.2:  Agarose gel electrophoresis of C18L gene PCR
of BPXV vaccine virus (BPXV Vij/96)
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Fig. 3: Phylogenetic tree constructed based on the C18L gene sequence of BPXV.
Percent Identity
4 5 i} T 8 9 10 1" 12 13 14 : 15
. 995 199.5 1997 1995 595 50.8:569.8 65 120 114 :120:162 1 | BPXVAUR
2 997 1000:997 :598 |601:601 163 :120:114:120:{162: 2 BPXV AURDS
3 995 :097 :583:601:601;: 65 (1201141203212 3 BFX\V Bang
4 997 1000:590:796:593: ¥2 :102: 97 :(120:162; 4 BPXV BP4
5 ] 100.0: 601 {603 603 i163 (120114 :120i162: 5 BPXW NEL
6 03 :03 | 601:601:163:120:114:;120:162; 6 BPXV Pune03
= 00 00 60.3 (603 (163120114 120i{162 7 | [BPXVVij95 |
;3-; 8 277 :i274:282:291:278 99.6 120:i113: 8 CMLY-1
-5 9 :269i265:274:284:269 120:113: 9 CMLY-2
10 (273 260 278:288 274 450 120113 0 10 | CMLV-Hyd
11 133.9i1355:137.6i144.0:137.6{135.5i137.6139.8:1382 167 :275: 11 Canary pox
12 211.9i216.8:2259i203 41225 91216 .8:1225 9234 T:234 7 : 468 12 Cowpoxvirus
13 i190.9:189.3i194 4:2051:194.4:189.3{194 4172 8172 .8:175.3{1309 13 Monkeypox virus Zaire96
14 :283.3:i350.0:350.0:i350.0:350.0:350.0:350.0:350.0:350.0:350.0:100.8 14 vaccinia
15 250.5:272.01350.01350.0/350.0272.0 350.0 163.21163.2:162.21107.9102.31135 5 15 variola
1 i 3 4 5 i} T 8 9 10 1 12 13
Fig. 4 : Sequence identity of BPXV based on C18L gene sequence with othe related viruses.



Results....

found enough to confirm the identity of the vaccine virus as buffalopox virus and was used

further.

Table4: NCBI BLAST result of BUFFAL O POX virusankyrin repeat protein C18L gene

Accession Description Query Maximum
coverage identity

EF205284  Buffalo pox virus isolate BPXV-V1J96

nonfunctional C18L-like protein gene, partia

sequence 100% 100%
EF205286  Buffao pox virusisolate BPXV-NEL nonfunctiona

C18L-like protein gene, partid sequence 100% 100%
EF205289  Buffalo pox virusisolate BPPXV-BP4

nonfunctional C18L-like protein gene, partia

sequence 100% 100%
FJ748498 Buffalopox virus C18L gene, partial sequence 100% 9%
EF205288  Buffaopox virus isolate BPXV-BANG

nonfunctional C18L-like protein gene, partia

sequence 100% 99%
EF205285  Buffalopox virusisolate BPXV-PUNEQ3

nonfunctional C18L-like protein gene, partia

sequence 100% 99%
EF205287  Buffaopox virus isolate BPXV-AUR

nonfunctional C18L-like protein gene, partia

sequence 100% 99%
EU410304 Vacciniavirus GLV-1h68, complete genome 100% 97%
AY678275 Vacciniavirus strain LC16m8, complete genome 100% 100%
AY678277 Vacciniavirus strain LC16mO, complete genome  100% 100%
AY678276 Vacciniavirus strain Lister, complete genome 100% 100%
AMB01482 Vacciniavirus Ankara strain chorioalantois

vacciniavirus Ankara (CVA), complete coding

genome 61% 96%
M35027 Vaccinia virus Copenhagen, complete genome 100% 95%

4.3 Thermo-stability evaluation

4.3.1 Production of vaccine

Adsorption method wasfollowed for production of vaccine. Upon infection on confluent

monolayer of Vero cdls, CPE was initiated after 24 hour post infection (dpi) and more than
80% CPE appeared on 2 dpi. In order to prepare the freeze-dried vaccine with various
dabilizers, viz LS, LHT and TAA three different batches of vaccines were produced. Batch |
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Results....

was used for preparing the freeze-dried buffaopox vaccine containing LS stabilizer, wheress,
Batch Il wasused for preparing the freeze-dried buffa opox vaccine containing stabilizer LHT
while batch I11 was prepared usng TAA gahilizer. The virus vaccines was titrated after two
cycdes of freezing-thawing and dso immediately after freeze-drying. The titers of each batch
before and after freeze-drying and other criteria which attribute to the qudity of vaccine are
depicted in Table I. It is clear from the table that the initid harvest titers of dl batches of
vaccines were >10%° TCID_ /ml. The loss of virus during freeze-drying conditions for al the
dabilizers was within the acoeptable limits. The vaccine comprising stabilizer TAA was found
to have the least resdua moisture (RM) whereas, vaccine containing LS stabilizer found to
have highet RM (Table. 5).

4.4. Thermo-stability of freeze-dried buffalopox vaccines

Sufficient vids of lyophilized vaccine were exposed at different temperature over
different periods.

4.4.1 Stability at 4°C

Virustitration was carried out to determine the infectivity of the freeze-dried vaccines
after exposing them at 4° C for 4 months and sampling a 30 daysinterval. Theinfectivity titers
thus obtained for each sample of the candidate vaccinevirusesaregivenin Table 6. Regression
anaysiswas done based on these values and the degradation curves are depicted in Fig.5. At
4°C dl the gahilizers were found to maintain the required infectivity for the entire period of

study.
4.4.1. Stability at 25° C

Virustitration was carried out to determine the infectivity of the freeze-dried vaccines
after exposing them at 25° C for 4 months and sampling a 15 days interva. The infectivity

titersthus obtained for each sample of the candidatevaccinevirusaregivenin Teble 7. Regresson
anadysis was done based on these values and the degradation curves are depicted in Fig. 6.

4.4.2. Stability at 37° C

Samples taken from 37° C a different time intervas were sudied for infectivity titer
for both the candidate vaccine viruses are tabulated in Table 7. The titers were subjected to

regression analysis and the degradation curves are depicted in Fig.7-8. At this temperature,
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Table 5 : Comparative quality of freeze dried buffalopox vaccine with various

stabilizers
Stabilizer Before Alter Lioss of Residual Appearence
lvophilization | lvophilization Titre molsture
%)

LS 6.85 6,45 0.4 3.2 Pellet form
TCIDsa/ml

LHT f.83 H.43 0.4 17 Pellet form
TCIDsp/ml

TAA .85 635 0.5 5.2 Pellet Form
Tt ||}_-'u::| ml

[.S= Lactalbumen hvdrolvsate
LHT= Lactalbumen hyvdrolyvsate
I'rehalose dehyvdrate + Amino acids +

TAA

BUCTOsE

¢ Trehalose dihydrate

divalent cations

Table 6: Comparison of degradation values of buffalopox vaccine containing
various stabilizers at 4"C

Titre (log 3 TCIDz;)

LS LHT TAA

0 545 645 635

months post | 545 63 03
CXPOELTE 2 G2 6.4 61
-{ |::4 r-,_], f'l__"-
4 6.3 .2 o

Shell |I|:._‘I 40 =5 35 75 6.6
Flall T 55 e -

"Time required for reaching Slog  TCIDsg/ml in a 100 dose

calculated from the regression equation.
Time required for loss of hall of the original titre i.e. 0.3 log 1o TCIDsg 'ml based on
degradation constant.

VACCING  preparation.

|




Table 7: Comparison of degradation values of buffalopox vaccine containing
various stabilizers at 25"C

Titre {log; TCID s4)
LS LHT TAA
0l H .45 645 .35
] .4 645 f3s
30 645 .43 .3
45 6.25 625 586
Hﬂ_‘. & post ol .05 3R 57
eXposure 73 645 5.06 622
a1 .65 5.5
|05 575 5.74
| 20 5.3 5.25
Shelf life’ 241.07 163.9
Half life” 45 45 29.70

Table 8: Comparison of degradation values of buffalopoxvacecine containing various
stabilizers at 37"C

Titre (log;o TCID 50)

LS LHT TAA

il 6.45 645 635

Days post 3 5.45 h.45 6.3
exposure 5 6.35 6.3 625
7 Gl 6 5.75

10 585 575 N

14 5.4 5.23 49

Shelf life! 25.67 .16 4.7
Half life” 46 6 2.9




Fig. 5: BPXV undiluted graphsat 4°C
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Fig. 6 : BPXV undiluted graphs at 25°C
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Results....

vaccineswith LHT stebilizer showed better stability in terms of itsshelf-lifeand half-lifefollowed
by LSand TAA stehilizer.

4.4.3. Stability at 45° C

Freeze-dried vaccine vidswere exposed at 45° C for aperiod of two days. Sampling
were done a aday interval and titrated. Infective titers obtained for both vaccine viruses are
shown in Table 9. The titer values were subjected to regresson analysis and the degradation
curvesaredepictedinFig. 8. Vaccineswith LSand TAA gabilizer showed comparableresults
intermsof its shelf-life; however LS stabilizer had amargind superiority over TAA interms of
its hdf-life. Vaccines with LHT stabilizer was proved to be a poor stabilizer in comparison to
other two, abilizer.

4.5. Thermo-gtability of vaccines after reconstitution

Freeze-dried vaccines stabilized with different stabilizerswere recondtituted in 1 ml of
each of thefour diluentsto maintain ashelf-life of 100 doses (10°TCID, /ml)/vid and exposed
a4° C,25° C, 37° Cand 45°Cfor 48 hrs. Infectivity titersfor each samplein different gabilizers
are shown in Tables 10-12. The regression analyss of the recongtituted vaccines at various

temperaturesis represented graphicaly in Fig. 9-20.

All the three stabilizers could maintain titer well above the recommended levels
throughout the sampling period under temperatures sudied. At lower temperatures, dl the
diluents were found to work well with the vaccine as evident by maintaining the titer above 5
log,, TCID,/ml. However, the required infectivity titer found to fal margindly at higher
temperatures (37°C & 45°C) asthetime of exposureincreases. 1M MgSO, could not maintain
the required titer with any of the stabilizers at higher temperatures.

4.8. Potency estimation of live attenuated buffalopox vaccine

The red-time PCR assay was employed to estimate the potency of live attenuated
buffaopox vaccine. A tota of six different vaccine batches were employed for the purpose.
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Table 9: Comparison of degradation values of buffalopox vaccine containing

various stabilizers at 45°C

Titre (log;y TCID sy )

L5 LHT TAA

0 6.45 .45 f.35

Hours post |2 5] 5.85 5.4

exposure 24 575 355 53

3 545 5.05 4. 65

4= 4.8 4.5 3RS

Shelf life’ 44.3 36.2 26.3
Half life 9.3 7.6 6.
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Fig. 7 : BPXV Undiluted graphs at 37°C
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Fig. 8 : BPXV Undiluted graphs at 45°C
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Fig. 9: BPXV Diluted graphsat 4°C for L S stabilizer
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Fig. 10 : BPXV Diluted graphs at 25°C for LS stabilizer
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Fig. 11 BPXV Dilutd graphs at 37°C for LS stabilizer
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Fig. 12 : BPXV Diluted graphs at 45°C for LS stabilizer
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Fig. 13: BPXV Diluted graphs at 4°C for LHT stabilizer
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Fig. 15: BPXV Diluted graphs at 37°C for LHT stabilizer
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Fig. 16 : BPXV Diluted graphs at 45°C for LHT stabilizer
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Fig. 17 : BPXV Diluted graphs at 4°C for TAA stabilizer
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Fig. 18 : BPXV diluted graphs at 25°C for TAA stabilizer
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Fig. 21: TagMan probe based QPCR showing the amplification plots of DNA from
different dilutions of reference vaccine batch at 30 hr harvest.
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Fig.22: Standard curve established from different dilutions of the reference
vaccine batch harvested at 30 h.
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Estimation of critical time for harvest

< 6 hr harvest
12 hr harvest
18 hr harvest
»% 24 hr harvest
X 30 hr harvest (Slope -3.321)
® 36 hr harvest

1 2 3 4 5 6 7

virus log titer

Standard curves established in TagMan probe based QPCR using
ten fold serially diluted ( from neat to 10-4) Bpxv vaccine virus P50
samples harvested at 12, 24, 30, 36,36,42 and 48 hours post infection
into confluent VVero monolayer: the slope of each time interval of
harvest are displayed, among all harvests the 30 hours post-
infection is having the maximum slope, which is considered as
the best time for harvest test and reference samples for assigning
the titer.



Results....

4.8.1. Establishment of standard refer ence vaccine

Freeze dried BPV06/01 batch of live attenuated buffalopox vaccine, which was
produced in-house at pox virus disease laboratory, Divison of virology, IVRI, Muktesvar
was selected for establishment of reference. The TCID, of the reference was caculated by
Reed and Muench (1938) method by three consecutivetitration in Vero cell lineand found that
the titre was 10862932, The reference vaccine batch was stored at -20° C ill further use. The
titer of referencewasrechecked a different timeinterva during storageto rule out any untoward
effects of storage and found that there was not much change in the virustiter.

4.8.2. Establishment of critical timefor harvest
4.8.2.1 TagM an probe based Q PCR

The criticd time to harvest reference vaccine was established by infecting the seridly
diluted BPXV 06/01 virus to 24h confluent Vero cdl monolayer in the sx well plates. The
freeze-dried reference vaccine was recongtituted in EMEM medium and seridly diluted in ten
fold ranging from neat to 10°. The hundred micro liters (0.1 m.o.i.) of each dilution was
inoculated to 24h confluent Vero cdl monolayer in six wdl plateswith Vero cdl control. Each
plate was harvested by freezing and thawing a 6, 12, 18, 24, 30, 36, 42 and 48h post
infection. The DNA wasisolated from each harvest were subjected to QPCR to establish the
gtandard curves ( Fig 21 & 22). Amplification plots are shown in Fig. 4. The dopes of the
gandard curvesof theentiretimeinterval harvest were compared (Fig.23). Therewasdecrease
in the dope of the standard curves as the time of harvest increases. Of dl the time interva of
harves, the 30 h post infection had maximum dope. Hence, 30 h post infection was considered
ascritica time point for harvest for both the test and reference, to assign the comparative live

virustiter for agiven test batch of vaccine.
4. 8.2.2 Validation of vaccine batches

Six batches of attenuated buffalopox vaccine viz. 01/091209L S, (01/060110) TAA,
(03/311209) LHT, 02/161209) L S, 03/311209 L S, 01/191209 and a reference batch of
vaccine, 01/0609 was chosen for vaidation of QPCR. Twenty-four hour confluent Vero cells
infected with tenfold serid dilution (neet to 10°) of dl the of test batches and reference. The
DNA isolated from the harvests at 30 h post infection was subjected to TagMan probe based
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Results....

QPCR and standard curves were established for the reference by plotting Ct vaues against
log,, virus titires. The Ct values of test vaccine batches were compared with the standard
curve of the reference to determine the titer of the test vaccine (Table 13-18). The results
obtained were compared with titer caculated in the Vero cell monolayer by Reed and
Muench(1938) formula and co-efficient of corrdation was andyzed by sudent’s t-test. The
resultsof TagMan probe based QPCR were found to be comparable (t- test vauesfor TagMan
QPCR 0.27, at p< 0.05) and were within the acceptable limits.

Table 13-18
Batch 1(01/091209) LS

SINo Dilution CtVaue  Corresponding Avgtitre/ml TCID,,
titre/ml

1 Neat 14.56 6.6025 6.6875+ 0.095 6.54+0.042

2 10t 18.79 5.6125

3 102 21.82 4.750

4 103 24.36 3.60

5 104 27.18 2.825

6 10°% 31.08 1.735

Batch 2 (01/060110) TAA

SINo Dilution CtVaue Corresponding Avgtitreml TCID,,
titre/ml

1 Neat 15.33 6.425 6.328 6.30+0.18

2 10* 18.70 5.517

3 102 22.55 4.30

4 103 26.67 3.12

5 104 29.81 2.10

6 10°% 31.67 151

7y



Batch3 (03/311209) LHT
Batch 4 (02/161209) L S

Results....

SINo Dilution CtVaue  Corresponding Avgtitreml TCID,,
titre/ml

1 Neat 13.93 6.80 6.568 6.42+0.25

2 10* 17.03 5.80

3 102 20.93 4.75

4 103 25.84 3.25

5 104 28.49 2.50

6 10° 32.03 1.310

Batch 5(03/311209) LS

SINo Dilution CtVaue  Corresponding Avg titreml TCID,,
titre/ml

1 Neat 13.35 6.812 6.729 6.64+0.20

2 10* 17.39 5.810

3 102 22.03 4.810

4 103 24.36 3.432

5 10* 28.10 2.825

6 10° 31.56 1.687

Batch 6 (LS)

SINo Dilution CtVaue  Corresponding Avgtitreml TCID,,
titre/ml

1 Neat 13.51 6.790 6.573 6.52+0.16

2 10* 18.09 5.770

3 102 2214 4710

4 103 25.20 3.50

5 10* 29.07 2.270

6 10° 31.82 1.40
S S s
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Discussion

Buffaopox is a highly contagious, economicaly important vird disease, not only of
buffd oesand cows but dso azoonaticinfection of human beings gpecidly in milking attendants.
The causative agent of buffalopox, buffao pox virus (BPXV), isdassfied intheOrthopoxvirus
(OPV) genusof thesubfamily Chordopoxvirinae and thefamily Poxviridae (Von Regenmortel
et al., 2000). The disease is enzootic in India and economically important one as it causes
severe morbidity, mortdity and productive lossin affected animas. Outbreaks of buffalopox
arereported not only from Indiabut aso from many other countriesincluding Pakistan, Egypt,
Nepd and Bangladesh. Recently, smilar outbreaks of pox-like-infections caused by Vaccinia
virus (VACV)-like agents viz. Cantagalo (Damaso et al., 2000) and Aracatuba viruses (de
Souza Trindade et al., 2003) have been reported from Brazil. The WHO Joint Expert
Committee on Zoonosis (FAO, 1967) has declared buffaopox as to be one of the important
zoonotic diseases caused by avirus, closaly rdated to VACV and frequently encountered in

countries where buffaloes are reared as milch animals.

In countries where the disease is endemic and anima movement is difficult to redrict,
disease control becomes complex. The problem iscompounded by lack of precise diagnogtics
and prophylactics. In such circumstances, one of the effective means of containing the spread
of infection is employing sanitary measures such as segregation of infected animas. Recently a
live attenuated vaccine has been developed using Vero cdl-adapted BPXV (V1J96, P-50)
and compared (Persona communication) with the dready available reference strain (BP4)
vaccine Thevacdneiscurrently undergoing extensvefidd tridsin different partsof the country.
Therefore, in the present study, the new vaccine was evauated for its thermo stability and

potency.



Discussion....

Indiabeing asubtropica country, it experienceswiderange of temperatures. Therefore
maintenance of shdf-life of the vaccine is difficult and needs cold chain. Like many other
modified live atenuated lyophilized vaccines, the attenuated buffa o pox vaccineisno exception
in therma inactivation. The vaccine requires cold chain for storage and transport. As aresult,
the cost of production and transportation are high and user’s expenses are unavoidable,
especidly in developing tropica and semitropica countrieslike India Therefore, evauation of
the vaccines for its thermodtability with different sabilizersisof much demanding in order to
maintain immunization effectiveness through reduction of potency loss due to heat damage;
reduce cold chain costs and logistical requirements.

Vaccine quality

Taking thefield conditions of our country into congderation, this study was envisaged
to compare the efficacy of three different stabilizers (LS, LHT and TAA) in the induction of
therma protection to the candidate buffalopox virus at various temperatures normally
encountered &t field conditions. The vaccines were freeze-dried in batches with different
gabilizers. Under these freeze-drying conditions, there was aloss of very little titer and the
range was within the acceptable limit.

Residuad moisture (RM) in avaccine dso contributesto vaccine quaity. Inthe present
sudy, RM ranged from 3.25 to 5.20 %, which is consdered to be relaively high. High RM
may be due to the absence of heating phase of the vaccine vids during secondary drying.

Stability of the freeze-dried vaccine

Themgor disadvantage associated with live attenuated vaccine is the maintenance of
‘cold-chain’ which is a very codtly affair. Therefore, it is desirable for an ided Stabilizer to
maintain recommended dose of 5log, TCIDs0/100 doses in a vaccine vid as per OIE for a

period as-long-as possible a a given temperature.

Although thermo stability studieson different other vira vaccines has been exhaudively
studied(Plowright, 1963; Leissand Plowright, 1963; DeBoer and Barber, 1964; Anon, 1966;
Powright et al., 1970, 1971; Bansd et al., 1974; Languet et al., 1985; Mariner et al. 1990z,
Sarkar etal., Riyesh et al.,) no such studiesin respect of buffalopox vaccines are conducted.

Inthisstudy, the vaccine formulationswere made using the vaccine virusesdeveloped a | VR,
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Discussion....

Mukteswar at a passage level of P-50 which has been studied for its innocuity, safety and
efficacy. Three stabilizer formulations were employed for this vaccines viz, (i) Lactabumin
hydrolysate (LAH) + sucrose (LS) and (ii) Lactalbumin hydrolysate (LAH) + Trehalose di
hydrate (LHT) as reported for TCRP vaccine (Mariner et al.,1990), and (iii) Stabilizer TAA
(Trehdoset Amino acids with divaent cations (TAA) (Adebayo et al.,1998).

At 4°Cdl thethree gahilizer combinations werefound to maintain the required infectivity
titer during the entire period of study. Thistemperatureis generally used for short-term storing
of the vaccines .However, vaccines with LS stabilizer showed better stability over other two
dabilizersin terms of its shelf-life and hdf-life.

At 25°C, gabilizer LS showed better stability compared tothe LHT and TAA witha
high shdlf life aswdl ashdf life. At temperature 37°C, the one whichisnormaly encountered
in many parts of the country during summer months (March-July), vaccines prepared in the
present study using LHT stabilizer showed comparatively better sability than to other two
gabilizerswith ashdf life and hdf life of 31.16 and 6.1 days respectively. Theresultsindicate
that the LHT stabilized vaccine has marginad stability at ambient temperature comparedto LS
dabilizer. However, TAA dabilizer was found rdatively not suitable for buffaopox vaccine a
this temperature.

At 45°C, two stabilizer combinations, LS and LHT showed stability up to 36 hours
while, TAA dabilizer could maintain the titer up to 24 hr only after which the titer sarted to
receding. At this temperature, the shelf-life and haf-life of the vaccinein LS stabilizer found

advantageous over other two.

Other factors which could be implicated in the poor performance of our vaccine a
25°C, 37°C and 45°C may bedueto the presence of higher RM. Influence of residua moisture
(RM) on the viability of the vaccines hasbeen reported earlier (Precaudtaet al., 1982;Mariner
et al.,1990). Therefore, it has been suggested to extend the secondary drying to ensure low
RM as it was having detrimentd effect on vird vaccine (Worrdl et al. 2001). In studies
conducted for TCRP (Mariner et al., 1990) and PPR (Worrdl et al., 2001) vaccines, indicated
that the maximum permissible RM should be below 2.5%. It has been reported that increasing
the length and final temperature of lyophilization cyclewill have asuitable effect on the sability
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Discussion....

of the vaccine as it reduces the RM without affecting the infectivity titres. However in the
current study, freeze-drying was carried out using a conventiona freeze-drier in which the
cycle length was 48 hrs and find temperature was -60°C and the secondary drying was
carried out without the application of heat during drying process. This might have caused high
RM of dl the freeze-dried vaccine and thereby reducing their stability.

Earlier sudies for TCRP and PPR vaccines have indicated that the increase in the
concentration of trenaose dihydrate increased the stability of the vaccine (Worrdl et al.,
2001).In contrary  in the present study, stabilizer TAA high trehal ose did not show good result
in any of the temperatures sudied.

Reconstituted vaccines

Except for few cases the titre was more than the recommended dose for a 100 dose
vid (5logoTCIDso). Thistitre was maintained even up to 48 hrs both at 4°C and 25°C with
al thefour diluents used. But at 37°C and 45°C, the diluents NSS and PBS performed well.
1M MgSO, diluent could not maintain the titer even a lower temperatures. The vaccine
recongtituted with NSS can be used at ambient temperatures even up to 48 hrs and possibly

more. Hence, this study confirms NSS as a diluent of choice for buffalopox vaccine.
Potency by real time PCR

Ingenerd, efficacy of vaccine and seroconversion depends on the number of livevirus
particles in atenuated vaccine. Therefore, assgnment of number of live virus particles per
dosg, is the important aspects of quality control. Most of the virus quantitation methods are
based on end point dilution methods, which rdy on virus-induced cytopathology. Theseinclude,
Reed and Muench (1938) end point dilution method or plagque assay for quantitation of infectious
virus particles (Gaush and Smith, 1968; Smith et al, Sood et al., 1995). Even though these
assays are consdered to be the gold standard , they have certain drawbacks, which impede
them from long-term implementation for estimation of titer in live attenuated vaccine. These
assays are basicaly a subjective interpretation; hence there will be variation in the assigned
titer between laboratory to laboratory, person to person and from time to time. For instance,
in one of the study carried out by Fukuda et al. (1996), minor modificationsin the procedure
for plague assay resulted in differences of potency valuesupto 1 1og 10 PFU/ dose. A study
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Discussion....

involving 38 |aboratories showed amedian variation of 2 log , . PFU/ dose between the estimates
using PFU and titration of the meades vaccine virus (Forsey et al., 1992). In asimilar study
involving ten laboratories, the variation to the extent of 1 log, , for meadesvirusinthetrivaent
vaccine of meades, mumps and rubella has been reported (Forsey et al., 1993). Thus, these
assayssuffer from disadvantageslikelabor intensvity, time consumption, throughput restriction
and variability. These traditional assays are not the preferred tests of choice to assgn titer to
the individual components of bivaent or multivalent vaccines. Titration would necesstate a
highly specific neutraizing antibody againgt each component of multivaent or combined vaccine,
which however is not fullproof method as cent percent neutrdization is highly unlikely.

Over recent years, quantitative polymerase chain reaction (QPCR) has been applied
for esimating number of live virus particdles in the monovaent (Wang et al 2005), bivaent or
multivaent vaccines (Schalk et al ., 2004; Schalk et al., 2005; Kallesh et al.,2009). QPCRis
based on kinetic fluorescence detection of the amplified products during PCR and is used to
achieveaccurate quantification of aDNA or RNA template. A linear correlation exists between
the log,, of the template concentration (log,,) and PCR cycle at which fluorescence raises
above the background (Threshold cycle, Ct). Using the ssandard DNA or RNA of known
concentration, thetemplate DNA or RNA concentration (of both infectious and non-infectious
virus) of an unknown sample can be quantified. However, in live virus vaccine preparation, al
the genome measured by the QPCR is not necessarily infectious, hence PCR measure does
not correspond to infectious load. To overcome this drawback, cell cultures areinfected with
vaccine sample and harvested at critica time point for QPCR. And as expected, only livevird
particles can infect the cdls. It is assumed that, if the content of the live vaccine vid is first
propagated in cell culture, the amount of genomic DNA propagated in the cdll culture
corresponds to amount of viable virus present initidly in the preparation. QPCR method
designed to estimate theinfectious virus|oad has been deve oped for mead esvaccine, rotavirus
in pentavalent rota virus vaccine, Rota teg® (Ranhem et al., 2006), multivalent meades,
mumps and rubellavaccine (Schalk et al., 2004; Schalk et al., 2005) and to assign infectious
potenciesto adenovirus based vaccine and vectorsfor gene therapy (Wang et al., 2005). This
gpproach is aso gpplied for quantifying the gene therapy vectors (Shestry et al., 2002).
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Discussion....

One of the most important advantages of QPCR based estimation of titer is that the
titer of vaccine can be estimated long before the CPE appears and this will save lot of time
especidly in case of the viruses which are known to produce delayed CPE. In case of buffalo
pox viruses, the CPE dtarts to appear on the second day post infection and complete CPE
gppearsat theend of third day. We gpplied QPCR based technique by which we can determine
the titer of buffao poxvirusin a given batch of vaccine as early as 30-h pogt infection, which
dragticaly reduced the manpower and time required. At the same time assay is technicaly
smple, specific, sendtive, reproducible and applicable to estimate the titer of the individua
componentsin bivaent or multivaent or combined vaccines. Results obtained are comparable
to the conventiona methods of titer estimation.

Thetitre of standard reference vaccine virus was found to be 10562032 TCID_ /.
Selection of the vaccine batch isbased on the assumption that thetitres of thetest batches may
fdl within the wide range of these reference vaccine dilutions. In other words, it is expected
that the Ct vadues of any dilutions of test vaccine viruswould fdl in the range of Ct values of
reference. Thiswould enable minimum number of dilutionsof test vaccine baichesfor estimation

of virustitre.

Further, the criticd time point of harvest was determined for cells post infection to
estimate the live vird particles in given test vaccine batch. The criticd time point for harvest
corresponds to the minimum time required for gopearance of sufficient vird particlesin dl the
dilutions of buffalopox virus infected. The TagMan probe based QPCR was carried out with
the cells harvested at 12, 18, 24, 30, 36, 42 and 48h pogt infection. The experiment was
repested thrice and average dope of standard curvesfor each interva of harvest was compared.
The results showed that there is gradua decrease in dope of standard curve with increase in
duration of infection. The dope of the standard curves tended to flatten with increasing time of
harvest, implying unavailability of the hedthy Vero cdlsashogt for newly replicating buffal opox
virusinthosewellsthat received lessdiluted virus. The dope of standard curvefor 24, 30 and
36h pogt infection were found to be relatively comparable. However, the 30-h post infection
was found to have maximum dope (3.312). Thus, this particular time point was consdered as

the critical time point to harvest the reference as well as test vaccine batches so as to get

Y

maximum live vird particles.




Discussion....

For vaidation of QPCR assays, sx baiches of live attenuated buffalopox vaccine
including a reference buffaopox vaccine (Batch-31/12) were selected to estimate the titer of
buffalopox vaccine. The results obtained werefound to be satisfactory and within the acceptable
range of accuracy. High degree of correation (0.9648) was observed between thetires estimated
by the QPCR and conventiond infectivity assay with no sgnificant difference (p<0.005) noticed
between the methods. These findings are in agreement with earlier findings (Kdlesh et al.,
2009).

Conclusions

> Among the three stabilizers used for preparation of buffalo pox vaccine, LS stabilizer

was the best choice for buffalopox vaccine.

> Among the four diluents sudied for reconditution of the buffalopox vaccine, NSS
showed better result in al conditions.

> The TagMan probe based QPCR was successfully employed to estimate the titer of
buffalopox virus in attenuated buffalopox vaccine. The criticd time point of harvest
was determined as 30h post infection to estimate buffalopox virus load.

> Thetiters obtained in QPCR assays and Reed and Muench (1938) end point dilution
method (TCID, ) were reldively comparable with each other without any significant
difference (p<0.005).

> Further validation of the QPCR iswarranted to attribute repeatability, reproducibility
to this novel and quick method of potency estimation for its wider gpplication.
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El Summary

Buffalopox is a highly contagious, economically important vird disease, not only of
buffa oes and cows but dso azoonatic infection of human beings specidly in milking atendants.
The diseaseisenzoatic in Indiaand economicaly important one asit causes severe morbidity,
mortaity and productive loss in affected animals. Outbresks of buffalo pox are reported not
only from India but aso from many other countries including Pakistan, Egypt, Nepd and
Bangladesh. Recently, smilar outbreaks of pox-like-infections caused by Vaccinia virus
(VACV)-like agents viz. Cantagalo and Aracatuba viruses have been reported from Brazil.
Presently no suitable vaccine is available in our country for control of this dreadly disease.
Recently, in our laboratory, a live atenuated vaccine has been deveoped using Vero cdl-
adapted BPXV (V1J96, P-50) and compared with the aready available reference strain

(BP4) vaccine. The vaccineis currently undergoing extensive fidd trids.

In the present study, live attenuated BPXV vaccine was evaduated for its thermo-
gability using three different stabilizers by exposing them to different temperatures like 4°C,
25°C, 37°Cand 45°C both in lyophilized as well asin recondtituted form. Vaccines prepared
with LS stabilizer showed better stability compared to other stabilizers. However, a 37°C
LHT gabilizer was found to be superior over other two stabilizers.

For recondtitution of the vaccines four different diluents were used viz, PBS, NSS,
1M MgSO, and DSW and exposed to various temperatures like 4°C, 25°C, 37°Cand 45°C
and titrated every 6hr intervals up to 48 hr. Vaccine diluted with NSS showed better stability
in al stuations by maintaining minimum required titer over the entire sampling period. Diluent
PBS and DSW showed comparable results. 1M MgSO, could not maintain the required titre
with any of the stabilizer combinations a higher temperatures .



Summary....

In generd, efficacy and seroconversion of a vaccine depends on the number of live
virus particles. Therefore, to assign the number of live virus particles per dose in each batches
of attenuated vaccineisone of theimportant aspects of quality control of attenuated vaccines.
Most methods of virus quantitation are based on the end point dilution method, they rely on
virus-induced cytopathology. Theseinclude, Reed and Muench or plaque assaysfor quantitation
of infectious virus particles. These assays are basically a subjective interpretation, hence there
will be variation in the assigned titer between lab to lab, person to person and from time to
time. Even though these assays are considered to be the gold standard methods, some of the
drawbacksasmentioned previoudy pred udesthem from long-term implementation for estimation
of titer in live attenuated vaccine. Recently QPCR has been used as nove approach for the
potency estimation of either monovalent or multivalent vaccines for its advantages viz. high
sengtivity, specificity, reproducibility and rapidity. The QPCR isvery flexible without need for
post PCR manipulations. In the present study, the estimation of live buffalopox virus particles
in the attenuated buffa opox vaccines using quantitative polymerase chain reaction (QPCR) as
an dternative approach to conventiona end point titration (TCID, ) method was investigated

One of the live attenuated BPXV vaccine batch was sdlected as standard reference
vaccine and itstiter was assgned by Reed and Muench end point titration method in Vero cell
line. The titer of this reference vaccine was found to be 10°-62TCID, /ml in three consecutive
experiments. The reference vaccine vias were stored at -20° Cill further use. The reference
vaccine virus was diluted seridly ten fold followed by infection to 24 h confluent Vero cell
monolayer and harvested at 6,12, 18, 24,30,36, 42 and 48h post infection. The DNA isolated
fromal intervals of harvestswere subjected to TagMan probe based QPCR for determination
of the critical time point to estimate live virus particles in the given test batch of vaccine. The
gtandard curves were established using the data obtained from three consecutive experiments.
The dope of the sandard curves of each interval of harvest with different dilutions of reference
were compared and dope of the curveswere determined. The 30 h harvest was giving maximum
dope (-3.312) and hence was consdered as the critical time point for harvesting the test

vaccine batches.

For vaidation of the QPCR assays, six buffalopox vaccine batches produced in Vero
cells using roller cel culture system were sdected (03/311209) , (01/060110) and (01/
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Summary....

091209)dong with the reference batch of vaccine (batch 03/311209). All the batches of
vaccineviruswere seridly diluted, ranging from neet to 10°log, , dilutionsand infected onto 24
h old confluent Vero cell monolayer, followed by harvesting a 30 h post infection. The QPCR
was carried out with the DNA isolated from dl the harvest. The stlandard curve was established
for the reference batch of vaccine by plotting the threshold cycle (Ct) vaues againg the log
titer dilutions. The Ct vaues of the test vaccine batches were compared with the standard
curve of reference and the titers were assigned. Thetiter obtained by QPCR and the endpoint
dilution method (TCID,,) were comparable to each other as analyzed by student’ st-test. The
titers obtained by QPCR and the endpoint dilution (TCID, ) method were again comparable
to each other as analyzed by student’ st-test and was within the acceptable range.

Thus, the QPCR assay could be explored for its potentid to replace or to use it in
tandem with conventiond method of end poaint titration for assaying the live buffaopox virus
load in a given batch of buffalopox vaccine. Nevertheless, further vaidation of the QPCR is
warranted to attribute repestability to thisnovel and quick method of potency estimation for its
widespread application.
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Mini Abstract

In the present study, we have focused on the thermo-gtability and potency of live
attenuated buffal o pox vaccine prepared at 1.V .R.I Mukteswar. BPXV vaccine was eval uated
for its thermo-gtability using three different stabilizers by exposing them to three different
temperatures like 4°C, 25°C, 37°Cand 45°C both in lyophilized as well as in recondtituted
form. Vaccines prepared with LS stabilizer showed better stability compared to other stabilizers.
For recongtitution of thevaccinesfour different diluentswereused viz, PBS, NSS, 1M MgSO,
and DSW and exposed to various temperatures like 4°C, 25°C, 37°Cand 45°C and titrated
every 6hr intervasup to 48 hr. VVaccine diluted with NSS showed better stability inal Stuations
by maintaining minimum required titre over the entire sampling period. DiluentsPBSand DSW
showed comparable results. 1M MgSO, could not maintain the required titre with any of the
dabilizer combinations a higher temperatures.

In generd, efficacy and sero-conversion of vaccine depends on the number of live
virus particles in atenuated vaccines, therefore, live virus particles per dose is one of the
important aspects of qudity control. The application of quantitative polymerase chain reaction
(QPCR) has now been exploited for the potency estimation of various monovaent or multivaent
vaccinesfor its advantages. In the present study, the QPCR for estimation of live buffalopox
virus (BPXPV) particles in the monovaent. A baich of buffalopox vaccine, the titre of which
was cdculated by TCID,, method was sdlected as reference. A critical time point for harvest
of the Vero cdlsinfected with various log,, dilutions of reference virus was determined as 30
h, by comparison of the dopes of standard curves established with harvests of different time 6
hrsintervals. The QPCR was carried out usng DNA isolated from Vero cdlsharvested at 30h
post infection with various dilutions of reference and test batches of vaccine viruses. The
gstandard curve was established for the reference by plotting the threshold cycle (Ct) vaues
againd thelog , titer dilutions and the titer of test batches was cal culated by comparison of its
Ct vaues with that of reference. The titers estimated by QPCR and TCID_, methods were
well comparableto each other asandyzed by student’ st-test with out any significant difference
(P<0.05). The assay thus could be used as a quick aternative for estimation of live BPXV
particles in ether buffalopox vaccine. Further vaidation of the TagMan based QPCR is
warranted to attribute accuracy, repestability, reproducibility in potency estimation for itswider
goplication.
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Appendix

Cdl culture media and buffers

EaglesMEM (1 Liter)

EMEM powder (Sigma) 1liter bottle
NaHCO, (7.5%) 10 ml
Glutamine (3.0%) 10ml
Antibiotic stock 10ml

Dissolvethe EMEM powder in 1 liter of distilled water and autoclave at 120°C at 15Ib pressure
for 10 minutes. Keep a 4°Ctill use. Glutamine (3%), NaHCO, (7.5%) and antibiotic solutions
were added in media just before use.

Antibiotic stock

Benzyl Penicillin (10,00000U) 5vids
Streptomycin (Agmivid) Svids
Autoclaved PBS 500m

Trypsin-Versene (100ml)

Versen 0.700gm
D-Glucose 1.000gm
KCl 0.400gm
NaCl 8.000gm
NaHCO, 0.580gm
Trypsin 1.000gm
Phenoal red 0.002g,
Didtilled water up to 100ml

Dissolve the contentsin distilled water and erile through filtration (Satz filter).



Hank’s balanced salt solution (HBSS)

NaCl 8.000g
KCI 0.400g
KH,PO, 0.060g
Na,HPO,.2H,0 0.057g
Phenal red 0.011g
DW upto 1000 ml
pH 7.4

Sterilization by autoclaving a 121°C at 15 Ib for 15 minutes
Stock buffersfor molecular biology

Luria Bertani Broth

Tryptone 10gm
NaCl 5gm
Y esst Extract 5gm

Didilled Weater upto 1 Liter
The pH was adjusted to 7.5 using 10N NaOH and the n sterilized by autoclaving.

ToprepareLB Agar, 1.5% agar wasadded to L B medium. Whereindicated ampicillin
was added to the medium @100ng/ml.

LB platewith ampicillin, IPTG, X-Gal

Sterile LB agar was cooled down to about 50°C and added with ampicillin to afind
concentration of 50ug/ml and IPTG to afina concentration of 50ug/ml and X gd to
fina concentration of 50pug/ml. the mixture was poured on to the Sterile petridish @
15 ml per plate and dlowed to solidify

SOB Medium
Tryptone 2gm
NaCl 0.05gm

KCI 0.0186 gm



2M Mg+ 10ml
Y east Extract 05ml

Didtilled Water upto 100 ml

SOC Medium
SOB Medium 980 mi
1M Glucose 20ml

X-Gal (100X) (5-bromo-4-Chlor o-3-indolyl-B-D-galactopyr anoside)

X-gal 25ml
N’'N’ Dimethyl formamide 1mi
Stored at -20°C

IPTG (100X)
IPTG 25gm
Didtilled water 1ml

Sterilized by filtration

Ampicillin Stock
Ampidillin (Sodium Sdlt) 150 gm
Didilled Water up to 100 ml

TSS (Transformation and Storage Solution)
2X LB Medium (pH 6.5) 50 ml
30% PEG (8000) with 60mM Mg~ 5ml

Adjust pH t0 6.5



