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MULTIVALENT VACCINE COMPOSITION

Field of the Invention:

The present invention relates to stable combination vaccine(s) comprising a mixture of
antigens for prevention and prophylaxis of infections caused by Rotavirus, poliomyelitis
virus, Haemophilus influenzae, Corynebacterium diphtheriae, Clostridium tetani, Bordetella
pertussis {(whole cell} and Hepatitis B virus. The invention in particular relates to a stable
multivalent corsbination vaccine comprising of significantly dose reduced Salk IPV or Sabin
PV (JPV) antigens and injectable heat inactivated Rotavirus antigen{s) obtained from

Rotaviras {CDC-9) strains.

Backwronnd of the invention

The poliovirus invades the nervous system and can cause irreversible paralysis in a matter of

w

hours. Three types of poliovirus exist globally i.e. Type 1, Type 2, & Type 3.

The prevalence of polio virus has largely been decreased by the use of Oral Polio Vaccine
{OPV), based on live-attenuated Sabin polio strains. However, OPV has himitations for the
post-eradication era, OPV contains circulating vaccine-derived polioviruses {¢VDPVs)
which are transmissible and can become neurovirulent (similar to wild polioviruses)
resulting in vaccine associated paralytic poliomyelitis. Such strains can potentially re-seed
the world with polioviruses and negate the eradication accomplishments. To prevent the
emergence of circulating vaccine-dervived polioviruses (eVDFPVs), WHO’s Strategic
Advisory Group of Experts (SAGE) has recommended atleast one dose of IPV along with
Oral Polio Vaccine (OFVY) in couniries currently using OPV.  (Reff World Health
QOrganization. Meeting of the Strategic Advisory Group of Experts on Imununization,
November 2012 ~ conclusions and recommendations, Wkly Epidemiol Rec 2013; 88:1-16;

PMIR23311010)

Presently, IFV is made using wild polio strain i.e. Salk strain and the newer sabin strains
which is made from the same attenmated Sabin sirains as those used in the live atienuated
OPVY. The approved standard dose of polio vaccines delivered by ntramuscular (IM) or deep

subcutanecus (8C) injection contains I antigens as 40 Units of inactivated poliovirus type |
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{(Mahoney), & units of inactivated polioviras type 2 (MEF-D) and 32 units of inactivated
poliovirus type 3 (Saukett) (e.g. Infanrix-IPV™) But IPV has high production costs as
compared to OPV, mainly due to requirements for more virus per dose; additional
downstream processing (i.e. concentration, purification and inactivation), and the related

QC-testing; loss of antigen or poor recovery in downstream; and containment.

The production costs of IPV is currently estimated to be about 20-fold more expensive than
OPV. The future global demand for IPV following eradication of poliovirases could increase
from the current level of 80 million doses to 450 million doses per year. Therefore to reduce
the final cost of IPV, efforts are undergoing to reduce the quantity of antigenic components

i.e. to produce dose reduced [PV formulations.

Globally, Rotavirus is the leading cause of severe acute diarrhea and vaccine is found a
promusing solution to reduce the disease burden. It has been estimated that the number of
rotavirus deaths in the world declined from 528 000 to 215 000 during thirteen years from
2004 to 2013, since rotavirus vaccine had been introduced in >60 countries . Out of that, an
estimated 47 100 (22%) rotavirus deaths cccurred in India in 2013, India, Nigeria, Pakistan,
and Democratic Republic of Congo, these four countries accounted for approximately half

{49%%6) of all estimated rotavirus deaths in 2013 .

In recent studies carried worldwide, it is observed that 4 serotypes of rotavirus t.e. G1, G2,
(3 and G4 represents over 88% of the strains analyzed globally. The Gl serotype of
rolavirus A is one of the most common forms of the virus which cause the discase
worldwide, whereas serotype G9 viruses associated have been emerging since the late 1990s
and now represent approximately 4% of global isolates. Vaccination against rotavirus-
mediated disease is one strategy for addressing this significant health problem. The two
currently licensed oral rotavirus vaccines, RotaTeq and Rotarix, which are very effective in
reducing cases of severe diarrhea among children in developed and middle income
countries, are much less efficacious (~30%) in low income countries of Africa and Asia.
{Refer Tate JE et al. “Sustained decline in rotavirus detections in the United States following
the introduction of rotavirus vaccine in 2006. Pediatr Infect Dis J 2011; 30:830-4; and Yen €
et al. “Decline in rotavirus hospitalizations and health care visits for childhood diarrhea
following rotavirus vaccination in El Salvador”. Pedialr Infect Dis J 2011; 30:86-101. In

addition, the two current rotavirus vaccines have been associated with a risk of
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intussusception among vaccinated infants. [Refer Patel MM et al. “Intussusception risk and
health bepefiis of rotavivus vaccination in Mexico and Brazil N Engl J Med 2011
364:2283-92 and Buttery JP et al. “PAEDS/APSU Study Group. Intussusception following
rotaviras vaccine administration: post-marketing surveillance in the National Imyounization

Program in Australia”. Yaceine 2011 29:3061-6].

Cne of the candidate Rotavirus vaccine of Bharat Biotech International is based on a 116E
rotavirus sirain, G9P{11] which is a naturally occwrring reassoriant cortdaining one bovine
rotavirus gene P{11] and ten human rotavirus genes. The protection offered by this vaccine
during the frst 2 years of life is against the array of circulating genotypes including G1P{8],
GZP{4], G12P[6], GI12P{8] and GOP{4].Thus it fails to provide cross protection for other
strains like (33,64,G3, G6,G8, GI0, G11,G13 and G4, Also the efficacy of 116E based
vaccine in the first 2 vears of life has been modest (48 to 55%) as it is for other licensed
vaccines. [Refer Nita Bhandari et all “Efficacy of a movovalent human-bovine (116H)
rotavirus vaccine in Indian children in the second vear of life"; Vaccine. 2014 Aug 11;32
y

Suppl 1:A110-8]. Also, preclinical testing of several other intramuscularty adwinistered IRV

candidates thal were based on G1, 33 or G6 have only shown partial protection.

Also inactivation of Rotavirus with B-propiolactone (BPL), an agent commonly used for the
inactivation of many viruses, has been shown o cause severs damage to the inlegrity and
hiochemical composition of rotavirus particles. In addition, BPL-treated rotavirus showed
veduced viral hemagglutinating activity and intramuscular injection with this material n
mice evoked less neutralizing antibody than immunization with live virus, [Refer Offit PA e
al “MNowinfectious rotavirus {sirain RRV) induces an immune response in mice which

protects against rotavirns challenge”. J Clin Microbiol 1989; 27:885-8].

In many parts of the world, immunization with IPV has already replaced OPVY so that in a
few years, rolavirus vaceine will be the only vaccine administered orally adding to delivery
costs. Several operational and logistic considerations thus faver an IRV for use in both

developing and indusirialized countries.

The appearance of dimers in IVT, seems to be a cousequence of the detoxification process
by formalin. The existence of dimers can affect the efficiency of the conjugation process —
presumably through steric hindrance at the protein surface — leading to a loss of activity, and
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it is considered desirable that the level of monomers should not drop below 80%. Previously,
it has been reported that T with atleast 60% monomer can be obtained by using HIC
followed by Ion exchange; T with 73% monomer content can be obtained by using only HIC
Phenyl sepharose, T with 55 % monomer content can be obtained by using only Ammontum
sulphate. Therefore an alternative single step method 1s needed to obtain /T having atleast

80% monomer.

Combination vaceines comprises of two or more vaccines that could be given individually
and put them into a single composition. Vaccinee gets the same protection as they do from
individual vaccines given separately, but with fewer shots. A combination vaccine thus
provides immmunogenicity against large number of diseases and is always advantageous over
the monovalent vaceines as the compliance is increased by reducing the number of separate

vaccinations.

A heptavalent combination vaccine is being developed by Bharat Biotech International that
consists of D, T, Acellular pertussis, Sabin IPV (type 1: 40 DU, type 2:8 DU, type 3 :32DU),
Single strain inactivated Rotavirus (G9 strain e, 116F strain), a conjugate Haemophilus
influenza type b PRP conjugate to TT and a Recombinant Hepatitis B vaccine. As discussed
earlier, such Heptavalent combination vaccine comprising of 116F based vaccine would fail
to provide cross protection for other strains like G3, G4, GS, G6, G&, G10, Gi1, G13 and
314, Further the efficacy of sald IRV component of combination vaccine in the first 2 years

of life will be modest (48 to 55%) as it is for other licensed vaccines,

Another combination vaccine, Hexyon® (also called Hexacima® and Hexaxim®) from
Sanofi Pasteur, contains aP. This vaccine is likely to be targeted for private markets in
Hurope and worldwide. Another hexavalent combination vaccine with aP antigen is currently

i Phase I clinical studies, developed jointly by Merck and Sanofi Pasteur.

Currently, GSK’s Infanrix Hexa® is the only globally marketed hexavalent pediatric
combination vaccing containing IPV. This vaccine contains an acellular pertussis {(aP)
component and is presented in a syringe-plus-fyophilized vial format because of instability
of the Hib component. The major barriers for use of Infanrix Hexa® (GSK), in a
developing- couniry setting are the price of the vaccine product, the requirement for

reconstitution of a lyophilized form, and concerns regarding effectivensss of an aP vaccine
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in the developing world. From a cost perspective, aP antigens have historically exceeded the
cost of wP antigens by a factor of ten to more than 30 due to manufacturing differences and
rovaity costs. Thus, use of whole cell pertussis (WP} In multivalent combination vaccines
intended for developing countries has become important both because of cost and emerging
concerns ahout the long-term effectiveness of aP vaccines, especially in developing-country

settings.

Several multivalent combination vaccines with wP and PV are under development.
However IPY antigens are not compatible with the common vaccine preservative thimerosal,
a mercury-containing compound with antibacterial activity, which causes the polio capsid to
lose its antigenicity. Thimercsal is used by many vaccine manmufacturers in the inactivation
of live B. pertussis organisms to make wl vaccine bulks, which is carried through into the
final product, but also causes loss of antigenicity of 1PV, and therefore 1PV voay need to be

presented in a separaie vial from thiomersal-containing wF to retain its potency over time.

GSK’s whole-cell combination vaccine (DTwP-IPV-HBV//Hib) is reported to be in several
early clinical trials. However the polio immunogenicity of this product was not as good as a
comparator vaccine and it was found that the [PV dose would minimally need to be the same

as the current standard [PV dose vaccine or may need o be increased.

Reduced-dose efficacious vaccine formulations which provide protection against infection
using a lower dose of IPV antigen are desirable in situations where the supply of
conventional vaccine is insufficient to meet global needs or where the cost of manufacture of
the conventional vaccine prevents the vaccine being sold at a price which is affordable for
developing couniries. Also the exposure to lower dose of IPV] compared to the existing
marketed formulations could be safer. A multivalent combination vaccine could simplify
complex pediairic vouline immunization schedules, improve compliance, and reduoce
delivery costs, However, IPV-containing roultivalent vaccines have been a technical
challenge for vaccine manufacturers since work began in the early 1990s to combine

pediatric vaccines.

Instability of Hib antigen in the presence of alumirum adjuvant, more specifically alomimam
hydroxide is a major technical issue. Thas the technical challenge that a manufacturer would
need to resolve would be the avoidance of different alurninum adjuvants, if the vaceine bulks

5
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going imto the combination already had been based on different aluminum chemistries. Thus
the sequence of addition of antigen becomes an important factor, as mixing of incompatible
antigens or adjuvants may lead to undesired physical appearances for the final product (such
as exira precipitates and difficulty in re-suspension) further resulting in unaceeptance of the
final combination vaccine product {Refer Malecker et al 1996, “Factors affecting the ability
of experimental vaccines to protect guinea pigs against lethal challenge with Diphtheria
Toxin”; presented at WHO/IABS/NIBSC International meeting on the control and

standardization of Acellular pertussis Vaccines, UK, Sep 26-27 1996].

The currently known and available combination vaccines may not contain appropriate
formulations of appropriate antigens in appropriate immunogenic forms for achieving
desired levels of efficacy and immunogenicity in the susceptible human population, for a
number of diseases in one shot. Most importanily, no multivalent combinations with dose
reduced PV (IPV), broadly cross-protective IRV and whole cell pertussis (wP) are
commercially available. Given the above discussed scenario with respect to combination
vaccines, there remains a distinet need for affordable all liquid multivalent combination
vaceine(s) suitable for developing world providing equivalent or improved seroprotection

for individual antigens devoid of antigenic interference,

Summary of Invention:

The present invention relates to stable, immunogenic combination vaccine(s) comprising a
mixture of antigens for prevention and prophylaxis of infections caused by Rotavirus,
Poliomyelitis virus, Haemophilus influenzae, Corynebacterhmm diphtheriae, Clostridium
tetani, Bordetella pertussis and Hepatitis B virus. The invention particularly provides a
multivalent combination vaccine comprising of 1) significantly dose reduced Salk IPV or
Sabin IPV (IPV) antigens prepared by utilizing improved methods of formaldehyde
inactivation and alum hydroxide adsorption resulting in maximum recovery of D-antigen
and i1} Injectable heat inactivated Rotavirus antigen(s) obtained from Rotavirus (CDC-9)
strains that provides a broad cross-protective immunity among human rotavirus straing, iit)
Hib PRF -carrier protein conjugate having improved stability and immunogenicity wherein
said Hib PRP -carrier protein conjugate is initially prepared by using novel conjugation
process  and subsequently blended at low temperature in presence of a stabilizer for
minimizing free PRP release  iv) whole cell pertussis antigen with Improved

6
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immunogenicity and stability obtained by addition of whole cell pertussis antigen at a later
stage in a blend thereby minimizing hydrolysis based degradation v} Homogenous fractions
of Diphtheria toxoid and Tetanmus toxoid obtained by removal of undesirable aggregates by
using Gel Permeation chromatography . The process of making such stable and immunogenic
vaceine compositions by 1) individually adsorbing dose reduced [PV, IRV antigens on alum
hydroxide and keeping other antigen{s) cither unadsorbed or adsorbed on Alumn Phosphate or
Alum hydroxide , or a combination of both and ii} using a particular order of addition of
antigens during blending is also disclosed. Further, present invention provides affordable
combination vaccine(s} suitable for developing world providing equivalent or improved

seroprotection for individual antigens devoid of antigeme mterference.
Figures:
Figure |: Diphtheria Toxoid Purification - Clwromatogram of Gel Filiration Chromatography

Sephacryl §-300 HR, Column XK 26/70.

Detailed Description:

The present invention relates to multivalent combination vaccine(s) comprising of (i) dose
reduced inactivated polio virus vaccine selected from sabin or salk strains; (i) injectable
heat inactivated rotavirus CDC-9 straing; and (i) optionally, one or more antigens selected
from D, T, wP HBsAg, Hib PRP-Carrier protein  conjugate, Neisseria meningitidis A
antigen(s), Neisseria meningitidis C antigen{s), Neisseria mendngitidis W-135 antigen(s),
Neisseria meningiiidis Y antigen(s), Neisseria meningitidis X antigen{s},Streptococcus
Pneumeoniae antigen(s), Neisseria meningitidis B bleb or purified antigen(s),Staphylococous
aureus antigen(s), Anthrax, BCG, Hepatitis A antigen(s), Hepatitis B antigen, Human
papilioma virus, Salmonella Typhi antigen(s) , acellular pertussis , modified adenviate
cyciase , Malaria Antigen (RTS,5), Measles, Mumps, Rubella, Dengue, Zika, Ebola,

Chikunguonya, Japanese encephalitis, Diarrheal antigens, etc.

Components of the Combination Vaccine composition:

s Inactivated Polio Virus
Polio (Poliomyelitis) is a highly infectious virus, The poliovirus mvades the nervous system
and can cause irreversible paralysis in a matter of hours. Three types of poliovirus exist

7
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globally L.e. Type 1, Type 2, & Type 3.

First embodiment of the present invention comprises of improved methods of Polio virus
(salk or sabin straius) inactivation by formaldehyde in presence of TRIS buffer resulting in
maximum recovery of Deantigen. Subsequent adsorption of said IPV on aluminum
hydroxide provides significantly dose reduced IPV composiiions. The instant invention
provides an improved process of formalin inactivation and aluminum hydroxide adsorption,
wherein the [ -Antigen recovery post-inactivation is in the range of 50-80% and percent

adsorption of aluminum hydroxide is in the range of 70-99 %.

In one of the aspects of the first embodiment, CCL81-VERO (Monkey kidney) cell were
used as host cells for the growing of polio virus i.e. sabin and salk strains. After infection of
host cells with desired strain of polio virus and incubation of 72 hours, the medium

containing the virus and cell debris was pooled and collected in a single coutainer.

In second aspect of the first embodiment, the harvest was subjected to series of filtration (6
g and 043 p assembly); and filtrate was collected in a glass container. The filirate was
subjected to tangential flow filiration with 100kDa cassette; diafiltered using phosphate

buffer and purified using anion exchange chromatography.

In third aspect of the first embodiment, the purified virus pool was further subjected to
butfer exchange from Phosphate butfer to Tris buffer (30 to S0mM, pH: 7 — 7.5) with TFF
system (100 kDa, 0.1 m%) followed by addition of M-199 and 0.1 —~ 1.0 % glycine.

In fourth aspect of the first embodiment purified virus pool in Tris buffer was subjected to
inactivation by 0.01 - 1.0 % formalin with continuous stirring of virus bulk and incubated at
ambient temperature for 13 days, with intermediate filtration on day 7. Further, the

inactivated bulk was subjected to final filtration and later stored at 2-8 °C,

In fifth aspect of the first embodiment, final purified bulk was subjected to adsorption on
ANOH)3 , wherein the fisal alum (A"} concentration is between 0.1 — 1.5 mg/dose, M-
199+0.3% glycine was used to make up the volume and pH was adjusied to 6 — 7 using IN

HCI/NaOH, further subjected to overnight stirring at 2 - § °C.
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The present inventors have surprisingly observed that D-astigen loss, post-formaldehyde
inactivation was due to presence of phosphate buffer that unexpectedly causes undesirable
aggregation of polio viruses. The instant invention provides an tmproved process of
formaldehvde inactivation in presence of TRIS buffer thereby ensuring minimal epitopic

modifications and subsequently minimizing D-antigen loss.

¢ Inactivated Rotavirus:
Rotaviruses are the most common cause of severe diarrhoeal dissase in voung children
throughout the world, Oral, live, attenuated rotavirns vaceines are available internationally;

and are considered safe and effective in preventing gastrointestinal disease.

Second embodiment of the present invention comprises of preparation, purification and
formulation of the rotavirus. The said process for preparation of Injectable bheat Inactivated
Rotavirus antigens having novel strain Le. CDC-9 utilizes thermal inactivation and

adeorption on aluminum hydroxide adjuvant.

In first aspect of the second embodiment, Rota virus was cultured using Vero cells (CCL-81)
as host cells and the harvest was clarified using 30 p and 2 ¢ filter assembly to remove ceil

debris.

In second aspect of the second embodiment, the clarified harvest was treated with
Benzonase (200010000 units per Hier) with incubation at 37°C for 4 hours and continuous

stirring. More particularly the concentration of benzonase used was 3000 units per liter.

In third aspect of the second embodiment, Bepzonase freated bulk was further 10X
concentrated and 4X diafiliered using ‘HBSS (Hanks Balanced Salt Solution) + 10%

sorbitol” with 100 kDa cassettes.

fn fourth aspect of the second embodiment, the diafiltered bulk can be optionally dialysed
using a dilution buffer and further purified uvsing affinity chrvomatography, preferably

celiufine sulfate as a column chromatography resin.

fn the fifth aspect of the second ervbodinsent, an improved method of thermal inactivation of
rotavitus was used, The method is rapid, simple, and can maintain the integrity and thereby

9
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preserve the antigenicity of Rotavirus particles. The temperature used for thermal
inactivation was in range between 60°C to 70°C; and incubation time was in the range of
about 10 minutes-24 hours, inclusive. Preferably the incubation time was in the range of
about 30 minutes-10 hours, More preferably, inactivation of purified CDC-9 was done using
heat at 60 ° C for 5 hus with one change of container after two hours, The inactivated CDC-9

bulk was stored at -80°C until further use.

In sixth aspect of the second embodiment, adsorption of Inactivated Rotavirus antigen was
.. . . . - . e .
dome on Aluminium hydroxide, wherein the fingl Aluminum (A7) concentration was

between .2 mg/dose to 0.8 mg/dase.

# Heamophillus influenzae b PRP — Protein Conjugate
Hagmophilus influenzae type b is a Grame-negative bacterium that causes meningitis and
acute respiratory infections, wainly in children, The outermost structure of [ hfuenzae
type b is composed of polyribosyl-ribitol-phosphate (PRP), a polysaccharide that is
responsible for virulence and immunity. PRP is a hapten which is considered as poor
immunogenic in nature hence PRP is linked covalently with a carrier protein to make highly
immunogenic Hib antigen. This process changes the polysaccharide from a T-independent to

a T-dependent antigen and greatly improves immunogenicity, particularly in young children.

Third embodiment of the present invention comprises of preparation of Hib PRP-protein
corjugate. It may be noted that the carrier proteins used for the conjugation of the Hib
antigen may be selected from group comprising of CRM;s7 (Cross Reactive Material 197, a
genetically detoxified form of diphtheria toxoid), Diphtheria toxoid, Neisseria meningitidis
outer membrane complex, fragment C of tetanus toxold, pertussis toxoid, protein Id of H.
inflaenzae, E. coli LT, E. coli 8T, and exotoxin A from Pseudomonas asruginosa, outer
membrane  complex ¢ (OMPC), porins, transferrin binding proteins, preumolysin,
preumococcal surface protein A (PspA), pneumococcal surface adhesin A (PsaA),
pneumococcal Phill, preumococcal surface proteing BVH-3 and BVH-11 |, protective
antigen (PA} of Bacillus anthracis and detoxified edema factor (EF) and lethal factor (LF) of
Bacillus anthracis, ovalbumin, keyhole limpet hemocyanin (KLH), human serum albumin,
bovine serum atbumin (BSA) and purified protein derivative of tuberculin (PPD), synthetic
peptides, heat shock proteins, pertussis proteins, cytokines, lvmphokines, hormones, growth
tactiors, artificial proteins comprising multiple human CD4+ T cell epitopes from various

10
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pathogen-derived antigens such as N 19, iron-uptake proteins, toxin A or B from €. difficile
and S.agalactise proteins or any equivalenis thereof. Preferably the camier protein in

conjugate is selected from TT or CRMier.

In first aspecis of the third embodiment, Hib antigen is derived from the capsular
polysaccharide of Haemophilivs influenzae type b strain. To produce the PRP
nolysaccharide, H. Influenzae type-b bacteria was grown in semi synthetic media under
certain conditions of temperature, agitation and optical density etc. PRP is an outer
membrane bound pelysaccharide, gets released into the medium during the fermentation
under agitation condition, Fermented biomass separated broth contains crude FPRP, which
was again purified by precipitation using a  detergent N, N, N-rimethyl-1-
hexadecanamininm bromide, followed by ethanol gradient precipitation and filiration. Final
purified PRP polysaccharide was tested for rmeeting the specifications like endotoxin,

nucleic acid and protein as per the WHO, BP, EF 1P ete,

In second aspect of the third embodiment, polysaccharide — protein conjugate was prepared
by coupling of polysaccharide (PRP) with a carrier protein, Hib PRP was conjugated to
carrier protein using conjugation process comprising of steps including depolymerization of
PRP using alkaline buffer to achieve size reduced PRP; treatment with cyanylation agent
Like CDAP (l-cyano-4-dimethyiamino pyridinium tetrafluorcborate} to form a cyanate ester;
coupling of activated cyanylated polysaccharide to amino group of carrier protein;

purification of final conjugate using ultrafiltration,

More preferably, the optimal input ratio of reactants le. PR, CDAP and CRMjg; was
selected at 1:1.5:1 ratio for conjugation reaction. During conjugation, purified PRFP
polysaccharide was depolymerized using an alkaline buffer (0.4M Carb-Bicarbonate buffer,
pH 10.5 £0.1) to achieve size reduced PRF. Size reduced PRY was treated for cyanylation
using CDAP (1-cvano-4-dimethylamine pyridinium tetrafluoroborate) chemistry to form a
cyanate ester. The activated cyanylated polysaccharide was coupled directly with amino
group on the carrier protein URMyyy. The degree of conversion of Hib conjugate was
confirmed by the offline testing using HPLC, The conjugation reaction was quenched by
achieving the desired level of conversion of conjugate with the specification of not less than
£5% conversion of Hib conjugate, and then conjugate reaction was neutralized by Glycine
(3M) addition. The Hib PRP-CRMio; Conjugate was further purified on ultra filiration

11
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membrane filters (300kDa and 100kDa) to remove nonreactive reagents and byproducts.

Final conjugate bulk is 0.22 pum filtered and stored at 2-8°C.

In third aspect of the third embodiment, Hib PRP is conjugated to carrier protein wherein the
saccharide: protein ratio (w/w) is between 0.4 and 1;and the free PRP content in final Hib

PRP — protein conjugate bulk is not more than 5%, more preferably is less than 2%.

s Diphtheria toxoid (D)
Diphtheria is an infectious disease caused by the bacterium Corynebacterium diphtheria,
which primarily infects the throat and upper airways, and produces a toxin affecting other
organs. Diphtheria toxin is an exotoxin secreted by Corynebacterium diphtheria, possesses
antigenic properties and is toxic in nature. To reduce toxicity, the toxin is converted to the
inactive toxoid by subjecting it to inactivation. The inactivation process way be selected
from one or wmore of treatment with Heat, UV, Formalin /Formaldehyde,
Acetylethyleneimine, ete. To increase immunogenicity, the toxeid is adsorbed to an
adjuvant. The toxoid thus formed is able to induce anti toxin antibodies against C diphtheria.

Existence of dimers can lead to adverse reactions.

In fourth embodiment of the present invention, Diphtheria toxoid was prepared.

In first aspect of the fourth embodiment, diphtheria toxin {exotoxin) was obtained from
Corynebacterium diphtheria and detoxified using a suitable inactivating agent. The cxample

of suitable inactivating ageut includes Formaldehyde.

In second aspeet of the fourth embodiment, diphtheria toxoid obtained was purified using
Gel filtration clyomatography with Sephacryl 8-300 HR as resin with lincar flow rate of 2 —
5 mi/min. The purified D thus obtained comprises of homogenons fraction devoid of
undesirable aggregates {Refer Figure 1) with atleast 80 — 90 % monomeric diphtheria toxoid
further used for formulation of multivalent vaccine(s). Further PLgel, Sephacryl $-200HR,
Sephadex, Bio-Gel {cross linked polyaerylamide), agarose gel and/or Styragel may also be

used for the purpose of purification using Gel permeation chromatography.

In third aspect of the fourth embodiment, diphtheria toxoid was adsorbed on one or more of

Aluminum salt including Aluminum hydroxide and Aluminum phosphate, preferably on

12
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Alum phosphate.

#  Tetanus toxoid {T)
Tetanus is an acute infectious disease caused by foxigenic strains of the bacterium
Clostridium tetani (C. tetani), a gram-positive, spore-formning, strictly anaerobic bacterium.
Tetanus toxin is an exotoxin secreted by Clostridiurm tetani, possesses antigenic properties
and is toxic in nature, To reduce toxicity, the toxin is converted to the inactive toxoid by
subjecting it to inactivation. The ingctivation process may be selected from one or more of
reatment with Heat, UV, Formalin /Formaldehvde, Acetylethyleneimine, ete. To increase
immunogenicity, the toxoid is adsorbed to an adjuvant, The toxeid thus formed 5 able to

nduce antl toxin antibodies against Clostridium tetani. Existence of dimers can lead io

adverse reactions.
In fifth embodiment of the present invention, Tetanus toxoid was prepared,

In first aspect of the fifth embodiment, Tetanus toxin was obtained from Clostridinm tetani
and detoxified using a suitable inactivating agent. The example of suitable inactivating agont

includes Formaldehyde,

In second aspect of the fifth embodiment, Tetanus toxoid obtained was purified using Gel
filtration chromatography with Sephacryl 8-300 HR as resin with linear flow mate of 2 -3
mbfmin, The purified T thus obtained was a homogenous fraction deveid of undesirable
aggregates with atleast 80 - 90 % monomeric tetanus toxoid further used for formulation of
multivalent vaccine. Further PLgel, Sephacryl S-200HR, Sephadex, Bio-Gel {cross-linked
polyacrviamide), agarose gel and Styragel may also be used for the purpose of purification

using Gel permeation chromatography.

In third aspeet of the fourth embodiment, Tetanus toxoid was adsorbed on one or more of
Aluminum salt including Aluminum hydroxide and Aluminum phosphate, preferably on

Alum phosphate.

¢ Periussis Antigen
Pertussis {whooping cough) is cansed by Bordetella periussis, a small Gram-negative
coccobacillus that infects the mucosal layvers of the human respiratory tract. Two forms of
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vaceine are in use, the whole-cell pertussis vaccine (wP), and the acellular pertussis vaccine
{aF}). Whole-cell pertussis vaccines are suspensions of the entive B, periussis organism that
has been inactivated, usually with formalin. Immunization with wP vaceine is relatively
inexpensive and highly effective. Also, presence of WP in combination vaccines acis as an

adjuvant for many other antigenic component.

Acellular pertussis {aP}) vaccines contain purified components of B. pertussis such as
inactivated pertussis toxin either alone or in combination with other B. pertussis components
such as filamentous haemagglutinin, fimbrial antigens, pertactin, and modified adenylate

cyclase. Acellular pertussis vaccine offers less adverse reaction as compared to wP vaccine.

In sixth embodiment of the present invention, the perfussis vaccine is pertussis antigen

selected from one or more of whole cell pertussis or acellular pertussis.

In fivst aspect of the sixth embodiment, pertussis vaceine is an aceliular pertussis antigen
selected from one or more of filamentous haemagglutinin, fimbrial antigens, pertactin, and

modified adenylate cyclase. Acellular pertussis antigens may be expressed in suitable host

using recombinant DNA technology.

In second aspect of the sixth embodiment, pertussis vaccine is a whole cell pertussis
comprising of Bordetella pertussis strains 134, 509, 25525 and 6229 in a specific ratio and
subsequently inactivated by utilizing improved methods of inactivation devoid of
thimerosal; hence leading to reduced reactogenicity and increased potency. Preferably, wP

antigen is made from Bordetella pertussis strains 134, 509, 25525 and 6229 wined in a ratio

of 1:1:0.25:0.25.

In third aspect of the sixth embodiment, wP inactivation process includes heat inactivation at
56:2°C for 10 to 15 minutes in presence of formaldehyde; wherein wP bulk remains non-
clumpy and easily homogenized thereby leading to rednced reactogenicity and giving better

wP potency for a longer duration.

¢ Hepatitis BB surface antigen (HBsAg)
Hepatitis B is & potentially life-threatening lver infection caused by the Hepatitis B virus
(HBV}. Hepatitis B surface antigen (HBsAg) is a surface protein that alse acts as an
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immunogen in highly effective vaceines for prevention of HBV infection. HBsAg protein
can be recombinantly expressed in a sutiable host microorganism; or can be isolated from

the blood plasma of & chronic Hepatitis B patient/carrier,

In seventh embodiment of the present invention, Hepatitis B surface antigen (HBsAg) was
prepared.

In one of the aspect of seventh embodiment, HBsAg was expressed in Hansenula
polymorpha yeast cells using recombinant DNA technology. Other yeasts such as
Saccharomyces cerevisice may aise be used as host cell for recombinant expression of

HbsAg.

In one of the aspect of seventh embodiment, Hepatitis B antigen (HBsAg) was adsorbed on
one or more of Aluminum salt including Aluminum hydroxide and Aluminum phosphate,

preferably on Alum phosphate.

Bivalent Combination Vacoine compasition and its nreparation nrocess

In cighth embodiment of the present invention, multivalent vaccine is an all liquid bivalent
combination vaccine. The bivalent combingtion vaccine comprises of an inactivated polo

virus of Type I, I and HI; and Inactivated Rota virus {IRV}.

In first aspect of the eighth embodiment, Inactivated polio virus is selected from the group of
Salk and Sabin strain; and the concentration of mdividual Type 1, Type 2, and Type 3 of

Ralk or Sabin strain based IPV is not more than 20 D antigen units,

In second aspect of the eighth embodiwent, inactivated polio virus is a Salk strain and the
concentration of individual Type 1, Type 2, or Type 3 of Salk strain based IPV is sclected
from the group of dose composition compuising of 7.5-16-10, 8-2-5, 10-2-53, 10-2-16, 10-2-
12, 10-2-16, 7.5-16-10, 5-2-5 I¥ antigen units; more particularly concentration of individual
Type 1, Type 2, or Type 3 of Salk strain based IPV is selected from group of 8-2-5 and 10 -

2 -~ 10 D antigen uniis,

In third aspect of the eighth embodiment, inactivated polio virus is a Sabin strain and the
concentration of individual Type 1, Type 2, and Type 3 of Sabin strain based IPV is selected
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from the group of dose composition comprising of 3-16-10, 2.5-8-5, 5-8-10 D antigen
units; more particularly concentration of individual Type 1, Type 2, and Type 3 of Sabin

strain based IPV is 5-16-10 D antigen units,

In fourth aspect of the eighth embodiment, injectable heat inactivated rotavirus (IRV) is a
Rotavirus CDC-9 or CDC-66 strain and the concentration of IRV is in the range of 5 — 50

ng/dose, more particularly the concentration of IRV is 10 pg/dose.

In fifth aspect of the eighth embodiment, bivalent composition was prepared by adsorbing
IPV (Sabin/Salk strain) bulk and IRV bulk individually on one or more of Alominum salt
including Aluminum hydroxide and Alumimmm phosphate, preferably on Alum hyvdroxide.
The individual monovalent adsorbed bulks of 1PV and IRV were further mixed together and

kept on rocker at 2 — 8 °C for 1 — 4 hours.

In ninth embodiments of the present invention, all Hquid Hexavalent (DTwP-IPV-IRV-Hib)
vaccine formulation was prepared as follows:
a} TPV (Sabiw/Salk strain) bulk and IRV bulk were individually adsorbed on Aluminum
hydroxide, followed by pH adjustment t0 6.2 — 6.6.
b) D was adsorbed on Aluminum phosphate, followed by pH adjustment to 5.5 - 6.5,
addition of T and blending by agitation at room temperature for 18 — 24 hours.
¢y The solutions obtained in step a and b were mixed, followed by pH adjustment to 6.4
— 6.6 and agitation at RT for 60 minutes.
d} wl antigen and Histidine were added to the above mixture, followed by agitation for
60 minutes and left in static condition for overnight at 2 — § °C.
ey Hib PRP conjugate and 2-Phenoxyethanol (2-PE) were added to the mixture obtained
mstep d at 2 8 °C, followed by pH adjustment to 6.4 — 6.6.
£} NaCl and WFI (g.s.) were added to the mixture obtained in step e, followed by

agitation for 2 hours.

In tenth embodiment of the present invention, the multivalent vacecine composition is an all

liquid hexavalent vaccine formulation. All liquid hexavalent vaccine formulation comprises
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of Diphtheria toxoid {I¥); Tetanus toxoid (T); Inactivated whole cell B. pertussis antigen
{wi); Inactivated polio viras salk strains of Type L I and 1IL; Inactivated Rota virus (IRV);
and H. influenzae type b PRP-TT conjugate and other excipients like Alominom based
adjuvant {Aluminum phosphate, Aluminum hydroxide), 2-phenoxyethanol, L-Histidine and

WEL

in one of the preferred aspect of the tenth embodiment, the multivalent vaccine composition
is an hexavalent vaccine composition wherein 13 {s present in an amount in the range of 1-50
L T is present in an amount in the range of 1-30 Lf; wP is present in an amount in the range
of 10-50 10U; Dose reduced inactivated Salk strain of polio viras type 1 is present in an
amount in the range of 1 - 20 D antigen units, type 2 in the range of 1 — 20 D) antigen units,
Type 3 in the range of 1 — 20 12 antigen units; IRV is present in an amount in the range of -
30 pg H. influenzae type b FRP-TT conjugste 18 in an amount in the range of 2-20 pg of
PRP content; aluminum content (Al ) is present in an amount in range of 0.4 — 1.5 mg; 2-
Phenoxvethanol is present in an amount in the range of 2 — 6 mg; L-Histidine is present 1o

the range of 0.3 — 5 myg and WFL

in one of the most preferred aspect of the tenth embodiment, the muitivalent vaccine

composition s an bexavalent vaccine corposition wherein I is present in an amount 22.5

L TT is present in an amount 7.5 LE wP is present in an amount 135 {0U; Dose reduced

nactivated Salk strain of polio virus type 1 is present in an amount 10 D units, type 2 is

present in an amount 2 1 units, Type 3 is present in an amount 10 or 16 D units; IRV is

present in an amount 10 pg; influenzae type b PRP-TT corjugate is in an amount 5 pg ;
-

Aluminum content is present in an amount not more than (.9 mg; 2-Phenoxyethanol is

present in an amount 3.25 myg; L-Histidine is present in the amount of 1.55 mg and WFL

In eleventh embodiments of the present invention, the multivalent vaccine composition is an
all hiquid hexavalent vaccine formulation. All liquid bexavalent vaccine formulation
comprises of Diphtheria toxoid (DY) Tetanus toxoid (1) Inactivated whole cell B, pertussis
antigen (wP); Inactivated polic virus salk strains of Type [, I and III; Inactivated Rota virus
{IRVY); and H. influenzae type b PRP-CRM o7 conjugate and other excipients like Aluminum
based adjuvant {(Aluminum phosphate, Aluminum hydroxide), Z-phenoxyethanol, L-

Histidine and WFL
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In one of the preferred aspect of the eleventh embodiment, the multivalent vaceine
composition is an hexavalent vaccine composition wherein D is present in an amount in the
range of 1-50 LE T is present in an amoont in the range of 1-30 LT, wP is present in an
avnount in the range of 10-30 101); Dose reduced inactivated Salk strain of polio virus type 1
is present in an amount in the range of 1 — 20 D units, type 2 in the range of 1 — 20 D units,
Type 3 in the range of { — 20 D units; IRV is present in an amount in the range of 1-30 ug
H. influenzae type b PRP- CRMio7 conjugate is in an amount in the range of 2-20 pg of PRP
content; aluminem content (A1’ is present in an amount in range of 0.4 ~ 1.5 mg: 2-
Phenoxyethanol is present in an amount in the range of 2 ~ émg; L-Histidine is presert in

the range of 0.5 - 5 mpg and WFL

In one of the most preferred aspect of the eleventh embodiment, the multivalent vaccine
composition is an hexavalent vaceine composition wherein D Is present in an amount 22.5
LE, T is present in an amount 7.5 Lf, wF is present in an amount 15 10U; Dose reduced
inactivated Salk strain of polic virns type 1 is present in an amount 10 I3 units, type 2 is
present in an amount 2 D units, Type 3 is present in an amount 10 or 16 D units; IRV is
present in an amount 10 pg; H influenzae type b PRP- CRM197 conjugate is in an amount
10 pg; Aluminum content is present in an amount not more than 0.9 mg; 2-Phenoxyethanol

is present in an amount 3.25 mg; L-Histidine is present in the range of 1.55 mg and WFL

In twelfth embodiments of the present invention, the multivalent vaccine composition is an
all liguid hexavalent vaccine formulation. All liquid hexavalent vaccine formulation
comprises of Diphtheria toxoid () Tetanus toxoid (T); Inactivated whole cell B. pertussis
antigen {wF); Inactivated polio virus sabin strains of Type I, 1 and I, Inactivated Rota
virus {(JRV}; and H. influenzae type b PRP-TT conjugate and other excipients like Aluminum
based adjuvant (Alumirum phosphate, Aluminum hydroxide), 2-phenoxyethanol, L~

Histidine and WFIL

In one of the preferred aspect of the twelfth embodiment, the multivalent vaccine
composition is an hexavalent vaccine composition wherein D is present in an amount in the
range of 1-50 LE T is present in an amount in the range of 1-30 Lf wP is present in an
amount in the range of 10-50 IOU; Dose reduced inactivated sabin strain of polio virus type
i 15 present in an amount in the range of 1 - 20 D antigen units, type 2 in the range of 1 — 20
D antigen unils, Type 3 in the range of 1 — 20 D antigen units; IRV is present in an amount in
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the range of 1-30 pg; H. influenzae type b PRP-TT conjugate is in an amount iu the range of
2-20 ug of PRP content; aluminum content (A1) is present {n an amount in range of 0.4 ~
1.5 mg; 2-Phenoxyethanol is present in an arsount in the range of 2 — 6 mg; L-Histidine is

present in the range of 0.5 — 5 mg and WEL

In one of the most preferred aspect of the twelfth embodiment, the multivalent vaceine
composition is an hexavalent vaccine composition wherein I¥ is present in an amount 22.3
LE T s present in an amount 7.5 LE wP is present in an amount 15 I0U; Dose reduced
inactivated sabin strain of polio virus type 1 is present in an amount 5 D units, type 2 i
present in an amount 16 D units, Type 3 is present in an amount 14 I units; IRY is present in
an amourtt 10 ug; influenzae type b PRI-TT conjugate is in an amount 5 pg ; Aluminum
content is present in an amount not more than 0.9 mg; 2-Phenoxyethanol is present in an
i

amoeunt 3.25 mg; L-Histidine is present in the range of 1.35 mg and WFL

T thirteenth embodiments of the present invention, the multivalent vaccine composition is a
all Hguid hexavalent vaccine formulation. All liquid hexavalent vaccine formulation
comprises of Diphiheria toxoid (D) Tetanus toxeid (T); Inactivated whole cell B. pertussis
antigen (WP); Inactivated polic viras sabin strains of Type I, Il and HI; Inactivated Rota
virus (IRV); and H. influenzae type b PRP-CRMigy conjugate and other excipients hike
Aluminum based adjuvant (Alumninum phosphate, Alomirum hydroxide), 2-phenoxysthanol,

L-Histidine and WL

In one of the preferred aspect of the thirteenth embodimeni, the multivalent vaccine
cowmposition is an hexavalent vaccine composition wherein D is present in an amount in the
range of 1-530 Lf; T is present in an amount in the range of 1-30 LE wP is present in an
ameount in the range of 10-30 I0U; Dose reduced inactivated sabin strain of polio virus type
I is present in an amount in the range of 1 - 20 D antigen units, type 2 in the range of | - 20
D antigen units, Type 3 in the range of | — 20 I} antigen units; IRV is present in an amount in
the range of 1-30 ug; H. influenzae type b PRP-CRM,y; conjugate is in an amount in the
range of 2-20 ug of PRYP content; aluminum content (AF"Y is present in an amount in range
of 0.4 — 1.5 mg, 2-Phenoxyethanol is present in an amount in the range of 2 ~ 6 mg; L-

Histidine is present in the range of 0.5 — 5 mg and WFL
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fn one of the most preferved aspect of the thirteenth embodiment, the multivalent vaceine
composition is an hexavalent vaccine composition wherein I} is present in an amount 22.5
Lf; T is present in an amount 7.5 Lf wP is present in an amount 15 10U, Dose reduced
ingctivated sabin strain of polio virus type 1 is present in an amount 5 D units, type 2 is
present in an amount 16 D anits, Type 3 is present in an amount 10 D units; IRV is present in
an amount 10 g influenzae type b PRP- CRM;ge; conjugate is in an amount 10 pg ;
Aluminum content is present in an amount not more than 0.9 mg; 2-Phevoxyethanol is

present in an amount 3.25 mg; L-Histidine is present in the range of 1.55 mg and WFL

In fourteenth embodiment of the present invention, Heptavalent (DTwP-HBsAg-IPV-IRV-
Hib} vaccine formulation was prepared as follows:
a} IPV (Sabin/Salk strain) bulk and IRV bulk were individually adsorbed on Aluminum
hydroxide, followed by pH adjustment to 6.2 ~ 6.6.
b) HBsAg was adsorbed on Aluminium phosphate, followed by pH adjustment to 6.0 —
6.5,
¢} D was adsorbed on Aluminum phosphate, followed by pH adjustment to 5.5 ~ 6.5
and addition of T.
d) Solution obtained in step b and ¢, followed by blending agitation at room temperature
for 18 ~ 24 hours.
) Above mixiures {as obtained in step a and d] were added, followed by pH adjustment
to 6.4 — 6.6 and agitation at RT for 60 minutes.
£} wP antigen and Histidine were added to the above mixture, followed by agitation for
60 minutes and left in static condition for overnight at 2 - § °C.
g) Hib PRF protein conjugate and 2-FE were added to the mixture obtained in step fat 2
-8 °C, followed by pH adjustment t0 6.4 - 6.6,
h) NaCl and WFI (g.s.) were added to the mixture obtained in step g, followed by

agitation for 2 hours,

In fifteenth embodiment of the present invention, the multivalent vaccine composition is a
all liguid heptavalent vaccine formulation. All Hguid heptavalent vaccine formulation
comprises of Diphtheria toxoid (D); Tetanus toxoid (T Inactivated whole cell B. pertussis
antigen {wF); Inactivated polio virus salk strains of Type I, I and HI; Inactivated Rota virus
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{(IRVY; and H. influenzae type b PRP-TT conjugate; Hepatitis B surface antigen (HisAg)
and other excipients like Aluminnm based adiuvant (Aluminum phosphate, Alumimum

hydroxide), 2-phenoxyethanol, L-Histidine and WFL

In one of the preferred aspect of the fifieenth embodiment, the multivalent vaccine
composition is an heptavalent vaccine compeosition wherein I 1s present in an amount in the
range of 1-30 LE T is present in an amount in the range of 1-30 L} wP is present in an
amicunt in the range of 14-50 IOU; Dose reduced inactivated Salk strain of polio virus type |
is present in an amount in the range of 1 — 20 D antigen units, type 2 inthe range of 1 - 20D
antigen units, Type 3 in the range of 1 — 20 I antigen units; IRV is present in an amount in
the range of 1-30 ug; H. influenzae type b PRP-TT conjugate is present in an amount in the
range of 2 — 20 pug of PRP content; Hepatitis B surface antigen (HBsAg) is present in an
amount in the range of 5 — 30 pg; alunmunum condent (AP} is present in an amount In range
of 0.4 — 1.5 mg; 2-Phenoxyesthanol is present in an amount in the range of 2 — & myg; L-

Histidine is present in the range of 0.5 — 5 mg and WFL

In one of the most preferred aspect of the fifteenth embodiment, the multivalent vaccine
cornposition is an heptavalent vaccine composition wherein D 18 present in an amount 22.5
LA T is present in an amount 7.5 LE wP is present in an amount 15 10U, Dose reduced
inactivated Salk strain of polic virus type 1 is present in an amount 10 D units, type 2 15
present in an amount 2 D units, Type 3 is present in an amount 10 or 16 I units; IRV is
present in an amount 10 pg: influenzae type b PRP-TT conjugate 15 in ap amount 5 yg ;
Hepatitis B surface antigen (HBsAg) is present in an amount 12.5 pg; Aluminum content is
present in an amount not more than 0.9 mg; 2-Phenoxyethanol 1s present in an amount 3.25

mg; L-Histidine is present in the range of 1.55 mg and WFL

In sixieenth embodiment of the present invention, the multivalent vaccine composition is an
all Hquid heptavalent vaccine formulation. All liquid heptavalent vaccine formulation
comprises of Diphtheria toxoid (D); Tetanus toxoid {T); Inactivated whole cell B. pertussis
antigen {(wP); Inactivated polio virus salk strains of Type §, 1T and I Inactivated Rota virus
{IRVY; and H. influenzae type b PRP-CRMiyy conjugate; Hepatitis B surface antigen
(HBsAg) and other excipients Hke Aluminum based adjuvant (Aluwoinum phosphate,

Aluminum hydroxide), 2-phenoxyethanol, L-Histidine and WFL
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In one of the preferred aspect of the sixteenth embodiment, the muliivalent vaccine
composition 1s an heptavalent vaccine composition wherein D is present in an amount in the
range of 1-30 L& T is present in an amount in the range of 1-30 LE wP is present in an
amount in the range of 10-50 10U Dose reduced inactivated Salk strain of polio virus type |
is present in an amount in the range of 1 - 20 D antigen units, type 2 in the range of 1 - 20D
aniigen units, Type 3 in the range of 1 — 20 I antigen units; IRV is present in an amount in
the range of 1-30 pg; H. influenzae type b PRP- CRMisy conjugate is in an amount in the
range of 2 ~ 20 pg of PRP content; Hepatitis B surface antigen (HBsAg) is present in an
amount in the range of 5 — 30 pg; aluminum content (AI'") is present in an amount in range
of 8.4 — 1.5 mg; 2-Phenoxyethano] is present in an amount in the range of 2 — 6 myg; L-

Histidine is present in the range of .5 ~ 5§ myg and WFL

In one of the most preferred aspect of the sixtesnth embodiment, the multivalent vaceine
composition is an heptavalent vaccine composition wherein D is present in an amount 22.5
L T is present in an amount 7.5 LE wP is present in an amount 15 10U Dose reduced
inactivated Salk strain of polio virus type 1 is present in an amount 10 D units, type 2 is
present in an amount 2 £ uniis, Type 3 1s present in an amount 10 or 16 D units; IRV is
present i an amount 10 pg; influenzae type b PRP- CRMyy coniugate is in an amount 10
pg of FRP content; Hepatitie B swiface antigen (HBsAg) is present in an amount 12.5 ug;
Aluminum content is present in an amount not more than 0.9 mg; 2-Phenoxvethanol is

wesent in an amount 3.25 my; L-Histidine is present in the range of 1.55 me and WFL
2 j& g

In seventeenth embodiments of the presemt invention, the multivalent vaccine composition is
a afl lguid heptavalent vaccine formulation. All liquid heptavalent vaccine formulation
comprises of Diphtheria toxoid (D), Tetanus toxoid {T); Inactivated whole cell B, pertussis
antigen (wP); Inactivated polie virus sabin strains of Type I, I and III; Inactivated Rota
virus (IRV); and H. influenzae type b PRP-TT conjugate; Hepatitis B surface antigen
{(HBsAg) and other excipients like Aluminum based adjuvant {Aluminum phosphate,

2
.

Aluminum hydroxide), 2-phenoxyethanol, L-Histidine and WFL

In one of the preferred aspect of the seventeenth embodiment, the multivalent vaceine
composition is an heptavalent vaceine composition wherein D3 is present in an amount in the
range of 1-30 L, T is present in an amount in the range of 1-30 Lf; wP is present in an
amount in the range of 10-50 IOU; Dose reduced inactivated sabin strain of polio virus type
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1 is present in an amount in the range of 1 — 20 D units, type 2 in the range of 1 - 20 D onits,
Type 3 in the range of | — 20 D units; IRV is present in an amount in the range of 1-30pg: H.
influenzae type b PRP-TT conjugate is in an amount in the range of 2-20 ug of PRP content;
Hepatitis B surface antigen (HBsAg) is present in an amount in the range of 5 — 30 pg;
alumirum content (A7) is present in an amount in range of 0.4 - 1.5 mg; 2-Phenoxyethanol
is present in an amount in the range of 2 — 6 mg; L-Histidine is present in the range of 0.5 —

S mg and WEL

In one of the most preferred aspect of the seventeenth embodiment, the multivalent vaccine
composition is an heptavalent vaccine composition wherein D is present in an amount 22.5
L T is present in an amount 7.5 LE wP is present in an amount 15 I0U; Dose reduced
inactivated sabin strain of polio virus type | is present in an amount 5 D units, type 2 is
present in an amount 16 D units, Type 3 is present in an amount 10 D units; IRV is present in
ann amount 10 pg H. influenzae type b PRP-TT conjogate is in an amount 5 pg of PRP
content; Hepatitis B surface antigen (HBsAg) is present in an amount 12.5 pg; Aluminum

content is present in an amount not more than 0.9 mg; 2-Phenoxyethano! is present in an

amount 3.25 mg; L-Histidine ig present in the range of 1.55 mg and WL

In eightesnth embodiments of the present invention, the multivalent vaccine composition is
a all liquid heptavalent vaccine formulation. All liquid heptavalent vaccine formulation
comprises of Diphtheria toxoid (D); Tetanus toxoid (T); Inactivated whole cell B. pertussis
antigen (wP); Inactivated polio virus sabin strains of Type I, B and I, Inactivaied Rota
virng (IRVY; H. influenzae type b PRP-URMjy; conjugate; Hepatitis B surface antigen
{HBsAg) and other excipients like Aluminum based adjuvant {Alominum phosphate,

Aluminum hydroxide), 2-phenoxyethanol, L-Histidine and WFL

In one of the preferred aspect of the eighteenth embodiment, the wultivalent vaccine
composition is an heptavalent vaceine composition wherein D is present in an amount in the
range of 1-50 Lf; T is present in an amount in the range of 1-30 L, wP is present in an
amount in the range of 10-50 10U, Dose reduced inactivated sabin strain of polio viras type
1 is present in an amount in the range of 1 - 20 D} antigen units, type 2 in the range of 1 - 20
D antigen units, Type 2 in the range of 1 — 20 D antigen units; IRV is present in an amount in
the range of 1 - 30 pg; H. influenzae type b PRP- CRMy; conjugate is in an amount in the

range of 2-20 ug of PRP content; Hepatitis B surface antigen (HBsAg) is present in an
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. - . RN F . . .
amount jn the range of 5 — 30 pg; aluroinum content {AI'") is present in an amount in range
of 0.4 - 1.5 mg; 2-Phenoxyethanol is present in an amount in the range of 2 — 6 mg; L~

Histidine is present in the range of 0.5~ 5 mg and WFL

In one of the roost preferred aspect of the eighteenth embodiment, the multivalent vacecine
composition is an heptavalent vaceine composition wherein D is present in an amount 22.5
LE T is present in an amount 7.5 LT wP is present in an amount 15 10U Dose reduced
ingctivated sabin sirain of polio virus type 1 is present in an amount 5 D antigen units, type 7
Is present in an amount 16 D antigen units, Type 3 is present in an amount 10 D antigen
units; IRY is present in an amount 10 pg; influenvae type b PRP- CRMoy conjugate is in an
amount 10 g of PRP content; Hepatitis B surface antigen (FiBsAg) is present in an amount
12.5 pg Aluminum content is present in an amount not more than 0.9 mg 2-
Phenexyethanol is present in an amount 3.25 mg; L-Histidine is present in the range of 1.55

mg and WFL

In npineteenth  embodiment of the present invention, the combination vaccine
composition/formulation compriscs of one or more preservative selected from the Zroup
consisting of Benzethonium chioride (Phemerol), thiomersal, Phenol and 2- phenoxyethanol
(2-PE}. More preferably, the combination vaccine composition/formulation comprise of 2-

phenoxyethanol (2-PE) as preservative,

In  twentieth embodiment of the present invention, the combination vaccine
composition/formulation contain one or more pharmaceutically acceptable excipients
selected from the group consisting of sugars and polyols, surfactants, polvmers, salis,
aminoacids, pH modifiers, etc.

fn first aspect of the twentieth erbodiment, sugars and polyols includes sucrose, frehalose,
factose, maliose, galactose, manmitol, sorbitol, glycersl, etc. In second aspect of the
twentieth embodiment, surfactants include non-ionic surfactants such as polysorbate 20,
polysorbate B0, ete. In third aspect of the twentieth embodiment polymers include dextran,
carboxymethyleeliulose, hyaluronic acid, cyelodexirin, ete. Examples of the salts may
include NaCl, MgCly, KCI, CaCly, ete. In fourth aspect of the twentieth embodiment amino
acids includes Arginine, Glycine, Histidine, ete. In fifth aspect of the twentisth embodiment

pH modifiers includes sodium hydroxide, hydrochloric acid, ste.
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In twenty-first emobodiment of the present invention, the pH of the final combination vaccine
composition/formulation is in the range of pH 6.0 1o pH 7.5; more preferably in the range of

pH 6.2 to pH 7.2; and most preferably in the range of pH 6.4 1o pH 6.6.

Exmanies

Example 1: Preparation of Dose Reduced Inactivated Polio Virus (Salk/ Sabin) antigen

Serum Institufe of India has developed inactivation and adsorption of Inactivated polic
virus as per following protocol:

CCLBL-VERO (Monkey kidney) cell were used as host cells for the growing of polio

%

virnses 1.e. sabin and salk strains,

Purification of PV

%

®  Clarified harvest pool was concentrated o0 10X using tangential flow
filtration system with 100 KDa casseties {0.5m°) and then diafiltered 3 times
of harvest volume with phosphate buffer (40 mM |, pH 1 7.0)

» The concentrale was puritied by lon Exchange Chromatography (IEC). 10X
TFF concentrate was passed through DHAE Sepharose fast flow (Weak-
Anion exchanger} packed in column xk- 26 using Akta explorer (GE
Healtheare). Negatively charged impurities were bound fo the column
whereas polio virus was collected in flow through with phosphate buffer 490
m,

=  To minimize the loss of anfigen in a guite cumbersome inactivation
procedure (13days), purified virus pool was buffer exchanged from phosphate
buffer to TRIS buffer (40mM, ptlT) with TFF system [100 KBDa 0.1 m2).
The purified virus pool was exchanged with three volumes of iris bulfer.

Inactivation of IPV

&

¥ 10X concentrated M-19% with 0.5% glycine were added so as to achieve final
concertration 1X. Inactivation agent formalin (0.025%) was added inio
puritied virus bulk while constant mixing. Inactivation was carvied out at
37°C while continuous stirring for 13 days containing 0.22u filivation on 7th
day and 13th day.

Result and Conclusion

When formaldehyde Inactivation methods were particnlarly carvied out in presence of
phosphate buffer, significant D-antigen losses were observed for Sabin and Salk strains,
whereas it was found that formaldehyde inactivation in presence of TRIS buffer resulted in
minimum loss of D-antigen.
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D -~ antigen content {4¢
md  Phospbate  buffer
during inactivation)

D — antigen content (40 @
mM Tris buffer during
inactivaiion)

Type ] 52,70 DU/mi 408.19 DU/mi
Type 11 22.63 BU/mi 18020 DU/ml
Type Il 4.21 DUAnl - 21.50 DU/l

Example 2: Preparation of Injectable heat Inactivated Rotavivus (JRV) antigen

Rotavires strain {CDC-9) as disclosed in PCT Patent Application No. PCT/UN2010/034537

entitled “New Human Rotavires Strains and Vaccines”, filed May 12, 2010; PCT Patent

Application Mo, PCT/US2008/075239 entitled “Thermal Inactivation of Rotavirus”, filed

September 4, 2008 was used.

Centers for Disease Control and Prevention (CDC) has developed a method for rotavirus

mactivation. CDC bas alse developed assay for testing rotavirus specific IgG and

neutralizing Antibodies,

s Rota virus (CDC-9 strain) was cultured using Vero cells (CCL-81) as hest cells and

the harvest was clarified using 30+2 p filter to remove cell debris.

s The clarified harvest was treated with Benzonase (5000 units per litre) with

incubation at 37 °C for 4 hours with continuous stirring,

# Benzonase treated bulk was further 10X concentrate and 4X diafiltered using ‘HBSS

{Hanks Balanced Salt Selution) + 10% sorbitol” with 100 KDa cassettes.

s The diafiltered bulk was dialysed using a dilution buffer and was further purified

using affinity chromatography (cellufine suifate resin).

¢ Inactivation of purified CDXC-9 was done using heat at 60 °C for 5 hrs with one

change of container after two howrs. The inactivated CDC-9 bulk was stored at -80°C

umiil further use.

Example 3 : Purification of Diphtheria toxoid

Diphiheria toxold was purified using Gel filtration chromatography with process parameters

set as below:
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Tabie 1: Process Parameters

Sr. No. Parameter ; Details
o Used Native Bulk D 1
AAAAAAA Content ative Bulk
2 (N, o 1lmg/ml
DY by Lowry’s assay .
L¥/m] 13000
""" . e Gel Filiration  Chromatography |
4 Method of Puritication . ' ! DETApRY
(GFCY
: 5 Resin ' Sephacryl 8-360 HR
6 Column Used XK 26/70e
Columm Packed bed | .
7 ).L . ‘ ~S8em
height
& " Linear Flow rate - 3mbmin
g Sample (D) andiﬁg A 4% of total bed volume
10 " Fraction Collection st each (Omin)
""""" . Lowry's assay, LF estimation, % |
i1 Analysis , e v R
Monomer

Fractions no 6 to 11 were pooled and analyzed for ruonomer content. {Refer figure 1)
Results & Interpretation:

Multipie runs were performed using sbove same parameters. CR Mgy bulk concentrate was
used as a marker to compare % monomer content. Monomeric CRMgy can be considered
purest form of DT. The percent monomer content was found to be in the range of 30 - 90 %,

Table 2 : % Recavery & Monomer content of purified DT obtained

AAAAAA e

S Sample CZ{;:: N % %o

Neo. amp ) Monomer | Recovery
{mg/ml}

B Native DT 67.19 -

2 Native CRM 1 $6.96 -
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3 GFCDTFRS 1203 83.21 | Tnjected
) , , . DT Qty
4 GFCDTERS 338 §7.15 120me
TGRS DT ER G TAGR 18724
6 GFCDTFRIT 1332 8660 Obtained
,,,,,,,, Qt}’
75.1%
7 GFCDTFR 12 | 2.01 80.97 g
(62.5%)
2 :’f“ DUFRI0-1, o §6.03 31.6%
9 GEC DT IR 9-1 5 o 87.42 42.9%
12 .
10 ?‘fc PTER 715 19 86.24 63.3%

Example 4 : Purification of Tetanus Toxoid

Tetanus toxoid was purified using Gel filiration chromatography/ HIC (Phenyl Sepharose)
with process parameters set as below:

Table 3: Process Parameters

a1, No., Parameter Details
B H Used Native Rulk T ;M T
”,‘ - Content (Na‘{i{"é Bulk 1m 7/@1
“ T by Lowry’s assay &
3 LE/ml o Eo0
I | \Gel Filuation  Chromatography
4 Method of Purification | o0 L iwation  Chromatography
(GFCY
15 {Resin ' | Sephacryl $-300 HR
6 T Column Used XK 26/700m
- Column  Packed bed .
7 L ~5{em
height
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8 Linear Flow rate 1 -3 mi/min
g Sample (T ) loading 4% of total bed volume
10 Fraction Collection Sml each (Zmin)
; . Lowry’s assay, LF estimation, %
1 Analysis
Monomer

Results:

Multiple runs were performed using above same parameters. The percent monomer content
was found to be in the range of 80 — 90 %.

Example : Preparation of Hib PRP- Protein conjugate
PRP polysaccharide was produced as follows:

H. Influenzae type-b bacteria was grown in semi synthetic media under certain conditions of
temperature, agitation and optical density ete. PRP i3 an outer membrane bound
polysaccharide, geis released into the medivm during the fermentation under agitation
condition. Fermented biomass separated broth containg crude PRP, which is again purified
by precipitation using a detergent N, N, N-trimethyl-1-hexadecanaminium bromide,
followed by ethanol gradient precipiiation and filtration. Final purified PRP polysaccharide
was tested for meeting the specifications like endotoxin, nucleic acid and protein as per the
WHO, BF, EP, 1P etc.

Hib PRP —protein conjugate was prepared as follows:

The polysaccharide conjugate was prepared by coupling of PRP polysaccharide with a
R Moy carrier protein, The input ratio of reactants 1e. PRP polysaccharide, CDAP and
CRMye; was selected at 1:1.5:1 ratio for conjugation reaction. During conjugation, purified
PRP polysaccharide was depolymerized using an alkaline buffer {(0.4M Carb-Bicarbonate
buffer, pH 10.5 =0.1) io achieve size reduced PRP. Size reduced PRP is treated for
cvanyiation using CRAP (1-cyans-4-dimethylamine pyridintum tetrafluorcborate) chemistry
to form a cvanate ester, The activated evanvlated polysaccharide may thus be coupled
direcily with amine group on the carrier protein CRMyyy. The degree of conversion of Hib
conjugate was confirmed by the HPLC. The comjugation reaction was quenched by
achieving the desired level of conversion of conjugate with the specification of not less than
65% conversion of Hib conjugate, and then conjugale reaction was neutralized by Glycine
(2M)} addition. The Hib PRP-CRM,y; Conjugate is purified on ulira filtration membrane
filters (300kDa and 100kDa) to remove nonreactive reagents and by-products. Final
conjogate bulk was 0.22 um filiered and stored at 2-8°C.

Quality characieristics of Hib PRP-CRM o7 conjugate antigen obtained were as follow:
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PRP content (mg/ml): 1.49

Protein content (mg/mL): 2.98

Ratio (Ps : Protein)

Free PRP (%4)

PMW kD)

Avg MW (kD)

R Y
:1.77
;983

(752

PCT/IB2017/055100

Example 6: Composition of Bivalent (PV-IRV vaceing)

Serum Institute of India has developed bivalent composition comprising dose reduced
mactivated polio virus and Inactivated Rotavirus as per following protocol:

Composition of the bivalent vaccine is as under

Table 4 Bivalent Compaosition

Components | Bivalent Bivalent Bivalent Bivalent Vaccine
Vaccine Vaccine Vaccine Composition IV
Compaosition § Composition I | Composition HY | » 5

{Sabin IPV +

Salk PV + (Salk [PV +IRV) ({8alk  IPV  + 1 IRV)
IRV) IRV}

Antigen M'I‘ype 1 > 8iType 1 > 10:i7Type 1T > 19 A‘I‘ype I >

gomtent - | DiJ/dose Dilidose DU/dose 5DU/dose

PV

: Type 20 2 2iType 20 2 2iType 20 > 2| Type 2 =
Dt dose Dl/dose Dil/dose 1603 /dose
Type 30 2 S|iType 30 2 10 Type 3 = 16| Type 3 i
BU/dose DU/dose DU/doss 10D U/dose

Antigen “Total Protein | Total Pratein | Total Prowin | Total  Protein

coptent | >10meg /dose >10meg /dose >10meg /dose >10meg / dose

IRY

Alum (.8mg/dose 0.8myg/dose (3Smgdo~,e 0.8mg/dose

Example 7: Preparation of Bivalent (IPV-IRV) vaceine

The bivalent dPV-IRV) vaccine was prepared as per below procedure:

«  Adsorption of IPV
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#  Take desired volume of Al {OH}3 in a vessel,

¥ Add desired volume of monovalent Sall/Sabin [PV bulk and make final volume
with diluent.

s Adjust the final formulation pH to 6.5 with 1 N MNaOH/IN HCL

= Keep the monovalent formulation bulks on magnetic stirrer/rocker overnight at 2-
§°C.

s Adserption of IRY
s Take desired volume of Al {OH)3 in a vessel,
¢ Add desived volume of IRV bulk and make final volume with diluents.
w  Adjust the final formulation pH to 6.5 with T N NaOH/IN HCL

s Keep the monovalent formuiation bulks on magnetic stirrer/rocker overmught at 2-
g~C,

s Formulation of Bivalent (IPV-IRV} Vacecine
® - Mix the monovalent bulks of IPV and IRV formulations.
«  Keep at 2-8°C on rocker for 2 Hrs.
v Store the final formulation at 2-8°C until further use.
Example 8§ Efficacy Testing of Bivalent Vaceine

Potency of bivalent vaccine was examined by festing serum samples for neuiralizing
antibody against polio virus Sabin type 1, 2, and 3, as well as rotavirus strain Wa using
microneutralization assays. Neutralization titers against polio viruses are reporied in logd
format. A neutralization titer of 2.5 is considered negative. For rotavirus, a neutralization
titer <20 is considered negative.

Table §
?S‘“pk Sabin 1  Sabin 2 Sabin 3 TRV (Wa)
I pe D42 DO D42 | DO D42 | D6 | D42
7A 125 617 (25 V105 125 [ 7.83 ] <20 120
 Salk 8-2-5 + 7B 2.5 |45 125 1717 125 2.5 | R0 1280
IRV 10ug 8A 25 | 783 125 195 | 8.83 | <20 320
,,,,,,,,,, 86 |25 &5 125 1105 125 6.5 | <20 160
Salk §-2-5 +19A 25 |33 125 1105 1235 35 | <20 640
IRV 10ug 9B 2.5 2.5 125 1883 125 3.83 | <20 640
Subin 5_'1%;}0 104 25 175 125 %5 25 185 | <0 640
LIRV 10ug R 125 105 25 1183 125 105 ]<20 320
1A 2.8 105 (2.5 1105 (23 105 ] <20 640

w
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1B 25 1105 125 1105 1258 9.17 | <20 840
Sabin 2.5-8-5 1 12A 2.5 105 125 11035 125 8.83 | <20 320
+ IRV 10ug 125 25 10.5 125 1105 125 1817 <30 80
Rota Live | 15A 125 25 123 |25 125 2.5 1 <20 320
(Log 5.5 FFLh | 15R 25 125 125 |25 |23 2.5 1<20 640
\nge 17A, 25 023 |25 |25 |25 |25 <20 L <20
et 178 2.5 25 125 (235 125 2.5 | <20 <20
fgmml 6.5 4.83 1417 {negative
AAAAAAAA = conirol}
160
6.5 517 4.5 {positive
5 control 13
1280
617 5.5 4.5 {(Positive
- » contrel 2}
5.83 4.5 55 B

The digits {eg 8-2-3) in column A denotes the D antigen units of polioc Types 1-2-3
respectively. Each Guinea Pig (7A 1o 12 B) received three doses of combined vaccine
containing PV and 10ug of inactivated rotavirus antigen (IRV) on day 1, Day 14 and Day
28 and the serum samples were collected on day 42. Guinea pig no 15A and 15B received
three doses of live rotaviras (log 5.5FFU or 10ug) as cownsidered as positive control. In
negative control group (17A and {7B) only the formulation containing alum without any
antigen was used for immunization.

Table s

Group 7: Salk+Rota 8-2- | | Group 8: Salk+Rota 8-2- | | Group 9 Salk+Rota 5-2-5
) 3

: (i Bose) (2 Dose) (?.; Bose)

Rat | Typ | Iyp \Fyp | |Rat |Typ | iyp itvp i 1 Rat TType | Type | Type
No el 1e2 1el No ‘el 1e2 ie3 iNo 1 2 3

i 2 7T 1 10|38 i1 1 3 R D
R R I VYT T 7 &I
EE O A T T A A 3078
4 4 & 110 4 19 17 10 4 [ RN
(5708 77T 3 I's R AT 3 T
& e TG & TTETTTETTTG % 16778 17
7 5 7110 75 e 110 7 6 & 112
§ 18 9 3 § I I 5§ 2 16 112
9 4 g 15 o 16 9 9 g 5 110
T T 0 7 9 T N NSNS
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Group 18 Sabin+Rota

Group 12: SabintRota

5-16-18 5-16-10 2.5-8-3
{1 Dose) {2 Dose} {2 Dose)

Rat | Type | Type | Type Rai | Type | Type | Type | | Rat | 1vp | Typ | Typ
No |1 12 3 Nog |1 2 3 No el 1eZ2 ie3

1 7 4 11 i 8 7 12 1 5 4 i1
P TR 11 R T I A S O A A A BV
3 73 10 3|8 4 2 36 16 9

4 8 5 i1 4 6 7|12 4 e 8 g
SR A P Y SR SRR

& 8 4 11 6 8 |7 12 6 15 16 112
PR 3 12 7 8 FO BT 78 s 10
8 TF A R ST B 7 |4 11 TR 6 il

B 7T 10 9 CIEE VR TR B A T A
16709 4 12 16 |6 3 16 10 NS TNS O NMS
“Gremwp 131 Satk Group  14: Salk Group No. 16
 Commercial (1 Dose) Commercial (2 Dose) Negative Contrel

 Rat | Type Iypé T}pe Rat [ Tvpe | Type | Type | (Rat | Typ | Typ | Typ
No i1 2 3 No |1 2 3 1 iNo el le2 ie3d
1 4 7 2 i 8 7 NS 0 0 0
204 e 2 R T ¥ S VR

3 0 & 5 R S A 3 o o 0
4 4 g 9 4 7 8 9 4 0 0 0

- ol 5 < . et o .
Y P T i & 0 0 0D

7 3 & 18 7 7 9 7 16 0 |0

F 0 |4 6 8 (PR A R 8§10 0 G

& 5 8 5 P 10 19 i % 0 o 0
1010 415 10 |5 g 7 00 0 0
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Result and Interpretation:

1.

(5]

Bivalent vaccine (JPV+ IRV) give significanily higher seroconversion on day 42 as
compare to Day {.

Single dose of trivalent Sabin [PV developed at SIIL having 5:16:10 DU with alum
gives better seroconversion as compared to commercial [PV,

Double dose of trivalent Sabin IPV developed at SHL having 2.5:8:5 DU with alum
gives excellent seroconversion as compared to commercial IPV,

Single dose of trivalent Salk PV formulated at SIL having 8:2:5 DU with alum
gives better seroconversion as compared to cominercial [PV,

Double dose of trivalent Sabin 1PV formulated at SHL having 5:2:5 DU with alum
gives excellent seroconversion as compared to commercial [PV,
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Table 10 : Hexavalent Formulation-3 having dose reduoced Sabin IPV

8. NO. | FORMULATION Formulatio | Formulatio | Formulatio
COMPONENTS 134 jn3B r3C
1 Diphtheria Toxoid (1) 1225 LF
2 Tetanus toxoid (T} 1 75Lf
3 Inactivated B perfussis antigen (wPy | I5IQU
4 Inactivated Sabin Strain of Polio|
- Virus
Type I (D antigen units) 5 2.3 5
Type 11 (I3 antigen units) 16 8 8
Type I (I antigen units) 10 5 10
| Inactivated Rota virus (IRVY 10 pe -
6 h _ Influsnzae b PRP- CRMg | i O'ug of PRP content
conjigate .
7 Aluminium Content Mot more than 0.9 mg of &1
8 2-Phenoxyethanol 325 mg
g L-Histidine 1.55 mg
10 WEI .8

Table 11 : Hexavalent Formulation-d having dose reduced Sabin 1PV

S.NO. | FORMULATION | Formulatio | Formulatio | Formulatic
COMPONENTS 1 44 i 48 n 40
] | Diphtheria Toxoid (DY 2516
y) Tetanus toxoid (1) TALE
3 Inactivated B perfussis antigen (wPy | 1510
4 Inactivated Sabin Strain of Polio
Virus , |
Type I (D antigen units} 5 2.5 BEN
Type 11 (I3 antigen units) 16 8 ' 8
Type I (I antigen units) 10 5 | 10
5 | Inactivated Rota virus (IRV) Wpg
& | H. Influenzae b PRE-TT conjugate 5 ug of PRP content
7 Aluminium Content Mot more than 0.9 mg of A
g 2-Phenoxyethano] 3.25 mg
9 L-Histidine (185mg
19 W as.
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Example 18: Process for preparation of Hexavalent Combination Vaceine Compasitions
comprising Doze reduced 1PV, Inactivated rotavirus, B, T, wP, and Hib FRP - Protein
conjugate is as given below:

ay 1PV (Sabin/Salk strain} bulk and IRV bulk were individually adsorbed on Aluminum

hydroxide, followed by pH adjustment t0 6.2 — 6.6,

b} D was adsorbed on Aluminum phosphate, followed by pH adjnstment to 5.5 — 6.5,

S

£)

addition of T and blending by agitation at room temperature for 18 — 24 hours.

The solutions obtained in step a and b were mixed, followed by pH adjustment to 6.4 —
6.6 and agitation at RT for 60 mimates.

WP antigen apd Histidine were added to the above mixture, followed by agiiation for 60
minutes and left in static condition for overmight at 2 - 8 °C.

Hib PRP conjugate and 2-PE were added to the nuxture obtained in step d at 2 — 8 °C,
followed by pH adjustment to 6.4 — 6.6

Nall and WFI {q.5.) were added to the mixture obtained in step e, followed by agitation
for 2 hours.

Hib PRP -carrier protein conjugste prepared by using novel conjugation process and
subsequently blended at low temperature in presence of a stabilizer shows greater stability
with minimom free PRP release and improved immunogenicity. Also, addition of whole cell
pertussis antigen at a later stage in a blend minimizes hydrolysis based degradation and
provides a stable and immunogenic wP antigen.

38



PCT/IB2017/055100

WO 2018/037365

b LM 11
________ GG QUIPUSIH-T | O
by JOURIBAKOUSY -7 6
LIV 5O St 67 ULy 0M 10N JUQIUO UINMINUN]Y 2
m rJ 3
M 71 Gysan |
uolpe  sovpms g suuwdop
. . SreAniies
OIS dUA IV TR OL sy g g smewemgfiy om0
. g1 { AME) STITA 810 pPaRalioRG) ¢
91 g 01 Zt § S o1 01 (suum uosnue () gy edAL |
4 z 9t [ 7 Z 91 z {symm wsBnue (1) 7 odA L
01 g SL 01 01 8 ) 01 {(spmuodnue () {odAl | ¥
SIA
O[04 JO UIBNS Jing PeiRAnory]
101 51 )}
* i uodnue sissngiad g pIiRAnITYRUY =
F1¢4 (L) pioxoysnuesy | 7
J1577 () proxogpeuspydiq | 1
P— £3§ W0 AS U0 5 wo as ue 06 1o g5 uo Vs ue SENANOINGD
erating | FUTEUOS | HUNBUOS | DRRGLO] | DURIIOL | BERGLOY  BENGLOJ  BERELO] NOILVTIaRNOs VN

AdL HiEg PIIRPAL ISP Mﬁm}.ﬁﬁm ettt itttiniip | wﬁwm&},ﬁwm@”mw Tl ge

:mopag waalrs s oae ayednfucd wmoed g - 34 WH puE
DYSHE ‘ga C 1 4 SHIIAEION POIRALIORH] ‘A J] PIonped 3so¢] Suistidmsy susuisodwio]y suisse 4 uonurmiqms} jusisanydoy 171 ydwwyy

39



PCT/IB2017/055100

WO 2018/037365

...................... WWV ;, Mrmm»\ﬁ - WH -
5571 SUIPUSI-T | 01 |
_________________________ L e
ALY Fw g UBYL SI0W 10N HUSUOD WRiERlY 8
FASsl )
st uednue  souims g mewwwm Z
......... - sedniacn
HIAIO0 g 30 B § Li-ddd 9 ovwzuengul H|
__________ ___Bor | (AWl SOAEOY pemAnsEY] | ¢
91 [ 01 Z1 s G o1 DL {(spun usdnue (f) [ odAy | _
4 z 91 z Z; z 91 Z {symn woeBnoe () 1y od4 ]
01} < 3 $L 01 01 8 <L 01 (snunweBuue (fyoddy | v
] | STLTA
01104 JO UIRnS i8S PRieanseu]
OISt o Sl B
uadnur siasnad i polRATIIRUL -
...... FI54 (L) pwoxorsnuessy | 7 |
,,,,,,,,,,,, jise () ploxof euaydic | |
19 U6 539 o A9 uo 9 uo s uo 09 ue gy wo Y9 uo SINANOJNGD | ON
gemuiey | PHREIO] | BURULOS | QE[RELIG | BEMUUGY | DERUL0] | QENmIG]  pRmulief NOLLY'IAWHO |~

Adl %S peanpat asop SoiAsy g-uonepnuiioy jusjpavydoyy @ £ spgRl

40



WO 2018/037365

Table 8

PCT/IB2017/055100

Heptavalent Formulation-7 having dose reduced Sabin IPVY

8. NO, | FORMULATION Formulatio | Formulatio | Formulatio |
COMPONENTS in7A n 7B n 7C ‘
1 Diphtheria Toxold (D 22.5LF -
2 Tetanus toxoid (TT) L TS
3 Inactivated B perfussis antigen (wPy | 1510U
4 Inactivated Sabin Strain of Polio
YVirus
Type I (I antigen units) 5 2.5 5
Type 1 {D antigen units) 16 8 8
Type T (D antigen units) 18 S 110
5 Inactivated Rota virus (JRV) Wpe
6 H ‘ Zi‘gfa‘im;«zme b OPRP- CRMsr 16 ig of PRP content
COMIVERLE o A ;
7 Hepatitis B surface antigen (HbsAg) | 12.5 ug
8 Aluninium Conlent )
Not more than 0.9 mg of AP
9 2-Phenoxvethanol 1325 mg
10 1 L-Histidine 155 mg
TR as

Table 9

Heptavalent Formulation-8 having dose redueed Sabin IPV

5. NO. | FORMULATION Formulatio | Formulatic | Fovmulatio
COMPONENTS 1 8A n 8B n8C
i Diphtheria Toxeid (D) 2258
2 Tetanus toxoid (1) 7aLE
3 Inactivated B, perfussis antigen (wP) | 15100
4 fnactivated Sabin Strain of Polio
- Virus
Type 1 (D) antigen units) 5 2.5 5
Type H (D antigen units} 16 g 8
Type HI (I antigen units) 16 5 10
5 inactivated Rota virus (IRV) fipe
& H. Influenzae b PRP-TT conjugate 1 5 pp of FRP content.
7 Hepatitis B surface antigen {HbsAg) | 12,5 pg '
8 Alumintum Content Not more than 0.9 mg of AP
g | 2-Phenoxyethanol 325 mg
10 L-Histidine 1S5Smg
U S 7 S BT
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Example 12: Process for preparation of Heptavalent Combination Vaccine
Compesitions comprising Dose reduced 1PV, Inactivated votavirus, B, T, wP, HBsAg,
and Hib PRP - Protein conjugate is as given helow:

a)

d}

f)

g

h)

IPV (Sabin/Salk strain) bulk and IRV bulk were individually adsorbed on Aluminum

hydroxide, followed by pH adjustment {0 6.2 - 6.6,

HHsAg was adsorbed on Aluminium phosphate, followed by pH adjustment to 6.0 —

6.5.

D was adsorbed on Aluminum phosphate, followed by pH adjustment to 5.5 - 6.5 and

addition of T.

Mix solution obtained in step b and ¢, followed by blending agitation at room

temperature for 18 —~ 24 hours.

Above mixtures {as obtained in step a and d] were added, followed by pH adjustment

t0 6.4 — 6.6 and agitation at RT for 60 minutes.

wP antigen and Histidine were added to the above mixture, followed by agitation for

60 minutes and left in static condition for overmight at 2 — 8 °C,

Hib PRP protein conjugate and 2-PE were added to the mixture obtained in step fat 2

-8 °C, {ollowed by pH adiustment to 6.4 — 6.6,

NaCl and WFI {q.5.} were added to the mixture obtained in step g, followed by
agitation for 2 hours.

Hib PRP -camrier protein conjugate prepared by using novel conjugation process and
subsequently blended at low temperature in presence of a stabilizer shows greater stability
with mirumuom free PRF release and improved immunogenicity. Also, addition of whole cell
pertussis antigen at a later stage in a blend minimizes hydrolysis based degradation and
provides a stable and immunogenic wP antigen.
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Claims:

1

2)

[V
Nanr”

)

A combination vaccine comprising

inactivated polio virus antigen selected from Salk or Sabim strain;

i1} inactivated rotavirus antigen;

filyoptionally one or roore antigens selected from group comprising of Diphtheria toxoid,

Tetanus toxoid, Whole cell pertussis , HBsAg, Hib PRP-Camier protein  conjugate,
Neisseria meningitidis A antigen{s), Neisseria meningitidis C antigen(s), Neisseria
meningitidis W-135 antigen(s), Neisseria meningitidis Y antigen{s), Neisseria
meningitidis X antigen{s), Streptococcus Pneumoniae  antigen{(s), Meisseria
meningitidis B bleb or pwified antigen(s), Staphylococous aurens antigen(s),
Anthrax, BCG, Hepatitis A antigen(s), Hepatitis B antigen, Human papilloma virus,
Salmonella typhi antigen(s) , acellular periussis , modified adenylate cyclase, Malaria
Antigen (RTS,8), Measles, Mumps, Rubella, Dengue, Zika, Ebola, Chikungunya,

lapanese encephalitis, Diartheal antigens; and

ivione or more adjuvani(s) selected from aluminium salt such as aluminium hydroxide or

aluminium phosphate.
Wherein the polio virus antigen is a dose reduced composition having atleast one
: .

inactivated polio virus strain selected from Type 1, Type 2 or Type 3 of Sabin; or

Mahoney type 1, MEF Type 2, or Saukett type 3 of Salk.

The vaccine as claimed in claim 1, wherein said dose reduced inactivated polio virus
antigen is adsorbed on aluminium hydroxide adjuvant having AP concentration

between 0.1 — 2.5 mg/dose and percent adsorption of atleast 74 %.

The vaccine as claimed in Claim 2, wherein said dose reduced inactivated polio virus
antigen is adsorbed on aluminium hydroxide adjuvant baving AlT concentration

hetween (.1 — 0.7 mg/dose and percent adsorption of atleast 90 %,

The wvaccine as claimed in claim 1, wherein saild dose reduced inactivated polio virus
antigen is selected from a group comprising of
dose composition having Sabin Type §, Type 2, Type 3 combination selected from 3-

16-10 D-antigen urats.
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11} dose cormposition having Sabin Type 1, Type 2, Type 3 combination selected from
2.5-8-5 D-antigen units.

iifydose composition having Sabin Type 1, Type 2, Type 3 combination sclected from 5-
8-10 D-antigen units,

ividose composition having Salk Type I, Type 2, Type 3 combination selected from 7.5~
1610 Dantigen uniis,

v} dose composition having Salk Tyvpe 1, Type 2, Type 3 combination selected from §-2-
5 Deantigen uniis.

vidose composition having Salk Type 1, Type 2, Type 3 combination selected from 10-
2-5 D-antigen units,

Vil dose composition having Salk Type 1, Type 2, Type 3 combination selected

from 10-2-10 D-antigen umts.

vitijdose composition having Salk Type 1, Type 2, Type 3 combination selected from 10-

5)

7)

2-12 D - anfigen umits.

i} dose composition having Salk Type 1, Type 2, Type 3 combination selected from 10~
2-16 D - antigen units.

x) dose composition having Salk Type 1, Type 2, Type 3 combination selected from 7.5-
16-10 D-antigen units,

xi}dose corpposition having Salk Type 1, Type 2, Type 3 combination selected from 5-2-

5 D-antigen units,

The vaccine as claimed in claim 1, wherein the rotavirus antigen is an injectable heat
inactivated rotavirus selected from CDC-9, CDC-66 or any other inactivaied rotavirus
. . .. . . ) , T4 .
strains and is adsorbed on aluminmium hydroxide adjuvant having A7 concentration

between 0.1 — 2.5 mp/dose and providing percent sdsorption of atleast 70%.

The vaccine as claimed in claim S, wherein the rotavirus antigen is heai inactivated
CBC-9 rotavirus strain and is adsorbed on aluminium hydroxide adjuvant having AP
concentration between 0.1 — 4.5 mg/dose and providing a percent adsorption of atleast

84 %%.

The vaceine as claimed in claim 1, wherein the I and T antigens are adsorbed onto

aluminium phosphate adjuvani.
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%)

11

The vaccine as claimed in claim 1, wherein the D and T are purified using Gel
permeation chromatography with resin selected from the gronp comprising of
Sephacryl 5-300 HR, PLgel, Sephacryl S-200HR, Sephadex, Bio-Gel {(cross-linked

polyacrylamide agarose gel} and Styragel.

The vaccine as claimed in claim 1, wherein the pertussis antigen is an acellular
antigen comprising at least one or more antigens selected from modified adenvlate
cyclase, Pertussis toxoid {(PT), Filamentous hemagglutinin (FHA), Pertactin (P69 or

PRI}, Fimbrial proteins (FIM 1, 2 and 3).

The vaccine as claimed in ¢laim 1, wherein the periussis antigen i3 an inactivated
whole cell pertussis comprising one or more of Bordetella perfussis strains 134, 509,

25525 and 6229,

The vaccine as claimed in claim 1, wherein Hib antigen is Hib PRP polysaccharnide
conjugated to a cagrler protein using a cvanylation conjugation chemistry, wherein
said cvanviation reagent i3 selected from  1-cyano-4-dimethylaminopyridinium
tetrafluorcborate (CDAP} -cyano-4-pyrrolidinopyridinium  tetrafluorborate {UPPT),
i-gvanoimidazole namely  (-Ch, lcyvanobenzotriazole( 1-CBTy or  2-
cyanopyridazine-3{2H)one (2-CPO}); and carrier protein is selected from a group
comprising of CRMye;, Diphtheria toxoid, Neisseria meningitidis outer membrane
complex, fragment  of feranus toxoid, pertussis toxoid, protein Db of H. influenzee,
E. coli LT, E. coli 8T, and excoioxin A from Pseudomonas geruginoss, outer
membrane complex ¢ (OMPC), porins, transferrin binding proteins, pneumolysin,
poeumococeal surface protein A (PspA), pneumococcal surface adhesin A (PsaA),
preumococcal PhtD, pneumococesl] surface proteins BVH-3 and BVH-11 | protective
antigen (PA)Y of Bacillus anthracis and detoxified edema factor (EF) and lethal factor
(LF) of Bacillus anthracis, ovalbumin, kevhole limpet hemocvanin (KLH), homan
serurn alburdn, bovine serum albumin (BSA) and purified protein derivative of
fuberculin  (FPD), synthetic peptides, heat shock proteins, pertussis proteins,

cvtokines, lymphokines, hormones, growth factors, artificial proteins comprising

45



WO 2018/037365 PCT/IB2017/055100

14}

pnst
(%1
oo

17

183

20)

multiple human CD4+ T cell epitopes from various pathogen-derived antigens such as

N 19, iron-uptake proteins, toxin A or B from C. difficile and S.agalactise proteins

The vaccine as claimed in claim 1, wherein HBsAg antigen is a surface antigen of

Hepatitis B and is individually adsorbed onto aluminium phosphate.

The vaceine as claimed in ¢laim 1, wherein vaceine comprises atieast one preservative
selected from a group consisting of 2-phenoxyethanol, Phenol, Thiomersal,

Formaldehyde.

The vacecine as claimed in claim 1 — 6, wherein the combination vaccing is a hivalent

vaceine composition comprising dose reduced 1PV and inactivated IRV,

The vaccine as claimed in claim 14, wherein the individual covcentration of Type 1,

Type 2, and Type 3 of Salk strain based IPV is not more than 20 D antigen units,

The vaccine as claimed in claim 15, wherein the dose concentration of Type 1, Tvpe
2, and Type 3 of Salk sirain based IPV is selected from ) 8 Id antigen woits 2 D
antigen units 5 D antigen units; i) 10 D axtigen wuts, 2 D antigen units, 10 D

antigen units; and 1) 10 D antigen units, 2 13 antigen units, 16 D antigen units,

The vaccine as claimed in claim 14, wherein the individual conceniration of Type 1,

Type 2, or Type 3 of Sabin strain based IPV is not more than 20 D antigen units.

The vaccine as claimed in claim 17, wherein the concentration of Type 1, Type 2, and

Type 3 of Sabin strain based PV {5 5-16-10 D antigen unils,

The vaccine as claimed in claim 14 - 18, wherein the concentration of Type 1, Type 2,

and Type 3 of Salk or Sabin strain based [PV is a dose as ¢laimed in claim 4.

The vaceine as claimed in Claim 14, wherein concentration of Inactivated Rola Virus

is 10 pp/dose.
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22}

23}

24}

The vaccine a3 claimed in Claim 14, wherein Alum (A ")is used as an adiuvant in the

concentration not greater than I mg/dose.

The vaccine as claimed in claim 1, comprising D, T, wP, Hib B, IPV and IRV,
wherein D is present in an amount in the range of 1-50 Lf; T is present in an amount
in the range of 1 — 30 Lf; wP is present in an amount in the range of 10 - 50 101,
Dose reduced inactivated Salk strain of polio virns type 1 is present in an amount in
the range of 1 — 20 D antigen units, type 2 in the range of 1 ~ 20 I antigen units,
Type 3 in the range of 1 ~ 20 D antigen units; IRV is present in an amount in the
range of | — 30 pg; H. influenzae type b PRP- protein conjugate is in an amound in the
range of 2 — 20 ug of PRP content; Total aluminum content {AI’) is present in an
amount in the range of 0.4-1.5 mg; 2-Phenoxyethanol is present in an amount in the

vange of 2 - 6 mg; L-Histidine is present in the range of 8.5 - 5 mg.

The vaceine as claimed in claim 22, compuismg B, T, wP, Hib B, IPV and IRV,
wherein D is present in an amount of about 22.5 LE T is present in an amount of
about 7.5 L, wP is present in an amount of about 15 I0U; Dose reduced inactivated
Salk strain of polic virus type 1 is present in an amount of about 10 D antigen units,
type 2 18 present in an amount of about 2 D antigen units, Type 3 is present in an
amount of about 10 or 16 D antigen units; IRV is present in an amount of about 10
ug; H. influenzae type b PRP~ TT conjugate 1s present in an amount of about 5 pg of
PRP content; Total aluminum cortent (AP is present in an amount of not more than
0.9 mg; 2-Phenoxyethanol is present in an amount of sbout 3.25 myg; L-Histidine is

present in an amount of about 1.55 mg.

The vaccine as claimed in claim 22, comprising B3, T, wP, Hib B, IPV and IRV,
wherein D is present in an amount of about 22.5 LE T is present in an amount of
about 7.5 L, wP 18 present in an amount of about 15 10U, Dose reduced inactivated
Salk strain of polio virus type 1 is present in an amount of about 10 D antigen units,
type 2 is present in an amount of aboot 2 D andigen units, Type 3 is present in an
amount of about 10 or 16 B antigen units; IRV is present in an amount of about 10

ug, H. intluenzae type b PRP- CRMor conjugate is present in an amount of about 10

b
3+

ug of PRP content; Total aluminum content (A7) is present in an amount of not more
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26}

27}

than 0.9 mg; 2-Phenoxyethanol is present in an amount of about 3.25 mg; L-Histidine

is present in an amount of about 1.55 mg.

The vaccine as claimed in claim 1, comprising 13, T, wP, Hib B, PV and IRV,
wheretn D is present in an amount in the range of 1-50 L, T is present in an amount

x

in the range of 1 — 30 Lf, wP is present in an amount in the range of 10 — 50 10U
Dose reduced inactivated Sabin strain of polio virus type 1 is present in an amount in
the range of 1 - 20 [ antigen uniis, type 2 in the range of 1 — 20 I3 antigen units, Type
3 in the range of 1 — 20 D antigen units; IRV is present in an amount in the range of 1
- 30 pgs H. influenzae type b PRP- protein conjugate is in an amount in the range of 2
— 20 ug of PRP content; Total aluminum content (AP™) is present in an amount in the

range of 0.4-1.5 mg; 2-Phenoxyethano! is present in an amount in the range of 2 - &

mg; L-Histidine is present in the range of 0.5 — S mg.

The vaccine as claimed in claim 25, comprising D, T, wP, Hib B, IPV and IRV,
wherein I is present in an amount of about 22.5 LE T is present in an amount of
about 7.5 LE, wP is present in an amount of about 13 10U; Dosce reduced inactivated
Sabin strain of pelio virus type 1 is present in an amount of abont § D antigen units,
type 2 15 present in an amount of about 16 D antigen units, Type 3 is present in an
amount of about 10 D antigen units; IRV is present in an amount of about 10 ug H.
influenzae type b PRP- TT conjugate is present in an amount of about 5 pg of PRP
content; Total aluminum content (AP} is present in an arsount of not more than 0.9
g, 2-Phenoxyethanol is present in an amount of about 3.25 mg; L-Histidine is

present in an amount of about 1.55 mg.

The vaccine as claimed in claim 25, comprising D, T, wP, Hib B, IPV and IRV,
wherein D is present in an amount of about 22.5 Lf T is present in an amount of
about 7.5 1L, wP is present ju an amount of about 15 IOU; Dose reduced inactivated
Sabin strain of polio virus type 1 is present in an amount of about 5 ¥ antigen units,
type 2 is present in an amouvni of about 16 D antigen units, Type 3 is present in an
amount of about 10 I} antigen upits; IRV is present in an amount of abouti pg; H.
influenzae type b PRP- CRMg; conjugate is present in an amount of about 10 ug of

PRP content; Total aluminum content (A1) is present in an amount of not more than
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303

0.9 mg; 2-Phenoxvethanol is present in an arnount of about 3.25 mg; L-Histidine is

present in an amount of about 1.55 mg.

The vaccine a5 claimed in claim 1, comprising D, T, wP, Hib B, HBsAg, IPV and
IRY, wherein I} is present in an arnount in the range of 1-50 L T is present in an
amount in the range of 1 - 30 LE wP is present in ap amount in the range of 10 - 50
10U Dose reduced inactivated Salk strain of polio virus type 1 is present in an
amount in the range of 1 — 20 D antigen units, type 2 in the range of 1 - 20 D antigen
units, Type 3 in the range of 1 — 20 D antigen umts; IRV is present in an amount in
the range of 1 - 30 pg; H. influenzae type b PRP- protein conjugate is in an amount in
the range of 2 — 20 pg of PRP content; Hepatitis B surface antigen (HBsAg) s in ap
amount in the range of § — 30 pp; Total alununum content (AF'") is present in an
amount in the range of $.4-1.5 mg; 2-Phenoxyethanol is present in an amount in the

(=]

vange of 2 — 6 my; L-Histidine is present in the range of .5 - 5 mg.

The vaceine a¢ claimed in claim 28, comprising D, T, wP, Hib B, HBsAg, PV and
IRV, wherein I3 is present in an aroount of about 22,5 LE T is present in an amount of
about 7.5 LY, wP is present in an amount of about 15 I0U; Dose reduced inactivated
Salk strain of polic virus type 1 is present in an ammount of about 10 I antigen units,
type 2 is present in an amount of about 2 D antigen units, Type 3 is present in an
araount of about 10 or 16 D antigen units; IRV is present i an amount of aboutld pg;
H. influenzae type b PRP- TT conjugate is present in an amount of about 5 ug of PRP
content; Hepatitis B surface antigen (HBsAg) is in an amount of about 12.5 pg; Total
aluminum content (A7) is present in an amount of not more than 0.9 mg 2-
Phenoxyethanol is present in an amount of about 3.25 myg; L-Histidine is present in an

amount of about 1.55 mg.

The vaccine as claimed in claim 28, comprising [b, T, wP, Hib B, HBsAg, 1PV and
IRV, wherein D is present in an amount of about 22.5 L£ T is present in an amourt of
about 7.5 L, wP is present in an amount of about 15 10U, Dose reduced inactivated
Salk strain of polio virus type 1 {s present in an amount of about 10 I antigen units,
type 2 is present in an amount of about 2 D antigen units, Type 3 is present in an
amount of about 10 or 16 D antigen units; IRV is present in an amount of about 10

ug; H. influenzae type b PRP- CRM,¢7 conjugate is present i an amount of about 10
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3

2

Sener”

ug of PRP content; Hepatitis B surface antigen (HBsAg) is in an amount of about 12.5
g Total aluminam content (A7) is present in an amownt of not more than 0.9 mg;
2-Phenoxyethano! is present in an amount of about 3.25 myg; L-Histidine is present in

an amount of about 1.55 mg.

The vaccine as claimed in claim 1, comprising B3, T, wP, Hib B, HBsAg, IPV and
IRV, wherein D is present in an amount in the range of 1-50 L T is present in an
amount in the range of 1 - 30 L& wP is present in an amount in the range of 10 - 50
I0U; Dose reduced inactivated Sabin strain of polio virus type 1 is present in an
amount in the range of 1 - 20 I antigen units, type 2 in the range of | - 20 D antigen
units, Type 3 in the range of 1 — 20 D antigen units; IRV is present in an amount in
the range of 1 - 30 pg; H. influenzae type b PRE- protein conjugate is in an amount in
the range of 2 - 20 pg of PRP content; Hepatitis B surface antigen (HBsAg) is in an
amount in the range of 5 ~ 30 ug; Total aluminum content (A’ is present in an
amount in the range of $.4-1.5 mg; 2-Phenoxyethanol is present in an amount in the

range of 2 — 6 mg; L-Histidine is present in the range of 0.5 — 5 mg.

The vaccine as claimed in claim 31, comprising D, T, wP, Hib B, HBsAg, IPV and
IRY; wherein I is present in an amount of about 22.5 LE T is present in an arnount of
about 7.5 Lf; wP i3 present in an amount of about 15 I0U; Dose reduced inactivated
Sabin strain of polio virus type 1 is present in an amount of about 5 I3 antigen units,
type £ is present in an amount of about 16 D antigen uniis, Type 3 is present in an
amount of about 10 I antigen units; IRV is present in an amount of about 10 pg; H.
influenzae type b PRP- TT conjugate is present in an amount of abount 3 g of PRP
content; Hepatitis B surface antigen (HBsAg) is in an amount of about 12.5 pg; Total
aluminum countent (AP is present in an amount of not more than 0.9 mg, 2-
Phenoxyethanol is present in an amount of about 3.25 mg; L-Histidine is present in an

amount of about 1.55 mg.

The vaccine as claimed in claim 31, comprising D, T, wP, Hib B, HBsAg, IPV and
IRV, wherein 3 is present in an amount of about 22.5 L T is present in an amounnt of
about 7.5 LE wP is present in an amount of about 15 I0U; Dose reduced inactivated

Sabin strain of polio virus type 1 is present in an amount of about 5 I antigen units,
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4)
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ot

a)

b)

>

type 2 is present in an amount of about 16 D} antigen units, Type 3 is present in an
arsount of about 10 D antigen units; IRV iz present in an amount of aboutld ug; H.
influenzae type b PRP- CRM,g7 conjupate is present in an amount of about 10 ug of
PRP content; Hepatitis B surface antigen (HBsAg) is in an amount of about 12.5 ug;
Total alununum content (A13+} is present in an amount of not more than 0.9 mg; 2-

Phenoxyethanol is present in an amount of about 3.25 myg; L-Histidine is present in an

amount of about 1.55 mg.

The vaccine as claimed ju claim 1-33, wherein the IPV and IRV antigens are
individually adsorbed on Aluminurn hydroxide; and other antigen{s) are either
unadsorbed or adsorbed on gluminum sait selected from one or more of Alum
Phosphate, Alum hydroxide, and their combination thereofl

The vaccine as claimed n claim 1-33, wherein the vaccine optionally comprises of
excipients selected from the group comprising of Histidine, Sucrose, Glycing, &
Sodium Chloride; more preferably Histidine in the concentration range of 5 — 40 mM,

most preferably Histidine at concentration of 20 mM.

A process of manufacturing a combination vaccine as claimed in claim 1 and 14,
comprising the steps of:

Adsorbing 1PV (Sabir/Salk strainy bulk and IRV bulk individually on Aluminum
hydroxide,

} Mixing Monovalent bulks of IPV and IRV and keeping the mixtore st 2 ~ 8 °C on

rocker tor 2 howurs,

A process of manufacturing g Chexavalent) combination vaccine as claimed in claim }
and 22 — 27, comprising the steps off

adsorbing IPY {Sabin/Salk strain) bulk and IRV bulk individually on Aluminum
hydroxide, followed by pH adiustment to 6.2 — 6.6, more preferably 6.5,

adsorbing D on Aluminum phosphate, followed by pH adjustment to 5.5 ~ 6.5 and
addition of T and blending by agiiation at room temperature for 18 — 24 howrs,

adding the above mixtures [as obtained in step a and step b}, followed by pH

adjustment to 6.4 — 6.6 and agitation at room termaperature for 60 minutes.
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4) adding wP antigen and a stabilizer to the shove mixture, followed by agitation for 60
mimutes and left in static condition for overnight at 2 - 8 °C.

e} adding Hib PRP conjugate and 2-PE to the mixture obtained in step d at 2 — & °C,
followed by pH adjustment to 6.4 — 6.6,

f} adding NaCl and WFI {q.8.) to the mixture obtained in step e, followed by agitation

for 2 hours.

38y A process of manufacturing a (heptavalent) combination vaccine as claimed in claim |

and 28 - 33 , comprising the steps oft

a} adsorbing 1PV (Sabin/Salk strain} bulk and IRV bulk individually on Aluminum
hydroxide, followed by pH adjustment t6 6.2 - 6.6

b} adsorbing HBsAg on Aluminium phosphate, followed by pH adjustment to 6.0 — 6.5.

¢} adsorbing Db on Aluminum phosphate, followed by pH adjustment to 5.5 — 6.5 and
addition of T.

¢} blending mixtures obtained in step b and ¢, by agitation at room temperature for 18-24
hours.

¢} adding the above mixtures {as obtained in step a and dJ, followed by pH adjustment to
6.4 ~ 6.6 and agitation at room temperature for 60 minutes.

£} adding wP antigen and stabilizer o the gbove mixture, followed by agitation for 60
minutes and left in static condition for overnight at 2 - 8 °C,

g) adding Hib PRP conjugate and 2-PE 1o the mixture obtained in siep d at 2 — 8§ °C,
followed by pH adjustment t0 6.4 - 6.6

b} adding NaCl and WFI {(g.s.) to the mixture obtained in step ¢, followed by agitation

for 2 hours,

39} The vaccine as claimed in claim | - 38, wherein 1) said purified Diphtheria toxoid and
Tetanus toxeid obtained by using Gel Permeation clromatography have a monomeric
content of atleast 80% 1) said Hib PRP -carrier protein conjugate prepared by using
cyanylation conjugstion process and subsequently blended at low temperature in
presence of a an excipient shows greater stability with minimum free PRP release and
improved immunogenicity 1) said whole cell pertussis antigen added at a later stage
i a blend minimizes hydrolysis based degradation and provides a stable and

immunogenic wl antigen.
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Figure 1:
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