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ABSTRACT : Objective of present study is to formulate and evaluate freeze thaw resistant combination
vaccine comprises of Diphtheria, tetanus, whole cell pertussis, hepatitis B and haemophilus type b conjugate
vaccines. Use of surfactants, sugars, polyols and their combinations to protect vaccines from freezing effects
was proved. Freeze thaw resistant combination vaccine prepared by adding novel non ionic block copolymer
polaxamer. Presence of polaxamer block copolymer exerts resistance from damage caused by freezing and
thawing to aluminum adjuvanted vaccine. Polaxamer 407 itself in high concentrations found suitable to reduce
freeze sensitivity. Use of high concentrations of polaxamer block copolymer with concentrated formulation helps
in making vaccine freeze thaw resistant up to three freeze thaw cycles. Use of high concentration of polaxamer,
thermo reversible nature of polaxamer block copolymer and viscosity modification helps in heat stability
improvement as well. Concentratedn formulation developed can be easily diluted or re-suspended with suitable
diluent to make final vaccine with required concentration for immunization and also reduces polaxamer
concentration to suitable level for human parenteral use. Polaxamer block copolymer gives advantage for easy
dispersion of vaccine and making uniform suspension post re-suspension.
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l. INTRODUCTION

Vaccines save millions of lives, mainly children each year. With the exception of the safe water
vaccination is the modality that reduces mortality rate majorly. 20% of the total born children will not get
complete immunization. Many factors effecting vaccine reach to every child. 97% of the currently available
vaccines require cold storage and transportation. Each year millions of doses of vaccines were spoiling due to
cold chain failure. Wastage of 25% in 10 to 20 dosage forms and 10% in 2 to 6 dosage forms is projected every
year due to reasons like discarding of opened vials as per multi dose vial usage policy, cold chain breakage and
administration to population outside the target group. Major wastage comes from multi dose vials usage policy
for multi dose vaccines and cold chain breakage. Cold chain breakage is major wastage contributor for single
dose vaccines[1]. Vaccines are exposed to freezing even in tropical countries. In Malaysia: 232 out of 234
Freeze Watch™ indicators broke during storage of Hepatitis B vaccine at state stores. In Australia: 48% of
Hepatitis B vaccine exposed to <-3°C, mostly during clinic storage. In Australia: 4 times more freezing than heat
exposure (during transport and storage) happens[2].In India wastage occurs at service delivery level (27% for
DPT and 61% for BCG at outreach session site) as compared to the supply chain levels (Measles3.5%, others <1
%). Poor documentation of vaccine wastage at supply chain is one of the responsible factors for this very low
value. Session size, vial size, formulation (liquid vs. lyophilized, oral vs. injectable) also influences vaccine
wastage. To reduce vaccine wastage with optimal increase in cold chain space and management is required[3].

Accidental freezing regularly occurs when vaccines are stored in improperly maintained, inadequate, or
outdated refrigerators; exposed to ambient cold during winter transit; or, come into contact with ice or frozen ice
packs during transport[4].Many vaccines including pediatric combination vaccines like DTPHHib vaccines were
adjuvanted with aluminum salts (Aluminum phosphate or aluminum hydroxide). Aluminum adjuvant vaccines
were sensitive to freezing and losses potency on freezing and thawing[5]. Aluminum salts were used as vaccine
adjuvants from long time and process of preparation of these adjuvants is well known and commercially
available for low cost. Aluminum salt adjuvants breaks down, particle size increase when subjected to freezing
and thawing and also losses adsorption capacity [6, 7, 8]. The damage caused by freezing is irreversible . Freeze
thawing (to -40°C) of 0.2% Alhydrogel at pH 4.0 caused particle aggregation, which is inversely related to the
cooling or thawing rate[9]. Certain processes could reverse freezing-induced aggregation of aluminum salts,
such as ultrasonic treatment or homogenization, but not possible in case of vaccines filled in to vials for supply
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and antigen may be damaged[10]. Freezing of tetanus vaccine, DT vaccine and DTP vaccine made of aluminum
salt adjuvant losses potency on freezing and thawing[11, 12]. Sometimes temperatures lower than -5°C and
multiple freeze thaw cycles is required to make vaccine ineffective. There is a possibility for multiple freeze—
thaw cycles in vaccine cold chain maintenance [13, 14, 15, 16].

Development of formulation with certain excipients could potentially inhibit the freezing-induced
particle aggregation. Aluminum adjuvanted hepatitis B vaccine prevented from agglomeration on freezing by
including PEG 300, propylene glycol, or glycerol in to the formulation. High concentrations of these excipients
is required for complete protection from freezing damage[17.] These excipients protect aluminum adjuvanted
vaccines due to their cryo protective nature and will not reduce freezing temperature. Other excipients like
adsorbable polymers or surface-active agents are also found to be effective in inhibiting freezinginduced
aggregation [18, 19, 20].High concentrations (20%) of Cryo protective agents like propylene glycol also helps in
stabilization of proteins in aluminum adjuvanted vaccines via protecting from pH changes on aluminum
adjuvant surface due to accumulation of hydroxyl ions[21].

Liquid Diphtheria, Tetanus, Pertussis, Hepatitis B and Haemophilus type b conjugate combined
vaccine (DTwP-HepB-Hib presentation) is a high-priority vaccine for WHO. This combination “five-in-one”
vaccine protects children from diphtheria, pertussis (whooping cough), tetanus, hepatitis B and Haemophilus
influenzae type b (Hib) which causes pneumonia and meningitis. It is less traumatic for babies to receive and
easier for programmes to administer than previous formulations[22]. Four licensed Diphtheria, Tetanus,
Pertussis, Hepatitis B and Haemophilus type b conjugate combined vaccines are currently prequalified by the
WHO. The earlier generations of these vaccines consist of a DTPw—HepB component and a separate lyophilized
Hib component that has to be reconstituted before use, while newer ones are available as fully liquid
suspensions. Pack inserts of all these vaccines indicate store vaccine at a temperature between +2 °C and +8 °C,
do not freeze and discard if vaccine has been frozen. In all the four vaccines aluminum salt was used as adjuvant
[23].

In this study we examined non ionic block copolymer polaxamer 407 (also called as lutrol or
Pluronics (trade name of BASF)) for freeze protection activity on aluminum adjuvanted combination vaccine.
Polaxamers are non toxic synthetic copolymers of ethylene oxide and propylene oxide. Polaxamers are available
in pharmaceutical grade and commercially available at low cost. Polaxamers are readily soluble in water. Lutrol
F 68 has been used in liquid formulation for parenteral use. Aqueous solutions containing more than 20%
polaxamer 407 and 188 are thermo reversible. Repeated heating and cooling will not affect thermo reversible
properties and at lower concentrations can be used to modulate viscosity of liquid formulations[24]. At high
concentrations in poloxamer 407, proteins form homogeneous suspensions with full retention of native
secondary structure. Pluronic block polymers were found exciting opportunities for the development of novel
gene therapies and vaccination strategies[25]. Polaxamer non ionic block copolymers also exerts adjuvant
activity[26, 27].

It was reported the immunostimulatory effects on the mucosal immune response of a unique adjuvant
system composed of the block co-polymer, Pluronic®F127. Formulations of F127 can be administered in liquid
form at temperatures less than approximately 10-C, with conversion to semisolid gels at body temperature,
thereby potentially acting as sustained release depots|[ 28].

1. MATERIAL AND METHODS

2.1 Material

Diphtheria toxoid, Tetanus toxoid, Hepatitis B surface antigen, whole cell pertussis and Haemophilus
type b conjugate were obtained from Biological E Ltd. Polxamer 407 was purchased from Sigma . Aluminum
phosphate adjuvant was obtained from Brentag Biosector. AXSYM HBsAg V2 kit purchased from Abbott.
Swiss Albino mice used for the pertussis potency were in-house bred in live stock division Biological E Ltd. For
free PRP analysis Column MA1 was purchased from Dionex. All the chemicals used for testing were of
analytical grade and purchased from commercial suppliers.

2.2 Methods

Stock solution of polaxamer at 40% W/V prepared in cold water for injection and kept at 2-8°C
overnight for complete dissolution. Stock solutions were sterilized by autoclaving at 121°C for 15 minutes and 1
bar pressure. After sterilization polaxamer stock solutions were cooled to 2-8°C before use[29, 30].
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2.3 Formulation process

In the formulation process first Diphtheria, tetanus and hepatitis B antigens adsorbed separately to
aluminum phosphate and kept for maturation for 1 week. In the container containing polaxamer solution whole
cell pertussis was added and mixed thoroughly by stirring using magnetic stirrer at 150 rpm for 4 hours. Then
adsorbed diphtheria, tetanus and Hepatitis B part is transferred to the container having whole cell pertussis and
polaxamer mixture, stirred for 30 minutes at 150 rpm. Then Haemophilus type b conjugate is transferred,
volume was made up with normal saline and mixed for 30 minutes. During whole process temperature was
maintained at 2-8°C and all solutions were cooled to 2-8°C before addition. Likewise different formulations
having polaxamer concentrations of 5 to 20% were prepared and studied. 5x concentrated formulations
containing 250 Lf/mL of Diphtheria toxoid, 50Lf/mL of Tetanus toxoid, 150 10U/mL pertussis antigen,
100pg/mL of hepatitis B surface antigen, 100ug per mL haemophilus type b conjugate and polaxamer 5 to 20%
W/V prepared following preparation procedure defined above. 1 mL of formulation prepared Formulations
having the 20% polaxamer 407 was selected for the complete characterization study based on visual observation
of aluminum adjuvant after freezing and thawing. Other formulations having polaxamer below 10% not exerted
the freeze protection of aluminum adjuvant and agglomeration observed.

2.4 Testing methods

Two vaccine formulations selected were tested for different quality parameters like appearance, Shake
test, hepatitis B in-vitro potency, pertussis potency, free polysaccharide for Haemophilus type b conjugate and
abnormal toxicity. Considering the better stability of diphtheria, tetanus and huge animal requirement potency
of these components was not studied. Both formulations were diluted to single humanizing dose level by
diluting to 1x with water for injection. Appearance was tested visually and microscopically. Shake test was
carried out as per procedure defined by WHO[31, 32, 33]. Hepatitis B in-vitro potency test was carried out using
AXSYM HBsAg V2 kit from Abbott as per method defined in article published by Naresh singh gill et al.[34].
Pertussis potency was tested by intra-cerebral mice challenge assay (kendrik method)[35].
HPAEC-PAD (high performance anion-exchange chromatography with pulsed amperometric detection) method
was used for free polysaccharide estimation using PRP standard obtained from NIBSC. The prepared
Iyophilized vaccine reconstituted with water for injection prior to free polysaccharide separation from
conjugated polysaccharide. Acid hydrolysis of the standard and vaccine samples was performed using
hydrochloric acid. C4 cartridge column was used for separating free from total polysaccharide prior to
hydrolysis. A Dionex ion chromatography system with Dionex MA-1 column was used[36, 37].Abnormal
toxicity was performed as per Indian Pharmacopoeia after 3 freeze thaw cycles[38].

2.5 Freeze thaw studies

Concentrated combined vaccine formulations were subjected for freeze thaw stability by incubating
overnight at -20°C and thawing at 2-8°C. Likewise 3 cycles of freezing and thawing was done. After each cycle
tests defined above were carried out.

1. RESULTS
Visually appearance of formulation with 20% polaxamer 407 post three freeze and thaw cycles was good and no
agglomeration of aluminum adjuvant found. Post re-suspension appearance was good for formulation with
polaxamer 20% after three freeze thaw cycles. Microscopic examination pictures of the formulation with
polaxamer and control formulation without polaxamer were shown in the Fig. 1 and 2.

Figure 1: Microscopic picture of formulation with polaxamer 20% after 3 cycles of freeze thaw.
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Figure 2. Microscopic picture of control formulation without polaxamer before( 2a )and after single freeze thaw
(2b).

In-vitro relative potency values obtained for the formulation with and without polaxamer were tested at each
freeze thaw cycle and the obtained results were shown in the Table 1.

Table 1:
Formulation Before After 1st freeze After 2nd freeze After 3rd freeze
freezing thaw thaw thaw
With 20% polaxamer 1.2 1.2 1.1 1.1
Without polaxamer 1.1 0.8 0.7 0.5

More than 4 1U pertussis potency was obtained for formulation with polaxamer after exposure to three freeze
thaw cycles when tested in mice by intra cerebral challenge method and complied with requirements [35, 38]-.
Pertussis potency results were shown in Table 2

Table 2:

Formulation Before freezing | After three freeze thaws
With 20% polaxamer | 6.8 IU/ dose 6.4 1U/dose
Without polaxamer 5.6 IU/dose 3.2 IU/dose

Estimated free PRP (unconjugated polysaccharide) was less than 20% in formulation with polaxamer when
tested using HPAEC-PAD method after freezing and thawing [38, 39] . Obtained free PRP Results at each

freeze thaw cycle were shown in table 3.

Table 3:
Formulation Before freezing | After 1st freeze thaw | After 2nd freeze thaw | After 3rd freeze thaw
With 20% polaxamer 8% 8.4% 9% 10.2%
Without polaxamer 9.6% 14% 22% 26%
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Figure 3: Chromatogram showing free PRP peak in HPAEC-PAD analysis.
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Shake test pictures of Formulation with 20% polaxamer were shown in figure 4. sedimentation time for
formulation with 20% polaxamer is similar to unfrozen vaccine formulation. Formulation with 20% polaxamer
passed the Abnormal toxicity requirements as per Indian Pharmacopoeia[38] after 3 freeze thaw cycles.

Figure 4: After standing for 10 minutes formulation with 20% polaxamer after 3 freeze thaw cycles (Left),
Control formulation without polaxamer after one freeze thaw cycle (right)

V. DISCUSSION

Results indicates that use of 20% polaxamer can protect Diphtheria, Tetanus, Pertussis, Hepatitis B and
Haemophilus type b conjugate combined vaccine from at least 3 cycles of freezing and thawing. Microscopic
images (Fig. 1, 2) clearly show no damage to aluminum adjuvant in vaccine formulation with 20% polaxamer,
at the same time normal formulation without polaxamer protective agent showed agglomeration of aluminum
adjuvant. When subjected to freezing no loss of hepatitis B in-vitro potency observed in formulation having
20% polaxamer and about 50% loss in potency was observed in formulation without polaxamer protective agent
(Table 1). In case of pertussis potency minimal reduction was observed in formulation with polaxamer on
exposure to freezing (Table 2). Minimal increase in % free PRP was observed in formulation having 20%
polaxamer where as free PRP crossed 20% in formulation without polaxamer protective agent (Table 3). No
increase in sedimentation time was observed in formulation with 20% polaxamer when subjected to 3 freeze
thaw cycles, in formulation without polaxamer protective agent clear sediment was observed after standing for
10 minutes (Fig.4).
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V. CONCLUSIONS

Diphtheria, Tetanus, Pertussis, Hepatitis B and Haemophilus type b conjugate combined vaccine was
successfully protected from minimum three freeze thaw cycles with use of protective agent in formulation.
Nonionic block copolymers polaxamer 407 found suitable as protective agent against freezing effects on
aluminum adjuvant vaccines. High concentration (20%) of polaxamer is required to protect from freezing.
Concentrated formulation with high concentrations of protective agent for extemporaneous re-dilution or re-
suspension found suitable option to make freeze resistant vaccine. Prepared concentrated Diphtheria, Tetanus,
Pertussis, Hepatitis B and Haemophilus type b conjugate combined vaccine formulation was easily re-suspend
able using water for injection before immunization.
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