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Abstract

Accelerated thermal stability of vaccines during shelf life has vital impact on its potency. Temperature directly
affects the stability of the vaccines and degradation of immunogen depends upon the storage and environmental
conditions. The current study was undertaken to evaluate the potency of three different inactivated oil based
commercial vaccines under artificially induced thermal conditions such as 4°C, 24°C, 36°C and 45°C. The
vaccines were analyzed for their viscosity, density, pH, stability, particle distribution and serological potency after
10, 20 and 30 days. It was revealed that vaccines stored for 30 days at 4°C upto 24°C showed significantly better
physiochemical response and in vivo serological potency (p>0.05) as compared to vaccines stored for 30 days at
36°C and 45°C (p<0.05). Otto ND showed significantly better emulsion stability even under accelerated
temperature at 45°C for 30 days (p>0.05) as compared to Gallimune and Medivac (p<0.05). The density of
Medivac was stable under thermal stress conditions even at 36°C for 30 days (p>0.05) as compare to Otto ND and
Gallimune vaccine (p<0.05).

It is concluded that inactivated oil based ND vaccines can resist elevated thermal stress up to 36°C for 30 days
without any ill effect on physiochemical properties of emulsion and decline in serological potency. The vaccines
showed significant deterioration physically at temperature >30°C when stored for 30 days whereas, immunogenic
response was protective with minimal uniformity. However, above vaccine could be used for effective immune-
prophylaxis in poultry.

Keywords: Emulsion Accelerated Stability, Inactivated Oil Based Vaccines, Heamagglutination Inhibition Test,
Cold Chain

1. Introduction

Vaccines are complex heterogeneous suspension of chemicals and microbiological agents that has been used for
the immunization against a specific disease. Generally, a vaccine consists of proteins, carbohydrates, lipids and
desired microorganisms. Live vaccines consist of attenuated or modified organisms, stabilizer and a preservative.
Conversely, inactivated vaccines are composed of killed organism along with adjuvants and preservatives. These
all components play a very important role in efficacy, potency and stability of a vaccine but they are highly
sensitive to the environmental factors especially to the temperature (WHO, 2006).

In the case of liquid formulation of a vaccine, humidity is not a major issue but other environmental factor such as
light (photo stability) is resolved by using the amber glass for the packing of light sensitive components (WHO,
2006). The ability of a vaccine to possess its physical, chemical, microbiological and biological properties in the
specific limits during shelf life is referred as the stability of a vaccine. Shelf life is the time period in which a
vaccine remains stable at recommended storage conditions (Garba et al., 1986).

There are two main categories of stability testing to determine the shelf life, real time stability and accelerated
stability. Storage of vaccines at recommended storage condition is referred as the real time or real condition
stability, while in the accelerated stability the product is stored at the elevated stress conditions (Fox, 2013).
Accelerated and real time stability is used to define the degradation pattern which occurs when a vaccine fails to
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achieve the potential results. In 1980, smallpox was eradicated due to the availability of heat stable vaccine at that
time (Evans et al., 2004). A major problem behind the slow eradication of polio infection is inadequate availability
of cold chain storage for oral polio vaccines (Minor, 2012). A liquid formulation should be stable for 18-36 months
when stored at 2-8°C and should be heat stable and can resist ambient temperature to allow short term storage and
handling in the field. Vaccines should be stable be stable through multiple freeze thaw cycles and compatible with
paternal injections in terms of tonicity (Evans et al., 2004). Adjuvants are used to enhance the stability of subunits
vaccines because they are not immunogenic themselves and cannot evoke immune system for a long time interval.
Currently, Oil based emulsions are alternate of aluminum salts adjuvants and show better immune response as
compare to aluminum salts adjuvants (Roles, 2010).

In developing countries thermostability is major issue, the quality of the vaccine at risk due to the improper storage
facilities, poor transportation and untrained manpower (Sarkar et al., 2003). Therefore, the purpose of this study
is to develop various rapid and reliable tests to investigate the stability of inactivated oil based vaccine with
reference to the international standards such as WHO, USP and EUP. For the purpose samples of different
commercial vaccines from the local market were evaluated for their in house stability of emulsion and in vivo
efficacy in broiler chicks through haemagglutination inhibition test.

2. Materials and Methods

The study was conducted in coordination with Ottoman Pharma, a licensed manufacturer of poultry vaccines
located at Raiwind road, Lahore and University of Lahore. All the experiments were done in Research &
Development (R&D) department of Ottoman Pharma, Lahore. The aim of the current study is to develop authentic
method for the evaluation of oil based vaccines at different elevated temperatures.

2.1 Source of Vaccines

Three different brands of oil based inactivated vaccines such as Otto ND Flu Vac Ottoman Pharma Pakistan,
Gallimune-Merial- France and Medivac-Hilton- Indonesia were purchased from their respective distributor and
kept in cold chain till further use.

2.2 Source of Birds for Efficacy Testing

Total of 50 day old broilers were purchased from the well reputed hatchery of big bird poultry breeders located at
Raiwind road and shifted immediately to the clean and fumigated experimental animal house of Ottoman Pharma.
All the birds were reared under controlled conditions and offered with feed and water ad libitum.

2.3 Experimental Design
2.3.1 Thermal Stability Testing

5 vials of Otto ND Flu Vac, 5 vials of Gallimune and 3 vials of Medivac was transferred into 36 sub vials in such
a way that each vial has 60ml of each vaccine as shown Figure 1A. Master vial of each vaccine was de-sealed in
safety cabinet by wearing the sterile gloves as shown Figure 1B. Sub vials were properly labeled and transferred
to their respective incubators with elevated temperature as 4°C, 24°C, 36°C and 45°C for 30 days as shown Figure,
2. Samples were taken after 10, 20 and 30 days respectively and physiochemical properties of the vaccine were
analyzed further details are shown in Table 1.

2.3.2 Efficacy Test

Total of 20 birds were divided into four groups each containing 4 birds. The birds were marked with specific color
and immunized with respective vaccine at different time interval as shown in table. The blood of each bird of every
group was collected from wing vein at 28 day post vaccination. The serum was extracted and subjected for
haemagglutination inhibition test.

2.3.3 Haemagglutination Inhibition Test

96 well microtiter plate was filled with 50ul normal saline from 1-12 well with the help of micro pipette. 50ul of
serum was dispensed in 1% well and made 2 fold serial dilutions up to 10" well of 1% row. 50ul of 4HA antigen was
added from 1 to 11% well of 1% row and the microtiter plate was incubated at 37°C for 20 minutes. After the
incubation 50pl of 1% washes chicken RBCs was added from 1° well to 12% well of 1%'row. Results were recorded
after 30 minutes.

2.4 Statistical Analysis

The data obtained in the study was analyzed by mean standard deviation and subsequently through repeated
measure analysis of variables (ANOVA) using SPSS version 21.
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Table 1. Master Data Sheet of Vaccine’s Label

Sample Label Temperature Days
Otto ND Flu Vac Otto ND Flu Vac/V1 4C 10
Otto ND Flu Vac Otto ND Flu Vac/V2 4C 20
Otto ND Flu Vac Otto ND Flu Vac/V3 4C 30
Medivac Medivac/V1 4C 10
Medivac Medivac/V2 4C 20
Medivac Medivac/V3 4C 30
Gallimune Gallimune/V1 4C 10
Gallimune Gallimune/V2 4C 20
Gallimune Gallimune/V3 4C 30
Otto ND Flu Vac Otto ND Flu Vac/V1 24C 10
Otto ND Flu Vac Otto ND Flu Vac/V2 24C 20
Otto ND Flu Vac Otto ND Flu Vac/V3 24C 30
Medivac Medivac/V1 24C 10
Medivac Medivac/V2 24C 20
Medivac Medivac/V3 24C 30
Gallimune Gallimune/V1 24C 10
Gallimune Gallimune/V2 24C 20
Gallimune Gallimune/V3 24C 30
Otto ND Flu Vac Otto ND Flu Vac/V1 36C 10
Otto ND Flu Vac Otto ND Flu Vac/V2 36C 20
Otto ND Flu Vac Otto ND Flu Vac/V3 36C 30
Medivac Medivac/V1 36C 10
Medivac Medivac/V2 36C 20
Medivac Medivac/V3 36C 30
Gallimune Gallimune/V1 36C 10
Gallimune Gallimune/V2 36C 20
Gallimune Gallimune/V3 36C 30
Otto ND Flu Vac Otto ND Flu Vac/V1 45C 10
Otto ND Flu Vac Otto ND Flu Vac/V2 45C 20
Otto ND Flu Vac Otto ND Flu Vac/V3 45C 30
Medivac Medivac/V1 45C 10
Medivac Medivac/V2 45C 20
Medivac Medivac/V3 45C 30
Gallimune Gallimune/V1 45C 10
Gallimune Gallimune/V2 45C 20
Gallimune Gallimune/V3 45C 30

Figure 1. (A) ND Inactivated oil based vaccines (B) Vaccines are distributed in sub-vials
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Figure 2. (A) vaccines stored at 4°C (B) vaccines stored at 24°C (C) vaccines stored at 36°C (D) vaccines stored
at 45°C

3. Results

Thermal stress on three different commercial vaccines such as Otto ND Flu Vac, Medivac and Galimune, were
evaluated in the terms of change in their physiochemical properties.

Otto ND Flu vac documented detectable physiochemical changes when stored at 4°C, 24°C, 36°C and 45°C for
30 days. At 4°C storage the M+SD in viscosity, pH, density, stability, particle distribution of emulsion and
serological potency were12.3+.070, 6.3+.023, 0.9+.005, 6.00+.00, 5.2+1.09 and 25.6+8.76 respectively. At 24°C
storage the M+SD in viscosity, density, pH, stability, particle distribution of emulsion and serological potency
were 9.6+.005, 0.88+.011, 6.4+.007, 6:0.00, 4+0.00 and 25.648.76 respectively. At 36°C storage the M£SD in
viscosity, density, pH, stability, particle distribution of emulsion and serological potency were 9.2+.007, 0.89+.007,
6.00+.070, 5.2+1.09, 3.6+1.67 and 19.20+12.13respectively. At 45°C storage the M+SD in viscosity, density, pH,
stability, particle distribution of emulsion and serological potency were 7.6+.020, 0.854+.005, 5.94+.038, 4.8+1.09,
3.241.09 and 14.4+10.43 respectively. Physiochemical and serological changes are shown in Figure 11, 15, 19, 23
and 27 respectively.

Medivac showed detectable physiochemical changes when stored at 4°C, 24°C, 36°C and 45°C for 30 days. At
4°C storage the M+SD in viscosity, pH, density, stability, particle distribution of emulsion and serological potency
were13.69+.07, 6.04+.089, 0.88+0.013, 6.00+.00, 4.4+.89 and 25.6+8.76 respectively. At 24°C storage the M+SD
in viscosity, density, pH, stability, particle distribution of emulsion and serological potency were 9.54+.089,
0.88+.007, 6.06+.054, 6+0.00, 4+0.00 and 22.4+8.76 respectively. At 36°C storage the M+SD in viscosity, density,
pH, stability, particle distribution of emulsion and serological potency were 5.49+.005, 0.89+.007, 6.02+.109,
4.4+.894, 3.2+1.09 and 12.8+4.38 respectively. At 45°C storage the M+SD in viscosity, density, pH, stability,
particle distribution of emulsion and serological potency were 4.93+.010, 0.866+.005, 5.69+.004, 3.6+.894,
2.8+1.09 and 11.2+4.38 respectively. Physiochemical and serological changes are shown in Figure 11, 15, 19, 23
and 27 respectively.

Gallimune displayed detectable physiochemical changes when stored at 4°C, 24°C, 36°C and 45°C for 30 days.
The set parameters such as viscosity, pH, density, stability, particle distribution and serological potency were
evaluated at different time and recorded as shown in table 4.1. At 4°C storage the Mean standard deviation (M+SD)
in viscosity, pH, density, stability, particle distribution of emulsion and serological potency were 13.59+.014,
6.24+.005, .88+.004, 6.00+.00, 4.4+.89 and 25.6+8.76 respectively. At 24°C storage the Mean standard deviation
(M=£SD) in viscosity, density, pH, stability, particle distribution of emulsion and serological potency were
8.04+.054, 0.88+.007, 5.96+.054, 6+0.00, 4+0.00 and 22.4+8.76 respectively. At 36°C storage the M=SD in
viscosity, density, pH, stability, particle distribution of emulsion and serological potency were 5.9+.007, 0.87+.007,
6+.070, 4.8+1.09, 3.24+1.09 and 16.00+9.79 respectively. At 45°C storage, the M+SD in viscosity, density, pH,
stability, particle distribution of emulsion and serological potency were 5.17+.405, 0.864+, 5.33+.040, 4.4+.894,
2.8+1.09, and 12.8+4.38respectively. Physiochemical and serological changes are shown in Figure 11, 15, 19, 23
and 27 respectively.
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Table 2. Effect of accelerated temperature at different time period on the stability of Otto ND Flu Vac

Physiochemical Characteristics

Temperature  Shelf Life (M+SD)=5 - -
Viscosity pH Density Stability Pgrtl(.:le . Seroc.om‘/ersmn 28 Day Post
Distribution ~ Vaccination
10 18.06+.054  6.7+.070 0.91+.007 6+0.00 6+0.00 44.8+17.5
4°C 20 13.89+.01 6.3+.070 0.9+.007 6+0.00 6+0.00 38.4+14.31
30 12.3+.070 6.3+.023 0.9+.005 6+0.00 5.2+1.09 25.6+8.76
10 13.3+£.070 6.5+.070 0.896+.011  6+0.00 6+0.00 38.4+14.31
24°C 20 10.90+.008  6.45+.070  0.89+.007 6+0.00 6+0.00 32.0+0.00
30 9.6+.005 6.4+.007 0.88+.011 6+0.00 4+0.00 25.6+8.76
10 10.9£.070 6.5+.070 0.9+.007 6+0.00 6+0.00 38.4+14.31
36°C 20 10.4+.007 6.19+.017  0.90+.004 6+0.00 6+0.00 22.4+8.76
30 9.2+.007 6+.070 0.89+.007 5.2£1.09  3.6+1.67 19.20+12.13
10 10.51+.026  6.4+.018 0.892+.008  6+0.00 6+0.00 28.8+7.15
45°C 20 10.08+£.092  6.06+.046  0.866+.005  6+0.00 5.2+1.09 17.6£8.76
30 7.6+.020 5.94+.038 0.854+.005 4.8+1.09 3.2+1.09 14.4+10.43

Table 3. Effect of accelerated temperature at different time period on the stability of Medivac

Physiochemical Characteristics

Temperature ~ Shelf Life (M£SD)=5 - -
Viscosity pH Density Stability Pa‘rtlc.le- Sero?on\‘fersmn 28 Day  Post

Distribution  Vaccination

10 13.88+.044  6.5+.070 91+.007 6+0.00 6+0.00 32+0.00

4°C 20 11.5+.008 6+.070 0.88+.008 6+0.00 6+0.00 32+0.00
30 13.69+.07 6.04+.089  .88+0.013 6+0.00 5.2+1.09 25.6+8.76

10 10.2+.070 6+.070 0.9+0.005 6+0.00 6+0.00 32.0+0.0

24°C 20 9.9+.007 5.9+.007 0.9+.007 6+0.00 6+0.00 32.0+0.0
30 9.54+.089 6.06+.054  0.88+.007 6+0.00 4+0.00 22.4+8.76

10 9.7+.070 6.24+.336  0.9+.007 6+0.00 6+0.00 32.0+0.0

36°C 20 7.49+.005 6.3£.005 0.89+.004 6+0.00 6+0.00 22.4+8.76
30 5.49+.005 6.02+.109  0.89+.007 4.4+.894 3.2+1.09 12.8+4.38

10 8.95+.054 5.77+£.017 0.888+.004  6+0.00 6+0.00 22.4+8.76

45°C 20 6.97+.047 5.74+.007 0.876+.005 5.2+1.09 4.8+1.09 19.2+7.15
30 4.93+.010 5.69+.004 0.866+.005 3.6+.894 2.8+1.09 11.2+4.38

Table 4. Effect of accelerated temperature at different time period on the stability of Gallimune

Physiochemical Characteristics

Temperature  Shelf Life (M=SD)=5 ) S - TR
- . . article eroconversion ay post
Viscosity pH Density Stability Distribution vaccination
10 13.90+.004 6.3+.070  0.9+.007 6+0.00 6+0.00 44.8+17.5
4°C 20 13.70+0.70 ~ 6.00+.070  .88+0.007  6.00+0.00  6.00+0.00 38.4+14.31
30 13.59+.014  6.24+.005 .88+.004 6.00+.00  4.4+.89 25.6+8.76
10 12.3+.070  6.7+.070  0.88+.013 6+0.00 6+0.00 38.4+14.31
24°C 20 8.7+.070 6+.070 0.88+.007  6+0.00 6+0.00 32+0.00
30 8.04+.054  5.96+.054  0.88+.005 6+0.00 44+0.00 22.4+8.76
10 8+.070 6.5+.070  0.88+.007  6+0.00 6+0.00 38.4+14.31
36°C 20 7+.158 6.23+.021 0.88+.014  6+0.00 6+0.00 25.6+8.76
30 5.9+.007 6+.070 0.87+.007  4.8+1.09  3.2+1.09 16.00+9.79
10 7.032+.049  6.02+.045 0.878+.008  6+0.00 6+0.00 25.6+8.76
45°C 20 6.46+.017 5.68+.020 0.872+.008 5.2+1.09  4.8+1.09 17.6+8.76
30 5.17+.405 5.33+.040 0.864+.005 4.4+.894  2.8+1.09 12.8+4.38
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Figure 5. Accelerated thermal influence after 30 days  Figure 6. Accelerated thermal influence after 10 days
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at different temperatures on the Physiochemical at different temperatures on the physiochemical
properties of Medivac properties of Medivac
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physiochemical properties of killed vaccine
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Figure 27. Accelerated thermal effect on serological
potency of the vaccines at 45°C

4. Discussion

Vaccines provoke the immune system by stimulating humoral and cell mediated responses against the infection.
Mainly vaccines are consist of killed, attenuated or subunits of organism (Saroja et al., 2011). Killed and subunits
vaccines are mainly associated with adjuvants and require boosters to enhance the immune response for long time
interval (Bastola et al., 2017). Adjuvants are complex in nature and reduce the delivery of immunogen and also
enhance the potency of vaccine by protecting the immunogen from the environmental factors. The contents of a
vaccine are very sensitive to heat, light and radiations especially antigen so therefore to protect the antigen from
environmental factors hence, most of the vaccines are kept in cold chain (2-8)°C. Potency of a vaccine is directly
linked with maintenance of cold chain because fluctuations in temperature affect the physiochemical and biological
properties of a vaccine (WHO, 2006). In current study the effect of temperature on stability of immunogen and
physiochemical properties of killed oil based vaccines were documented.
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It was observed that viscosity, particle distribution, pH and density of Otto ND vaccine stored at 4°C for 30 days
did not show any significant difference (p>0.05) as compared to the vaccine stored at 24°C, 36°C and 45°C
(p<0.05). It was experimentally ensured that particle distribution of Otto ND stored at 4°C, 24°C and 36°C for 30
days did not show any significant differences (p>0.05) as compared to Otto ND stored at 45°C for 30 days (p<0.05).
In corresponding with Iyer et al., 2015, vaccine contained small particle size was more stable than the vaccine
consist of large particle size and significant change (p<0.05) in particle size was observed in vaccine stored at
40°C and 60°C for 30 days as compare to vaccine stored at 5°C and 25°C (p>0.05). It was documented that stability
of Otto ND vaccine stored at 4°C, 24°C, 36°C and 45°C for 30 days did not show any significant differences
(p>0.05). It was also observed that HI antibody titer of Otto ND vaccine stored at 4°C and 24°C for 30 days did
not show any significant differences (p>0.05) as compared to Otto ND stored at 36°C and 45°C for 30 days
(p<0.05).

It was observed that viscosity and pH of Medivac stored at 24°C, 36°C and 45°C for 30 days showed significant
differences (p<0.05) as compared to the vaccine stored at 4°C for 30 days (p>0.05). It was documented that density,
stability and particle distribution of Medivac stored at 45°C for 30 days showed significant difference (p<0.05) as
compared to Medivac stored at 4°C, 24°C and 36°C for 30 days (p>0.05). The vaccines are stored at 23°C for 5
weeks showed minute decrease in the stability to that of vaccine stored at 55°C for 5 weeks showed conformational
changes due to the elevated thermal stress Ho et al., 2000. It was experimentally confirmed that HI antibody titer
of Medivac stored at 4°C and 24°C for 30 days did not show significant differences (p>0.05) as compared to the
vaccine stored at 36°C and 45°C for 30 days (p<0.05).

It was observed that viscosity of Gallimune when stored at 24°C, 36°C and 45°C for 30 days showed significant
difference (p<0.05) as compared 4°C storage for 30 days (p>0.05). It was documented the density, pH, viscosity
and particle distribution of the vaccine stored at 4°C and 24°C for 30 days did not show significant difference
(p>0.05) when kept at 36°C and 45°C for 30 days (p<0.05). Whereas, pH, stability and particle distribution of the
vaccine stored at 4°C, 24°C, and 36°C for 30 days showed significant difference (p<0.05) to that of 45°C storage
for 30 day (p>0.05). It was confirmed that HI antibody titer of Gallimune vaccine stored at 45°C for 30 days
showed significant difference (p<0.05) as compared to 4°C, 24°C and 36°C storage for 30 days (p>0.05).
Significant drop in humoral immune response of vaccine is Ho et al., 2000 observed when stored at 55°C for 5
weeks due to extreme thermal stress.

The results of the current study revealed that Gallimune, Medivac and Otto ND inactivated oil based vaccines
found stable up to 24°C when stored for 30 days (p>0.05) whereas, Gallimune showed significantly better HI titer
even at 36°C for 30 days (p>0.05) as compare to Medivac and Otto ND vaccine (p<0.05). Otto ND showed
significantly better emulsion stability even under accelerated temperature at 45°C for 30 days (p>0.05) as compare
to Gallimune and Medivac (p<0.05). The density of Medivac was stable under thermal stress conditions even at
36°C for 30 days (p>0.05) as compare to Otto ND and Gallimune vaccine (p<0.05).

Thus it is concluded that all the vaccines used in the study showed optimum results at 2-10°C for 30 days. However,
least physiochemical deterioration was recorded in each of the vaccine when stored between 10 to 30 days under
thermal stress.
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