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Influenza Vaccine and Adjuvant
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Adjuvant is originated from the Latin word ‘‘adjuvare’” which means ‘‘help’’ in English to enhance the immuno-
logical responses when given together with antigens. The beginning of adjuvant was mineral oil which enhanced the im-
mune response when it was given with inactivated Salmonella typhimurium. Aluminium salt was used to precipitate
diphtheria toxoid and increased level of antibody response was demonstrated when administered with alum-precipitated
antigens. Since 1930, aluminium salt has been used as DTaP (diphtheria-tetanus-acellular pertussis vaccine) adjuvant.
Many candidates were tested for adjuvant activity but only aluminum salt is allowed to use for human vaccines. New ad-
juvant MF59, oil-in-water emulsion type, was developed for influenza vaccine for elderly (Fluad) and series of AS ad-
juvant are used for hepatitis B, pandemic flue, and human papiloma virus vaccines. Oil-adjuvanted influenza pandemic
vaccines induced higher antibody response than alum-adjuvanted vaccine with higher incidence of adverse events, espe-
cially for local reactions. Alum-adjuvanted whole virion inactivated H5N1 vaccine was developed in Japan, and it in-
duced relatively well immune responses in adults. When it applied for children, febrile reaction was noted in approxi-
mately 60% of the subjects, with higher antibodies. Recent investigation on innate immunity demonstrates that adjuvant
activity is initiated from the stimulation on innate immunity and/or inflammasome, resulting in cytokine induction and
antigen uptake by monocytes and macrophages. The probable reason for high incidence of febrile reaction should be in-
vestigated to develop a safe and effective influenza vaccine.
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1930 }Influenza virus was isolated from swine. (1931)

1940

1950 {PR8 didn’t protect the flue infection in 1947 season.

Egg-derived influenza virus could grow through
intramuscular administration. Induction of NT antibouies (1935)

No protective effect against
antigen drift

1960

1970

Development of adjuvant
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Neutralizing antibodies
were detected 2 weeks

Influenza virus was isolated from human.(1933) | 2fterimmunization and was
preserved for 6 months.

Protection of mouse lung homogenate filtrates infected with PR8 (1937)
Lung homogenate was inactivated with formalin (1938)

Vaccine virus was inoculated into egg chorioallantoic cavity (1940)
Purification by adsorption with RBC (1941)

70-80%vaccine

effectiveness against
hospitalization

Split with Tween 80-ether or Triton-ether and formalin-inactivated
vaccine, purified through zonal centrifuge (1964)

High immunogenicity and low incidence

of adverse events J

Development of intranasal administration

Fig. 1. History of Development of Influenza Vaccine
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1907:Toxin/anti-toxin complex

1920 1920s-1930s:
Adjuvant for Alum-precipitated vaccine
1930 toxoid vaccines (1924: TB enhanced Ab production |
(TB+water-in-oil emulsion)
1940 Incomplete Freund’s adjuvant
10% Arlacel A+90% mineral oil
1950 Mineraloil & |1948: DPT (Alum-precipitated)
Alum adjuvant Polio vaccine ? Influenza vaccine ?
1960 limitation of Alum
(Immunogenicity, local reaction)
41970 - 11960s: Low MW compounds |
Synthetic Low adjuvantogenicity/endotoxic activities
1980 MDV: :;n;gfc;i-::s 1970s: adjuvant activity of
1990 Delivery system RNA. DNA_ .
1980-90s: Saponin, Liposome,
Theor_etically MDP, Lipid A
2000 aones RS series, MF59

Fig. 2. History of Development of Adjuvant for Influenza Vaccine
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Fig. 3. Adjuvant Effects of Aluminium and MF59 on Antibody Responses against H5N1
Reproduced from: Bernstein D. I. et. al., J. Infect. Dis., 197, 667-675 (2008) .21
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(n=31)
20
10 Vac+MF59
ol e
o ____LL_____
& ' o
> & \\ A% A 9 &«
¥ W N o ¥ 2 >
N O (4 23 1 P & &
&L € & ¥ & < & & ¥
v &K (0

Fig. 4. Comparison of Vaccine Adverse Events after Immunization of Alum or MF59 Adjuvanted H5N1 Vaccine Candidates
Reproduced from: Bernstein D. I. ef al., J. Infect. Dis., 197, 667-675 (2008) .2
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reverse genetics £ CTIEH L 720 1 )V Z D&KL T ATE PR MS 5S1.5f5& EF L, 1:40 L LD
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