
Background: Nanoemulsion (NE) adjuvants are made of pharmaceutically approved 
ingredients and are composed of high-energy nanometer-sized oil-in-water droplets 
stabilized by surfactants.  After intranasal administration (IN), the NE adjuvant with 
incorporated antigenic components is taken up by mucosal dendritic cells that traffick to 
secondary lymphoid tissues triggering local and systemic cellular and humoral
immunity.
Methods: Naïve ferrets were immunized IN on days 0 and 28 with different 
concentrations of the NE adjuvant (W805EC) mixed with different doses of Fluzone®

commercial influenza vaccine. Control ferrets received Fluzone® intramuscularly. Sera 
were collected on days 27 and 48 to test for neutralizing antibodies using the 
hemagglutination inhibition (HAI) assay. Protection was assessed by challenging the 
ferrets with 107 EID50 (egg infectious dose) Wisconsin virus on day 49, then analyzing
the ferret’s nasal wash for virus content.  Electron microscopy was used to visualize the 
W805EC-adjuvanted Fluzone® vaccine.
Results: Electron micrographs showed influenza antigens on the surface of W805EC 
nanodroplets.  IN vaccination in ferrets using W805EC-adjuvanted Fluzone® vaccine 
provided a robust immune response using hemagglutinin (HA) doses 15 times smaller 
than the current commercial vaccine. A dose response was determined for the NE 
adjuvant and influenza HA. Ferrets vaccinated with a total of 7.5 μg HA showed cross 
protection against several H3N2 antigens not present in the vaccine formulation. The 
adjuvanted vaccine resulted in elimination of the virus in the ferrets’ nasal washings 
following viral challenge.
Conclusions: The W805EC-adjuvanted Fluzone® vaccine elicited a protective immune 
response in naïve ferrets following IN immunization, even with antigen sparing doses.  
This NE-based nasal influenza vaccine is currently in a Phase 1 clinical trial.
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W805EC-adjuvanted Fluzone® (2007-2008) vaccine resulted in high geometric mean titers (GMT) with 100% sero-conversion following a single immunization using doses 
as low as 2.5 µg HA/strain. The GMT was 9-16 times higher with the NE-adjuvanted vaccine using 1/6th the antigen dose present in the current IM non-adjuvanted
vaccine.  All ferrets receiving the NE-adjuvanted vaccine were seroconverted compared to 67% - 89% seroconversion in the case of IM non-adjuvanted vaccine. Ferrets 
received 500µL of W805EC-adjuvanted Fluzone® vaccine IN.  There were 9-10 ferrets / arm. 

References
1. Mutsch M, Zhou W, Rhodes P, et al. (2004).  NEJM, 350(9): 896-903.
2. Mossad SB (2003): Cleve Clin J Med 70: 801-806.
3. Makidon PE, Bielinska AU, Nigavekar SS, et al. (2008). PLoS ONE. 3(8): e2954; 1-15.
4. Hamouda T, Chepurnov A, Mank N, et al. (2008). National Foundation for Infectious Disease, 

11th Annual Conference on Vaccine Research. Baltimore, MD.
5. Myc A, Kukowska-Latallo JF, Bielinska AU, et al. (2003). Vaccine. 21(25-26):3801-14.
6. Bielinska AU, Janczak KW, Landers JJ, et al. (2007). Infect Immun. 75(8): 4020-9.
7. Bielinska AU, Janczak KW, Landers JJ, et al. (2008). AIDS Research and Human Retroviruses. 

24(2): 271-81.
8. Bielinska AU, Chepurnov AA, Landers JJ, et al. (2008). Clin. Vaccine Immunol. 15(2): 348-58.

• There is a need to increase influenza vaccine efficacy, particularly in the elderly and 
infants. 

• Nasal adjuvants have been proposed as a way to increase vaccine potency, but have 
previously been associated with cranial nerve irritation1.

• Attenuated nasal influenza vaccines (Flumist®) have been proposed to boost nasal 
mucosal immunity2.

• W805EC adjuvant  is a non-toxic oil-in-water emulsion made of ingredients that are on 
the list of approved pharmaceutical excipients.

• W805EC facilitates the uptake of antigens into dendritic cells in the nasal mucosa.
• Nanoemulsion-based intranasal vaccines offer several advantages over traditional 

vaccines including antigen-sparing; needle-free painless delivery; and stabilization of 
the antigen at room temperature3.

• W805EC-based vaccines administered intranasally provided protective immunity for a 
number of antigens in animal models3-8.

• We tested the efficacy and safety of a novel W805EC adjuvanted influenza vaccine in 
naïve ferrets to enhance the potency of standard influenza vaccines.

10

20

40

80

160

320

640

1,280

2,560

5,120

10,240

12 µg 7.5 µg 2.5 µg 12 µg 15 µg

20% W805EC / Fluzone IN Fluzone IN Fluzone IM PBS

H
AI

 T
ite

r

HAI Titers Against A/Wisconsin/67/2005 (H3N2)
100 % % Seroconversion

100%        
100%

78% 

78%

Positive Titer

0%

Day 27

10

20

40

80

160

320

640

1,280

2,560

5,120

10,240

12 µg 7.5 µg 2.5 µg 12 µg 15 µg

20% W805EC / Fluzone IN Fluzone IN Fluzone IM PBS

H
AI

 T
ite

rs

HAI Titers Against A/Solomon Islands/3/2006 (H1N1)

% Seroconversion
100 %

100%        100%

100%

89%

0%

Positive Titer

Day 27

10

20

40

80

160

320

640

1,280

2,560

5,120

10,240

12 µg 7.5 µg 2.5 µg 12 µg 15 µg

20% W805EC / Fluzone IN Fluzone IN Fluzone IM PBS

H
AI

 T
ite

rs

HAI Titers Against B/Malaysia/2506/2004

% Seroconversion

100 %
100%

100%

78%
67%

0%

Positive Titer

Day 27

10

20

40

80

160

320

640

1,280

2,560

5,120

10,240

A/Wisconsin A/California A/New York A/Wyoming A/Wellington A/Panama

H
AI

 T
ite

r

Cross Protection Resulting From Vaccination with A/Wisconsin
HAI Titers Against Different H3N2 Antigens

20% W805EC / 2.5 µg IN 15 µg Ag IM

% Seroconversion
100 %             100%

100%
90%

Positive
Titer

Day 48

78 %               56%

44%
44%

33% 40% 33%        50%

10

20

40

80

160

320

640

1,280

2,560

5,120

10,240

4 µg 1 µg 4 µg 1 µg 4 µg 1 µg 15 µg

20% W805EC 10% W805EC 5% W805EC

Fluzone IN Fluzone IM

H
AI

 T
ite

r

HAI Titers Against A/Brisbane/59/2007(H1N1)

% Seroconversion

100%
100%

100%

67%              
67%

Positive Titer
33%

17%

Day 27

10

20

40

80

160

320

640

1,280

2,560

5,120

10,240

4 µg 1 µg 4 µg 1 µg 4 µg 1 µg 15 µg

20% W805EC 10% W805EC 5% W805EC

Fluzone IN Fluzone IM
H

AI
 T

ite
r

HAI Titers Against A/Uruguay/716/2007(H3N2)

100% % Seroconversion
100%

100%

83%

Positive Titer

50%

33%

0%

Day 27

10

20

40

80

160

320

640

1,280

2,560

5,120

10,240

4 µg 1 µg 4 µg 1 µg 4 µg 1 µg 15 µg

20% W805EC 10% W805EC 5% W805EC

Fluzone IN Fluzone IM

H
AI

 T
ite

r

HAI Titers Against B/Florida/04/2006

% Seroconversion

Positive Titer

100%
83%

67%

17% 17%
0% 0%

Day 27

W805EC-adjuvanted Fluzone® (2008-2009) vaccine showed a dose response in relation to both NE concentration and antigen content. The use of 4 µg HA/strain and 
10% NE or 1µg HA/strain and 20% NE resulted in a protective immune response against all the strains present in the vaccine. The GMT was 8 - 293 times higher with 1 
µg HA/strain and 20% NE adjuvant using 1/15th the antigen dose present in the current IM non-adjuvanted vaccine. 67% - 100% of the ferrets that received the NE-
adjuvanted vaccine were seroconverted compared to 0% - 17% seroconversion in the case of IM non-adjuvanted vaccine. Ferrets received 200 µL of W805EC-
adjuvanted Fluzone® vaccine IN. There were 6 ferrets / arm. 

• W805EC-adjuvanted Fluzone® vaccine elicited robust immune 
responses and cross protection in naïve ferrets using 1/15th the 
standard antigen dose.

• W805EC-adjuvanted Fluzone® vaccine resulted in sterile immunity 
following challenge with live Wisconsin virus.

• No toxicity was observed in ferrets receiving W805EC-adjuvanted 
Fluzone® vaccine.

SUMMARY

CONCLUSIONS
• W805EC nanoemulsion represents a non-toxic universal adjuvant to 

increase immune responses and cross reactivity from standard 
vaccine antigens.

• W805EC-adjuvanted Fluzone® vaccine (NB-1008) is currently being 
evaluated in 140 subjects in a Phase 1 clinical trial in U.S.

• Five to eight month-old, influenza-naïve, castrated and descented, male Fitch 
ferrets with pre-immunization HAI titers ≤10.

• Antigen concentrations ranged from 1-15 µg HA/strain/dose. Final nanoemulsion
concentrations were 5, 10 and 20% and the total volume administered was 200 or 
500 µl/dose. Ferrets were vaccinated using a pipette in a drop wise fashion in the 
recumbent position under anesthesia on Day 0 and Day 28.

• Serum was tested for specific HAI at Day 0 and Day 27 and for cross protection 
against other influenza viral strains at Day 48 only.

• Some ferrets were challenged using live influenza A/Wisconsin/67/2005 adjusted 
to 107 EID50/mL.

• Nasal wash, lungs and nasal turbinates were collected from the challenged ferrets 
and assessed for viral load in eggs.

• Control groups received Fluzone® vaccine alone intranasally or intramuscularly.
• Ferrets were observed for any signs of illness; body temperature and body 

weights were monitored throughout the study.
• Transmission electron microscopy was performed on the 20% nanoemulsion

adjuvant and the W805EC-adjuvanted Fluzone® vaccine.
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Robust Immune Response

Two doses of W805EC-adjuvanted Fluzone®
vaccine using 2.5 µg HA/strain and 20% NE 
resulted in a superior cross protection against 5 
different H3N2 influenza strains not present in the 
administered vaccine. The superior response was 
in the form of higher GMT and seroconversion with 
1/6th the antigen dose present in the current IM 
non-adjuvanted vaccine. 

Dose Response

Cross Protection

Vaccination using 2.5 µg HA/strain and 20% NE 
resulted in sterile immunity in ferrets.  No virus 
could be recovered from the nasal wash, nasal 
turbinates or lung following challenge with an 
infectious dose of Wisconsin strain.  This challenge 
dose resulted in excretion of live virus from the 
nasal wash of the non-vaccinated ferrets for up to 6 
days post-challenge.  The challenge was performed 
after 2 vaccine doses.

Challenge Studies

Transmission electron micrographs for 
the nanoemulsion adjuvanted Fluzone®
vaccine demonstrating incorporation of 
Influenza antigen proteins at the oil-water 
interface within the nanoemulsion
droplets.
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