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In vitro Assessment of the Allergenicity of Novel 
MF59-adjuvanted Pandemic H1N1 Infl uenza Vaccine 

Produced in Dog Kidney Cells

The majority of seasonal and pandemic infl uenza vaccines is 
derived from the infected allantoic fl uid of embryonated chicken 
eggs and is relatively contraindicated in persons with egg allergy. 
An alternative to vaccine production in eggs is a proprietary con-
tinuous cell culture line of Madin-Darby canine kidney cells 
(MDCK 33016-PF), that contains no egg proteins and therefore, 
offers egg-allergic persons a new option for infl uenza prevention.1

The safety of the vaccine in persons with hypersensitivity 
to dog proteins is a hypothetical concern. We have previously 
shown that seasonal infl uenza vaccine produced in the MDCK 
cell line induced no mediator release in an in vitro functional 
assay based on the RBL cells transfected with human Fcε recep-
tor type 1 and passively sensitized with serum from dog-allergic 
individuals.2 During the 2009–2010 pandemic, vaccines con-
taining oil-in-water emulsion adjuvants, such as MF59, were 
used in most countries, stretching the global vaccine supply, as 
adjuvants enabled viral antigen content to be reduced from the 
conventional 15 μg to as low as 3.75 μg.3 We sought to determine 

A licensed inactivated MF59-adjuvanted seasonal infl uenza vaccine (Optafl u) produced in canine kidney cells (MDCK 
33016-PF) contained no egg proteins and did not trigger degranulation in rat basophilic leukemia (RBL) cells passively 
sensitized with human anti-dog IgE, supporting its safe use in dog-allergic individuals. The cell-derived pandemic H1N1 
infl uenza vaccine was also adjuvanted with the emulsion adjuvant MF59 and support for its similar safe use was sought. 
We sought to evaluate in vitro allergenicity of the MF59-adjuvanted cell-derived pandemic H1N1 infl uenza vaccine in 
subjects with dog allergy, with a mediator release assay. RBL-2H3 cells transfected with human Fcε receptor type 1 were 
sensitized with sera from adult dog-allergic subjects and stimulated with serial dilutions of pandemic H1N1 infl uenza 
vaccine and dog dander extract. βN hexosaminidase release (NHR) was used as a marker of RBL degranulation. Median 
dog dander-specifi c IgE in 30 dog-allergic subjects was 27.7 kUA/L (range 10.1; >100); and in 5 dog non-allergic subjects 
was <0.35 kUA/L (UniCAP system). Median (range) maximum NHR in dog-allergic subjects was: pandemic H1N1 infl uenza 
vaccine 1.1% (0; 4.4) and dog dander 6.9% (0.7; 37.3), p < 0.001. In conclusion, MF59-adjuvanted pandemic H1N1 infl uenza 
vaccine produced in continuous canine kidney cells did not trigger degranulation in RBL cells passively sensitized with 
human anti-dog IgE, supporting its safe use in dog-allergic individuals.
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whether MF59-adjuvanted pandemic H1N1 vaccine has compa-
rable characteristics in regards to potential allergenicity in dog 
dander-allergic individuals.

The study was approved by the Mount Sinai Institutional 
Review Board and written informed consent was obtained prior 
to enrollment. Eligibility criteria included: age between 14 and 60 
y, a history of immediate (onset within 2 h of exposure) allergic 
symptoms upon exposure to dog, a positive skin prick test (SPT) 
to dog allergen extract (Greer Laboratories, Inc.,) and a serum 
specifi c IgE antibody to dog dander level ≥10 kU

A
/L (UniCAP 

system, Thermo Fisher Scientifi c). Exclusion criteria included: 
negative SPT, undetectable serum specifi c IgE antibody to dog 
dander or symptomatic asthma, extensive skin rash or febrile ill-
ness at the time of SPT. Skin prick testing was performed as pub-
lished in reference 2. Subjects with positive skin tests had blood 
samples drawn for measurement of level of specifi c IgE antibody 
to dog dander; range <0.35 (undetectable) to >100 kU

A
/L. Sera 

from subjects with dog dander-specifi c IgE levels ≥10 kU
A
/L were 

used in the mediator release assay. Mediator release assay was 
performed as published in reference 2. Briefl y, passive sensitiza-
tion of MBL was performed with individual subjects’ sera, which 
were then exposed to 10-fold serial dilutions of MF59-adjuvanted 
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in culture for long periods of time.4 RBL-based mediator release 
assay is very sensitive (detection threshold of 10 pg/ml for Fel d 
1) and was used for measurement of the allergenic potency of 
tree and grass pollen, house dust mite, cat dander and peanut 
extracts.5 We found no evidence of a toxic effect upon the RBL 
cells following a 60 min stimulation with the vaccine.

Our results support the safety of the MF59-adjuvanted pan-
demic H1N1 infl uenza vaccine for subjects with dog allergy. The 
negative results of this bioassay in subjects documented to have 
IgE-mediated dog protein allergy is substantiated by safety obser-
vations in clinical trials of more than 9,000 subjects of all ages 
receiving adjuvanted or unadjuvanted pandemic and seasonal 
vaccine formulations produced in MDCK cells.1 No acute hyper-
sensitivity event was reported in any of the exposed subjects.

Despite manufacturers’ best efforts, commercial delivery of 
pandemic vaccine in 2009 began after the peak of the fi rst wave. 
Cell culture-based vaccine production coupled with adjuvanta-
tion could make a greater supply available more quickly com-
pared with unadjuvanted formulations relying on eggs. Young 
children are most likely to be affected by egg allergy and in the 
2009–2010 and 1,918 pandemics, they were among the popula-
tions at high risk for infection.6 Egg allergy, while uncommon 
in adults, is estimated to occur in 2% to 3% of children under 
two years of age, with a signifi cantly higher prevalence among 
individuals with atopic dermatitis and other atopic conditions.7 
The availability of an adjuvanted cell culture-derived alternative 
to the current egg-based pandemic infl uenza vaccine will give 
egg-allergic individuals access to a potentially life-saving inter-
ventions against seasonal infl uenza and in the next pandemic.
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MDCK cell-based infl uenza A (H1N1) 2009 monovalent vac-
cine (#013021A), Celtura (containing 3.75 μg of viral hemag-
glutinin) and dog dander extract (Greer, #113497) as allergens. 
A paired t-test or Mann-Whitney Rank Sum test was used for 
comparing responses to different allergens using SigmaStat 3.5 
(SYSTAT Software Inc., 2005).

Characteristics of study participants are presented in Table 
1. Mediator release induced by the MF59-adjuvanted pandemic 
H1N1 infl uenza vaccine was compared with mediator release 
observed with negative control sera from 5 individuals with 
undetectable dog dander-specifi c IgE antibody (<0.35 kU

A
/L) 

and no symptoms upon dog exposure (Table 2). The response 
to pandemic H1N1 infl uenza vaccine grown in the MDCK cells 
was comparable between the sera from dog allergic and dog non-
allergic subjects, whereas the response to dog dander was signifi -
cantly higher with sera from dog-allergic subjects, p < 0.001 (Fig. 
1A and B). None of the sera gave NHR >5% or any detectable 
release at 3 consecutive dilutions of the pandemic H1N1 infl u-
enza vaccine grown in the MDCK cells.

Discussion

We evaluated the potential allergenicity of MF59-adjuvanted 
pandemic H1N1 infl uenza vaccine for dog-allergic individuals 
with an in vitro mediator release assay. The RBL-2H3 cells trans-
fected with human high affi nity Fcε receptor type 1 are passively 
sensitized with human serum IgE and triggered to release medi-
ators upon exposure to the allergen. RBL-2H3 cells are stable 
transfectants with the functional characteristics of mast cells in 
regard to IgE-induced mediator release that can be maintained 

Table 1. Dog-allergic subjects characteristics

Characteristics n = 30

Male 40%

Age [years]; median (range) 31 (18; 57)

Skin prick test, wheal [mm]; median (range) 5 (4; 11)

Dog dander-specific IgE [kUA/L]; median (range) 27.7 (10.1; >100)

Atopic history

Asthma

Allergic rhinitis

Eczema

Food allergy

Drug allergy

Insect allergy

78%

64%

29%

7%

7%

7%

Immediate symptoms upon dog exposure

Lower airways (wheezing, cough, shortness of 
breath)

Rhinitis/conjunctivitis

Cutaneous (pruritus, urticaria)

Pharyngeal pruritus

76%

70%

70%

12%

We screened 55 subjects with a history of allergic symptoms upon 
exposure to dogs to identify 30 subjects with dog dander-specific IgE 
>10 kUA/L (UniCAP).
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Table 2. Maximum mediator release in dog-allergic and dog non-allergic subjects

Pandemic H1N1 vaccine Dog dander extract p value Pandemic H1N1 vs. dog dander extract

Dog-allergic subjects, n = 30 1.1 (0; 4.4) [median (range)] 6.9 (0.7; 37.3) [median (range)] <0.001 (Mann-Whitney)

Dog non-allergic subjects, n = 5 2.1 (0.53) [mean (SD)] 2.3 (0.15) [mean (SD)] 0.6 (t-test)

p value dog-allergic vs. 
non-allergic subjects

0.43 (t-test) 0.022 (Mann-Whitney)

We compared maximal %NHR to two allergens at 10-2 dilution because of the non-IgE-mediated (in the absence of human serum) mediator release 
with the concentrated pandemic H1N1 vaccine and dog dander extract (data not shown).

Figure 1. The box plot shows 10th, 25th, 75th and 90th percentiles as vertical boxes with error bars. 
The horizontal lines in the box show the median % βN hexosaminidase release of each dilution. 
The dots represent individual subjects whose %NHR are above 25th and 75th percentile (lower and 
upper edges of the box). Y axis represents % βN hexosaminidase release from the RBL cells pas-
sively sensitized with serum from dog-allergic individuals, n = 30 (A and B) or from dog non-aller-
gic individuals, n = 5 (C and D). X axis represents serial 10-fold dilutions of the allergens; protein 
content of undiluted H1N1 vaccine is ~178 μg/mL and dog dander is ~336 μg/mL by micro BCA 
assay (bicinchoninic acid). (A and C) represent stimulation with pandemic H1N1 vaccine. (B and D) 
represent stimulation with dog dander extract. p values for comparisons in peak mediator release: 
(1) To H1N1 vaccine in dog allergic (A) and dog non-allergic (C) individuals, p = 0.43 (t-test). (2) To 
dog dander in dog allergic (B) and dog non-allergic (D) individuals, p = 0.022 (Mann-Whitney Rank 
Sum Test). (3) In dog-allergic individuals, to H1N1 vaccine (A) vs. dog dander extract (B), p < 0.001 
(Mann-Whitney Rank Sum test). (4) In dog non-allergic individuals to H1N1 vaccine (C) vs. dog 
dander (D), p = 0.6 (t-test).
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