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Influenza directly or indirectly contributes to the four leading causes of global mortality, at rates that are highest in older adults.
As the proportion of older adults in the Korean population is greater than in most other countries, influenza prevention is a
greater public health priority in Korea than elsewhere. Conventional inactivated influenza vaccine (IIV) is less immunogenic and
efficacious (-50%) in older than in young adults, but adjuvanting the vaccine with oil-in-water emulsion MF59® increases immunogenicity, resulting in comparatively higher levels of hemagglutination inhibition antibodies and greater protection against
all influenza, as well as cases requiring hospitalization. A recent observational study demonstrated that the adjuvanted vaccine
protected older adults against influenza in a year when nonadjuvanted IIV was ineffective. In another multiyear study, the adjuvanted vaccine was estimated to be 25% more effective in preventing pneumonia and influenza hospitalizations compared to
nonadjuvanted vaccine. Although MF59-adjuvanted vaccine is transiently more reactogenic than nonadjuvanted vaccine, there
is no evidence that it increases risks for serious adverse events, including those with an autoimmune etiology. Experience thus
far indicates a favorable balance of benefit to risk for MF59. This may reflect the adjuvant’s mechanism of action in which the
squalene oil emulsion increases antibody responses to co-administered antigen without acting more generally as an immunopotentiator.
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Introduction
In the 2010 Global Burden of Disease analysis of causes of
death, ischemic heart disease, stroke, chronic obstructive pulmonary disease and lower respiratory tract infection were the
four leading causes [1]. As acute influenza infections can exacerbate or can directly contribute to fatal outcomes for all of

these conditions [2], especially among older adults, routine
influenza vaccination with the use of improved vaccines could
reduce mortality significantly on a global scale. Prioritizing influenza prevention is increasingly important as the number
and proportion of older adults is growing in every region of
the world.
In Korea, the life-expectancies of 85 years for women and 78
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Figure 1. Proportion of population 65 years and older, by country,
reported and projected by year.

years for men in 2010 ranked among the longest among all
countries (Fig. 1) [3]. Because of this longevity it is projected
that the proportion of the national population that is over 65
years will increase from 11% in 2011 to 37% by 2050, when
14% of the population will be over 80 years old. As retirement
from full or part-time work is progressively delayed, prevention of influenza in older adults has a consequence not only
on the healthcare system but also on lost productivity. For example, a cost-benefit analysis of influenza and pneumococcal
vaccination in Japan estimated that 20% of the population
over 65 years old participated in the workforce, with an average of 153 hours worked per month [4].
These trends underscore the even greater imperative in Korea to implement effective protection of older adults against
influenza. Unlike most other countries, compliance with vaccination among recommended groups is high in Korea, with
vaccine coverage of older adults in the range of 95%. Thus, the
principal obstacle to improved influenza prevention among
the older Korean population is the relatively poor efficacy of
the conventional vaccine.
Although trivalent inactivated influenza vaccines (IIV3) are
recommended for older adults (usually defined as ≥ 65 years
old) in nearly every country globally, the efficacy of these vaccines in this age group has increasingly been questioned [5, 6].
The efficacy of IIV was shown to be 50-60% in the only randomized, placebo-controlled trial in this age group, with
doubts about efficacy in the oldest subjects in the study [7],
while subsequent observational studies of vaccine effectiveness have been challenged on methodological grounds, and
the vaccine’s efficacy even in young adults has been claimed
to be overestimated [5]. The relatively poor effectiveness of IIV
in older vaccinees compared with younger adults is consistent
with more numerous observations that consistently show a
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lower antibody response to vaccination with age due to immunosenescence [8, 9]. The immune system, as other physiological
systems, changes and may decline with age, resulting in an impaired immune response to infection and to vaccination [10].
For these reasons, interest to improve influenza vaccines for
the elderly, and indeed, for all age groups, has grown. Among
the approaches to improve the performance of seasonal IIV is
adjuvantation. In fact, an oil-in-water emulsion (MF59 adjuvanted IIV3 (IIVa3, Fluad) has been licensed for older adults
in Europe since 1997 and its greater immunogenicity compared to nonadjuvanted IIV has been shown repeatedly [11,
12]. However, for ethical reasons it has not been possible to
perform a placebo-controlled trial demonstrating efficacy in
this age group. Observational studies have attempted to fill
that gap and recent comparative studies have demonstrated
the vaccine’s higher effectiveness relative to conventional IIV.
At the same time, large-scale use of MF59 in adjuvanted monovalent pandemic egg and cell-derived vaccines has provided
extensive experience substantiating its safety in a more diverse population. This review summarizes recent experience
on the use of MF59-adjuvanted IIV in older adults.

IIVa3 (Fluad) product profile
Fluad is an inactivated seasonal influenza vaccine comprising 15 μg of purified haemagluttinin (HA) surface antigen
subunits from each of the three WHO-recommended strains
formulated with MF59C.1 (containing in each 0.5 ml dose:
squalene 9.75 mg, polysorbate 80 1.175 mg, sorbitan trioleate
1.175 mg, sodium citrate 0.66 mg, citric acid 0.04 mg and water for injection) [13]. Antibiotics (kanamycin and neomycin
sulfate), formaldehyde and cetyltrimethylammonium bromide are used during the manufacturing process but thimerosal is not, so the vaccine is classified as thimerosal-free. Fluad
contains no other preservatives.
Fluad is presented in a pre-filled syringe containing a single
0.5 mL dose to be administered intramuscularly. The vaccine
is indicated for adults 65 years and older in more than 35
countries, including in Korea, and more than 65 million doses
have been distributed since 1997. Within areas of Canada,
Fluad is preferentially recommended over IIV for adults 65
years and older. The basis for this preferential recommendation is based on a body of data summarized below [14].

Immunogenicity in the elderly
Numerous studies have shown that antibody responses of
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Figure 2. Comparative hemagglutination inhibition antibody responses
to MF59-adjuvanted and nonadjuvanted inactivated influenza vaccine in
older adults, by subtype.
Immune responses vary according to strain and season.

Figure 3. Seroprotection (SP) and seroconversion (SC) in adults ≥ 75 year
old, by serotype. Inactivated influenza vaccine (IIV3), adjuvanted IIV (IIVa3).
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older adults to IIV are lower when compared with responses
in younger adults [8-10]. It was to address this gap that IIVa3
was developed and licensed for use in adults over 65 years
old. Trials conducted in the course of that registration and after licensure directly compared antibody responses to Fluad
with an otherwise identical nonadjuvanted IIV counterpart. In
general, those trials have shown that the geometric mean ratios (GMR) of hemagglutinin inhibition (HI) titer responses to
IIVa compared with IIV are -1.5 fold higher, depending on the
strain [12, 15]. Representative results are shown in Figure 2,
with GMRs of IIVa:IIV above one indicating higher responses
for IIVa.
As immune responses and so vaccine effectiveness (VE)
continue progressively decline with advancing age beyond the
conventional threshold of 65 years, it is pertinent that the
comparatively higher response of IIVa has been shown to be
maintained in ≥ 75 year olds, as demonstrated in a randomized trial comparing an nonadjuvanted split vaccine (Vaxigrip® Aventis Pasteur MSD, Lyon, France) with Fluad (Fig. 3)
[16]. In these ‘older elderly’ subjects, both seroprotection and
seroconversion rates were higher in the adjuvanted than nonadjuvanted vaccine recipients.
A recent study suggested that vaccine efficacy was diminished in persons who had been vaccinated in the previous
season [17], although the consistency of this effect and its underlying immunological mechanisms remain to be elucidated

1st injection adjuvanted vaccine n = 2,102, non-adjuvanted vaccine n = 1,498, 2nd injection adjuvanted vaccine n = 463, non-adjuvanted vaccine n =
307, 3rd injection adjuvanted vaccine n = 149, non-adjuvanted vaccine n = 83, Error bars denote the 95% confidence interval (CI).
Grey dashed line represents the value at which the two vaccines are equally immunogenic.
Postvaccination GMT ratio: ratio of the GMT (22 days postvaccination) in subjects receiving adjuvanted vaccine to that of those receiving non-adjuvanted vaccine.

Figure 4. Postvaccination GMT ratio following subsequent yearly vaccination of a cohort of elderly subjects (≥ 65 years of age) (2).
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[18]. However, as older adults in Korea are highly compliant
with annual seasonal vaccination, it is noteworthy that in a
meta-analysis of individuals receiving successive vaccinations
across three seasons, the comparatively higher antibody responses to adjuvanted vaccine did not decline after repeated
vaccination (Fig. 4) [12].
Antigenic mismatches between the virus strains contained
in the vaccine and those that circulate during the seasonal epidemic can significantly reduce vaccine efficacy. Antigenic
changes continually arise during ongoing evolution of the virus, due to point mutations in the HA gene of circulating
strains or from intra-subtypic reassortant events, resulting in
antigenic “drift” [19, 20]. A number of serological studies have
shown that the antibody response to MF59-adjuvanted vaccine compared with nonadjuvanted vaccine is broadened,
with antibody titers to heterovariant viruses that are quantitatively higher, whether measured by HI or by neutralization [14,
15]. Moreover, the adjuvanted antibody repertoire differs
qualitatively, with an increased proportion of anti-HA antibodies directed at the HA1 and its receptor binding domain
than to the antigenically less important stem region [21].
The results of a randomized study that demonstrated the reactivity of the adjuvanted antibody response to heterovariant
strains that emerged years after the subjects were vaccinated
illustrates the potential value of a broadened response. Older
adult subjects were vaccinated with IIV or IIVa and their postvaccination sera were stored. The sera were tested several
years later against the A/Wyoming/3/2003 (H3N2) vaccine
strain and against three H3N2 variants that had emerged 1-3
years in the interim [15]. Seroprotection levels are shown in
Figure 5. The proportions of subjects receiving nonadjuvanted
IIV who were seroprotected declined for strains that emerged
1, 2, and 3 years after vaccination, reflecting increasing vaccine mismatch due to antigenic drift. In sharp contrast, levels
of seroprotection were maintained in IIVa recipients, to an extent that the adjuvanted 2003 vaccine would have met the European Committee for Medicinal Products for Human Use
(CHMP) licensure criteria for seroprotection against the
strains that emerged up to 3 years later. As the H3N2 subtype
accounts for the greatest burden of hospitalizations and mortality of all the seasonal strains and viruses in that subtype
also undergo a more rapid mutation and drift compared with
seasonal H1N1 and B viruses, the greater level of seroprotection provided by IIVa against that subtype could have a commensurately greater impact on influenza-related morbidity
and mortality.
The likelihood of antigenic mismatches between circulating
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Figure 5. Hemagglutination inhibition (HI) antibody responses to vaccine
(A/Wyoming/3/03(H3N2) and H3N2 strains appearing in subsequent years
in elderly adjuvanted and non-adjuvanted vaccine recipients–proportion
with HI titers > 40.
Committee for Medicinal Products for Human Use (CHMP)
IIV3, trivalent inactivated influenza vaccine; IIVa3, MF59 adjuvanted trivalent
inactivated influenza vaccine.

strains and those designated in the WHO-recommended formulation may be greater in Korea than in other Northern
Hemisphere locations such as the US [22]. Over a ten year period, the predominant strains and severity of the seasonal outbreak in Korea preceded observed patterns in the US by one
year, resulting in a more frequent mismatch of strains in the
recommended formulation with those circulating in Korea.
Thus, seasonal strains circulating in Korea, like those future
emerging strains described above, potentially could be better
covered by an adjuvanted than a nonadjuvanted vaccine. The
earlier circulation in Korea of viruses that later appeared in
the US conforms to the hypothesis that seasonal A subtype viruses emerge first in Asia, whence they subsequently are
transferred to Europe, North America and Australia [20, 23].
This model suggests that an adjuvanted vaccine could be wellsuited for use throughout Asia.

IIVa effectiveness in preventing influenza and
influenza-related hospitalizations in the elderly
Influenza morbidity and mortality increase sharply with advancing age, reflected in hospitalization rates of >150/100,000
in adults over 65 years of age (Fig. 6) [2, 24, 25]. Individuals in
that age group represent half of those who are hospitalized for
influenza-related illnesses during seasonal outbreaks and 90%
of deaths, and nearly all have underlying chronic illnesses that
predispose them to influenza-related complications (Fig. 7) [2,
24, 26]. A further personal and societal burden of influenza in
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this age group is the loss of mobility and ability for independent living in survivors of the illness [27-29]. Among nursing
home residents, the capacity to undertake a major functional
activity was lost in nearly 10% of patients after they had recovered from the acute phase of illness. This little studied impact
of influenza in the elderly is consistent with other observations showing reductions in activities of daily living with hospitalization for other medical illnesses, ranging from ~25% 60%, with advancing age beyond 70 years [28, 29].
While the need to demonstrate efficacy of improved vaccines in the older adult population is well recognized, only
observational studies can be done to measure VE because, as
mentioned previously, older adults are recommended to be
vaccinated and placebo-controlled trials would be considered

unethical. Despite the inherent limitations of observational
studies, they have the advantage of representing real-life circumstances and with progressive refinements, independent
studies across countries and centers have provided consistent
results. For example, recent studies in Korea and in Tennessee, US disclosed similar (71.4-72.6%) effectiveness of IIV3 in
preventing influenza-related hospitalizations, albeit in different seasons. These observations point to the possibility that
vaccination could be more effective in preventing influenzarelated complications than milder illnesses [30, 31].
Observational studies have assessed the absolute effectiveness of IIVa in preventing influenza or its complications in the
contexts of community-acquired disease and in long term
care facilities (LTCF), and also its comparative effectiveness
versus nonadjuvanted vaccine.
In two case-control studies in Valencia, Spain, older adults
vaccinated with IIVa were shown to be less likely than unvaccinated controls to be hospitalized for acute coronary syndrome (ACS), cerebrovascular accident (CVA) and pneumonia, with reductions for ACS of 87%, for CVA of 93% and for
pneumonia of 69% [32, 33]. A case-control study conducted in
Italy during the 2010-11 season compared patients hospitalized with influenza or pneumonia and matched non-hospitalized persons and found a non-significant VE for IIVa3 of 87.8%
(0-98.9%) (34). However, these studies relied on administrative databases in which cases would not always have been
laboratory-confirmed, which has been identified as a methodological shortcoming of administrative data.

Rates per 100,000 population

Age group
0-4 yr
5-17 yr
18-49 yr
50-64 yr
65+ yr

Week

Figure 6. Age-specific hospitalizations for influenza-related illness, US,
by week, 2012-13 season (http://www.cdc.gov/flu/weekly/).
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Figure 7. Influenza-related hospitalizatons, US, 2012-13 season by age group and underlying medical condition (http://www.cdc.gov/
flu/weekly/).
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Another case-control study conducted in the 2010-11 season in the previously mentioned Valencia community used
laboratory test-negative patients as controls [35]. Patients hospitalized for influenza-related illnesses were tested by RT PCR
for various respiratory viruses and 74% of those with influenza
were infected with an H1N1 virus. Adjusted VE in the general
adult population who received nonadjuvanted vaccine was
54% (11-76%). A similar level of effectiveness was observed in
adults > 65 years old, 59% (16-79%), who received either a virosomal or MF59-adjuvanted vaccine. Vaccine effectiveness
was maintained in older adults with underlying disease, 54%
(4-78%). As the effectiveness of IIV generally is lower in older
adults than in young adults, these observations suggested that
the use of adjuvanted vaccine in the older population may
have compensated for the usually lower VE of nonadjuvanted
IIV. Other observational studies conducted during the same
2010-11 season generally disclosed similar point estimates of
VE against the A (H1N1) strain in the total population, 46-66%
[17, 36-40]. In one study that reported age-specific VE for
adults > 65 years old, conventional IIV was ineffective against
all circulating strains; however, that observation also may
have reflected vaccine mismatches to viruses in other subtypes [40].
A prerequisite of observational studies is the need to adjust
for differences between unvaccinated and vaccinated individuals that might confound their risk for the outcome of interest,
in this case, for influenza-related complications. However,
even with an adjusted analysis, concerns may remain over unidentified confounders. Observational studies comparing the
relative effectiveness of adjuvanted versus nonadjuvanted
vaccine remove some of these concerns and also provide data
needed to make policy decisions on the choice of vaccine for
public health programs.
The incremental benefit of IIVa compared with IIV in older
adults was addressed in three observational studies: the first, a
study of LTCF residents compared clinically-diagnosed influenza-like illness (ILI) in recipients of adjuvanted and nonadjuvanted vaccine; the second, a large scale, multi-season study
compared rates of pneumonia and influenza hospitalizations
based on administrative data, and the third, a smaller casecontrol study using laboratory test negative controls reported
prevention of PCR-confirmed influenza as the endpoint.
The LTCF study, conducted in the 1998-1999 influenza season, included 3,173 institution-dwelling but ambulatory persons with a mean age of 85 years (± 10 years), residing in 25 facilities in Udine and Pordenone, Italy [41]. Overall, 93% of
residents were vaccinated with either nonadjuvanted
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The final analysis showed that IIVa3
reduced pneumonia and influenza
hospitalizations by 25% over IIV3

Figure 8. Lombardy influenza effectiveness (LIVE) study.
Although influenza hospitalizations were not laboratory confirmed, reductions
in hospitalizations among adjuvanted vaccine recipients increased and became
significant as the analysis focused on peak weeks of influenza transmission,
suggesting a specific effect on hospitalizations due to influenza.
IIV3, trivalent inactivated influenza vaccine; IIVa3, MF59 adjuvanted trivalent
inactivated influenza vaccine.

(N = 1,478) or adjuvanted (N = 1,487) vaccine. The overall effectiveness of any vaccination in preventing clinically-diagnosed
ILI was 54%, with a VE for the MF59-adjuvanted vaccine of
94% (47-100%), and for the plain vaccine, 24.5% (0-45%). The
relative effectiveness of the adjuvanted vaccine was even higher in subjects with physician-diagnosed chronic respiratory or
cardiovascular disease than in the general LTCF population.
The cohort study was conducted over three consecutive influenza seasons starting in 2006 in Northern Italy (Lombardy
Influenza Vaccine Effectiveness [LIVE] study) and enrolled
107,661 people aged 65 years of age and older who contributed 170,988 person-seasons of observation [42]. The primary
objective was to assess the relative occurrence of pneumonia
and influenza hospitalizations in recipients of adjuvanted or
nonadjuvanted vaccine. The Italian National Healthcare System enabled linkage of hospital administrative data and immunization records, while additional data on subject functional status was assessed with a specific questionnaire.
Multiple adjustments were made to reduce confounding, including the introduction of a propensity score. Recipients of
adjuvanted vaccine tended to be older and were more likely to
be chronically ill than IIV recipients, which was reflected in a
1.17 fold higher hospitalization rate in the summer period prior to the seasonal influenza epidemic. However, as the window of analysis was focused on the peak weeks of influenza
transmission (determined from national laboratory-based
surveillance), the risk ratio switched toward a lower risk of
hospitalizations in IIVa recipients [risk ratio of 0.75 (95% CI
0.57 to 0.98)], indicating that IIVa was potentially 25% more
effective than IIV in preventing pneumonia and influenza
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hospitalizations (Fig. 8). Although the study relied on administrative data and was not based on laboratory-confirmed outcomes, the trend of increasing risk reductions as the analysis
window was tightened to remove ‘background’ cases unrelated to influenza supports the specificity of the estimated effect.
Because influenza-related cardiac hospitalizations and outpatient illnesses were not examined as endpoints, the incremental benefit of a 25% lower hospitalization rate is likely to
underestimate the entire potential advantage of adjvuanted
over unadjuvanted vaccine in this population.
In addition to adjuvanting IIV, protection can be extended
by adding an additional B strain to the current vaccine, resulting in a quadrivalent or IIV4 vaccine. Viruses in co-circulating
Yamagata and Victoria genetic lineages (named after the
Yamagata/16/1988 and Victoria/2/1987 reference strains) exhibit limited cross-reactivity in naïve animals and in young
children [43]. Several quadrivalent seasonal vaccines (both
live and inactivated) are licensed or are in development. An
adjuvanted IIV4 also is under development; however, in the
interim, it is worth comparing the hypothetical impacts of
nonadjuvanted IIV4 with IIVa3 (Fluad) in preventing overall
influenza hospitalizations.
Influenza B viruses from the two lineages co-circulate with

viruses in the other subtypes in widely varying proportions
during seasonal outbreaks. In a recent review of 10 influenza
seasons in the United States, the uncovered B strain contributed, on average, 9.2% towards the annual number of cases
overall, but proportions varied from 0 to 98% in individual
years [44]. Adding a fourth strain to cover these infections was
projected to prevent only an additional 1.4% hospitalizations
and deaths, in part because of the modest efficacy of the nonadjuvanted vaccine. In contrast, the adjuvanted trivalent vaccine is likely to prevent more morbidity on average, because
the adjuvant augments protection against the more virulent
H3N2 infections that account for more hospitalizations and
deaths than all other subtypes combined. In a review of influenza-related hospitalizations in the US from 1993-2008, the
Table 1. Average annual influenza-related hospitalization rate (95% CI)
per 100,000 person-years, U.S., by viral subtype, 1993-2008 [25]
Virus

All ages

>65 years

H3N2

44.4 (29.3-98.1)

239.9 (164.0-485.5)

B

17.5 (7.7-77.3)

68.4 (22.6-344.6)

H1N1
All influenza

1.9 (0.6-60.9)
63.5 (37.5-236.6)

2.1 (0-7.0)
309.1 (186.0-1103.7)

IIVa3
IIV3
* Non overlapping 95% confidence intervals for MF59 and unadjuvanted vaccine recipients

Adjuvanted IIV (IIVa3)
Year 1 n = 2,112 (13 studies)
Year 2 n = 492 (5 studies)
Year 3 n = 150 (2 studies)

165

Non-Adjuvanted IIV (IIV3)
Year 1 n = 1,437 (13 studies)
Year 2 n = 330 (5 studies)
Year 3 n = 87 (2 studies)

Study comparators: AGRIPPAL, INFLUVAC® (Solvay Duphar); FLUZONE® (Connaught); VAXIGRIP® (Pasteur-Merieux); ALPHA.RIX® (SmithKline Beecham);
FLUSHIELD® (Wyeth-Ayerst); FLUVIRIN; FLUOGEN® (Parke-Davis)

Figure 9. Solicited adverse events in older adults receiving MF59-adjuvanted or nonadjuvanted seasonal influenza vaccine
over three consecutive years.
IIV3, trivalent inactivated influenza vaccine; IIVa3, MF59 adjuvanted trivalent inactivated influenza vaccine.
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Table 2. Hemagglutination inhibition antibody responses to influenza B virus contained in the vaccine (in bold) and to a representative virus in the
other B virus genetic lineage (Data from 1998, 2002 FDA meetings)
a

Vaccine
B/Yamagata-like 1998-99
B/Victoria-like 2002-2003

Age

N

Adults

a

B/Yamagata-like

B/Victoria-like

% Rise

GMT

% ≥ 40

% Rise

GMT

% ≥ 40

32

75

178

97

59

40

59

Elderly

24

67

62

67

33

16

25

Adults

24

29

42

54

58

76

88

Elderly

24

25

49

63

54

57

75

a

Representative strains.

age-specific rate of hospitalizations was 3.5-fold higher for
H3N2 infections than for influenza B infections in ≥ 65 year
olds, and was 2.5-fold higher in the general population (Table 1)
[25]. Thus, a hypothetical 25% incremental effectiveness of
IIVa3 over nonadjuvanted IIV4 against H3N2 infections would
result in a greater reduction of all influenza-related hospitalizations, especially in older adults. The relative impact of introducing IIV4 versus IIVa3 in the elderly depends on the local
epidemiology of H3N2 and B infections in individual countries, including the age-specific rates of illness for the two subtypes and their relative dominance across seasons.
In addition, it is important to recognize that adults respond
even to nonadjuvanted IIV3 vaccination with cross-lineage antibody responses, probably reflecting priming due to prior exposures to viruses in both lineages over a lifetime (Table 2). The
identification of epitopes common to viruses in the two lineages helps to explain their antigenic relatedness [45]. This crossreactivity was reflected in results of a VE study during the 20072008 season when the vaccine was lineage-mismatched to 98%
of the influenza B viruses that circulated, yet the B-specific VE
of nonadjuvanted IIV3 was 55%, despite the mismatch [46].
In a second comparative effectiveness study, the Fraser
Health department (British Columbia, Canada) sponsored a
case-control study in three health districts that used either adjuvanted or nonadjuvanted split vaccine during the 2011-12
influenza season [47]. Cases and controls were drawn from
patients whose upper respiratory swab sample results were,
respectively, PCR-positive or -negative for influenza virus
(laboratory test-negative control design). The study population included both community-dwelling older adults and
those who were residents of LTCF. The study sought to enroll
subjects over 75 years of age and the mean age of participants
was 83 years (± 0.5 years) and 57% were LTCF residents.
Although the 2011-12 influenza season was relatively mild,
the adjuvanted vaccine had an effectiveness of 60% in preventing laboratory-confirmed influenza while nonadjuvanted
vaccine was ineffective. In a sub-analysis of community-

dwelling subjects only, the effectiveness of adjuvanted vaccine
was 73%, P = 0.03, while again, no effectiveness was shown for
nonadjuvanted vaccine. Other VE studies conducted that year
also found IIV to be poorly effective overall and ineffective in
adults > 65 years old [48-51]. The results of this study were sufficiently persuasive that the Vancouver Coastal health authority issued a preferential recommendation for Fluad to be used
in older adults over the other available non-adjuvanted IIV
available in that health care system [14]. The second year of
this study is ongoing.

Reactogenicity and safety
The safety of the adjuvanted seasonal vaccine has been evaluated in elderly subjects in both clinical trials and post-marketing surveillance programs [10, 52, 53]. Together, this experience indicates that the vaccine’s overall safety profile is
similar to that of non-adjuvanted split-virion or subunit vaccines. The adjuvanted vaccine is transiently more locally reactogenic but is well tolerated.

1. Reactogenicity
A meta-analysis of safety data from > 10,000 elderly individuals vaccinated with IIVa3 in clinical trials demonstrated that
the vaccine was well tolerated by older adult recipients, even
after revaccination in subsequent influenza seasons [10]. Only
local reactions such as pain, erythema and induration were
reported significantly more frequently in individuals receiving
IIVa3 compared with those receiving nonadjuvanted IIV, but
the severity of the adverse events (AE) was mild or moderate
in the great majority of cases and they were short-lived. Similarly, systemic reactions were infrequent and transient, ranging from < 1-8% for the adjuvanted vaccine and < 1-4% for
nonadjuvanted comparator vaccines. Fever was not prominent among adjuvanted vaccine recipients. Although myalgias
were reported more frequently in adjuvanted vaccine recipients, it is uncertain if subjects clearly differentiated local from
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generalized muscular pain. A similar pattern of slightly increased but clinically insignificant reactogencity of the adjuvanted compared to nonadjuvanted pandemic vaccine was
noted in several clinical trials, including in Korea [52].

2.	Spontaneous safety reports through
pharmacovigilance
Spontaneous adverse events (AE) and serious AE (SAE) reports submitted to Novartis’ pharmacovigilance were analysed over an interval in which an estimated 27-32 million doses of Fluad had been distributed [53]. That numerator-only
analysis did not point to unusual rates for specified AEs of
note, including Guillain-Barre syndrome and related neurological syndromes with a potential autoimmune etiology.

3.	Clinical trials database: Safety assessment from
large scale integrated safety analysis
More detailed safety data are available from observations
actively collected in clinical trials. Safety data were pooled
from 64 clinical trials involving MF59-adjuvanted seasonal
and pandemic influenza vaccines, comparing recipients of
adjuvanted [(+) MF59] or nonadjuvanted [(-) MF59] vaccine
counterparts. Safety outcomes were analyzed in the overall
population and in subjects aged ≥ 65 years in all clinical trials,
and separately for controlled trials only [54]. Data from 20,447
(+) MF59 and 7,526 (−) MF59 subjects were included. Overall,
(+) MF59 subjects had lower risks than (−) MF59 subjects of
experiencing any unsolicited AE (26.8% vs 39.2%; adjusted
risk ratio [ARR] 0.65; 95% CI 0.60 to 0.70). All unsolicited AE,
the new occurrence of chronic disease, cardiovascular disease, SAE, including hospitalizations and deaths, also were
compared in MF59 adjuvanted-vaccine and nonajduvanted
vaccine recipients (Fig. 10) [54]. The risk ratio of those events

Figure 10. Solicited, unsolicited and serious adverse events in subjects
receiving MF59-adjuvanted or non-adjuvanted seasonal influenza vaccine
by adverse event category with risk ratios.
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were similar or, in the case of all unsolicited AEs, new onset of
chronic disease and cardiovascular disease, were lower in adjuvanted vaccine recipients compared to controls. The latter
suggests an unanticipated observation that the adjuvanted
vaccine may have helped protect against those outcomes,
consistent with studies showing improved clinical effectiveness of the adjuvanted vaccine. Not shown on the figure, reports of autoimmune disease in the two groups did not differ
in the two groups, with a risk ratio of 0.59 (0.23 to 1.55) [54].

4. Safety in patients with autoimmune disease
Concern has been raised over the safety of adjuvanted vaccines to patients with autoimmune disease, although, for
MF59-adjuvanted vaccines, the available data, though limited,
have not suggested a risk. Among the > 65 million persons
who have received IIVa3 since its licensure in 1997, it is highly
probable that some patients with autoimmune disease (especially rheumatoid arthritis) would have received the vaccine
but no signal of disease exacerbation has been noted. Furthermore, in the LIVE study described above, hospital admissions
for Guillain-Barré syndrome and other adverse events of special interest (AESI) occurred at similar frequencies in recipients of adjuvanted and non-adjuvanted vaccines (unpublished
observation). Although more limited in the number of subjects
under observation, as noted previously, no significant risk for
autoimmune disease exacerbation or new onset of chronic disease was seen in an analysis of the MF59 clinical trial database.
A single study has been published on use of IIVa3 in patients
with an autoimmune disease viz. a study in 60 children (mean
age -8 years) with juvenile rheumatoid arthritis (JRA) [55]. Although that study aimed to discover the utility of the adjuvant
in overcoming suboptimal immune responses in patients on
TNF-alpha inhibitor therapy, the safety follow-up of those subjects over a 4 month interval reported no clinical exacerbations
(except in one patient who was noncompliant with therapy)
and no change in laboratory markers of JRA activity.
Although not directly pertinent to the safety of seasonal
IIVa3, database studies of cell- and egg-derived MF59 adjuvanted pandemic vaccine recipients compared to unvaccinated persons disclosed no difference in risk for various safety
outcomes that included some with an autoimmune etiology
[56, 57]. In addition, during the pandemic, reports of autoimmune disorders within EudraVigilance (Pharmacovigilance in
the European Economic Area by European Medicines Agency) were similar for nonadjuvanted pandemic vaccine and
adjuvanted formulations that included MF59-adjuvanted subunit pandemic vaccines [58]. These observations are supple-
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mented by passive reports from the 107 million doses of
MF59-adjuvanted monovalent H1N1 vaccine that had been
distributed in the pandemic response, although the number
of doses actually administered and their use in various age
groups are unknown. An analysis of spontaneously reported
adverse events showed no difference in the distribution of
spontaneously reported neurological and other AESIs, including Guillain-Barré syndrome and other autoimmune neurological conditions, for the adjuvanted compared with nonadjuvanted pandemic vaccine [59, 60]. In addition, no notable
adverse event signals were reported in Argentina where only
MF59-adjuvanted pandemic vaccine was used in the public
health response and 10 million doses had been administered
with high coverage of 5-59 year olds with risk factors [61].
Special interest has focused on the increased risk for narcolepsy, which is suspected to have an autoimmune etiology,
following immunization with pandemic vaccine adjuvanted
with AS03, another oil-in-water emulsion adjuvant [62, 63].
That elevated risk was observed in children and not in older
adults, nevertheless, the observation is the first linking an adjuvant with onset of an autoimmune disease. No signal of an
increased risk has been demonstrated thus far in connection
with MF59-adjuvanted pandemic vaccines [64]. One vaccineassociated case meeting a Brighton Collaboration level 2 definition of narcolepsy was reported through pharmacovigilance
but it is difficult to evaluate the significance of a single case
against the background occurrence of narcolepsy. Other studies relying on passive surveillance cited above also did not
disclose any cases. Active surveillance to discover cases was
conducted in the Netherlands, where the MF59-adjuvanted
vaccine was administered to an estimated 654, 885 individuals aged 5-50 years of age with influenza risk factors, including
an estimated 154, 622 children aged 5-19 years of age. No narcolepsy cases associated with the MF59-adjuvanted pandemic
vaccine were found, after an active search for cases in 16 sleep
disorder referral centers [65].
The failure to detect an increased risk of narcolepsy associated with MF59-adjuvanted pandemic vaccine could have
several explanations besides a true lack of association, including differences between the AS03 and MF59 adjuvants, between the viral antigens in the respective vaccines, as well as
other differences in vaccine constituents. The unknown but
potentially limited number of children who received the
MF59-adjuvanted vaccine may have limited the ability to detect cases through passive surveillance systems, as the attributable risk associated with AS03-adjuvanted vaccine ranged
from 1/16,000 to 1/50,000 doses [59]. In addition, the role of
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the pandemic infection itself is unclear as it was suspected to
be associated with an increased frequency of narcolepsy cases
in Beijing, though no signal was detected in Korea [66-68].

MF59 adjuvant
MF59, an oil-in-water emulsion produced by microfluidization (MF), was the first adjuvant to be used in a licensed seasonal influenza vaccine [13, 69]. Squalene, the oil in MF59, is a
naturally occurring hydrocarbon extracted from livers of the
dog-shark, a small, non-endangered species. The preponderance of shark-derived squalene is used in cosmetics manufacturing while its use in vaccines constitutes a very small fraction by comparison. A single dose of MF59–adjuvanted
vaccine given once a year contains 10 mg of squalene, while
humans synthesize 1000 mg of squalene daily in the liver as
an intermediate in the biosynthesis of cholesterol, and also
consume 50-200 mg daily in a typical diet . The oil is microfluidized into droplets stabilized by a water-soluble emulsifier
(polysorbate 80–also known as Tween 80), and an oil-soluble
emulsifier (sorbitan trioleate, also known as Span 85) (Fig.
11). The size of the droplets, circa 160 nm mean diameter, approximates the size of a large virion (the mean diameter of an
influenza virion is –100 nm). MF59 can be filter-sterilized, is
freely miscible with aqueous solutions, and the material is stable for at least 5 years. The combination of the MF59 adjuvant
emulsion and inactivated viral subunits constitutes the seasonal influenza vaccine Fluad.

MF59: mechanism of action
MF59 enhances the immune response to vaccine antigens
both quantitatively (higher levels) and qualitatively, with differences in the profile of the elicited antibody response [69,

Figure 11. MF59 emulsion adjuvant and its constituents.

www.icjournal.org

http://dx.doi.org/10.3947/ic.2013.45.2.159 • Infect Chemother 2013;45(2):159-174

Figure 12. Summary of the mechanism of action of MF59 adjuvant.

70]. After intramuscular inoculation, MF59 stimulates an influx of inflammatory cells, including granulocytes as well as
monocytes and macrophages to the injection site (Fig. 12).
Their release of chemokines, including CCL2, 3, 4, and IL18,
attract further waves of inflammatory cells, establishing a localized immunostimulatory environment. Co-administered
antigen at the site is actively taken up by monocytes while
MF59 also induces the chemokine receptor CCR7 and increases their differentiation into dendritic cells and their migration into draining lymph nodes where they trigger the
adaptive immune response specific to the vaccine antigen.
The resulting proliferation of antigen presenting cells and
helper T cells then augment a B cell response and ultimately,
increased production of antibodies. Antibodies elicited by
MF59-adjuvanted influenza HA are more avid than those produced to HA alone, as demonstrated in ELISAs employing
properly folded antigen and a chaotropic wash, and in surface
plasmon resonance studies in which slower off-rates reflected
an increased strength of antibody binding to antigen [21].
The individual components of MF59, including squalene,
are not in themselves adjuvants. An adjuvant effect is seen
only with the microfluidized formulation comprising all components. Antigen and MF59 must be presented at the same
site for an adjuvant effect to be seen and presented either at
the same time or with MF59 presented first, allowing the adjuvant to establish the immunostimulatory environment of immune-reactive cells that leads to increased uptake and processing of antigen. It has been shown that no physicochemical
linkage of antigen to MF59 occurs or is required for the adjuvant effect. The adjuvant and antigen are cleared rapidly and
with independent kinetics from the injection site itself–90% of
the MF59 and 75% of antigen remain at 6h, and 5% and 0.05%,
respectively, at 120 h. At 3 h, most of the MF59 and antigen are
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in an extracellular location, but by 48 h, both are largely intracellular.
The injection site transcriptome following intramuscular injection of MF59 overlaps with but can be differentiated from
and is enlarged compared to the collection of genes that are
upregulated after alum or CpG injection [71]. They comprise a
broad array of genes associated with immune activation e.g.
those encoding chemokines, cytokines and their receptors,
adhesion molecules associated with leucocyte migration, and
others associated with antigen presentation. Importantly,
within the lymph node, MF59 by itself does not produce similar gene activation in an antigen-independent manner, in contrast to control immune potentiators (e.g. TLR7 agonist) that
are themselves immunostimulatory. From a clinical safety
perspective, the absence of generalized MF59-induced immune activation within the lymph node is desirable.
The specific cellular membrane effects, intracellular events
and molecular targets of MF59 are still under investigation.
Requirement for activation of the Nalp3 inflammasome that
underlies other inflammatory reactions has been excluded
while the adaptor molecule, MyD88, has been defined to be
necessary for MF59-stimulated signalling [72].

Conclusions
Influenza is a leading cause of serious morbidity and mortality in older adults and also causes significant disability in
surviving elderly patients. The proportion of the Korean population that is elderly is currently among the highest in the
world and continues to grow. Routine influenza vaccine coverage among the older adult population in Korea is remarkably high, so improving protection against influenza-related
complications in this age group necessitates the use of more
effective vaccines. The effectiveness of conventional non-adjuvanted inactivated influenza vaccine in older adults - ~50%,
is limited, but can be improved by the addition of the oil-inwater emulsion adjuvant, MF59. Recent observational studies
in elderly adults have (1) estimated that the adjuvanted vaccine (Fluad) provided significant protection against influenzarelated hospitalization, similar to that achieved by a nonadjuvanted vaccine in young adults; (2) that the adjuvanted
vaccine was 60-70% effective against PCR-confirmed illness in
a population > 75 years of age, during a season when nonadjuvanted vaccine was ineffective; and (3) in a large-scale study
across three influenza seasons, that the adjuvanted vaccine
may further reduced influenza and pneumonia hospitaliza-
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tions by an estimated 25% above those prevented by nonadjuvanted vaccine. Although not immediately obvious, IIVa3 may
prevent more morbidity than IIV4 because the former’s incremental prevention of seasonally dominant H3N2-associated
hospitalizations is likely to be greater than the small reduction
in influenza B hospitalizations provided by nonadjuvanted
quadrivalent vaccine.
These clinical outcomes are consistent with the higher antibody levels elicited by the MF59-adjuvanted vaccine compared to nonadjuvanted vaccine. HI antibody titers in response to the adjuvanted vaccine are higher and in addition,
are more broadly reactive to antigenically mismatched strains.
The latter property may be of even greater importance in Korea and other Asian countries than elsewhere because influenza A viruses have been observed to emerge first in Asia before they are transferred to the other regions, resulting in a
greater chance of mismatch between vaccine strains and locally circulating strains.
The MF59-adjuvanted seasonal vaccine was first licensed in
1997 for adults over 65 years of age and more than 65 million
doses have been distributed in more than 30 countries (Fluad is
licensed for adults > 60 years old in some countries). Although
the vaccine is somewhat more reactogenic than conventional
nonadjuvanted inactivated vaccine, there has been no indication of increased safety risks. Use of the MF59-adjuvanted A/
H1N1pdm09 vaccine in a much broader age range did not result in the emergence of novel safety signals in these populations, including an increased risk for onset of narcolepsy.
It is unknown if the composition and mechanism of action
of MF59 is connected with the apparent absence of a narcolepsy risk for the MF59-adjuvanted pandemic vaccines. The
adjuvant consists of microfluidized squalene oil, held by two
surfactants in 160 nanometer diameter droplets within a citrate buffer. That emulsion increases antibody responses to coadministered antigen by amplifying the influx of inflammatory
cells to the injection site and increasing the differentiation of
incoming monocytes to antigen presenting cells and their migration to local lymph nodes. An amplified antibody response
follows increased T and B cell activation within the lymph
node, but importantly, the emulsion does not directly and generally activate the lymph node as an immunostimulant.
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