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Biological (ie, sex) differences as well as cultural (ie, gender) norms influence the acceptance and efficacy of
vaccines for males and females. These differences are often overlooked in the design and implementation of
vaccination strategies. Using seasonal and pandemic influenza vaccines, we document profound differences be-
tween the sexes in the acceptance, correlates of protection, and adverse reactions following vaccination in both
young and older adults. Females develop higher antibody responses, experience more adverse reactions to in-
fluenza vaccines, and show greater vaccine efficacy than males. Despite greater vaccine efficacy in females, both
young and older females are often less likely to accept influenza vaccines than their male counterparts. Identi-
fication of the biological mechanisms, including the hormones and genes, that underlie differential responses to
vaccination is necessary. We propose that vaccines should be matched to an individual’s biological sex, which
could involve systematically tailoring diverse types of FDA-approved influenza vaccines separately for males and
females. One goal for vaccines designed to protect against influenza and even other infectious diseases should be
to increase the correlates of protection in males and reduce adverse reactions in females in an effort to increase
acceptance and vaccine-induced protection in both sexes.
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Sex (ie, the biological differences between males and
females) and gender (ie, cultural norms associated
with being male or female) impact acceptance of, re-
sponses to, and the outcome of vaccination [1]. Females
are often less likely to accept vaccines [2] and develop
higher antibody responses to vaccines than males.
After vaccination against influenza, yellow fever, rubel-
la, measles, mumps, hepatitis A and B, herpes simplex
2, rabies, smallpox, and dengue viruses, protective anti-
body responses can be twice as high in females as males
[1].Measures of cell-mediated immunity following vac-
cination are also higher in females than males for some
vaccines [3–5]. Females develop more frequent and se-
vere adverse reactions, including fever, pain, and in-
flammation, to vaccines [1, 6, 7]. Because information

about adverse events is often acquired through passive
reporting, it is assumed that this reflects a gender dif-
ference, in which females might be more likely to report
adverse side effects than males. Alternatively, sex-based
biological differences might also be involved, in which
inflammatory responses to vaccines might be higher in
females and result in increased adverse biological reac-
tions to vaccines in females compared with males. The
goal of this review is to translate clinical and epidemio-
logical observations of male-female differences into rec-
ommendations for rational design and use of influenza
vaccines. Sex-based differences in humoral immune
responses and adverse reactions to diverse viral and bac-
terial vaccines have been reviewed extensively [1, 8, 9].
Because influenza vaccines are administered annually
worldwide, and multiple vaccine formulations are ap-
proved to be used in humans, there is a plethora of
data from which to systematically evaluate the roles of
sex and gender in the outcome of vaccination and
make recommendations about priorities for improving
vaccine design. Using influenza vaccines, we propose
that vaccine design should be explicitly matched to an
individual’s biological sex.
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INFLUENZAVACCINEDESIGNANDDOSAGE IN
ADULTS DOES NOT ACCOUNT FOR AN
INDIVIDUAL’S SEX

Influenza vaccines are updated annually without extensive clin-
ical trials and must be produced in large quantities in a short
period of time—especially during pandemics [10, 11]. These 2
factors have led to the development of a number of different in-
fluenza vaccines, vaccine formulations, and vaccine delivery
methods. Whether these diverse formulations and delivery
methods affect influenza vaccine efficacy differently for males
and females has not been adequately addressed despite a grow-
ing body of literature documenting that the responses to and
outcome of some influenza vaccines differ between the sexes.
Before systematically reviewing male-female differences, we
will briefly highlight the diverse influenza vaccine designs, dos-
ages, and measures of protection.

INFLUENZAVACCINE FORMULATIONS

Inactivated and Subunit Based Vaccines
The vast majority of influenza vaccines available are inactivated
or subunit vaccines and are considered safe and efficacious for
most individuals, including children 6 months to 2 years of age,
pregnant women, and individuals 65 years and older [10].
These vaccines are made from virus that has been inactivated,
then partially purified, and are usually administered via intra-
muscular inoculation. The virus used to generate inactivated in-
fluenza vaccine can be grown either in the allantoic cavity of
embryonated hen’s eggs or in mammalian cells.

A variation of this vaccine approach is to generate one com-
ponent of the virus—usually the hemagglutinin (HA) protein,
which is the primary target of the host antibody response to
infection—using recombinant DNA technology. Subunit vac-
cines are often faster to generate and are more pure than inac-
tivated vaccines. Currently, the only subunit vaccine available
for influenza is an HA-based vaccine.

Live, Attenuated Influenza Vaccines
The live, attenuated influenza vaccine (LAIV) is approved for
use in individuals ages 2–50. LAIV is administered intranasally
and has reduced ability to replicate and cause disease due to
multiple mutations in the viral genome. LAIV induces both an-
tibody and cellular immune responses in the respiratory tract.
LAIV is grown in embryonated hen’s eggs and partially purified
before formulation into a vaccine.

Vaccine Components
Three distinct types of influenza cause seasonal influenza epi-
demics: influenza A virus H1N1, influenza A virus H3N2, and
influenza B virus. Until 2013, all influenza vaccine formulations
contained components from all 3 virus strains. Influenza B virus

exists as 2 related but distinct types and in 2013, a quadrivalent
influenza vaccine formulation containing both influenza B virus
types, along with H1N1 and H3N2 components, was made
available and has been shown to induce strong immune re-
sponses to all 4 vaccine components [10].

In the event of a pandemic, monovalent vaccines consisting
of only the newly emerged influenza virus strain can be admin-
istered to limit disease from that specific virus strain. The 2009
influenza pandemic vaccine (pH1N1) was a monovalent for-
mulation that was used in tandem with the trivalent seasonal
influenza vaccine.

Routes of Delivery and Formulations
Influenza vaccines can be administered in a number of ways
[10]. LAIV is delivered to the respiratory tract via a nasal
spray, which deposits the virus on respiratory epithelial cells
in the upper respiratory tract. Inactivated or subunit vaccines
are most frequently delivered via intramuscular inoculation. Re-
cently, an intradermal inoculation via microneedles has been
used as an alternative to intramuscular delivery.

Adjuvants are compounds that help stimulate immune re-
sponses to an antigen. Their use in vaccines allows for a strong
immune response, which correlates with increased vaccine effi-
cacy. The amount of antigen used in combination with an ad-
juvant is typically less than when the antigen is administered
alone, thereby allowing more vaccine doses per amount of an-
tigen produced. In the United States, adjuvants are not present
in influenza vaccine formulations. Internationally, adjuvants
have been used in some seasonal influenza vaccine formulations
and most recently in the monovalent 2009 H1N1 vaccine.

Dosage
The LAIV dosage is set so a specific number of infectious virus
particles is administered for each virus. Inactivated or subunit
vaccines delivered via intramuscular inoculation are standard-
ized to a dose of 15 micrograms of HA protein per virus com-
ponent in a volume of 0.5 mL. The intradermal vaccine delivers
a smaller volume (0.1 mL) and amount (9 micrograms of HA
per vaccine component) when compared to intramuscular inoc-
ulation. The intradermal influenza vaccine induces a strong im-
mune response using a smaller dose of antigen presumably
because more antigen presenting cells are exposed to antigen.
By stimulating a more robust immune response to a given
amount of antigen, adjuvants play a role analogous to intrader-
mal inoculation, though the increased immune responses are
mediated by different immunological mechanisms.

Because influenza vaccination in the >65 year-old population
often results in a suboptimal immune response, a high-dose (60
micrograms of HA) inactivated influenza vaccine is available for
that population. The vaccine strategy is based on the concept that
providing more antigen to an individual will induce a more
robust immune response. The indications for influenza vaccine
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formulations, doses, and delivery routes are currently modified
depending on the age, but not the sex, of an individual.

DETERMINANTS OF INFLUENZAVACCINE
EFFICACY

Correlates of Protection
Historically, 2 in vitro parameters have been used as surrogates
for assessing influenza vaccine efficacy, both of which are based
on the generation of antibodies that prevent influenza virus-
mediated hemagglutination (HAI) of red blood cells. Individu-
als possessing a 1:40 serum dilution of HAI antibodies against a
specific influenza virus strain or a 4-fold rise in HAI titers have
both been associated with effective vaccination and protection
from infection and are considered relative correlates of protec-
tion. It is important to note that LAIV vaccination induces min-
imal serum HAI antibodies, and there is no known correlate of
protection for this vaccine. As detailed below, the correlates of
protection for diverse influenza vaccines show higher respon-
siveness in females than males.

Adverse Side Effects
Inactivated influenza vaccines have a consistent record of safety,
with the most commonly reported side effects being redness or
soreness at the site of inoculation. Severe adverse effects are in-
frequent, with allergic reactions or hypersensitivity most com-
monly reported. LAIV also has a strong safety record with a
runny nose and or nasal congestion being the primary adverse
effect reported after LAIV administration. An association of
influenza vaccination with disorders such as Bell palsy and
Guillain-Barre syndrome has not been clearly made, and the
benefits of vaccination (ie, protection from severe influenza) far
outweigh any risk of developing either of these syndromes [10].
Although the prevalence of autoimmune diseases is higher in
females than males, there also is no documented link between
the development of autoimmune diseases and receipt of influen-
za vaccines. Across diverse age groups, females are more likely to
report adverse effects following influenza vaccination than males.

SEX AND GENDER DIFFERENCES RELATED TO
INFLUENZAVACCINATION OF ADULTS

Acceptance and Receipt
Acceptance of (ie, the intention of receiving) influenza vaccines
is passively measured through questionnaires. The intention of
receiving either pandemic or avian influenza vaccines is report-
edly 2–3 times lower for females than males, even among
healthcare providers (eg, nurses and general practitioners) [2,
12–14]. Receipt of seasonal trivalent influenza vaccines (TIV)
in the United States and in several European countries is con-
sistently lower among both young and older adult females than
their male counterparts [15–18]. A systematic review revealed

that during the 2009 H1N1 pandemic (pH1N1), receipt of
the monovalent vaccine was consistently higher in males than
females worldwide [5]. Concerns about pH1N1 vaccine efficacy
and safety were more likely to be reported among females, de-
spite pregnant women being more likely to receive the pH1N1
than seasonal influenza vaccines [5]. Because male-biased ac-
ceptance and receipt of influenza vaccines is observed among
older adults, as well as younger adults, pregnant women refus-
ing vaccination cannot solely be responsible for this gender
difference.

Antibody Responses
Among both younger (18–64 years) and older (>65 years)
adults, females consistently have higher HAI antibody titers
than males following TIV vaccination. Receipt of either a full
or half-dose of seasonal TIV in adults 18–49 years of age results
in HAI antibody titers that are at least twice as high in females
as males [19]. Elevated HAI and neutralizing antibody titers
among adult females are observed against H1N1, H3N2, and in-
fluenza B antigens [5, 19]. Among older adults, the route of ad-
ministration determines the extent of sex differences in HAI
titers. Receipt of TIV by intramuscular injection results in sig-
nificantly higher HAI titers among older females than males,
whereas vaccination via intradermal injection results in HAI ti-
ters that are equivalent between the sexes [7]. Among older
adults that received the standard intramuscular seasonal TIV,
higher HAI titers are associated with lower rates of hospitaliza-
tion and mortality in females than males, suggesting that the ef-
ficacy of TIV in older adults might be higher for females [20,
21]. Among older adults, antibody responses to high-dose
TIV are consistently higher than responses to standard-dose
TIV for both males and females. Sex differences in HAI titers
to high-dose TIV are still apparent, in which antibody responses
are significantly higher in older females than males against each
of the three influenza antigens [22]. Whether sex differences
occur in response to seasonal LAIV has not been reported. Sim-
ilar to seasonal TIV, older females were reported to have higher
HAI antibody titers against the monovalent pH1N1 inactivated
vaccine than males, resulting in a 2–3 times higher seroprotec-
tion and seroconversion rate in females than males [23]. Al-
though older females produced higher antibody responses to
the pH1N1 vaccine, the avidity of their antibodies after
pH1N1 vaccination was significantly lower than that of older
males [24]. If higher avidity is a measure of a superior antibody
response in the elderly, then these data suggest that the quality
of the antibody response might be better for males than females.
Conversely, cross-reactivity of antibody might be higher for fe-
males than males.

Animal models often provide insights into differential effica-
cy of vaccines. When immunized with an H1N1 or an H3N2
influenza virus, adult female mice of reproductive ages mount
higher neutralizing and total antibody responses than males
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[25]. Following vaccination, female mice are better protected
against lethal challenge with a novel influenza strain than
males [25].Although elevated immunity afforded females great-
er cross-protection than males against lethal challenge with het-
erosubtypic viruses, both sexes are equally protected against
lethal challenge with homologous virus (ie, the strain of virus
in the vaccine) [25].

Adverse Reactions
Passive reporting of local reactions (eg, muscle pain, redness,
and inflammation) to inactivated split or whole influenza vac-
cines is consistently more frequent for females than males
among both younger and older adults [9]. Measurements of
local erythema and induration, both of which are associated
with inflammation, reveal that both younger and older adult fe-
males have larger (≥6 mm) injection site reactions to TIV than
their male counterparts [26]. Systemic reactions (eg, fever,
chills, nausea, headaches, and body aches) to TIV also are
more commonly reported by females than males, with fatigue
and headache being the most notable systemic reactions that
occur more frequently in adult females than males [27]. Reports
of local and systemic adverse reactions also are more frequent
among adult females than males following receipt of the inacti-
vated monovalent pH1N1 vaccine [28, 29]. The types of adverse
reactions to the pH1N1 vaccine that were reported, however,
were similar between the sexes [28]. To date, whether altering
the dose or route for administration of the vaccine could reduce
adverse reactions in females has not been analyzed.

Reports of higher frequency of adverse reactions in females
than males were observed following receipt of the MF59-
adjuvanted monovalent H5N1 vaccine [30].When administered
alone either intramuscularly or intradermally, the adjuvant
aluminum hydroxide causes greater injection site reactions in
adult females than males [31]. A recent analysis of reports to
the Vaccine Adverse Event Reporting System following receipt
of either inactivated or live attenuated monovalent pH1N1 vac-
cines revealed that immediate hypersensitivity reactions were
higher in females than males (ages 10–69) [32].

BIOLOGICAL BASIS FOR SEX DIFFERENCES IN
RESPONSE TO VACCINES

Hormones Affect Immune Responses
The prevailing hypothesis for immunological differences
between the sexes is that sex steroids, particularly testosterone,
estradiol, and progesterone, influence the functioning of
immune cells. Sex steroids alter the functioning of immune
cells by binding to specific receptors, expressed in many im-
mune cells, including lymphocytes, macrophages, and dendritic
cells [33]. The binding of sex steroids to their respective steroid
receptors directly influences cell signaling pathways, resulting in
differential production of cytokines and chemokines [33]. Sex
steroids also affect migration, proliferation, and activity of
CD4+ and CD8+ T cells as well as antibody production [34].

Estradiol, at physiological concentrations, can stimulate anti-
body production by B cells [35], including antibody responses

Figure 1. There are a number of determinants of sex differences, including age, reproductive status, sex hormone activity, and genetic factors. The
biological differences between the sexes affect innate, adaptive, and memory immune responses as well as adverse reactions (eg, inflammatory responses)
to vaccines, resulting in sex differences in vaccine efficacy. Manipulating the biological differences between the sexes is not currently feasible, so we
propose sex-specific rational design of vaccines, which involves tailoring vaccines separately to males and females in an effort to increase immunogenicity
in males and reduce adverse reactions (reactogenicity) in females. The long-term goal of sex-specific rational vaccine design is to increase acceptance,
uptake, and protection following vaccination in both sexes. Sex-specific rational design of vaccines might involve the use of adjuvanted vaccines in males,
but not females; reduced doses of vaccines in females; or modified routes of administration, such as use of intradermal routes, or modified delivery methods
to reduce local adverse reactions in females.
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to an inactivated influenza vaccine administered in mice [36]
suggesting one possible mechanism mediating higher antibody
production in females, at least prior to reproductive senescence.
In humans, reduced neutralizing antibody responses to influenza
vaccination are correlated with higher serum testosterone con-
centrations [5]. Elevated testosterone concentrations in males is
associated with greater lipid metabolism, suggesting a novel
pathway mediating reduced antibody responses in males [5].

Genetic Differences Between the Sexes
Sex-based differences in humoral immune responses are ob-
served prior to puberty, during the reproductive years, and
after reproductive senescence [1, 19], suggesting that sex hor-
mones are not the only mediators of sex differences in humoral
immune responses to vaccines [1]. Alternatively, genetic differ-
ences might underlie sex-based differences in adaptive immune
responses to viral vaccines. Some sex differences might be
caused by the inherent imbalance in the expression of genes
encoded on the X and Y chromosomes. Several immune-related
genes and regulatory microRNAs are encoded on the X chromo-
some, and there is some evidence of greater activation of X-linked
genes in immune cells from females than males [37, 38]. Poly-
morphisms in sex chromosomal and autosomal genes that
encode for immunological proteins also can contribute to sex dif-
ferences in immune responses and antibody responses to vacci-
nation [39].

FUTURE DIRECTIONS

Males and females are biologically different. The mechanisms
mediating these differences, both hormonal and genetic factors,
can alter immune responses to infection or vaccination and
require further systematic evaluation. Application of sex-based
biology to the rational design of influenza vaccines should not
be delayed while the specific underlying mechanisms are inves-
tigated. Instead, we should match vaccine design to our biolog-
ical sex. Now is the time to consider how vaccine design could
be used to overcome the reduced immunogenicity of influenza
vaccines in males and the heightened adverse reactions to influ-
enza vaccines in females (Figure 1).

Mechanisms to Potentiate Immunogenicity in Males
Broadening the immune response in males might be a pro-
ductive mechanism for increasing vaccine efficacy in males. In-
creasing the induction of innate immune responses to influenza
vaccines might be one strategy that could potentiate adaptive
immune responses and, presumably, vaccine efficacy in males.
Adjuvants could be used to increase innate immune responses
to vaccine in males. Live viral vaccines also induce a broader
adaptive immune response that includes activation of T cells
and production of cytokines. Limited data reveal that cell-
mediated immune responses following vaccination are higher in

females than males for some vaccines [3–5], and finding ways to
potentiate the cell-mediated immune response following vacci-
nation of males could be advantageous. Finally, increased
antigen doses in males might be another mechanism for
increasing antibody responses to inactivated or subunit influen-
za vaccines.

Mechanisms to Reduce Adverse Reactions in Females
The defined strategy to improve influenza vaccines in females
might be very different from those indicated for males. In fe-
males, the goal would be to reduce inflammation and adverse
reactions while retaining elevated neutralizing antibody re-
sponses and presumably vaccine efficacy. We propose that
both the dose and route of administration must be systemati-
cally evaluated for sex-specific effects to determine if lower
amounts of antigen combined with intradermal delivery
might reduce adverse reactions in females while maintaining
sufficient antibody responses to confer adequate protection.

CONCLUDING REMARKS

This concept of sex-specific dosage recommendations has been
more readily applied to drugs than to biologics, such as vac-
cines. The diverse array of Food and Drug Administration
(FDA)-approved influenza vaccines available and the evidence
of sex-specific responses to influenza infection and vaccina-
tion present a unique opportunity to investigate the use of
sex-specific vaccine design as a possible means of increasing
vaccine efficacy and reducing adverse side effects in the popu-
lation (Figure 1). The proposed modifications for the design
and administration of influenza vaccines could be applied to
other vaccines for which sex differences in antibody responses
and adverse reactions are reported [1, 8, 9].
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