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Abstract

The pandemic situation triggered by the spread of COVID-19 has caused great harm
worldwide. More than six million people have been infected, and more than 360,000 of them
have died. This is the worst catastrophe suffered by mankind in recent history. In the face of
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this severe disaster, people all over the world are frightened of the prospect of facing an
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ro

outbreak or an annual recurrence. However, the development of a vaccine will help control

re

the impact of COVID-19.

lP

Women in particular have been more seriously affected by the pandemic. Since the pressure

na

and physical load they suffer are often greater than what men endure, women are more

ur

threatened by COVID-19. Though women have a poorer quality of life and work and face

Jo

worse economic conditions, they also tend to have better physiological immunity than men,
which can ease the effect of COVID-19. The early development of a vaccine against
COVID-19 is an important issue that must take into consideration women’s better immune
response to the virus along with the technique of hormone regulation. Relevant research has
been conducted on female-specific vaccines in the past, and women’s issues were considered
during those clinical trials to ensure that complications and antibody responses were positive
and effective in women. National policies should also propose good strategies for women to

be vaccinated. This could improve consciousness, give women a better vaccination experience,
enhance their willingness to vaccinate, and protect them from COVID-19 infection.
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Preface and background
It has been more than three months since the outbreak of COVID-19 (also known as novel
coronavirus pneumonia), which has spread to more than 150 countries and regions around the
world [1]. In response to the pandemic, countries have begun vaccine development and taken
other prevention measures in an attempt to prevent or slow down the impact of the pandemic
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[2,3].
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In response to this pandemic, more and more medical and public health experts, scholars, and

re

philanthropists have invested in vaccine research [4]. For example, Bill Gates has made great

lP

contributions to World Health Organization (WHO) developing a vaccine, hoping that the

ur

na

vaccine will provide a glimmer of light in this dark situation [5].

Jo

Unfortunately, gender, social, and economic status inequality make some populations
particularly vulnerable to COVID-19, which must be considered during vaccine development.
Such populations will suffer from high mortality rates because of poverty, lack of medical
care, gender inequality, and poor living environments [6,7]. For example, in countries without
public health care, poverty will limit an individual’s access to medical assistance. Existing
gender inequalities will result in different treatment for men versus women affected by the
pandemic, and the spread of the virus could worsen gender inequality as well [8,9].

Problems and impacts
Looking back at several major crises in human history, such as the 2003 severe acute
respiratory syndrome (SARS) outbreak in Asia or the 2014–2016 Ebola virus epidemic in
West Africa, shows that gender plays an important role. However, after such crises, lack of
gender-oriented investigation is often ignored [10]. Since the rapid spread of COVID-19, the
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gender factor has also been ignored, especially in research on antibodies produced by
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vaccination [11,12]. Due to traditional cultural and socioeconomic situation, women are in a

re

special predicament in the face of the pandemic, thus causing a higher risk of infection

lP

[13,14]. Therefore, in the face of the global impact of the pandemic, it will be very important

na

for vaccine researchers and clinical workers to investigate the implications of gender during

ur

their analyses and vaccine development. Since COVID-19 is particularly dangerous, the early

Jo

development of a vaccine will be the most important thing to help women deal with the
pandemic [15,16].

Research purpose and motivation
The spread of COVID-19 depends on vaccine development. In recent years, many studies
have pointed out that there are differences in the immune response of both sexes and its effect
on vaccines. This paper reviews the literature to explore the possible impact of vaccines on

women and the mechanisms of possible immune responses in order to provide a reference for
the development of new coronavirus vaccines and to explore possible issues.

Vaccine application in pandemic considerations
In the current investigation on pandemic control, vaccine research and development are
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expected to be the most effective way to combat the novel coronavirus. Several studies have
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shown that influenza vaccination is the most effective way to prevent influenza infections in

re

the elderly, reduce the incidence of serious complications, and reduce hospitalization or death

lP

[17]. It has been pointed out that vaccination can reduce the hospitalization rate for influenza

ur

na

by 35%, and all death by 50% [18-20].

Jo

The use of vaccines in general can decrease medical expenses, and influenza vaccines can
effectively reduce the hospitalization expenses. Research shows that patients who receive the
influenza vaccine can reduce their hospitalization expenses. In terms of the effect of the
influenza vaccination in Taiwan, when the vaccination completion rate is 80% (and after
deducting the cost of vaccination, examination, administration, and subsidy), medical
expenditure can be reduced by 1.935 billion yuan [20].

The majority of COVID-19 deaths occur in the elderly population, female especially, and the
risk of death is higher in patients with hypertension, heart disease, and diabetes, which is
similar to the influenza virus. At present, most influenza vaccines in the world are
recommended for those who are over 65 years old [21-23], and in 1998, Taiwan began to give
priority for the influenza vaccine to those over 65. With many countries unable to control the
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pandemic situation, a vaccine will be the weapon of choice for the elderly. In the global
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ro

vaccine competition, the key to success or failure depends on the rapid production of vaccines

na

Risks of vaccine development

lP

re

and of antibodies in humans without side effects [24,25].

ur

There are many potential risks of vaccines, including no antibody production after vaccination

Jo

or serious allergic reactions resulting in greater harm, which need to be considered with great
care in clinical trials [26-28]. After the 2009 H1N1 influenza pandemic, countries in the
Americas continue to strengthen influenza surveillance on high-risk groups (especially
pregnant women), obtain more perfect information system through the immunization platform,
strive to improve the adverse effects of high-risk groups on seasonal influenza vaccine, and
greatly improve the spread of the pandemic. The vaccination of influenza vaccine needs to
select the right vaccine strain and the most appropriate time for injection in order to achieve
the best risk control. Countries should closely monitor the risk of influenza vaccine, prepare

for the vaccination plan, strengthen the quality of the vaccine, and possibly produce adverse
antibody immune response [29-31].

Differences and mechanisms of gender impact vaccines
There are interesting differences between men and women when the body is attacked by
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pathogens. Women usually have stronger humoral immunity than men [32]. Immunity relies
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on the production of antibodies by B cells, especially to produce more antibodies to achieve

re

self-protection. When considering infectious diseases that require antibodies for resistance,

lP

women tend to show lower incidences and weaker courses of disease when compared to men,

na

and the effect of vaccination to produce protective antibodies to prevent infectious diseases is

ur

often better in women. However, compared to men, women are more likely to suffer from

Jo

autoimmune diseases [33,34].

Biological mechanisms of antibody activation after vaccination in women
The biological mechanisms of an individual are different based on gender, which results in
different antibody immune responses. A previous study found that human CC chemokine
ligand 21 (CCL21) has a new G-protein-coupled receptor (GPR174) that can regulate B cell
localization and inhibit the germinal center of developed male mice. However, female mice
not have the same G-protein-coupled receptor, or was a vaccine used in relation to this

receptor that did not work on female mice, displaying gender differences in humoral
immunity and forming an internal gender dimorphism mechanism. This provided new ideas
and potential new therapeutic targets for enhancing the effect of vaccines and for the
treatment of autoimmune diseases caused by antibodies [34].
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The antibodies produced by vaccine are produced after the B cells are stimulated by the
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antigen (attenuated vaccine) to differentiate into plasma cells. In order to differentiate into

re

plasma cells more efficiently and produce more antibodies, B lymphocytes will migrate from

lP

follicles to germinal centers after being stimulated by antigens to combine with guidance

na

receptors and become antigen-activated B cells. These receptors include chemokine receptors

ur

CXCR5 [35,36]and CCR7 [37,38] sphingosine-1-phosphate receptor 2 (S1PR2) [39], and

Jo

G-protein-coupled receptor 183 (GPR183) [40,41].

These receptor molecules have no gender differences under normal conditions, but under the
conditions activated by GPR183 and GPR174, genes for naïve B cells and germinal center B
cells located on the X chromosome can also be activated by vaccination. GPR174 can move B
cells further away from the germinal center and toward the T cell area. It is currently known
that ligands that bind to G-protein-coupled receptors (GPCRs) include odors, pheromones,
hormones, neurotransmitters, chemokines, etc., and these receptor components can be small

molecules of sugars, lipids, or peptides, or they can be biological macromolecules such as
proteins. G proteins are located next to receptors and cooperate with each other. Once the
receptor and hormone are combined, a G protein will be activated to carry out related
physiological reactions. A receptor activates different G proteins according to different bound
hormones, and different G proteins can also regulate various physiological responses when
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properly activated by various vaccines. In mice of different genders, GPR174 has different
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effects on germinal centers. GPR174 can inhibit the ability of male mice B cells to form

re

germinal centers and produce plasma cells, which does not occur in female mice [42-44]. If

lP

female mice are injected with male hormones, female B cells will become like male B cells

na

and begin to bind more Gαi protein, which will move toward CCL21 more effectively. These

ur

results indicate that the GPR174-Gαi complex induced by CCL21 has a gender difference that

Jo

results in gender dimorphism in humoral immunity. It is worth noting that the gender
difference in the mechanism of CCL21-GPR174-Gαi can explain the susceptibility difference
between male and female autoimmune diseases. Male individuals rely on hormones to
regulate the efficiency of specific GPCRs binding to Gα proteins at specific stages of immune
responses in cells, thereby fine-tuning antibody immune responses to achieve a different
balance from females [44].

Different immune responses between men and women cause differences in vaccine
effectiveness
The research team of the American Society for Microbiology (ASM 2016) presented
observations on the differences in the effectiveness of vaccines between men and women [45].
Katie Flanagan of the University of Tasmania, Australia, published another example of a

of

gender vaccine difference [46]. The study found that a tuberculosis vaccine inhibits the
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anti-inflammatory protein in girls, thus enhancing the effectiveness of the immune response to

lP

re

the vaccine [47].
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The effect of hormones on the immune response has long been noticed in the field of

ur

biomedicine [48]. For example, estrogen can activate cells involved in antiviral reactions, and

Jo

testosterone can inhibit inflammation [49,50]. Recently, Derezt et.al. conducted experiments
on nasal epithelial cells and found that estrogen can inhibit the replication of influenza A
virus in female cells [51]. Additionally, many studies found the TLR7 gene located on the X
chromosome, and one of the functions of the protein made by this gene is to detect viruses
and initiate immune responses and is found to cause stronger immune responses in women
than men. The exact reason for this is not yet known by biologists [52,53].

Since the immune responses of both genders are different, should gender be considered in
vaccine development? Many biologists believe that it most certainly should be. In 2014, the
NIH required researchers to indicate and examine gender differences when reporting the
results of animal experiments [54]. In addition, the Audit Department of the US government
recommended that the study of human body implemented on gender information should be
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ro

of

open and transparent, and gender differences should be analyzed [55,56].

re

Gender difference related to the measles vaccine

lP

The measles infection is the main cause of death among children. Although the measles virus

na

has been controlled and eliminated in the modern day, there may be significant changes in

ur

measles epidemiology in the coming decades. With the gradual reduction of antibodies in the

Jo

mother's body, the probability of infants suffering from measles will be higher and higher.
Girls lose their antibodies from their mothers faster than boys, so they could get measles
earlier than boys. Measles mortality depends on the intensity of exposure to the virus [57-59].

Development of women-based vaccines
Receiving the measles vaccine early can reduce mortality by 30% (41% for girls). This is the
most effective vaccine to increase children's disease survival rate at present, especially for

girls. Although it is not known why girls react more strongly to the measles vaccine, the
future development of a COVID-19 vaccine should also take gender into account [60,61].

After confirming that the human papillomavirus (HPV) infection is an important factor
leading to cervical cancer in women, scientists have been committed to the research and

of

development of effective and safe HPV vaccines [62,63]. Using biotechnology to make the
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protein of the HPV virus shell, we can make virus-like particles (VLPs) that, together with a

re

special adjuvant, can cause a strong immune response and produce a high antibody

na

lP

concentration in order to achieve the desired preventive effect [64-66].

ur

The HPV vaccine is used for prevention rather than treatment, and three doses of it produce

Jo

the best protection. According to the scientific literature, the HPV vaccine can prevent
persistent infections of HPV by 90% to 100% [67,68]. The antibody concentration and
response caused by HPV infections after vaccination are much higher than natural infections
[69]. The Advisory Committee on vaccination practices (ACIP) recommends that the best age
for vaccination is 11 or 12 years old, while women aged 13–26 years who are not vaccinated
should be vaccinated [70-72]. It is also recommended that the HPV vaccine be set as a routine
vaccination for boys aged 11 or 12 years old, and they should be vaccinated with the 4-valent
human papillomavirus (4vHPV) vaccine [73,74]. The countries in the world began to provide

a public vaccination program for women aged 12–26 years [75-77]. British public health
points out that the coverage rate of the HPV vaccine in British women aged 12–13 years is
close to 87% [78-80].

Angiotensin-converting enzyme 2 (ACE2) and female-based vaccine relations
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The ACE2 receptor is the key for SARS coronavirus to enter human cells [81,82]. After the
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outbreak of COVID-19, research on its nature confirmed that it also entered into human cells

re

using the ACE2 receptor. A virus channel was established in mice to develop “ACE2

lP

gene-cloned mice,” which can be used for new vaccines and drug tests along with screenings

na

to prove whether a vaccine is effective. Evidence from a large-scale study indicates that the

ur

concentration of ACE2 in the blood of men is higher than in women, which makes men more

Jo

susceptible to COVID-19 than women [83-85]. The official US report found that the death
rate is 55% for men and 45% for women. From a biological and immunological point of view,
women usually have a stronger and faster immune response than men. While some
researchers discovered that estrogen and testosterone may affect the novel coronavirus
response [86,87], it has been found in animal experiments that male hormones have a higher
affinity for ACE2. It means that COVID-19 is more likely to attack male cells, which is
important to consider to the future for development of vaccines by the way avoiding the
coronavirus from entering the cell through the ACE2 receptor [88-90].

Gender-related issues for the continuity of vaccines
Studies in West African countries also point out that girls' antibody loss rate is faster, which
causes them to be infected with measles earlier than boys, and those girls need to strengthen
vaccine injections in the future, otherwise may get infection recurrently[91,92]. Children who

of

are not vaccinated against measles or who do not respond well to the vaccine, if not
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vaccinated continuously, will become the targets of infection in the future. Above problem

re

has already appeared in West Africa. There were many pregnant young women found infected

lP

with measles, H7N9 avian influenza A virus pneumonia and ARDS can cause the death of the

ur

na

fetus or mother, with the hope of further vaccine development to prevent [93,94].

Jo

The relative effect of females on vaccines
Garenne (1994) pointed out that the proportion of females who died of the measles vaccine
was higher than that of males [95]. Garenne believed that this was the result of hormone
differences. In addition to exposure intensity and transmission mode, a child’s own health
conditions may also affect the death rate of the measles vaccine. People with chronic diseases
such as Kwashiorkor and tuberculosis (TB) have a high risk of death in relation to the measles
vaccine. Vaccination with other unrelated vaccines may also affect the severity of the measles
infection in children [96,97]. In the Guinea Bissau study, it was found that if girls had

recently received a live vaccine, the proportion of them who needed to be hospitalized after a
measles infection was lower than that of boys, but if they had recently received an inactive
vaccine, the opposite result occurred [98]. The severity of the symptoms of girls and boys is
affected by age and social environment. In European society, young boys are more likely to
be exposed to the virus, so the mortality rate is higher. Regular measles vaccination and

of

prevention education are the control measures. The main mode of measles infection. Some
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studies have pointed out that, in addition to measles prevention, measles vaccination also has

lP

re

the effect of promoting immunity, which has a significant impact on women [99,100].

na

Discussion

ur

Problems of the COVID-19 vaccine: Too little time, too few clinical trials, too little

Jo

gender experience

Vaccine development will be a particularly useful weapon against COVID-19. For more than
two centuries, human beings have successfully used this medical technology to fight against
viruses such as measles and influenza, proving that vaccines can stop disease outbreaks before
they spread [101,102]. COVID-19, according to the WHO, currently has at least 62 candidate
vaccines under development. The evidence shows that patients infected by the novel
coronavirus can produce antibodies in the blood that can attack and neutralize the COVID-19
virus, so experts are optimistic that a vaccine will be successfully developed [103].

Considering the history of vaccine development, it will take a year or more before the world
sees a COVID-19 vaccine [104]. The mumps vaccine is regarded as the fastest approved
vaccine, but it was four years between the initial collection of virus samples and obtaining a
drug license in 1967 [105]. There are three phases of clinical trials, and vaccine experts

of

believe that COVID-19 candidate vaccine trials are completed. In the first phase, the results

re

-p

ro

will not be seen until at least this autumn or the spring of 2021 [106-108].

lP

There is a good reason to spend time testing vaccine safety. For example, in model

na

experiments, some preliminary vaccines for SARS (a related coronavirus) actually enhance

ur

the disease. Peter Hotez thinks that completing the vaccine in a year to 18 months is

Jo

unprecedented. Approaching the situation too anxiously could affect the health of the injected
person, and researchers must be careful to evaluate the development of a vaccine. Traditional
techniques rely on the immune system to respond to pathogen-specific proteins, which usually
coat the surface of the virus, causing the body to react and produce many antibodies [109,110].
Vaccine developers have found that they do not need a complete virus and can use a single
protein as a substitute to produce a strong immune response in the human body. Maria Elena
Bottazzi believes that vaccines based on these proteins are easier and cheaper to make, and
this has become the most commonly used method by medical professionals [111,112].

However, it is necessary to continue to study whether hormones affect the antibody
production of vaccines and their impact on women [113,114].

One of the main problems in developing a COVID-19 vaccine is that there is no medically
proven vaccine precedent for existing human coronaviruses. SARS in 2002 and Middle East

of

Respiratory Syndrome (MERS) in 2012 were caused by close relatives of the novel
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coronavirus. Although the SARS mortality rate was approximately 15% over the course of

re

three months [115]. According to the Texas Children's Hospital Center for Vaccine

lP

Development, coronaviruses are fatal, and SARS disappeared before the vaccine passed the

na

clinical trials. In addition, there were too few cases of MERS in 2012 to allow researchers to

Jo

ur

gain more coronavirus vaccine-related experience [116,117].

Reasons for women refusing to vaccinate
According to the National Institute of Disease Control (NIS), the top five reasons for
adolescents not receiving the HPV vaccine are parental lack of knowledge or need, safety
concerns about side effects, or lack of advice [118,119]. Of these, the main reason for female
adolescents to not receive the vaccine is lack of knowledge, and the main reason for male
adolescents is lack of advice [120]. Another US survey of women aged 19–26 years pointed
out reasons for not receiving the HPV vaccine, which included marital status, lack of

information, concern over side effects, and medical insurance costs [121]. In a study in the
UK that included a survey of women aged 16–19 years, three-quarters of the participants
expressed concern over the side effects of the vaccine [122]. Another newer study analyzed
the reasons why women aged 15–16 years in London, UK, did not vaccinate or did not
complete three doses of the HPV vaccine. The most common reasons for women refusing to
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vaccinate include lack of awareness of their need for vaccination and safety concerns. Among
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the women who did not complete the three doses, the reasons they proposed included the need

re

for more information and fear of medical procedures such as injections [123]. In the rural

lP

areas of Southeast Asia, women often refuse to get the HPV vaccine because they doubt the

na

safety and effectiveness of it, are unaware of the risk of HPV infection, and are embarrassed

ur

by the vaccination’s relation to sexually transmitted diseases [124]. According to many

Jo

studies, the main reasons for not vaccinating against HPV are that the vaccine has safety and
side effect concerns, there is a lack of vaccine information, or there are cognitive and cost
issues [125-127].

Vaccination is effective for pregnant women against pandemic infections
The influenza vaccine is a kind of inactive vaccine. Antibodies will be produced in the body
about 2–4 weeks after vaccination. It is important to note that the immune system of a fetus or
newborn is not complete and must receive antibodies from the mother in order to prevent

infections [128,129]. Two of the most important processes to achieve this occur when the
mother transfers antibodies produced by her body to the fetus through the placenta during
pregnancy and through the milk during breastfeeding [130]. The stronger the ability of the
mother to produce antibodies, the more likely she is to transmit them to her child to prevent
disease. In terms of biological evolution, this explains why mothers need strong immune
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systems. Antibodies passing through the placenta to the fetus can last for six months
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following childbirth. If the fetus is infected during pregnancy, transferred antibodies can at

re

least slow down the infection symptoms, help prevent the spread of the disease and reduce the

lP

probability of complications [131,132]. The most effective way to prevent influenza is to

na

vaccinate on time, and pregnant women can be vaccinated during any period of pregnancy. In

Jo

ur

addition, family members are advised to vaccinate together [133,134].

Complications of vaccination in pregnant women
During 2000–2003, two million doses of influenza vaccine were used on pregnant women in
the United States, and 20 adverse events were reported, three of which were abortions
[135,136]. Epidemiological studies showed that the rate of caesarean sections, premature
deliveries, and congenital malformation of newborns, as well as negative neurological
development and cancer incidence in pregnant women who received the influenza vaccine,
were similar to pregnant women who did not receive the vaccine [137,138].

The physiological changes in pregnant women during pregnancy include decreased resistance
to influenza and an increase in complications after contracting influenza [139-141]. The
probabilities of premature delivery and stillbirth are also increased. Although the influenza
virus rarely directly infects the fetus through the placenta, influenza in pregnant women may

of

still have adverse effects on the fetus, including fetal neural tube defects, cleft lip,
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ro

hydrocephaly, congenital heart disease, spontaneous abortion, premature delivery, low birth

lP

re

weight, and other issues [142-144].

na

Factors influencing women's intention to vaccinate

ur

The factors that influence vaccination can be divided into background variables, health beliefs,

Jo

and knowledge of vaccination [145]. A study by Wen Lifen et al. (2008) explored the
intention of adolescent girls in Central China to vaccinate themselves against cervical cancer
and the related influencing factors [146]. The study found that the significant differences
between female high school students’ intention to vaccinate at their own expense depended on
family economy, smoking situation, and occurrence of cervical cancer within the family [147].
Additionally, female high school professional and technical students exhibited differences in
intention based on number of sexual partners. In conclusion, family economy of low income
is an important predictor of the intention to vaccinate at one's own expense [148,149].

Another study explored the vaccination rate of HPV among female college students in Greece
and the factors for predicting vaccination. It was found that the factors for positive prediction
of vaccination included higher education level of self and parents and easy access to health
care services [150]. An previous study of women who received a free HPV vaccine found that

of

at least one dose was significantly related to women's marital status, higher socioeconomic
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status, as well as whether they lived in a remote area [151]. Kessels et al. conducted a

re

systematic study on the HPV vaccination among adolescent girls and its underlying factors

lP

[152]. The results showed that higher vaccination behavior was related to older age, access to

Jo

ur

vaccination [153-155].

na

a medical service provider as an information source, and a positive attitude toward

A national survey was conducted to investigate the influencing factors on a parent’s
willingness to allow adolescent girls to receive the HPV vaccine. The results showed that the
safety and efficacy of the vaccine were related factors affecting acceptability [156]. Marlow et
al. (2009) studied young girls in the UK aged 16–19 years and pointed out that higher
self-awareness of disease is related to vaccine acceptance [157]. The study showed that the
higher the "general or special interest of self-awareness" score, the more likely the subject
was to be vaccinated, and the higher the "special obstacle of self-awareness" score, the more

unlikely the subject was to be vaccinated. The score obtained was a significant predictor of
receiving the HPV vaccine [158]. A study of women between the ages of 19–26 in the United
States found that "getting a doctor's advice and discussing the HPV vaccine with doctors" had
an overwhelming predictive power, while student identity and personal perception of vaccine
importance also had a good predictive power for vaccination [159,160]. Krawczyk et al.

of

provided the health belief model as the framework to investigate female college students and
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found that the negative impact of vaccination on health, doctor's advice, and positive attitude

lP

re

toward vaccination were significant related factors of HPV vaccination [161-163].
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According to a study in Taiwan, to a certain extent, women's knowledge about vaccination

ur

action clues mainly comes from schools, media, and health units. Women's awareness of

Jo

disease, action clues, vaccination health beliefs, and vaccination action intentions are
significantly higher than men's [164]. According to the vaccination analysis by the staff of
Taiwan's statistics and medical institutions, the main concerns about influenza vaccination are
fear of side effects after vaccination (24.2%), doubt about vaccine safety (15.5%), and belief
that influenza will still be acquired after vaccination (12.2%) [165]. Of the subjects who
participated in this analysis, 70.1% believed that influenza vaccination should be carried out
every year. However, 41.2% believed pregnant women did not need to be vaccinated against

the influenza virus, and 36.7% believed that lactating mothers did not need to be vaccinated
either.

Women's experience with vaccination is also an important consideration for their
unwillingness to continue [166]. It was found that discomfort is a key factor affecting the

of

willingness of women to vaccinate against influenza [167]. The main reasons are discomfort

-p

ro

in response to vaccination, feelings toward previous vaccinations, and other factors belonging

re

to personal and physical feelings. Xiao Huixin et al. pointed out that the willingness to

lP

vaccinate is consistent with the adverse reactions caused by 56.0% of influenza vaccinations

na

[168]. Guo Xiue et al. pointed out that the rate of continuous vaccination cross two years

ur

accounts for 76.9%, but those who had been vaccinated for two consecutive years were no

Jo

longer willing to do so, primarily due to feelings associated with vaccination during the
previous year [169]. In addition, Su Bingguang and other scholars investigated 494 nurses,
and 50.8% of the unwillingness to vaccinate was related to bad experiences with side effects
after the injection [170]. In terms of women vaccination, willingness is related to the way
vaccination is delivered. Research shows that the women’s willingness to change the vaccine
delivery method will increase by 70.4%, of whom 4.1% hope to provide a vaccine with four
valence and multiple combinations, and 28.5% hope to provide an oral or nasal spray to

replace the injection, however, 54.1% chose a brand of being trusted, of which usually made
by foreign factories [171].

The government policy of gender vaccination
The current vaccination policies are formulated by the state. For example, the measles

of

vaccination policy is to wait until the antibodies from the mother disappear in the baby, so the
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ro

vaccination time in advanced countries is 12–15 weeks of age. In low-income countries, it is

lP

re

nine months [172].

na

The European Institute for Gender Equality (EIGE) specifically mentioned that the research

ur

and development process of new COVID-19 vaccines should pay attention to gender

Jo

differences. Clinical trials must include men and women to eliminate gender blindness in
medical research. This will help researchers understand the effectiveness and impact of
possible vaccines on different genders, and it will also encourage them to pay attention to
women's health rights and interests. Some research results show that in order to improve the
vaccination rate, we need to change the way vaccines are delivered. For example, we might
use tetravalent vaccines or oral administration. Nasal sprays and needle-free skin injections to
reduce the occurrence of uncomfortable symptoms are other methods to improve availability
and willingness. To improve the attitude and awareness toward vaccines, medical institutions

can implement educational courses and advocacy activities to help people understand the
safety of domestic or foreign vaccines [173,174]. In addition, it is necessary to establish a
convenient vaccination process to avoid unwillingness due to inconvenience or
time-consuming vaccinations. Meanwhile, it is also necessary to actively contact people and
assist in helping them understand the repercussions for not being vaccinated, which can

-p

ro

of

improve the vaccination rate [175].

re

Conclusion

lP

During the spread of COVID-19, women have suffered more pressure and a higher

na

physiological load than men, and they have also suffered more from the threat of infection.

ur

Although women face relatively poor conditions in life and work and face worse economic

Jo

impacts than men, women tend to have a better immune response to vaccines, which can help
women reduce the effects of COVID-19 on them later. Using knowledge about better immune
response and hormone regulation in women could help researchers develop a vaccine against
COVID-19 sooner, which is an important anti-pandemic task. In the future, the research and
development of vaccines should also consider women's issues during clinical trials to ensure
that complications and antibody responses for women are positive and effective. National
policies should also put forward good strategies for the vaccination of women in addition to

having good consciousness. This will provide women with a better vaccination experience,
which could enhance their willingness to receive vaccinations in the future.

Limitations and expectations
Considering women’s issues during the development of vaccines is still relatively rare.

of

Therefore, there is not much literature on women’s issues in relation to novel coronaviruses.

-p

ro

One must review the literature on SARS and MERS, influenza, HPV, and measles to review

re

and discuss the effect of vaccines on women. In today’s era of equal rights between men and

lP

women, there are still many differences. In the future, all research units should be encouraged

na

to conduct relevant research on female-specific vaccines in order to more accurately

Jo

ur

understand their impact on women after vaccination.

Disclaimer

Some of the cited part in this article from web-sites has not been peer-reviewed; it cannot
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Conflicts of interest
The authors have no conflicts of interest relevant to this article.

Reference

[1] Khanna RC, Cicinelli MV, Gilbert SS, Honavar SG, Murthy GSV. COVID-19 pandemic:
Lessons learned and future directions. Indian J Ophthalmol. 2020; 68(5):703‐710.
[2] Li H, Zhou Y, Zhang M, Wang H, Zhao Q, Liu J. Updated Approaches against

of

SARS-CoV-2. Antimicrob Agents Chemother. 2020; 64(6):e00483-20.

-p

ro

[3] Ahn DG, Shin HJ, Kim MH, Lee S, Kim HS, Myoung J, et al. Current Status of

re

Epidemiology, Diagnosis, Therapeutics, and Vaccines for Novel Coronavirus Disease 2019

lP

(COVID-19). J Microbiol Biotechnol. 2020; 30(3):313‐324.

na

[4] Busquet F, Hartung T, Pallocca G, Rovida C, Leist M. Harnessing the power of novel

ur

animal-free test methods for the development of COVID-19 drugs and vaccines. Arch Toxicol.

Jo

[published online ahead of print, 2020 May 23].
[5] Gates B. Responding to Covid-19 - A Once-in-a-Century Pandemic?. N Engl J Med. 2020;
82(18):1677‐1679.
[6] Patel JA, Nielsen FBH, Badiani AA, Assi S, Unadkat V, Patel B, et al. Poverty, Inequality
& COVID-19: The Forgotten Vulnerable. Public Health. 2020; 183:110-111. [published
online ahead of print, 2020 May 14].
[7] van Dorn A, Cooney RE, Sabin ML. COVID-19 Exacerbating Inequalities in the US.
Lancet. 2020; 395(10232):1243‐1244.

[8] Gebhard C, Regitz-Zagrosek V, Neuhauser HK, Morgan R, Klein SL. Impact of sex and
gender on COVID-19 outcomes in Europe. Biol Sex Differ. 2020; 11(1):29.
[9] Sharma G, Volgman AS, Michos ED. Sex Differences in Mortality from COVID-19
Pandemic: Are Men Vulnerable and Women Protected? JACC Case Rep. [published online
ahead of print, 2020 May 4].

of

[10] Shoenfeld Y, Shemer J. [Why Viral (SARS, Ebola and AIDS) Epidemics Now?]

-p

ro

Harefuah. 2003; 142(5):324‐400. [In Hebrew, English abstract].

re

[11] Zhi Y, Wilson JM, Shen H. SARS vaccine: progress and challenge. Cell Mol Immunol.

lP

2005; 2(2):101‐105.

ur

119:129‐140.

na

[12] Saif LJ. Animal coronavirus vaccines: lessons for SARS. Dev Biol (Basel). 2004;

Jo

[13] Luo Y, Yin K. Management of pregnant women infected with COVID-19. Lancet Infect
Dis. 2020; 20(5):513‐514.

[14] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical Course and Risk Factors for
Mortality of Adult Inpatients With COVID-19 in Wuhan, China: A Retrospective Cohort
Study. Lancet. 2020; 395(10229):1054-1062.
[15] Le TT, Andreadakis Z, Kumar A, Roman RG, Tollefsen S, Saville M, et al. The
COVID-19 vaccine development landscape. Nat Rev Drug Discov. 2020; 19(5):305‐306.
[16] Zhu FC, Li YH, Guan XH, Hou LH, Wang WJ, Li JX, et al. Safety, tolerability, and

immunogenicity of a recombinant adenovirus type-5 vectored COVID-19 vaccine: a
dose-escalation, open-label, non-randomised, first-in-human trial. Lancet. 2020;
S0140-6736(20)31208-3. [published online ahead of print, 2020 May 22].
[17] Nichol KL, Nordin JD, Nelson DB, Mullooly JP, Hak E. Effectiveness of Influenza
Vaccine in the Community-Dwelling Elderly. N Engl J Med. 2007; 357(14): 1373-1381.

of

[18] Vu T, Farish S, Jenkins M, Kelly H. A meta-analysis of effectiveness of influenza vaccine

-p

ro

in persons aged 65 years and over living in the community. Vaccine. 2002;

re

20(13-14):1831-1836.

lP

[19] Chen PF. Influenza vaccination and medical care utilization for the community

na

elderly in Taiwan. Master Dissertation 2004, Research Center of Health and

Jo

abstract]

ur

Welfare Policy, National Yang-Ming University, Taipei. [In traditional Chinese, English

[20] Lee CW. The effectiveness of influenza vaccination of the elderly lived in
non-institutionalized in Taiwan. Master Dissertation 2001, Institute of Public
Health, National Yang-Ming University, Taipei. [In traditional Chinese, English abstract]
[21] Mueller AL, McNamara MS, Sinclair DA. Why does COVID-19 disproportionately
affect older people? Aging (Albany NY). 2020; 12(10):9959-9981.
[22] Assaf AM, Hammad EA, Haddadin RN. Influenza Vaccination Coverage Rates,
Knowledge, Attitudes, and Beliefs in Jordan: A Comprehensive Study. Viral Immunol.

2016;29(9):516‐525.
[23] Mereckiene J, Cotter S, D'Ancona F, Giambi C, Nicoll A, Levy-Bruhl D, et al.
Differences in national influenza vaccination policies across the European Union, Norway
and Iceland 2008-2009. Euro Surveill. 2010; 15(44):19700.
[24] Simonsen L, Reichert TA, Viboud C, Blackwelder WC, Taylor RJ, Miller MA. Impact of

of

influenza vaccination on seasonal mortality in the US elderly population. Arch Intern Med

-p

ro

2005; 165(3):265-272.

re

[25] Arora NK, Das MK. COVID-19 vaccine development and the way forward. Indian J

lP

Public Health. 2020;64(Suppl):S108‐S111.

na

[26] Goronzy JJ, Fulbright JW, Crowson CS, Poland GA, O’Fallon WM, Weyand CM. Value

ur

of immunological markers in predicting responsiveness to influenza vaccination in elderly

Jo

individuals. J Virol. 2001;75(24):12182-12187.
[27] Beyer WE, Palache AM, Baljet M, Masurel N. Antibody Induction by Influenza Vaccines
in the Elderly: A Review of the Literature. Vaccine 1989; 7(5):385-394.
[28] Ropero-Álvarez AM, El Omeiri N, Kurtis HJ, Danovaro-Holliday MC, Ruiz-Matus C.
Influenza vaccination in the Americas: Progress and challenges after the 2009 A(H1N1)
influenza pandemic. Hum Vaccin Immunother. 2016;12(8):2206‐2214.
[29] Ropero-Álvarez AM, Whittembury A, Bravo-Alcántara P, Kurtis HJ, Danovaro-Holliday
MC, Velandia-González M. Events supposedly attributable to vaccination or immunization

during pandemic influenza A (H1N1) vaccination campaigns in Latin America and the
Caribbean. Vaccine. 2015; 33(1):187‐192.
[30] Ng S, Wu P, Nishiura H, Ip DK, Lee ES, Cowling BJ. An analysis of national target
groups for monovalent 2009 pandemic influenza vaccine and trivalent seasonal influenza
vaccines in 2009-10 and 2010-11. BMC Infect Dis. 2011; 11:230.

of

[31] Ropero-Alvarez AM, Kurtis HJ, Danovaro-Holliday MC, Ruiz-Matus C, Andrus JK.

-p

ro

Expansion of seasonal influenza vaccination in the Americas. BMC Public Health. 2009;

re

9:361.

lP

[32] Whitacre CC. Sex differences in autoimmune disease. Nat Immunol. 2001; 2(9):

na

777-780.

Jo

16(10):626-638.

ur

[33] Klein SL, Flanagan KL. Sex differences in immune responses. Nat Rev Immunol. 2016;

[34] Ghosh S, Klein RS. Sex drives dimorphic immune responses to viral infections. J
Immunol. 2017; 198(5):1782-1790.
[35] Ansel KM, Ngo VN, Hyman PL, Luther SA, Förster R, Sedgwick JD, et al. A
chemokine-driven positive feedback loop organizes lymphoid follicles. Nature. 2000;
406(6793):309-314.
[36] Förster R, Mattis AE, Kremmer E, Wolf E, Brem G, Lipp M. A putative chemokine
receptor, BLR1, directs B cell migration to defined lymphoid organs and specific anatomic

compartments of the spleen. Cell. 1996; 87(6):1037-1047.
[37] Nakano H, Mori S, Yonekawa H, Nariuchi H, Matsuzawa A, Kakiuchi T. A novel mutant
gene involved in T-lymphocyte–specific homing into peripheral lymphoid organs on mouse
chromosome 4. Blood. 1998; 91(8):2886-2895.
[38] Förster R, Schubel A, Breitfeld D, Kremmer E, Renner-Müller I, Wolf E, et al. CCR7

-p

ro

Secondary Lymphoid Organs. Cell. 1999; 99(1):23-33.

of

Coordinates the Primary Immune Response by Establishing Functional Microenvironments in

re

[39] Green JA, Suzuki K, Cho B, Willison LD, Palmer D, Allen CD, et al. The sphingosine

lP

1-phosphate receptor S1P2 maintains the homeostasis of germinal center B cells and promotes

na

niche confinement. Nat Immunol. 2011; 12(7):672-680.

ur

[40] Pereira JP, Kelly LM, Xu Y, Cyster JG. EBI2 mediates B cell segregation between the

Jo

outer and centre follicle. Nature. 2009; 460(7259):1122-1126.
[41] Gatto D, Paus D, Basten A, Mackay CR, Brink R. Guidance of B cells by the orphanG
protein-coupled receptor EBI2 shapes humoral immune responses. Immunity. 2009;
31(2):259-269.
[42] Robert R, Mackay CR. Gαs-coupled GPCRs GPR65 and GPR174. Downers for immune
responses. Immunol Cell Biol. 2018; 96(4):341‐343.
[43] Qiu D, Chu X, Hua L, Yang Y, Li K, Han Y, et al. Gpr174-deficient regulatory T cells
decrease cytokine storm in septic mice. Cell Death Dis. 2019; 10(3):233.

[44] Zhao R, Chen X, Ma W, Zhang J, Guo J, Zhong X, et al. A GPR174-CCL21 module
imparts sexual dimorphism to humoral immunity. Nature. 2020; 577(7790):416‐420.
[45] Adamowicz EM. Why aren't women choosing STEM academic jobs? Observations from
a small-group discussion at the 2016 American Society for Microbiology annual meeting.
FEMS Microbiol Lett. 2017; 364(6).

of

[46] Flanagan KL, Fink AL, Plebanski M, Klein SL. Sex and Gender Differences in the

-p

ro

Outcomes of Vaccination over the Life Course. Annu Rev Cell Dev Biol. 2017; 33:577‐599.

re

[47] Curtis N, Sparrow A, Ghebreyesus TA, Netea MG. Considering BCG vaccination to

lP

reduce the impact of COVID-19. Lancet. 2020; 395(10236):1545‐1546.

na

[48] Hochman G, Bhattacharya S. Immunization, vaccines: past and future. Cien Saude Colet.

ur

2011; 16(2):372‐373. [In Portuguese, English abstract]

Jo

[49] Klein SL, Marriott I, Fish EN. Sex-based differences in immune function and responses
to vaccination. Trans R Soc Trop Med Hyg. 2015; 109(1):9‐15.
[50] Trenti A, Tedesco S, Boscaro C, Trevisi L, Bolego C, Cignarella A. Estrogen,
Angiogenesis, Immunity and Cell Metabolism: Solving the Puzzle. Int J Mol Sci. 2018;
19(3):859.
[51] Peretz J, Pekosz A, Lane AP, Klein SL. Estrogenic compounds reduce influenza A virus
replication in primary human nasal epithelial cells derived from female, but not male, donors.
Am J Physiol Lung Cell Mol Physiol. 2016; 310(5):L415-L425.

[52] Reardon S. Infections reveal inequality between the sexes. Nature. 2016; 534(7608):447.
[53] Karnam G, Rygiel TP, Raaben M, Grinwis GC, Coenjaerts FE, Ressing ME, et al. CD200
receptor controls sex-specific TLR7 responses to viral infection. PLoS Pathog. 2012;
8(5):e1002710.
[54] Ortona E, Pierdominici M, Rider V. Editorial: Sex Hormones and Gender Differences in

of

Immune Responses. Front Immunol. 2019; 10:1076.

-p

ro

[55] Baggs J, Gee J, Lewis E, Fowler G, Benson P, Lieu T, et al. The Vaccine Safety Datalink:

re

a model for monitoring immunization safety. Pediatrics. 2011; 127(Suppl 1):S45‐S53.

lP

[56] LaRussa PS, Edwards KM, Dekker CL, Klein NP, Halsey NA, Marchant C, et al.

na

Understanding the role of human variation in vaccine adverse events: the Clinical

ur

Immunization Safety Assessment Network. Pediatrics. 2011; 127(Suppl1):S65‐S73.

Jo

[57] Science M, Savage R, Severini A, McLachlan E, Hughes SL, Arnold C, et al. Measles
Antibody Levels in Young Infants. Pediatrics. 2019; 144(6):e20190630.
[58] Coban SC, Temel F, Duman P, Cosgun Y, Ozarslan F, Kayman T, et al. Prevalence of
Protective Measles Virus Antibody Levels in Umbilical Cord Blood Samples and Sera of
Mothers and Transplacental Transport Ratio in Turkey. Jpn J Infect Dis. 2019; 72(3):185-192.
[59] Hu Y, Lu P, Deng X, Guo H, Zhou M. The declining antibody level of measles virus in
China population, 2009-2015. BMC Public Health. 2018; 18(1):906.
[60] Hoekstra EJ, McFarland JW, Shaw C, Salama P. Reducing measles mortality, reducing

child mortality. Lancet. 2006; 368(9541):1050‐1052.
[61] Elliman D, Bedford H. Achieving the goal for global measles mortality. Lancet. 2007;
369(9557):165‐166.
[62] Rossi C, Vanhomwegen C, Laurent F. Vaccination contre le papillomavirus humain (HPV)
chez les garçons et les hommes: actualités et recommandations [HPV vaccination in boys and

of

men: update and recommendations]. Rev Med Brux. 2018; 39(4):352‐358. [In French, English

-p

ro

abstract]

re

[63] Gerend MA, Madkins K, Crosby S, Korpak AK, Phillips G, Bass M, et al. A Qualitative

lP

Analysis of Young Sexual Minority Men's Perspectives on Human Papillomavirus

na

Vaccination. LGBT Health. 2019; 6(7):350‐356.

ur

[64] Beltran-Pavez C, Ferreira CB, Merino-Mansilla A, Fabra-Garcia A, Casadella M,

Jo

Noguera-Julian M, et al. Guiding the humoral response against HIV-1 toward a MPER
adjacent region by immunization with a VLP-formulated antibody-selected envelope variant.
PLoS One. 2018; 13(12):e0208345.
[65] Boigard H, Alimova A, Martin GR, Katz A, Gottlieb P, Galarza JM. Zika virus-like
particle (VLP) based vaccine. PLoS Negl Trop Dis. 2017; 11(5):e0005608.
[66] Kim HJ, Son HS, Lee SW, Yoon Y, Hyeon JY, Chung GT, et al. Efficient expression of
enterovirus 71 based on virus-like particles vaccine. PLoS One. 2019; 14(3):e0210477.
[67] Zhang S, Zhao F. Comment on "Will HPV Vaccination Prevent Cervical Cancer". BMC

Med. 2020; 18(1):115.
[68] Cuschieri K, Lorincz AT, Nedjai B. Human Papillomavirus Research: Where Should We
Place Our Bets? Acta Cytol. 2019; 63(2):85‐96.
[69] La Torre G, De Waure C, Chiaradia G, Mannocci A, Ricciardi W. HPV vaccine efficacy
in preventing persistent cervical HPV infection: a systematic review and meta-analysis.

of

Vaccine. 2007; 25(50):8352‐8358.

-p

ro

[70] Grogg SE. Update on Advisory Committee on Immunization Practices (ACIP) Vaccine

re

Recommendations, June 2012. J Am Osteopath Assoc. 2012;112(9):585-586.

lP

[71] Campos-Outcalt D, Advisory Committee on Immunization Practices of the Centers for

na

Disease Control and Prevention. Immunization Update: The Latest ACIP Recommendations. J

ur

Fam Pract. 2014; 63(3):137-140.

Jo

[72] Centers for Disease Control and Prevention (CDC). Prevention and control of influenza
with vaccines: recommendations of the Advisory Committee on Immunization Practices
(ACIP)--United States, 2012-13 influenza season. MMWR Morb Mortal Wkly Rep. 2012;
61(32):613‐618.
[73] Patel C, Brotherton JM, Pillsbury A, Jayasinghe S, Donovan B, Macartney K, et al. The
impact of 10 years of human papillomavirus (HPV) vaccination in Australia: what additional
disease burden will a nonavalent vaccine prevent? Euro Surveill. 2018; 23(41):1700737.
[74] Ferris DG, Samakoses R, Block SL, Ferris DG, Samakoses R, Block SL, et al. 4-Valent

Human Papillomavirus (4vHPV) Vaccine in Preadolescents and Adolescents After 10 Years.
Pediatrics. 2017; 140(6):e20163947.
[75] Andre FE, Booy R, Bock HL, Clemens J, Datta SK, John TJ, et al. Vaccination greatly
reduces disease, disability, death and inequity worldwide. Bull World Health Organ. 2008;
86(2):140‐146.

of

[76] Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause

-p

ro

1990-2020: Global Burden of Disease Study. Lancet. 1997; 349(9064):1498‐1504.

re

[77] Manton KG. The global impact of noncommunicable diseases: estimates and projections.

lP

World Health Stat Q. 1988; 41(3-4):255‐266.

na

[78] Mariani L, Preti M, Cristoforoni P, Stigliano CM, Perino A. Overview of the benefits and

ur

potential issues of the nonavalent HPV vaccine. Int J Gynaecol Obstet. 2017; 136(3):258‐265.

Jo

[79] Blitshteyn S, Brinth L, Hendrickson JE, Martinez-Lavin M. Autonomic Dysfunction and
HPV Immunization: An Overview. Immunol Res. 2018; 66(6):744‐754.
[80] Vaccine knowledge project. HPV (Human Papillomavirus). Oxford Vaccine Group.
Available at: https://vk.ovg.ox.ac.uk/vk/hpv. Accessed October 18, 2019.
[81] Bourgonje AR, Abdulle AE, Timens W, Hillebrands JL, Navis GJ, Gordijn SJ, et al.
Angiotensin-converting enzyme-2 (ACE2), SARS-CoV-2 and pathophysiology of coronavirus
disease 2019 (COVID-19). J Pathol. [published online ahead of print, 2020 May 17].
[82] Gheblawi M, Wang K, Viveiros A, Nguyen Q, Zhong JC, Turner AJ, et al.

Angiotensin-Converting Enzyme 2: SARS-CoV-2 Receptor and Regulator of the
Renin-Angiotensin System: Celebrating the 20th Anniversary of the Discovery of ACE2. Circ
Res. 2020; 126(10):1456‐1474.
[83] Gracia-Ramos AE. Is the ACE2 Overexpression a Risk Factor for COVID-19 Infection?
Arch Med Res. 2020; 51(4):345-346.

of

[84] Lange C, Wolf J, Auw-Haedrich C, Schlecht A, Boneva S, Lapp T, et al. Expression of

-p

ro

the COVID-19 receptor ACE2 in the human conjunctiva. J Med Virol. [published online

re

ahead of print, 2020 May 6].

lP

[85] Zisman LS. ACE and ACE2: A Tale of Two Enzymes. Eur Heart J. 2005; 26(4):322-324.

na

[86] Suba Z. Prevention and therapy of COVID-19 via exogenous estrogen treatment for both

ur

male and female patients. J Pharm Pharm Sci. 2020; 23(1):75‐85.

Jo

[87] Di Stadio A, Della Volpe A, Ralli M, Ricci G. Gender differences in COVID-19 infection.
The estrogen effect on upper and lower airways. Can it help to figure out a treatment? Eur
Rev Med Pharmacol Sci. 2020; 24(10):5195-5196.
[88] Sheikhshahrokh A, Ranjbar R, Saeidi E, DEHKORDI FS, Heiat M, Ghasemi-Dehkordi P,
et al. Frontier therapeutics and vaccine strategies for sars-cov-2 (COVID-19): A review. Iran J
Public Health. 2020; 49(Suppl 1):18-29.
[89] Kim MH, Kim HJ, Chang J. Superior immune responses induced by intranasal
immunization with recombinant adenovi-rus-based vaccine expressing full-length Spike

protein of Middle East respiratory syndrome coronavirus. PLoS One. 2019; 14(7):e0220196.
[90] Coleman CM, Liu YV, Mu H, Taylor JK, Massare M, Flyer DC, et al. Purified
coronavirus spike protein nano-particles induce coronavirus neutralizing antibodies in mice.
Vaccine. 2014; 32(26):3169-3174.
[91] Moulton VR. Sex Hormones in Acquired Immunity and Autoimmune Disease. Front

of

Immunol. 2018; 9:2279.

-p

ro

[92] Giefing-Kröll C, Berger P, Lepperdinger G, Grubeck-Loebenstein B. How sex and age

re

affect immune responses, susceptibility to infections, and response to vaccination. Aging Cell.

lP

2015; 14(3):309‐321.

na

[93] Guo Q, Zhao D, Dong F, Liu S, Chen Y, Jin J, et al. Delivery of fetus death with

ur

misoprostol in a pregnant woman with H7N9 avian influenza A virus pneumonia and

Jo

ARDS. Crit Care. 2014; 18(5):589.

[94] Schenck-Gustafsson K, DeCola PR, Pfaff DW, Pisetsky DS, editors. Handbook of
Clinical Gender Medicine. Switzerland: Karger; 2012.
[95] Garenne M, Leroy O, Beau JP, Sene I. Child mortality after high-titre measles vaccines:
prospective study in Senegal. Lancet. 1991; 338(8772):903‐907.
[96] Knudsen KM, Aaby P, Whittle H, Rowe M, Samb B, Simondon F, et al. Child mortality
following standard, medium or high titre measles immunization in West Africa. Int J
Epidemiol. 1996; 25(3):665‐673.

[97] Aaby P, Samb B, Simondon F, Knudsen K, Seck AM, Bennett J, et al. Divergent
mortality for male and female recipients of low-titer and high-titer measles vaccines in rural
Senegal. Am J Epidemiol. 1993; 138(9):746‐755.
[98] Guinea-Bissau. 28,500 children vaccinated against measles. Médecins Sans Frontières.
Available at: https://www.msf.org/guinea-bissau-28500-children-vaccinated-against-measles.

of

Accessed 31 July 2015.

-p

ro

[99] Battegay R, Itin C, Itin P. Dermatological signs and symptoms of measles: a prospective

re

case series and comparison with the literature. Dermatology. 2012; 224(1):1‐4.

lP

[100] Jani JV, Holm-Hansen C, Mussá T, Zango A, Manhiça I, Bjune G, et al. Assessment of

ur

8:386.

na

Measles Immunity Among Infants in Maputo City, Mozambique. BMC Public Health. 2008;

Jo

[101] Canouï E, Launay O. Histoire et principes de la vaccination [History and principles of
vaccination]. Rev Mal Respir. 2019; 36(1):74‐81. [In French, English abstract]
[102] Zheng Z, Diaz-Arévalo D, Guan H, Zeng M. Noninvasive vaccination against infectious
diseases. Hum Vaccin Immunother. 2018; 14(7):1717‐1733.
[103] Available candidate vaccine viruses and potency testing reagents. WHO. Available at:
https://www.who.int/influenza/vaccines/virus/candidates_reagents/home/en/.
[104] Yang L, Tian D, Liu W. [Strategies for Vaccine Development of COVID-19]. Sheng Wu
Gong Cheng Xue Bao. 2020; 36(4):593‐604. [In Chinese, English abstract]

[105] Hayden GF, Preblud SR, Orenstein WA, Conrad JL. Current status of mumps and
mumps vaccine in the United States. Pediatrics. 1978; 62(6):965‐969.
[106] Monrad JT. Ethical considerations for epidemic vaccine trials. J Med Ethics. [published
online ahead of print, 2020 May 15]
[107] Wages NA, Chiuzan C, Panageas KS. Design considerations for early-phase clinical

of

trials of immune-oncology agents. J Immunother Cancer. 2018; 6(1):81.

-p

ro

[108] Molyneux M. New ethical considerations in vaccine trials. Hum Vaccin Immunother.

re

2017; 13(9):2160‐2163.

lP

[109] Moffett HF, Harms CK, Fitzpatrick KS, Tooley MR, Boonyaratanakornkit J, Taylor JJ.

na

B cells engineered to express pathogen-specific antibodies protect against infection. Sci

ur

Immunol. 2019; 4(35):eaax0644.

Jo

[110] Casadevall A. The case for pathogen-specific therapy. Expert Opin Pharmacother. 2009;
10(11):1699‐1703.

[111] Anikeeva N, Grosso D, Flomenberg N, Sykulev Y. Evaluating frequency and quality of
pathogen-specific T cells. Nat Commun. 2016; 7:13264.
[112] Cheaper HPV vaccines needed. Lancet. 2008; 371(9625):1638.
[113] Doherty M, Buchy P, Standaert B, Giaquinto C, Prado-Cohrs D. Vaccine impact:
Benefits for human health. Vaccine. 2016; 34(52):6707‐6714.
[114] de Sanjose S, Bruni L. Is it now the time to plan for global gender-neutral vaccination?

J Infect Dis. [published online ahead of print, 2020 Mar 11].
[115] Roos R. Estimates of SARS death rates revised upward. The Center for Infectious
Disease Research and Policy (CIDRAP). Available at:
https://www.cidrap.umn.edu/news-perspective/2003/05/estimates-sars-death-rates-revised-up
ward. Accessed 07 May 2003.

of

[116] Munster VJ, Wells D, Lambe T, Wright D, Fischer RJ, Bushmaker T, et al. Protective

-p

ro

efficacy of a novel simian adenovirus vaccine against lethal MERS-CoV challenge in a

re

transgenic human DPP4 mouse model. NPJ Vaccines. 2017; 2:28.

lP

[117] Alharbi NK, Qasim I, Almasoud A, Aljami HA, Alenazi MW, Alhafufi A, et al. Humoral

na

Immunogenicity and Efficacy of a Single Dose of ChAdOx1 MERS Vaccine Candidate in

ur

Dromedary Camels. Sci Rep. 2019; 9(1):16292.

Jo

[118] Dubé E, Vivion M, MacDonald NE. Vaccine hesitancy, vaccine refusal and the
anti-vaccine movement: influence, impact and implications. Expert Rev Vaccines. 2015;
14(1):99‐117.
[119] Parasidis E, Opel DJ. Parental Refusal of Childhood Vaccines and Medical Neglect
Laws. Am J Public Health. 2017; 107(1):68‐71.
[120] Holman DM, Benard V, Roland KB, Watson M, Liddon N, Stokley S. Barriers to human
papillomavirus vaccination among US adolescents: a systematic review of the literature.
JAMA Pediatr. 2014; 168(1):76‐82.

[121] Rosenthal SL, Weiss TW, Zimet GD, Ma L, Good MB, Vichnin MD. Predictors of HPV
vaccine uptake among women aged 19-26: importance of a physician's recommendation.
Vaccine. 2011; 29(5):890‐895.
[122] Marlow LA, Wardle J, Forster AS, Waller J. Ethnic differences in human papillomavirus
awareness and vaccine acceptability. J Epidemiol Community Health. 2009; 63(12):1010‐

of

1015.

-p

ro

[123] Forster AS, McBride KA, Davies C, Stoney T, Marshall H, McGeechan K, et al.

re

Development and validation of measures to evaluate adolescents' knowledge about human

lP

papillomavirus (HPV), involvement in HPV vaccine decision-making, self-efficacy to receive

na

the vaccine and fear and anxiety. Public Health. 2017; 147:77‐83.

ur

[124] Wong LP, Sam IC. Ethnically diverse female university students' knowledge and

Jo

attitudes toward human papillomavirus (HPV), HPV vaccination and cervical cancer. Eur J
Obstet Gynecol Reprod Biol. 2010; 148(1):90‐95.
[125] Rossen I, Hurlstone MJ, Lawrence C. Going with the Grain of Cognition: Applying
Insights from Psychology to Build Support for Childhood Vaccination. Front Psychol. 2016;
7:1483.
[126] Salmon DA, Dudley MZ, Glanz JM, Omer SB. Vaccine hesitancy: Causes,
consequences, and a call to action. Vaccine. 2015; 33(Suppl 4):D66‐D71.
[127] Edwards C. Is the MMR vaccine safe? West J Med. 2001; 174(3):197‐198.

[128] Yu W, Lee LA, Liu Y, Scherpbier RW, Wen N, Zhang G, et al. Vaccine-preventable
disease control in the People's Republic of China: 1949-2016. Vaccine. 2018; 36(52):8131‐
8137.
[129] Buonomo B, Carbone G, d'Onofrio A. Effect of seasonality on the dynamics of an
imitation--based vaccination model with public health intervention. Math Biosci Eng. 2018;

of

15(1):299‐321.

-p

ro

[130] Madani G, Heiner DC. Antibody Transmission From Mother to Fetus. Curr Opin

re

Immunol. 1989; 1(6):1157‐1164.

lP

[131] Pou C, Nkulikiyimfura D, Henckel E, Olin A, Lakshmikanth T, Mikes J, et al. The

ur

596.

na

repertoire of maternal anti-viral antibodies in human newborns. Nat Med. 2019; 25(4):591‐

Jo

[132] Englund JA. Passive Protection against Respiratory Syncytial Virus Disease in Infants:
The Role of Maternal Antibody. Pediatr Infect Dis J. 1994; 13(5):449‐453.
[133] Hessel L, European Vaccine Manufacturers (EVM) Influenza Working Group.
Pandemic influenza vaccines: meeting the supply, distribution and deployment challenges.
Influenza Other Respir Viruses. 2009; 3(4):165-170.
[134] Galev A, Nacheva A. [Pregnancy and Vaccinoprevention]. Akush Ginekol (Sofiia). 2014;
53(1):51-56. [In Bulgarian, English abstract]
[135] Stahel M. Impfungen in der Schwangerschaft [Vaccination During Pregnancy]. Praxis

(Bern 1994). 2019; 108(13):859‐862. [In German, English abstract]
[136] Sperling RS, Riley LE; Immunization and Emerging Infections Expert Work Group.
Influenza Vaccination, Pregnancy Safety, and Risk of Early Pregnancy Loss. Obstet Gynecol.
2018; 131(5):799‐802.
[137] Sakala IG, Honda-Okubo Y, Fung J, Petrovsky N. Influenza immunization during

of

pregnancy: Benefits for mother and infant. Hum Vaccin Immunother. 2016; 12(12):3065‐

-p

ro

3071.

re

[138] Takeda S, Hisano M, Komano J, Yamamoto H, Sago H, Yamaguchi K. Influenza

lP

vaccination during pregnancy and its usefulness to mothers and their young infants. J Infect

na

Chemother. 2015; 21(4):238‐246.

ur

[139] Spencer JP, Trondsen Pawlowski RH, Thomas S. Vaccine Adverse Events: Separating

Jo

Myth from Reality. Am Fam Physician. 2017; 95(12):786‐794.
[140] Kestenbaum LA, Feemster KA. Identifying and addressing vaccine hesitancy. Pediatr
Ann. 2015; 44(4):e71‐e75.
[141] McClure CC, Cataldi JR, O'Leary ST. Vaccine Hesitancy: Where We Are and Where We
Are Going. Clin Ther. 2017; 39(8):1550‐1562.
[142] Peterson DR, Chinn N. Rubella-induced congenital defects and rubella immunization.
Northwest Med. 1971; 70(3):169‐170.
[143] Day MJ. Vaccine side effects: fact and fiction. Vet Microbiol. 2006; 117(1):51‐58.

[144] Centers for Disease Control and Prevention. Update: vaccine side effects, adverse
reactions, contraindications, and precautions—recommendations of the Advisory Committee
on Immunization Practices (ACIP). MMWR Recomm Rep. 1996; 45(RR-12):1‐35.
[145] Dubé E, Gagnon D, MacDonald NE; SAGE Working Group on Vaccine Hesitancy.
Strategies intended to address vaccine hesitancy: Review of published reviews. Vaccine. 2015;

of

33(34):4191‐4203.

-p

ro

[146] Zhu L, Zhai S, Siu PT, Xia HY, Lai S, Zambrano CN, et al. Factors Related to Chinese

re

Parents' HPV Vaccination Intention for Children. Am J Health Behav. 2019; 43(5):994-1005.

lP

[147] Andre FE, Booy R, Bock HL, Clemens J, Datta SK, John TJ, et al. Vaccination greatly

ur

86(2):140-146.

na

reduces disease, disability, death and inequity worldwide. Bull World Health Organ. 2008;

Jo

[148] Fiore AE, Shay DK, Broder K, Iskander JK, Uyeki TM, Mootrey G, et al. Prevention
and control of influenza: recommendations of the Advisory Committee on Immunization
Practices (ACIP), 2008. MMWR Recomm Rep. 2008; 57(RR-7):1‐60.
[149] Succi RCM. Vaccine refusal - what we need to know. J Pediatr (Rio J). 2018; 94(6):574‐
581.
[150] Donadiki EM, Jiménez-García R, Hernández-Barrera V, Carrasco-Garrido P, López de
Andrés A, Velonakis EG. Human papillomavirus vaccination coverage among Greek higher
education female students and predictors of vaccine uptake. Vaccine. 2012; 30(49):6967‐

6970.
[151] Rossi R. Do Maternal Living Arrangements Influence the Vaccination Status of
Children Age 12-23 Months? A Data Analysis of Demographic Health Surveys 2010-11 from
Zimbabwe. PLoS One. 2015; 10(7):e0132357.
[152] Kessels SJ, Marshall HS, Watson M, Braunack-Mayer AJ, Reuzel R, Tooher RL.

of

Factors associated with HPV vaccine uptake in teenage girls: a systematic review. Vaccine.

-p

ro

2012; 30(24):3546‐3556.

re

[153] Hak E, Schönbeck Y, De Melker H, Van Essen GA, Sanders EA. Negative attitude of

lP

highly educated parents and health care workers towards future vaccinations in the Dutch

na

childhood vaccination program. Vaccine. 2005; 23(24):3103‐3107.

ur

[154] Mollema L, Wijers N, Hahné SJ, van der Klis FR, Boshuizen HC, de Melker HE.

Jo

Participation in and attitude towards the national immunization program in the Netherlands:
data from population-based questionnaires. BMC Public Health. 2012; 12:57.
[155] Šeškutė M, Tamulevičienė E, Levinienė G. Knowledge and Attitudes of Postpartum
Mothers towards Immunization of Their Children in a Lithuanian Tertiary Teaching Hospital.
Medicina (Kaunas). 2018; 54(1):2.
[156] Erves JC, Mayo-Gamble TL, Hull PC, Duke L, Miller ST. Adolescent Participation in
HPV Vaccine Clinical Trials: Are Parents Willing? J Community Health. 2017; 42(5):894‐
901.

[157] Samkange-Zeeb F, Spallek L, Klug SJ, Zeeb H. HPV infection awareness and
self-reported HPV vaccination coverage in female adolescent students in two German cities. J
Community Health. 2012; 37(6):1151‐1156.
[158] Durusoy R, Yamazhan M, Taşbakan MI, Ergin I, Aysin M, Pullukçu H, et al. HPV
vaccine awareness and willingness of first-year students entering university in Western Turkey.

of

Asian Pac J Cancer Prev. 2010; 11(6):1695‐1701.

-p

ro

[159] Rosenthal SL, Weiss TW, Zimet GD, Ma L, Good MB, Vichnin MD. Predictors of HPV

re

vaccine uptake among women aged 19-26: importance of a physician's recommendation.

lP

Vaccine. 2011; 29(5):890‐895.

na

[160] Weiss TW, Zimet GD, Rosenthal SL, Brenneman SK, Klein JD. Human papillomavirus

ur

vaccination of males: attitudes and perceptions of physicians who vaccinate females. J

Jo

Adolesc Health. 2010; 47(1):3‐11.

[161] Usher K, Durkin J, Bhullar N. The COVID-19 pandemic and mental health impacts. Int
J Ment Health Nurs. 2020; 29(3):315‐318.
[162] Doherty M, Buchy P, Standaert B, Giaquinto C, Prado-Cohrs D. Vaccine impact:
Benefits for human health. Vaccine. 2016; 34(52):6707‐6714.
[163] Swedish Council on Health Technology Assessment. Vaccines to Children: Protective
Effect and Adverse Events: A Systematic Review. Stockholm: Swedish Council on Health
Technology Assessment (SBU); 2009.

[164] Krawczyk AL, Perez S, Lau E, Holcroft CA, Amsel R, Knäuper B, et al. Human
papillomavirus vaccination intentions and uptake in college women. Health Psychol. 2012;
31(5):685‐693.
[165] Su YF, Chiang HT, Chiu NC, Lee CM. [The influence factors of influenza vaccination
willingness in healthcare workers]. Infect Control J. 2019; 29(3):112-123. [In Chinese,

of

English abstract]

-p

ro

[166] Iserson KV. SARS-CoV-2 (COVID-19) Vaccine Development and Production: An

re

Ethical Way Forward. Camb Q Healthc Ethics. [published online ahead of print, 2020 Jun 5].

lP

[167] Jamal D, Zaidi S, Husain S, Orr DW, Riaz A, Farrukhi AA, et al. Low vaccination in

ur

4754.

na

rural Sindh, Pakistan: A case of refusal, ignorance or access?. Vaccine. 2020; 38(30):4747‐

Jo

[168] Xiao HX, Sun YZ, Yan ZJ. Analysis of adverse reaction assessment questionnaire for
staff of medical institutions after influenza vaccination. Epidemiology Bulletin. 2005; 21(8):
618-631. [In Chinese translate]
[169] Kuo HO, Lin HS, Chou HN, Kang HY, Chang CS, Shen MC. A Survey on Cognition of
and Attitudes towards Influenza, Influenza Vaccine, and Influenza Vaccination Behavior
among Healthcare Workers. Infect Control J. 2009;19(2):69-80.[In Chinese, English Abstract].
DOI: 10.6526/ICJ.200904_19(2).0001
[170] Su BG, Chen N, Shih PW, Cheng YL, Zheng YX, Lin YL, et al. The Relationship

between Knowledge and Practice toward the Acceptance of New Flu Vaccine among Nurses.
Hospital. 2014; 47(5):35-49. [In Chinese, English Abstract].
[171] Lin Y, Lin Z, He F, Chen H, Lin X, Zimet GD, et al. HPV vaccination intent and
willingness to pay for 2-,4-, and 9-valent HPV vaccines: A study of adult women aged 27-45
years in China. Vaccine. 2020; 38(14):3021‐3030.

of

[172] Hendrix KS, Sturm LA, Zimet GD, Meslin EM. Ethics and Childhood Vaccination

-p

ro

Policy in the United States. Am J Public Health. 2016; 106(2):273‐278.

re

[173] EIGE launches webpage on COVID-19 and gender equality. Social Platform. Available

lP

at:

na

https://www.socialplatform.org/news/eige-launches-webpage-on-covid-19-and-gender-equalit

ur

y/. Accessed 24 April 2020.

Jo

[174] Roure-Pujol C, Galbany-Estragués P, Ahokas A, Casas-Baroy JC, Cavani D, Gradellini
C, et al. Educating Vaccionation Competence Project (EDUVAC). EDULEARN19
Proceedings. 2019; 8834-8838.
[175] McIntyre A, Zecevic A, Diachun L. Influenza vaccinations: older adults'
decision-making process. Can J Aging. 2014; 33(1):92‐98.

