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REVIEW

Precision immunization: a new trend in human vaccination
Siyue Jiaa, Jingxin Lia, Yuanbao Liubc, and Fengcai Zhua,c*

aVaccine Clinical Evaluation Department, Jiangsu Provincial Center for Disease Control and Prevention, Nanjing, PR China; bExpanded Program on
Immunization Department, Jiangsu Provincial Center for Disease Control and Prevention, Nanjing, PR China; cNHC Key laboratory of Enteric
Pathogenic Microbiology, Jiangsu Provincial Center for Disease Control and Prevention, Nanjing, PR China

ABSTRACT
Vaccination has been one of the major revolutions in the history of human health. Vaccination programs
have targeted entire populations such as infants or elderly subjects as a matter of being efficient with time
and resources. These general populations are heterogeneous in terms of factors such as ethnicity, health
status, and socio-economics. Thus, there have been variations in the safety and effectiveness profiles of
certain vaccinations according to current population-wide strategies. As the concept of precision medicine
has been raised in recent years, many researchers have suggested that vaccines could be administeredmore
precisely in terms of particular target populations, vaccine formulations, regimens, and dosage levels. This
review addresses the concept and framework of precision immunization, summarizes recent and represen-
tative clinical trials of among specific populations, mentions important factors to be addressed in customiz-
ing vaccinations, and provides suggestions on the establishment of precision immunization with the goal of
maximizing the effectiveness of vaccines in general.
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Introduction

Vaccination is often considered as the most economical and
effective strategy for the prevention and control of most infectious
diseases. As a result of vaccination, smallpox has been eradicated
worldwide, the incidence of polio has decreased by 99%, and the
process of elimination of measles is progressing.1 Vaccination has
been ranked as one of the ten greatest public health achievements
during the 20th century by the Centers for Disease Control and
Prevention.2However,most vaccines are evaluated only in healthy
populations both during development and post-marketing.
Further, only a standard immunization schedule is approved for
the whole population. Therefore, some vaccines may be incapable
of eliciting a robust specific immune response against the targeted
pathogen or disease or might be associated with significant
increase in adverse reactions in specific populations or indivi-
duals. Therefore, it is critical to develop personalized immuniza-
tion strategies based on the type of vaccines and the individual
characteristics of the immune system. Further, the difference in
responses with age, genetics, underlying diseases, or other factors
must also be taken into consideration.

Precision immunization, based on customized vaccination for
a specific individual, is essential to ensure thatmore individuals are
protected through vaccination. Although precision immunization
has not been widely implemented yet, substantial efforts are being
made by countries, vaccine manufacturers, and health-care work-
ers to evaluate more specific immunization strategies for different
populations. For instance, the national immunization schedules in
the United States,3,4 the United Kingdom,5 and Australia6 all
include vaccination recommendations for specific risk groups,
providing clinical advice for health professionals on the safest

and most effective use of vaccines in their practice. Considering
that a vaccine may be given to individuals who might not benefit
from it, or it might represent an increased risk due to specific
health issues, vaccine manufacturers routinely assess many of
these concerns during the development of the vaccines or after
its registration. In 2017, China’s first vaccination evaluation clinic
was established in Shanghai. The newly established vaccination
evaluation clinic has ten senior professional experts from the
infectious diseases department, immunization program depart-
ment, and special needs diagnosis and treatment center. It mainly
provides professional vaccination guidance services for children
with consultation needs, premature infants, and children with
special diseases. This is a model for training health-care personnel
to assess the benefit/risk profile of the intervention and the specific
health condition of the individuals they attend to.

According to our understanding, we define precision immuni-
zation as a personalized immunization strategy based on individual
characteristics of vaccine recipients; it may involve various dosage
and doses of vaccines, different vaccine types, vaccination timings,
intervals between vaccine doses, or formulations, in order to max-
imize the benefit and minimize the risk of the vaccination. Unlike
the conventional immunization strategy setting for a whole popu-
lation, the focus of precision immunization is individual. The
implementation of precision immunization strategy will contribute
to expanding the use of vaccines while preventing diseases and
improving human health more efficiently. Although researchers
are working toward precision immunization, the gains are frag-
mentary and no systematic framework for implementing it is
currently available. Moreover, the majority of vaccine clinical trials
that have been conducted in specific populations have been focused
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merely on sub-populations. Besides, the factors considered were
relatively single, and the researchers failed to take precision immu-
nization into account from an overall perspective. Herein, we
propose the concept and framework of precision immunization,
which is novel to vaccinology. Based on the practice of human
vaccination and our prediction of the future direction of vaccina-
tion, we put forward the concept of precision immunization for the
first time. In establishing the framework of precision immuniza-
tion, vaccines have been classified according to their specific status,
and the progress of vaccination in special individuals has been
systematically summarized, which will benefit both health-care
workers and related individuals. In addition, we have also summar-
ized the critical factors and correlative evidence in the implementa-
tion process of precision immunization, which is a new aspect of
our review thatmay, to some extent, clear the direction of precision
immunization for researchers in their future practices.

Implementation process of precision immunization

Currently, precision immunization is still in its infancy. The
specific implementation process of precision immunization is
shown in Figure 1. The first and most important step would
be to establish a large database comprising efficacy, immuno-
genicity, and safety data from various vaccine clinical trials. In
addition, massive real-world evidence from vaccination prac-
tice must be included, using big data to guide or recommend
precision immunization. When a person wants or needs to be
vaccinated, the associated information about him/her may be
collected, after which, valuable information from this database
may be integrated and extracted so as to develop a most
suitable precision immunization regime. Healthy individuals
(people who have no medical condition or other indications)
could be seriously affected by vaccination. Therefore, in order
to ensure the safety and effectiveness of vaccination, factors
such as age, sex, pre-existing antibodies, and genetic poly-
morphisms need to be considered while designing precision
immunization regimes for healthy individuals. The definition
of special individuals is relative to that of general healthy
individuals; they can be classified as pregnant women, cancer
patients, people living with human immunodeficiency virus

(HIV) and asplenic patients, etc., according to their special
condition or illness which may lead to changes in immuno-
logical responses or risk tolerance. Considering the different
types of vaccines to be administered, the optimal immuniza-
tion regimen could be adjusted with vaccination timing,
dosage, and doses, interval between vaccine doses, or formu-
lation with or without adjuvants.

Here, we will elaborate on the critical factors and correla-
tive evidence in the implementation process of precision
immunization according to the above classification.

Healthy individuals

Age

Age is an important factor, which could have a major effect on
the immune response. Over the course of one’s life, immunity
increases from childhood to adulthood and then weakens with
age, exhibiting a saddle-type change which is low at both ends.
The humoral and cellular immune responses of infants and the
elderly are often found to be different from those of adults.7,8

The immune system in newborns and young infants is func-
tionally immature at birth. The immaturity of the immune system
often causes unsatisfying antibody responses in neonates with an
overall delayed onset, reaching lower peak levels, and exhibiting
a shorter duration following vaccination.9 Moreover, neonates
have low levels of several components of the complement system,
diminished Th1 effector capacity, and a limited ability to generate
memory cells.10,11 Therefore, infants and young children are
usually more vulnerable to infections.

Sometimes, increasing vaccine doses or adding adjuvant could
be feasible methods to solve the problem of poor immune response
and antibody persistence.12 However, in some cases, a new genera-
tion of vaccinesmay be needed to cope with the issue. For example,
capsule polysaccharide vaccines including Haemophilus influenzae
type b (Hib) vaccine, meningococcal vaccine, and pneumococcal
vaccine are highly immunogenic in older children and adults, but
not in young children under 2 years of age. A novel conjugate
vaccine consisting of the capsular polysaccharide of Hib covalently
linked to a protein vector was evaluated in 114000 infants in

Figure 1. The specific implementation process of precision immunization.
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a randomized trial, which was found to be safe and highly effective
in infants and young children.13 For low birth weight or preterm
infants, we often assume that their immune systems are not func-
tional and inferior to those of full-term infants. Usually, we vacci-
nate the preterm infants or full-term infants with the same regimen.
However, hepatitis B vaccination in preterm infants is an exception.
For preterm infants weighing less than 2000 g born to HBsAg-
positive mothers, the first dose of hepatitis B vaccine should be
administered as soon as possible after birth, ideally within 24
h. However, the birth dose should not count as part of the primary
three-dose series, and the three doses of the standard primary series
should be given according to the national immunization schedule
at appropriate time, such as when the infant reaches 2000 g.14

Currently, most developed countries recommend four kinds
of vaccines for the elderly, aged ≥65 years: trivalent inactivated
influenza vaccine (TIV), herpes zoster vaccine, pneumococcal
vaccine, and a vaccine combining tetanus toxoid, reduced
diphtheria toxoid, and acellular pertussis.15 The crucial problem
connected with vaccination in the elderly is their lower ability to
mount an effective immune response to vaccination and
a shorter duration of antibody persistence,16 as compared to
that in younger individuals. Immunosenescence is the main
reason for lower immunogenicity and effectiveness of vaccines
in the elderly, featured by impaired ability to respond to new
antigens and unsustained memory responses.17

One way to enhance the immune response of the elderly is
to increase the dosage of vaccine antigens. For example, high-
dose TIV (60 μg of each strain) is found to be safe and
tolerant in the elderly over 65 years of age, and it can induce
a stronger immune response than the standard-dose vaccine
(15 μg).18,19 The U.S. Food and Drug Administration licensed
the high-dose TIV for use among persons aged ≥65 years.20

Besides, adding adjuvants to vaccines is another way to
improve the immune response in the elderly. The MF59
adjuvanted TIV and AS03 adjuvanted TIV have been found
to significantly increase the immune response and efficacy of
TIV in the elderly.21–24 Furthermore, the AS01B adjuvanted
zoster vaccine had significantly reduced the risks of herpes
zoster and postherpetic neuralgia among adults aged 50 to 70
years and above.25,26 A recent meta-analysis showed the
herpes zoster adjuvant recombinant subunit vaccine was sta-
tistically superior to both the live attenuated vaccine (vaccine
efficacy 85%, 95% credible interval 31% to 98%) and placebo
(94%, 79%, to 98%).27 Subunit vaccines are usually safer but
less immunogenic, and therefore need to be combined with an
adjuvant to enhance the immune response.

Sex

The biological differences associated with the gender of indivi-
duals are a major source of variation of immune responses to
vaccination, although it is often ignored. In a comprehensive
review of the literature, sex-difference in immune response was
reported in 14 different vaccines.28 Sex-difference was found to
be antigen dependent, with females having greater antibody
response than males for the following vaccines: influenza, hepa-
titis A, hepatitis B, rubella, measles, diphtheria, tetanus, brucella,
and rabies. Conversely, males showed a greater antibody
response than females for the following vaccines: influenza,

pneumococcal polysaccharide, diphtheria, measles, yellow
fever, meningococcal A, meningococcal C, Venezuelan equine
encephalitis, and rabies. Furthermore, two phase 3, double-
blind, randomized trials conducted in Australia, Canada, Italy,
and the United States found that a herpes simplex virus (HSV)
type 2 subunit vaccine has efficacy in women who are seronega-
tive at baseline for both HSV type 1 and HSV type 2 at baseline
but not in those who are seropositive for HSV type 1 and
seronegative for HSV type 2 at baseline. However, it had no
efficacy in men, regardless of their HSV serologic status.29 In
addition, studies found that sex affects the adverse effects of
vaccination as well, including fever, pain, and inflammation.30

However, it is worth noting that gender differences in adverse
reactions to vaccines may also be a result of reporting bias.

Pre-existing antibody

Before vaccination, there are pre-existing antibodies to certain
pathogens in the human body. Pre-existing antibodies can be
acquired through passive immunization, such as immunoglobu-
lin injection, placental transport or breast-feeding, or active
immunization, such as infection, or vaccination. The effect of
pre-existing antibodies on vaccine effectiveness is enormous. In
June 2018, an extended analysis reported that the tetravalent
dengue vaccine was protective in persons who had exposure to
dengue before vaccination, but increased the risk of dengue in
those who had not been exposed.31 Therefore, when conducting
clinical evaluation for vaccines, stratification analysis based on
the presence of pre-existing antibodies is usually needed. To
assess the efficacy of inactivated vaccines, live attenuated vac-
cines and protein vaccines, it is necessary to detect the antibody
levels of the subjects to the pathogen contained in the vaccine,
before vaccination. Assessment of vectored vaccines is more
complicated since both the antibody against the vector and the
target antibodies to the pathogen could affect the vaccines’
efficacy. Pre-existing antibodies to the vector may neutralize
the virus which acts as a vector in the vaccine, thereby preventing
the vaccine antigen from being expressed effectively, ultimately
reducing the immune response. The results of the first phase
I clinical trial of a recombinant adenovirus type-5 vector-based
Ebola vaccine in China suggested that pre-existing antibodies
against adenovirus vector could significantly weaken the specific
humoral and cellular immunity to Ebola glycoprotein, and
reduce the persistence of vaccine-induced immunity. However,
the antibodies against adenovirus increased significantly.32

Several immunological mechanisms may explain the effect of
pre-existing antibodies on vaccine effectiveness, including original
antigenic sin vs. de novo immune responses, immune interference,
and antibody-dependent enhancement. Original antigenic sin
refers to the propensity of the body’s immune system to preferen-
tially utilize immunologicalmemory based on a previous infection
when a second slightly different version of that foreign entity is
encountered.33 This leaves the immune system trapped by the first
response it has made to each antigen, and is unable to mount
potentially more effective responses during subsequent infections.
Original antigenic sin is believed to play a role in influenza virus
infections and impacts the effectiveness of influenza vaccines.
Researchers found decreased antibody production in patients
who had been vaccinated with the seasonal H1N1 vaccine in the
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previous 3 months due to cross-reactivity of the previously devel-
opedmonotypic antibodies.34 Contrary to original antigenic sin, if
pre-existing immunity does not impair the immune response to
the subsequent novel antigen, it is considered to be a de novo
immune response.35 Another mechanism is immune interference,
which provides an important basis for vaccination sequence. The
result of a clinical trial showed that the rates of antibody response
in participants with two sequential vaccinations with equine ence-
phalitis vaccines were significantly different.36 For a number of
viral pathogens, under certain conditions, antibodies provide an
attractive means of enhanced virus entry and replication in
a number of cell types, which is known as antibody-dependent
enhancement;37 the dengue vaccine mentioned above is an exam-
ple of this mechanism. These cases indicate that it may be possible
to develop personalized immunization strategies for individuals by
measuring their pre-existing antibodies or even based on their
vaccination history.

Gene polymorphism

Host genetic polymorphisms may modulate the immune
response in multiple ways on different scales. For example,
despite the effectiveness of the hepatitis B vaccine (HBV),
5–10% of immunocompetent subjects failed to respond after
HBV vaccination; genetic polymorphism is one of the potential
explanations.38 A large population-based study assessing asso-
ciations between human lymphocyte antigen (HLA) class I genes
and immune responses to rubella virus found HLA-B*3503 and
HLA-Cw*1502 were positively associated with lymphoprolifera-
tive responses to rubella virus antigens, whereas the HLA-
B*3901 allele was negatively associated.39 Another cohort study
reported a genetic association between humoral antibody level
after vaccination with the measles vaccine and the HLA class II
genes.40 The results showed HLA-DRB1∗03 and HLA-
DPA1∗0201 were significantly associated with measles vaccine
seronegativity, while DQA1∗0201, DQB1∗0201, andDQA1∗0501
provided suggestive evidence of association with seronegativity.
Furthermore, some studies revealed that non-HLA genes such as
cytokine gene,41,42 cellular receptor gene,43 and toll-like receptor
gene44 are also associated with vaccine immune responses. Over
the last few years, it has been proposed frequently that genetic
information might be used to predict vaccine effectiveness and
might help to develop more effective, individualized immuniza-
tion strategies.45 Till now, there are no clinical studies aimed at
improving vaccine immune responses based on host genetic
polymorphisms; however, such studies may be proposed in the
near future.

Intestinal microbiota

The intestinal microbiota is an underappreciated but very impor-
tant factor associated with varying efficacy of oral vaccines. The
efficacy of oral rotavirus vaccine (RVV) against severe rotavirus
gastroenteritis is as high as 85–98% in developed countries,46–49

but only 39.3–61.2% in developing countries.50,51 A retrospective
nested case-control study comparing pre-vaccination, fecalmicro-
biome compositions between the matched RVV responders and
non-responders, found that the overall microbiome composition

was significantly different.52 RVV response correlated with an
increased abundance of Streptococcus bovis and a decreased abun-
dance of the Bacteroidetes phylum. In another similar study from
Pakistan, RVV response was found to be correlated with a higher
relative abundance of bacteria belonging to theClostridium cluster
XI and Proteobacteria, including bacteria related to Serratia and
Escherichia coli.53

In addition, the effect of intestinal microbiota on vaccine
response was also found in oral typhoid vaccine54 and oral
polio vaccine.55 Based on the above evidences, the intestinal
microbiota may have an impact on oral vaccine response,
though this conclusion needs further confirmation.

Special individuals with medical condition and other
indications

Pregnant women

Generally, women with high-risk conditions should be vacci-
nated before pregnancy, because physiological changes during
pregnancy lead to an elevated risk of infectious diseases.
However, some vaccines recommended during pregnancy can
benefit both pregnant women and infants.56 A randomized
study showed that maternal immunization with inactivated
influenza vaccine resulted in a reduction of 63% in laboratory-
confirmed influenza illness in infants up to 6 months of age and
reductions of 29% and 36% in rates of respiratory illness with
fever in infants and mothers, respectively.57 A large observa-
tional cohort study showed that there was a 41% reduction in the
risk of laboratory-confirmed influenza virus infection for infants
born to influenza-vaccinated women compared with infants
born to unvaccinated mothers.58

In addition to preventing infections in pregnant women
and infants, maternal immunization impacts birth outcomes.
In a randomized, controlled trial in Bangladesh, maternal
immunization was associated with a lower proportion of
infants who were small for gestational age and an increase
in mean birth weight. Similarly, a large randomized, con-
trolled trial in Nepal demonstrated a 15% reduction in low
birth weight among newborns of mothers who received influ-
enza vaccination in pregnancy, compared to newborns of
unvaccinated women. Besides, observational studies found
that the influenza vaccination was associated with a decrease
in the stillbirth rate.59,60

As a rule, inactivated influenza vaccine and the tetanus,
diphtheria, and acellular pertussis vaccines are recommended
for pregnant women.61 High-risk susceptible pregnant women
may be vaccinated with inactivated hepatitis A vaccine,62 recom-
binant HBV,63 meningococcal serogroups A, C, W, Y vaccine
(MenACWY),64 and pneumococcal polysaccharide vaccine
(PPV)65 after weighing the potential risks and benefits.
Women, who inadvertently receive human papillomavirus vac-
cines while pregnant, are required to delay the remaining doses
until after pregnancy.66

Overall, inactivated vaccines are fairly safe in pregnancy,
while live vaccines are generally avoided. Smallpox vaccina-
tion during pregnancy has resulted in fetal infection with
vaccinia virus present in the vaccine.67 However, for many
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live vaccines, maternal immunization poses a theoretical
rather than a documented risk, which needs further evidence.

Cancer patients

Due to the malignancy itself or the immunosuppressive treat-
ment administered, patients with cancer in general are more
susceptible to vaccine-preventable infections, such as influenza
and invasive pneumonia.68 Moreover, the compromised
immune system would mount a less satisfying immune response
to the vaccination, if the routine immunization schedule recom-
mended for healthy individuals is followed. There are two com-
monly used methods to improve the effect of vaccination in
people with cancer: one is to increase vaccine dosage, and the
other is to increase the number of doses. A randomized, open-
label, prospective study in India illustrated that compared with
cancer patients who were vaccinated with hepatitis B vaccine (20
μg) at 0, 1, and 6 months, those receiving double-dose (40 μg)
hepatitis B vaccine at 0, 1, and 3 weeks before chemotherapy and
additional three double doses post chemotherapy, showed
increased seroprotection level by 26%.69

Besides, the safety and tolerance of the vaccine in cancer
patients might be significantly different from that in healthy
individuals, which is a critical issue that needs to be addressed,
especially for live vaccines. A study in Hong Kong found that one
of the 17 children (subjects) developed possibly vaccine-related
chickenpox with self-limiting hepatitis at 5 weeks following var-
icella vaccination.70 In January 2017, a 71-year-old immunocom-
promisedman with chronic lymphocytic leukemia presented with
a bilateral vesicular facial rash 22 days after receiving live attenu-
ated zoster vaccine, following which, he succumbed to secondary
varicella zoster virus infection.71 Currently, as a safety measure, it
is recommended that patients with cancer should be vaccinated
with inactivated vaccines. Further, the use of live attenuated
vaccines and any vaccination during immunosuppressive therapy
must be avoided in such individuals.

In addition to vaccinating cancer patients with prophylactic
vaccines against the increased risk of infections, precision immu-
nization with therapeutic cancer vaccines are essential for
achieving therapeutic effect in cancer patients. However, due to
immune tolerance and the risk of inducing autoimmune dis-
eases, traditional therapeutic vaccines targeting tumor-
associated antigens are difficult to be promoted on a large scale
in clinics. Neoantigens, which are absent in normal cells and
originate from tumor somatic mutations, represent promising
targets for personalized cancer vaccine strategy.72 Based on gene
sequencing, neoantigen vaccine is a customized vaccine that
targets different mutation sites in each cancer patient. In
July 2017, Boston cancer institute evaluated a peptide vaccine
targeting up to 20 neoantigens in six patients with previously
untreated high-risk melanoma after surgical resection with cura-
tive intent.73 At a median follow-up of 25 months after vaccina-
tion, four patients remained without disease recurrence. The
other two patients had disease recurrence after the last vaccina-
tion. Subsequently, both patients underwent treatment with the
anti-PD-1 antibody and achieved complete radiographic
responses that are ongoing. Another research in Germany indi-
cated that neo-epitope vaccines may prevent recurrent disease in
melanoma patients, and the response to vaccination may be

improved in combination with PD-1 blockade therapy.74 These
research initiatives indicate that neoantigen vaccines can be
exploited, thereby opening a path to personalized immunother-
apy for patients with cancer.

People living with HIV

Some vaccine-preventable diseases, such as pneumonia,
influenza, hepatitis, meningitis and herpes zoster, play an
important role in accelerating the natural history of HIV
infection, ultimately leading to death.75 The challenge of
vaccination in individuals living with HIV is incomplete
immune response due to the impaired immune system. The
most typical features of this are lower specific antibody levels
after vaccination and rapid decline of antibody titer.
However, it is feasible to improve the immune response of
people living with HIV by modifying the immunization
schedule. A randomized trial conducted at 33 centers in
France indicated that in adults with HIV-1, both the four
intramuscular double-dose regimen (40 μg, at weeks 0, 4, 8,
and 24) and the four intradermal low-dose regimen (4 μg, at
weeks 0, 4, 8, and 24) improved serological response com-
pared with the standard hepatitis B vaccine regimen (20 μg,
at weeks 0, 4, and 24) significantly, from 65% to 82% and
77%76 respectively. Another research found that the antibody
responses of HIV-infected children on highly active antire-
troviral therapy were comparable to those of healthy infants
when a regime comprising two doses of pneumococcal con-
jugate vaccine (PCV) and one dose of PPV at 8-week
intervals77 was administered.

Moreover, HIV-infected people who were not severely
immunocompromised could be vaccinated with some live
attenuated vaccines, such as measles, mumps, and rubella
vaccine,78,79 varicella vaccine80 and live attenuated herpes
zoster vaccine.81 These findings suggest that the precise
immunization of HIV patients should be determined accord-
ing to their immune status.

Asplenic patients

Individuals with functional or anatomical asplenia are at
increased risk of infection caused by encapsulated bacteria
such as Streptococcus pneumoniae, Neisseria meningitidis and
Hib.82 However, PPV is of limited immunogenicity in asplenic
patients.83 The development of PCV led to recommendations of
combined PCV/PPV23 schedules for asplenic patients, with
PPV23 used to increase serotype coverage.84 A randomized
cross-over clinical trial demonstrated that PCV vaccine before
PPV can be more effective in asplenic patients as a booster
dose.85 Therefore, the Advisory Committee on Immunization
Practices (ACIP) suggests asplenic patients aged ≥2 years should
receive a dose of PCV13 first, followed by a dose of PPSV23 at
least 8 weeks later. In addition, a second PPSV23 dose is recom-
mended 5 years after the first PPSV23 dose.86,87 For Hib vaccine,
several studies showed that the majority of asplenic patients
mounted sufficient response after one dose of vaccination.88,89

In 2019, an immunization schedule approved by the ACIP
recommends asplenic patients aged 2 years or older to receive
two doses of MenACWY at least 8 weeks apart,3 and those aged
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19 years or older to be administered two doses of MenACWY at
least 8 weeks apart andmust be revaccinated with one dose every
5 years.4

Other special individuals

In addition to the above classification of special individuals,
there are other special individuals, such as solid organ transplant
(SOT) or hematopoietic stem cell transplant (HSCT) recipients
and hemodialysis patients, in whom vaccinations remain rela-
tively underutilized. The vaccination practices in SOT and
HSCT recipients have been discussed in a review published in
2017.90 The results showed that most live attenuated vaccines
continue to be contraindicated post-transplantation, but there
are emerging safety profiles and efficacy data to support the use
of specific live attenuated vaccines.

For hemodialysis patients, the attempts to overcome their
impaired immune response through vaccinations have pro-
duced mixed results. Increased dosage and AS04 adjuvanted
HBV were found to be effective to improve the response rate
in these subjects.91–93 However, an additional booster dose of
the influenza vaccine did not effectively enhance immune
response in hemodialysis patients.94

Considerations for the future

Precision medicine has gained increasing popularity over
recent years. The Precision Medicine Initiative defines it as
an emerging approach for disease treatment and prevention
that takes into account individual variability in genes, envir-
onment, and lifestyle for each person.95 Due to the popula-
tion-based nature of traditional vaccination, the benefits of
vaccination have been conventionally evaluated by the bene-
fits of population. Nonetheless, vaccines are given to some
individuals who might not benefit from the vaccination, or are
at an increased risk due to specific health issues, such as the
use of live attenuated vaccines in immunocompromised
individuals.96 Therefore, it is necessary to emphasize the
need of applying precision medicine strategy to individuals
and moving away from the current ‘one size fits all approach’
of vaccination. Assessing the benefit/risk profile of the vacci-
nation and the specific health condition of the individuals
(which is one of the critical parts of precision immunization)
would help determine whether these individuals need to be
vaccinated. For example, yellow fever vaccines are generally
not recommended in pregnancy, and pregnant women should
avoid traveling to areas with endemic yellow fever; however, if
the travel is unavoidable, vaccination should be considered.97

Furthermore, the implementation of precision immunization
can both improve the effectiveness and minimize the adverse
reactions of vaccination in individuals by adjusting immuni-
zation strategies (schedule, dosage, co-administration).

At present, precision immunization is still in the early
stages of development. Reports on vaccine clinical trials focus-
ing on special individuals are relatively limited and often,
a single factor or underlining condition of the recipients is
considered. In a review exploring factors affecting vaccine
immunogenicity and safety, the authors also stressed on the
importance of taking all procedural and technical factors and

demographic parameters, which potentially influence the per-
formance of a vaccine, into account when designing a clinical
trial. In addition, controls should be included when rando-
mizing subjects into a comparative study and while analyzing
the results.98 In healthy individuals, routine immunization is
relatively simple, but precise immunization requires consid-
eration of the comprehensive effects of age, gender, pre-
existing antibodies, gene polymorphisms, and intestinal
microbiota on vaccine effectiveness. In special individuals,
the aforementioned factors should also be combined with
their medical conditions. In addition, the above factors may
be interactive rather than independent, which makes precision
immunization more challenging to achieve.

Precision immunization is a systematic project, which can
only be achieved by the joint efforts of all parties. The govern-
ment should pay attention to the risk of vaccine-preventable
diseases and the related heavy disease burden faced by a large
number of special populations, and then promote relevant poli-
cies and regulations for vaccination of special populations.
Research institutions ought to channelize their efforts toward
investigating feasible strategies for precision immunization in
special individuals, and provide scientific basis for medical per-
sonnel to propel precision immunization.Healthworkers should
encourage high-risk individuals and their families to be vacci-
nated properly, thereby prolonging their survival and improving
their life of quality. For vaccine research and development
enterprises, more efforts should be focused on the development
of new generation vaccines, which could be used for those with
underlying medical conditions. For example, some live attenu-
ated vaccines cannot be used in immunocompromised indivi-
duals, such as cancer patients; therefore, it is necessary to modify
the relevant vaccines. The development of subunit vaccines may
overcome the safety problems associated with live attenuated
vaccines in immunocompromised persons.

In the future, there are still many problems to be solved in the
process of promoting precision immunization. The establish-
ment of a database for precision immunization can be achieved
by collating the existing data from vaccine clinical trials and the
massive real-world evidence from the practice of vaccination.
However, this database needs to be continuously perfected and
updated with collected data and evidence, in order for it be
equipped to provide better assistance to precision immunization.
However, most of this type of data is anecdotal at best and does
not include much information at the individual level. Clinical
trials and controlled comprehensive post-marketing surveillance
studies will be needed to collect useful information on indivi-
duals (e.g., HLA typing, concurrent infections, underlying med-
ical conditions, etc.). Currently, HLA typing is relatively
expensive, and it will take decades or even hundreds of years to
build a database of all human HLA typing. In addition, since the
current clinical practice is still mainly focused on treatment, it
will be a difficult goal to determine the co-infection and under-
lying health conditions, both technically and practically. These
will depend on more advanced diagnostic technology and chan-
ging human concepts. Besides, the physical status of individuals
is dynamic; for individuals with impaired immune function,
such as HIV-infected persons and cancer patients, the best
strategy to get the desired results after vaccination is to carry
out related immunological detections before vaccination.99
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Nevertheless, since immunoassay technology is relatively time-
consuming and expensive, it is difficult to be popularized at the
grass-root level, especially in the developing countries. Specific
costs and supporting facilities are difficult to determine without
large-scale investigation and practice; therefore, the investment
cost of precision immunization cannot be precisely estimated.

The advancement of precision immunization is full of
challenges; nevertheless, its prospects are bright. In the future,
precision immunization will eventually become a new trend in
human vaccination.
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