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Vaccinations are one of the most effective public health measures available at present.
Yet, a growing skepticism surrounding vaccinations is causing a lower vaccination rate than
desirable [1,2]. Furthermore, lack of vaccinations leads to a lack of infectious disease control
and/or eradication. Vaccines must have low rates of side effects, have to be unexpensive,
effective and widely disposable. The new technologies must be made available to quickly
develop new vaccines for rapid spreading diseases. During the past decades, several ways
have been used to inoculate vaccines: intramuscular, intranasal and oral. The skin too
can represent a good site for vaccination, as reviewed in [3]. Moreover, a heavy progress
has been made in vaccine development and technologies. In fact, vaccination strategies
available at the moment are very different from the ones used in the past, both in terms of
targets and techniques behind them [4].

In this Special Issue of Vaccines, several authors have examined and discussed new
programs and technologies proposed for the development of modern vaccines to prevent
infectious diseases.

Vaccinations are important, in particular, in low-income areas of the world, given the
few resources available to eventually treat diseases [5]. Polio; hepatitis B (HBV); tick-borne
encephalitis [6]; and Venezuelan, Eastern and Western equine encephalitis, for instance,
are common in rural areas and present an important economic burden, thus needing
an effective vaccination strategy to prevent them [7]. For example, Chinnakannan et al.
performed a study in which they used a genetically adjuvanted chimpanzee adenovirus and
modified vaccinia Ankara vectored HBV vaccines that resulted in a strong HBV-specific
T-cell response [8]. Manukyan et al. performed a multiplex PCR-based neutralization
assay to test the antibodies against poliovirus in a short time [9]. Moreover, in these
areas, it is often necessary to design easy-to-administer vaccinations (e.g., oral forms).
Recently, vaccinations against common pathogens, such as Escherichia coli, have been
designed in oral formulations to enhance vaccinations in more rural areas. Matias et al.
used a nanoparticle formulation that was able to achieve oral immunization in pregnant
mice and passive immunity in offspring [10]. Infections in stock and cattle increase the
risk of starvation; thus, vaccination programs in animals have been encouraged. For such
purpose, Song et al. [11] demonstrated that recombinant Marek’s disease virus (rMDV)
with reticuloendotheliosis virus (REV)-LTR (long terminal repeat) shows a good safety
profile in target chickens and environment and can be used in the development of a
vaccine against MDV. An interesting program, as discussed by Antenucci et al., used outer
membrane vesicles to immunize chickens against Gallibacterium anatis, which was proven
both effective and economically advantageous [12]. New vaccination programs have
also been carried out for other avian pathogens such as herpes viruses. Tang et al. [13]
experimented with a new recombinant vaccine protecting poultry against three avian viral
diseases. Other programs have been proposed for the Newcastle disease virus. Bello et al.
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performed a study using reverse genetics technology to design a modern vaccine and
proved a strong antibody-mediated response protecting chickens against the Newcastle
disease virus genotype VII [14,15]. In low-income areas, animal-borne infections are also a
serious threat to human health, not only because they impoverish the population, but also
because the risk of zoonosis in this context is high [16]. Avian influenza, for instance,
is a common example of an animal-borne disease that can have serious consequences
on human health and has been the object of intense research: a study by Hoang et al.,
conducted on chickens, showed that vaccinating them against H5N1 strain of influenza
protects them against the Vietnamese avian influenza [17]. Leishmania is another dangerous
pathogen, both for animals and humans. However, two studies conducted on mice have
shown that two types of vaccines are actually effective in eliciting a strong CD4 and CD8
T-cell mediated response and IFN-γ and TNF-α production. Agallou et al. showed that
multiepitope vaccines combined with the opportune adjuvants eliciting immune response
could be used as vaccines against leishmaniasis [18,19]. Other diseases, such as tularemia,
rabies and some forms of encephalitis, also place a heavy burden on national health systems,
and vaccination programs offer a reasonable solution. For these pathologies, advances have
been made and are discussed in this Special Issue. Li et al. [20] reported that costimulatory
factor OX40-ligand (OX40L) could represent an adjuvant to develop an immune response
to rabies virus and can be used to construct a valid vaccine for animals. Johnson et al. [21]
showed the safety and genetic stability of Venezuelan equine encephalitis virus vaccine in
a murine model. Natrajan et al. [22] highlighted the possibility to predict the response to
tularemia vaccine.

Toxoplasmosis is another example of an animal-borne disease that can have dangerous
consequences on people, particularly in pregnant women, a very delicate population [23].
Zhang et al. conducted a study on mice, highlighting that Toxoplasma gondii tyrosine
hydroxylase (TgTH) could be highly immunogenic and, thus, be an interesting target
antigen for a vaccine [24]. Another possible candidate in the development of a T. gondii
vaccine is a knock-out strand, without the adenylosuccinate lyase gene, which seems to
offer wide protection and should be used in clinical trials in humans this year, as discussed
by Wang et al. [25]. Another pathogen that often goes undetected in healthy adults but can
be dangerous during pregnancy is cytomegalovirus (CMV); at the moment, there only are
vaccinations that offer partial protection, but research aiming at achieving full protection is
ongoing. The state of the current situation is extensively reviewed by Gerna et al. [26].

Studies have consistently shown that vaccines are safe and effective, and researchers
all over have continued studying ways to improve their effectiveness. Some pathogens,
indeed, have been studied for years in attempts to develop effective vaccination strategies,
given that therapeutic options are not always available or resolutive. Human immunod-
eficiency virus (HIV) is a perfect example [27]. For years, an effective vaccine has been
searched for, without success. Recently, though, different studies have shed some light on
strategies which might help in developing an effective vaccination against this virus, not
only through the development of an effectively immunogenic vaccination, as discussed
by Calado et al. [28], who used the CRF02_AG-based envelope immunogens and prime-
boost immunization strategy, but also by taking advantage of the synergic effect of other
vaccinations, as discussed by Matchett et al. [29].

Research on vaccination is also trying to improve the technology with which vaccines
are administered and designed. The vectors through which vaccines are administered,
for instance, have gathered a lot of attention. Modified vaccinia virus Ankara, for instance,
was studied by Atukorale et al. in terms of its potential for use in viral-vectored vaccine
development [30]. Furthermore, whether it could be safely used in vaccination against the
herpes virus was studied: it has proven not only safe but also highly effective, given its
capacity to stimulate a complex immune response [31]. Moreover, engineered extracellular
vesicles can be used as vectors for vaccination, and it is now clear how they need to be
constructed to offer the highest immunogenic effect, as shown by Chiozzini et al. [32].
Another interesting aspect that is coming under increased scrutiny is the interaction be-
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tween host and vaccine. Studies conducted on zebrafish by Pereiro et al., for instance, have
proven that phosphatase and TENsin homolog on chromosome 10 (PTEN) can reduce viral
spreading but increase viral replication during viral infections, which could impact the
effect of vaccinations [33]. Even more interestingly, recent studies have gained insight into
the role of γδT cells, which apparently interact in a virtuous circle with immunoglobulin G
(IgG), as shown by de Sousa et al. [34].

Part of the research that is now being conducted on vaccinations also concerns the
need to design more effective vaccinations for the most vulnerable populations, such as the
elderly [35,36]. For instance, vaccines against Streptococcus pneumoniae, a very dangerous
pathogen, particularly for those over 65 years of age, are being redesigned to offer the maxi-
mum efficacy, given the different responses of elderly persons to vaccination. Amonov et al.
studied a cpsE-endA double-mutant strain as a candidate for the engineering of novel live
attenuated vaccines [37]. Moreover, the vaccine against the respiratory syncytial virus is
being revised through a multiepitope-based subunit vaccine using a reverse vaccinology
approach, as discussed by Tahir et al. [38].

Aside from infective diseases, vaccinations can be useful against a variety of other
conditions. Most notably, vaccination protocols are being used in oncologic diseases,
targeting molecules specific to the tumor. Research on the possible molecular targets is
currently advancing, as detailed in the review by Buonaguro et al. [39]. Promising results
are being obtained in many forms of cancer, for instance, breast cancer, using dendritic cell
vaccine immunotherapy [40].

Vaccinations are also being used more and more in immune diseases, and promising
results are coming from studies in which specific vaccines target interleukin-17 in mice with
systemic lupus erythematosus [41], a disease which currently cannot be cured and which
causes a high burden in morbidity and mortality [42]. Type 2 diabetes is also a disease
in which the immune system plays a key role. Roesti et al. developed a vaccine against
amyloidogenic aggregates in pancreatic islets of mice, and the results were quite interesting:
vaccination seemed to delay the onset of hyperglycemia and prevent the disease from
progressing [43].

Overall, the importance of vaccinations is clearer than ever in the current situation:
the rise of the novel coronavirus has shown us all what a world without vaccinations could
look like. The research towards a vaccine against this disease is of extreme importance for
everyone in the world and reminds us all of the great value and importance of vaccina-
tion protocols. Advances in SARS-CoV-2 vaccine development are discussed by Zhang
et al. [44].

Vaccinations are fundamental for global health. The development of vaccinations,
not only against infective diseases but also against tumors and immune disorders, is an
incredible therapeutic opportunity that has thus far given encouraging results. We believe
that this Special Issue is of great interest, as it provides information on the state of the art
of vaccination science and could be food for thought for future research.
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