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Abstract: Vaccination represents the historical milestone in medical sciences, which has been saving millions
of lives. Nonetheless, continued outbreaks of emergent infectious diseases are swamping from every coast to
every border all over the world. Modern vaccines are our most powerful arsenals to defend the public health
of a global population ever since 1796. As unexpected, modern vaccination approaches have brought out all
sorts of unwelcome pathogenic disorders to varying extents. Pathogenic viruses have also continued to evolve
to defeat elaborate arsenals devised by human intelligence. In this review, we have covered a variety of
vaccination approaches along with their sophisticated materials from the past to the most recent development.
Furthermore, we discuss varied serious pathogenic outcomes elicited by contemporary vaccination
programmes involving novel materials in real clinical trials. The complex immune mediators will be discussed
in the context to tackle the complication of vaccine-induced pathogenesis. We will offer the insight into the
intractable discrepancy of vaccine-associated pathology. The precision approach bestowed with evolutionary
concepts will be considered as a feasible option to confront various issues of pathogenic complicacy.
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1. Introduction

Viral pathogenesis is a process of virus infection and multiplication, resulting in disease
manifestation in an infected host. The viral pathogenesis is categorized into two types attributed to
dissimilar mechanisms that cause disorders in the host. 1. The virus-induced cytopathogenesis occurs
primarily due to virus multiplication in infected cells (1, 2). Viruses could induce either cell death,
which leads to severe tissue injuries, or cell transformation for the formation of neoplasia. 2. On
contrary with cytopathogenesis, immunopathogenesis is mainly mediated by aberrant immune
responses to viruses in the host. Virus-induced immunopathogenesis could be further divided into
two very distinct immune mechanisms. The vaccine-induced immunopathogenesis emerged in
vaccinated persons immediately in a subsequent epidemic to encounter a natural virus infection (3,
4). Another distinctive immunopathogenesis caused by virus infections, designated as ‘cytokine
storm’, revealed an overall increase in innate cell number, a concomitant reduction in T cell number
and an early elevation in cytokine levels with high mortality of disease outcomes (5, 6).

Vaccination has long been recognised as a most effective measure to mitigate severity of
epidemic as well as pandemic outbreaks of infectious diseases since Dr. Edward Jenner discovered a
cowpox inoculation in 1797 (7). Following a smallpox eradication programme from World Health
Organization (WHO), smallpox was officially declared eradicated globally in a human population in
1980 (8). And now, 25 vaccine introductions were reported by WHO in 2021, which was not including
coronavirus disease 2019 (COVID-19) vaccine introductions. Efficacious vaccinations are not only
able to elicit preventive immune responses against infections of pathogenic viruses but to alleviate
pathogenic symptoms in vaccinated entities, inclusive of ‘cytokine storming pathogenesis’. If a
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vaccine-induced immunity does eliminate infection as well as multiplication of infectious viruses,
virus-induced cytopathogenesis and ‘cytokine storming’ will be unlikely to occur in any of vaccinated
entities. Moreover, the spread of contagious viruses in a human population would be halted by a
herd immunity generated by effective vaccination coverage. What we couldn’t foresee very well in
vaccination against pathogenic viruses is the vaccine-induced pathogenesis, which occurred in
vaccinated entities following a subsequent encounter with natural virus infections.

The devastating consequence of 1918 pandemic influenza, which killed more people than those
die in the World War 1, could be partly ascribed to ‘cytokine storming pathogenesis” (6). This
disastrous outcome has been interpreted well with the lack of an effective global health measure to
mitigate the pandemic crisis, for example, deficit of effective global vaccination coverage. In 2009, a
pandemic outbreak of a novel swine influenza continued to breakthrough defence borders in the
global health system (9). The failure of the global health system was demonstrated unequivocally
once again with another pandemic outbreak of COVID-19 in 2019 (10). Governments as well as
pharmaceutical manufacturers were exploiting a shotgun strategy to rush into an emergent
production of all kinds of vaccination materials and anti-viral agents with least restriction of safety
concerns. The loss of life and economic crisis caused by pandemic outbreaks are recognised as an
evidently factual consequence without disturbing voice or any of arguments from all aspects and
relevant fields globally. In fact, we have lost a long-standing wining race against pathogenic viruses
this time. We have been taken to a limit to cope with such a pandemic catastrophe with all potential
measures and available materials without any further concern on safety issues since effective
vaccination coverage was thought to outweigh the risk of a substandard safety for vaccination itself.

Here, we aim to discuss vaccine-associated pathogenesis concerning vaccination materials and
strategies from the past to the recent events. These crucial subjects as in the following sections will be
represented with a recent progress in a scientific way in detail as well as with clarity. We elucidate
the developmental hurdles of each vaccination material as well as their proposed advantages with
current concepts in the fields. Finally, we will discuss an obvious dilemma that those proposed
advantages have confronted in real clinical trials to indicate a future prospect to circumvent the
obstacle caused by vaccine-induced pathogenesis.

2. Live attenuated vaccines

The first successful and widely used vaccine is a cowpox inoculation discovered by ‘Dr. Edward
Jenner’ in 1796. Since then, there have been more live attenuated vaccines exploited for global
vaccination coverage. At the moment, more than 9 types of live attenuated vaccines available
worldwide. A list of live attenuated vaccines in current use as examples are presented in Table 1 (11).
These are successful attenuated ones to protect against all sorts of viral diseases, which were made
by traditional measures or novel recombinant technologies.


https://doi.org/10.20944/preprints202401.1689.v1

Preprints.org (Www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 January 2024 doi:10.20944/preprints202401.1689.v1

Table 1. The list of live attenuated vaccines in current use for humans

Designations Diseases Agents Inoculation Cultivation Strains"
Influenza vaccines: | Influenza. Influenza A/B in” Chicken Quadrivalent®
FluMist/Fluenz embryo
Tetra
MMR vaccine Measles, Measles virus, s.c.” WI-38 cell Edmonston

Mumps, Mumps virus,

Rubella Rubella virus
Sabin vaccine Poliomyelitis | Polioviruses 1/2/3 Oral Vero cell Sabin,

type 1,2, 3
Smallpox vaccine Smallpox Smallpox virus s.C. MRC-5 cell | ACAM-2000
Varivax Chickenpox alpha-herpesvirus 3 s.C. MRC-5 cell | Oka
YFV17D Yellow fever Yellow fever virus s.C. Chicken 17D lineages
embryo

Mojave* Encephalitis | JEV4 s.C. Vero cell SAl4-14-2
Zostavax Shingles alpha-herpesvirus 3 s.C. MRC-5 Oka
RotaTeg™ Diarrheal Rotavirus Oral Vero cell Pentavalent®

disease

m: Refer to “WHO position papers’: ‘Immunization, Vaccines and Biologicals (who.int}'2.
% : Imojev: a novel chimeric attenuated vaccine'>.

A : Japanese encephalitis virus.

o: HIN1/H3N2/Yamakata or Victoria lineages

@: G1/G2/G3/G4/P1A&W3.

/\: Intranasal inoculation.

\/: Subcutaneous inoculation.

Nevertheless, live attenuated vaccines have caused several unpleasant vaccination-related
incidents recently. In 1998, a clinical studies of a tetravalent rhesus-based live attenuated rotavirus
vaccine, which was designated as ‘Rotashield’, induced an unpleasant pathogenesis ‘intussusception’
in United States of America (14). The Rotashield was withdrawn immediately from the market
following the observation of an obvious pathogenic consequence. In 21st century, the continued
reports of adverse effects have shed a dark shadow in the research field for the development of live
attenuated vaccines. Multiple emergences of global circulating vaccine-derived polioviruses (VDPVs)
released a warning signal to the global health system, resulting in the replacement of current vaccine
strain with an inactivated option or in the development of safer attenuated ones (15, 16) (Table 2).
The lack of concern for pathogenesis has casted a dark shadow over the development of live
attenuated vaccination. We urgently require a scientific approach to design an innocuous vaccination
coverage for live attenuated options excluding a vaccine-induced pathogenesis.

Without any doubt, live attenuated vaccination could lead to exacerbated responses causing a
devastating state of disorder. Moreover, the risk of reverting back into a wild-type or evolving as
virulent strains should not be neglected in the vaccine development to select avirulent ones for a
vaccination purpose, for example, VDPVs. But the innocuous selection from live attenuated options
has become limited and elusive following unfortunate incidents of several vaccination programmes.
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3. Inactivated vaccines

Unlike live attenuated vaccine, the inactivated one reserves its immunogenicity without
retaining its replicative capacity either in vitro or in vivo (17). In modern era, several chemical
inactivation methods have been introduced to deprive pathogenic microorganisms of infectivity or
toxicity derived from their virulent components (18). In fact, the earliest for the use of an inactivated
vaccine could be traced back to historical records in ancient China, an invented approach to do the
first mucosal immunisation, designated as ‘variolation’ (19).

From 1950’s to 1960’s, Dr. Jonas Salk and Dr. Albert Sabin have developed separate vaccines
against poliomyelitis caused by polioviruses (20). Both of them raced for the one to be the main stream
of national immunisation programme, later as a standard polio vaccine for global coverage. In 1955,
an inactivated polio vaccine developed by Dr. Jonas Salk was successful in a large scale of clinical
trial in United States. Unfortunately, there was an infamous contamination event to cause accidental
infections in an immunisation campaign, resulting in the termination of the use of Salk vaccine.
Following the success of Salk’s inactivated vaccine, Dr. Albert Sabin successfully developed an oral
live attenuated one to prevail globally due to its easy-to-use and economical concerns in 1966.
Therefore, the advantages of Sabin’s live attenuated oral vaccine soon replaced the Salk one as the
most prevalent to prevent global poliomyelitis for decades. Until recently, the Salk vaccine has
returned strongly since the global emergence of circulating VDPVs (15, 16). The combination vaccines
have included an inactivated polio vaccine for children vaccination all over the world (21, 22).

The majority of influenza vaccines in current use are actually made by chemical inactivation of
quadrivalent strains of influenza viruses (23-26). Since 1973, the WHO global influenza surveillance
and response system has conducted the selection of optimal influenza virus strains as candidate
vaccines to confront seasonal epidemic threats annually. There are two key technologies used in the
development of suitable candidate strains for vaccination, such as a classical reassortment and
reverse genetics. Inactivated influenza vaccines have been very successful in the control of either an
epidemic or a pandemic threat of influenza (27, 28) (Figure 1a). Without exception, serious adverse
effects of inactivated influenza vaccines continued to be reported from seasonal or pandemic
vaccination programmes, such as Guillain-Barré syndrome and narcolepsy (29, 30). Furthermore, an
infamous clinical trial of vaccination causing enhanced illness in young children revealed the
limitation of inactivated vaccines to prevent the infection of respiratory syncytial virus (RSV) (3) to
which the devastating consequence was represented with another virus alike in calves as well (31)
(Figure 1b). The detailed mechanisms concerning the pathogenesis induced by an inactivated RSV
vaccine are not well-clarified and currently debatable in the fields of immunopathology (See the
section of conclusions and Figure 2) (Table 2). In certain circumstances, an inactivated vaccine has
left too much to be desired to meet a standard requirement of more effective and safer vaccination in
livestock, for instance, vaccination against bovine ephemeral fever virus and foot-and-mouth disease
viruses (32-34) besides bovine respiratory syncytial virus (BRSV).
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Table 2. The list of vaccines causing vaccination-induced pathogenesis

Designations Types of vaccines Inoculation Pathogenic side effects
Rotashield Tetravalent Rhesus-based live | Oral Intussusception
rotavirus vaccines
VDPVs Sabin polio vaccines Oral Poliomyelitis/paralysis
Pandemrix Adjuvanted inactivated influenza imA Narcolepsy
vaccines
FI-RSV* Formalin-inactivated RSV vaccines | i.m. Enhanced bronchiolitis/pneumonia
Dengvaxia Tetravalent recombinant dengue s.c.’ Vaccine-enhanced diseases
vaccines/YF-17D vector
AZD1222 Recombinant adenovirus vaccine im. Thrombosis
against COVID-19 /Thrombocytopenia
BNT162b2 mRNA vaccine against COVID-19 im. Myocarditis/Pericarditis
Moderna mRNA 1273 | mRNA vaccine against COVID-19 | im. Myocarditis/Pericarditis
Abrexvy Adjuvanted RSV PreF3 vaccine Maternal A rise in preterm births and neonate
immunization deaths
Intranasal Inactivated vaccines with in” Bell’s Palsy
influenza vaccine heat-labile toxin

* : Formalin-inactivated respiratory syncytial virus

A : Intramuscular inoculation

V¥ : Subcutaneous inoculation

doi:10.20944/preprints202401.1689.v1

/\: Intranasal inoculation

Even with magnificent safety records in vaccination against all sorts of viruses, inactivated
vaccines provoked unpleasant side effects and enhanced disorders after encountering the same
viruses during the next epidemic.
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Immunization with an inactivated RSV vaccine Enhanced pathogenesis during the next RSV epidemic
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Figure 1. A discrepancy between two distinct inactivated vaccines made by the similar inactivation
method. Inactivated vaccines could either (a) protect against a subsequent influenza infection or (b)

exacerbate pathogenesis induced by the next epidemic of respiratory syncytial virus (RSV). RSV:
respiratory syncytial virus.
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Figure 2. The proposed pathogenic mechanisms mediated by an inactivated RSV vaccine (a) The
induction of non-neutralising and low-affinity antibody responses resulted in immune complex-
mediated injuries in bronchioles and lungs. (b) RSV-induced eosinophilia resulted in airway
hypersensitivity and remodeling in vaccinees. NETs: neutrophil extracellular traps.

4. Recombinant vector-delivered vaccines
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A variety of bacterial or viral vectors have been exploited as vaccine-delivery systems to express
protective antigens derived from diverse pathogenic viruses. There are many recombinant vector-
delivered vaccines developed against various pathogenic viruses, like human adenovirus type 5 and
26 (Ad5, Ad26), chimpanzee adenovirus (ChAd) and yellow fever 17D (35-39). Successful examples
for the development of recombinant vector vaccines are Ervebo (rVSVAG-ZEBOV-GP), ChAdOx1
nCoV-19 and Ad26.COV2.S vaccines. Ebola viruses continued to cause severe endemic viral diseases
representing a serious challenge to public health systems across the continent of Africa (40). A
recombinant vesicular stomatitis virus-Zaire Ebola vaccine designated as Ervebo was approved for
the current use to prevent the disease caused by Zaire ebolavirus (41). The efficacy of this vaccine
was supported by a randomized cluster (ring) vaccination research during the 2014-2016 outbreak in
Guinea. 3,775 people in close contact with diagnosed cases of Ebola virus disease (contacts) and their
close contacts (contacts of contacts) immediately received the injection of the vaccine to be free from
Ebola virus disease 10 or more days following vaccination. The exploitation of low prevalent or
chimpanzee adenoviruses as delivery recombinant vectors was very successful to protect against
COVID-19 caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (37,
38).

Alarmingly, recombinant vector-delivered vaccines have also failed in several clinical trials
against various viral infections (35, 36, 39). Dengvaxia has recently been approved for use only in
individuals 9 through 16 years of age with laboratory-confirmed previous dengue infection and
living in endemic areas since this recombinant vector-delivered tetravalent vaccine sensitized
seronegatives to vaccine-enhanced disease without regard of age (39). Once more, the protective
coverage of a recombinant vector-delivered vaccine was restricted by endemic dengue viruses in a
real clinical trial, seriously leading to lessen a herd immunity generated by vaccination. For the
current status of COVID-19, recombinant adenoviruses have contributed a great deal of effort to halt
the pandemic crisis (37, 38). Nevertheless, there was no exceptional status for this novel technology
inducing a severe adverse effect. The ChAdOx1 nCoV-19 (AZD1222) induced anti-adenovirus vector
antibodies cross-reactive to platelet factor 4 (PF4) to result in the development of immune thrombotic
thrombocytopenia in which circulating PF4-reactive antibodies activate platelets as well as
neutrophils for the procoagulant formation of neutrophil-extracellular traps (42) (Figure 3b and Table
2).

Pathogenic viruses have actually possessed unforeseen measures to divert vaccine-induced
immune responses so as to thrive in a human population. The development of recombinant vector-
delivered vaccines was stymied by the absence of ‘precision approach’ to tackle complicated
pathogenic effects caused by live infectious viruses in vaccinated entities, which would be hard to
circumvent even with modern sophisticated recombinant technologies (39, 43-45). In the lack of
stringent safety standards, recombinant technologies possess a possibility to bring out the
unexpected outcome of severe pathogenesis. In particular for a policy maker amid a serious
pandemic crisis, they have no choice indeed but spare the triumphant victory for the microbial world.

5. Genetic vaccination

Distinguished from recombinant subunit vaccines and recombinant vector-delivered vaccines,
genetic vaccines consist of varied types of nucleic acids to express protective antigens from viruses,
including plasmid DNA or mRNA molecules (46). Genetic vaccination could present MHC class I-
restricted antigens to CD8 T lymphocytes via both endogenous and alternative routes of exogenous
processing pathways. The same as live attenuated vaccines as well as recombinant vector-delivered
vaccines, the genetic vaccination is able to induce effective cellular responses, in particular for virus-
specific CD8 T lymphocyte responses (47). DNA vaccines have been exploited in current use for
domesticated animals and wildlife for a while. Safety issues used to be the concern for the
development of DNA vaccination owing to the possibility for extrachromosomal elements to
integrate into genomes as well as for the production of anti-DNA antibodies. Furthermore, DNA
vaccines were considered to be less effective at inducing humoral immune responses than other
vaccination approaches (48, 49). The recent success in vaccination against COVID-19 pandemic has
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eliminated a dark shadow regarding the poor immunogenicity of a DNA plasmid vaccine, which
encodes SARS-CoV-2 S protein and IgE signal peptide delivered intradermally by the needle-free
PharmaJet Tropis device (50), reaching nearly 67% protective efficacy. Due to its less frequent use,
adverse effects of this novel technology could be concealed in the corner without unveiling by few
clinical trials.

The earliest publication regarding the use of mRNA vaccine is derived from an attempt to
generate CD8 T lymphocyte responses (51). Since COVID-19 pandemic, mRNA vaccines have
desperately been employed in several clinical trials preventing COVID-19 pandemic (52, 53). These
mRNA vaccines have advantages in the generation of both cellular and humoral immune responses.
The mRNA vaccines provided a little better efficacy to protect against COVID-19 than others in
clinical trials, permitted urgently with a substandard safety requirement. But without privileged
status, mRNA vaccines are the same as others in use to induce unwanted pathogenic effects in
vaccinees, such as pericarditis and myocarditis (54) (Table 2). A higher risk for causing pericarditis
and myocarditis was confirmed in those who received mRNA COVID-19 vaccinations compared
with unvaccinated individuals in the absence of SARS-CoV-2 infection. There are three proposed
mechanisms mediating mRNA vaccine-induced myocarditis. 1. The exploitation of mRNA vaccines
could potentially elicit aberrant immune responses to RN A molecule itself albeit modified nucleoside
building blocks deployed in the design of mRNA vaccines. 2. The induction of stronger anti-spike
protein antibody responses could be potentially cross-reactive to cardiac myosin heavy chain. 3.The
signaling variations mediated by hormone-related factors may explain the sexual differences of risk
ratio in pathophysiology (55) (Figure 3a). The pathogenesis caused by genetic vaccines is far from
expectation of many vaccinologists, which were considered as uppermost options on the shelf,
stockpiled to be a final defence line of public health.

(a)
) > BE N_ I
A, // BN T
/@ A o) Fid Ty
Nt ) — f@d
= Immunization with COVID-19 mRNA vaccines. ™ ot ot 2 Ciath
“ Autoreactive immune responses:
3 . 1. Aberrant immune responses to mRNA.
Induction of anti-SARS-CoV-2 3 g et i
£ 2o -7 2. Anti-SARS-CoV-2 antibodies cross-reactive
antibody responses. : ; :
: to cardiac-myosin heavy chain.
Signaling variation:
hormone-related factors.
®) e Il
— o B 7 e =N .‘0"':.
(B @
,ff-iﬂ_-') A | — B » ® @
N ~71 »* ¥ 9 N
e s z - . : ; e o ;
— 1““““1“.13“0" with ?‘_CO“DTIQ \\ = Anti-adenovirus vector antibodies cross-reactive
recombinant adenavirus vaccine. Induction of anti-adenovirus \ to platelet factor 4 for the procoagulant formation of
vector antibody responses. neutrophil extracellular traps (NETs).

patients

. o : - o 5 g Myosin
= 2 T i : ; ¥ oo, = £ e Neutr: ¥
Thrombocytopenia patients | 1, Chimpanzee adenovirus L‘gi&;;l} mRNA vaccines \‘\mm-adeuo\ irus @ Neutrophil I heavy chain

vector

= & Myocarditis = A = ‘ /{% .
{\(\f,i) Unimmunised entities and pericarditis @ SARS-CoV:2 \\ anti-SARS-CoV-2 Platelet RNA

i

Figure 3. The proposed pathogenic mechanisms mediated by COVID-19 vaccines. (a) Myocarditis and
pericarditis caused by immunisation of COVID-19 mRNA vaccines. (b) Thrombosis with
thrombocytopenia induced by immunisation of a COVID-19 recombinant chimpanzee adenovirus
vaccine.

6. Adjuvanted vaccination and subunit vaccines

Adjuvants are either natural or synthetic substances to enhance immunogenicity of all sorts of
antigens for vaccination. Subunit vaccines are classified into several types with regard to their
biochemical components as well as chemical structures (56, 57). Poor immunogenicity of microbial
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components generally requires added adjuvants to improve their immunogenicity. Adjuvanted
vaccinations have been successful to improve protective efficacy for influenza virus, hepatitis B virus
(HBV), human papilloma virus (HPV) and Varicella-Zoster virus (VZV). Even with a nanoparticle
vaccine that generates an effective immune response without exogenous adjuvanticity (58), it has
doubtless to be integrated with an exogenous adjuvant in vaccination regimen to increase its
protective efficacy.

The aluminum hydroxide adjuvant is the first to be recommended for human use to vaccinate
against microbial diseases. It has been renovated and modernized to be integrated with versatile
added-in materials for formulation with a variety of antigens against diverse pathogenic
microorganisms. Now, there are more renovated options licensed available for varied vaccine
components to prevent all sorts of epidemic or pandemic infectious diseases (56-59). As a successful
example, a nationwide immunisation campaign against hepatitis B has been implemented since July
1984 in Taiwan. The HBV vaccine was a recombinant hepatitis B surface antigen (HBsAg) formulated
with aluminum-containing adjuvant. This vaccination campaign actually reduced the incidence of
HBV-related diseases in children (57). In 2009, another global vaccination campaign was
implemented to halt the novel influenza pandemic. Notwithstanding several successful adjuvanted
vaccines available against diverse microorganisms, one of recently developed options unexpectedly
caused uneasy vaccine-induced side effects, such as narcolepsy (29, 30). In 1969, the failure of an
infamous vaccine trial against RSV was actually elicited by an adjuvanted vaccination with an
inactivated RSV antigen (3). Recent phase 3 clinical trials with RSV prefusion protein vaccines,
RSVPreF3 (Arexvy) and RSVpreF (Abrysvo), have been successful to protect the elderly aged 60 or
more against RSV infections following intramuscular vaccination (60, 61). Despite the successful trials
against RSV infections in elderly with an up-to-date technology, a maternal vaccination trial with a
prefusion protein was halted over a rise in preterm births and neonatal deaths (61, 62) (Table 2). The
RSVPreF3 (Arexvy) causing a rise in preterm births is an adjuvanted vaccine while another RSVPreF
(Abrysvo) containing no adjuvant was claimed to be protective without pathogenic outcomes. It
would be improper to conclude that an adjuvant was the main cause for this vaccination-induced
incident without approval of substantial and convincing scientific data (62). Nonetheless, the
adjuvant could not be disregarded as a potential aetiological factor in these trials.

Infections with different serotypes of dengue viruses have long been recognised as an obvious
obstacle for the development of effective vaccines, which could cause a serious viral haemorrhagic
fever. The inferior quality of anti-viral antibody responses facilitated the infections of hetero-serotype
dengue viruses, designated as antibody-dependent enhancement (ADE) (39). Currently live
recombinant dengvaxia vaccine is only available for aged 9 years and older who have evidence of
previous dengue infection. The limitation of this licensed vaccine has prompted a variety of groups
to develop new vaccination approaches to reach a better herd immunity against dengue diseases. A
passive immunisation of therapeutic antibodies and a live attenuated recombinant dengue vaccine
based on serotype 2 backbone have actually been extensively explored and developed in phase 3
clinical trials. Besides the exploitation of passive antibody therapy and other recombinant vaccines,
alternative options are to design vaccine components avoiding pathogenic domains of viral proteins,
for instance, the implementation with fragmented proteins or with synthetic peptides (63, 64). Again,
these approaches require innocuous and efficacious adjuvants to enhance their immunogenicity to
be effective against dengue infections. But the good option is really hard to obtain from a poverty
shelf at the moment. ADE has caused various vaccine-indued diseases halting the development for
both therapeutic antibodies and advanced vaccination technologies (39, 65). Without concern over
the quality of antibody responses like ‘antibody affinity’, ADE could not be neglected as an obvious
hurdle for the development of effective vaccines against dengue infections.

Mucosal vaccination is an old approach that has been renovated to be a hot research topic
recently (18-20). A non-invasive immunisation could be an attractive inoculation mode to bypass an
invasive injection process. Intranasal and oral immunisations were two most prevalent approaches
in development. Cholera toxin B and nontoxic heat-labile enterotoxin B have been developed and
tested in both pre-clinical and clinical trials against pathogenic infections (66, 67). Facing the same
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challenge as other modern methods, the use of nontoxic fragment of bacterial toxins encountered a
serious obstacle regarding adverse effects, such as Bell’s Palsy, following mucosal immunisation (68)
(Table 2). The recent development for mucosal immunisation is to employ a nanoscale measure to
deliver oral nanoparticle vaccines with special coatings in a controlled-release mode (69-71). Amid a
series of enchanting success against infectious viruses with nanoscale vaccinations, a nanoparticle
vaccination approach is not always effective against an intractable virus concerned deeply with
vaccine-induced pathogenesis, like RSV (57, 58, 72).

7. Veterinary vaccination

The safety standards for livestock and poultry are not as stringent as those for humans in the
development of effective vaccines. Just as a successful story of smallpox vaccination in humans, a
famous infectious disease of cattle, like rinderpest, has been eradicated by a worldwide vaccination
campaign, which was officially announced by the United Nations Food and Agriculture Organization
and the World Organization for Animal Health. Veterinary virus infections not only cause mortality
but severely reduce the production yield in livestock and poultry. Some of veterinary viruses could
even result in zoonoses affecting a large proportion of world’s human population, such as avian
influenza viruses and SARS-CoV.

Besides conventional inactivated vaccines, the introduction of new generations of vaccines for
veterinary use is not really far behind those applied in human subjects already, for example, using
equine influenza virus vaccine (73), recombinant equine West Nile virus vaccine (Recombitek) (74)
and recombinant avian influenza vaccines (75). Several veterinary viruses have presented tough
challenges for vaccine development, and now none is available economically and stably for an
intractable African swine fever virus (ASFV) despite the effective live attenuated one available with
limitation, ASFV-G-AI177L (32-34, 76). Conventional approaches are not eligible for surmounting
these viral diseases, in particular only few available on a traditional shelf at present. In the same boat
with human vaccines, veterinary vaccines have certainly confronted the similar challenge derived
from vaccine-induced pathogenesis subsequent to virus infection, for example, infection of feline
immunodeficiency virus (FIV) (4, 77, 78).

8. Conclusions

The review article is aiming for discussion of the discrepancy between protection and
pathogenesis following vaccination (Figure 1). The chemically-inactivated influenza vaccines have
been very successful at protection against either seasonal influenza epidemics or pandemic outbreaks
for decades. The adjuvanted chemically-inactivated influenza vaccine was demonstrated to be
effective against influenza infections in elderly and young children without causing vaccine-
enhanced pathogenesis (25) (Figure la). In comparison with inactivated influenza vaccines, a
notorious catastrophe of vaccine-enhanced pathogenesis caused by an adjuvanted formalin-
inactivated RSV vaccine has actually hindered the development of safer and more effective vaccines
against RSV-induced bronchiolitis and pneumonia in infants and young children since 1969 (Figure
1b). Since then, there has been none of effective vaccine available on market to protect new-born and
young children for decades. There continue to be a discrepancy as well as a disputation regarding
detailed mechanisms between the vaccine-enhanced pathogenesis and protective immune responses
against influenza and RSV infections, induced by adjuvanted formalin-inactivated vaccines. Immune
complexes were suggested to mediate the vaccine-enhanced illness in vaccinees due to the poor
quality of anti-RSV antibody responses (3, 79-81). The non-neutralising and low-affinity antibodies
could be easily forming immune complexes during the next encountering RSV infection. The
deposition of immune complexes in the alveolar compartments could trigger complement activation
cascades to release C3a and C5a, which would further bring out neutrophil infiltration and storming
of cytokines and chemokines. These cascade events finally caused severe injuries of lower respiratory
tracts in infants and young children (Figure 2a) (82). Moreover, non-neutralising antibody responses
facilitate RSV multiplication to elicit eosinophilia in lung tissues, further leading to airway
hypersensitivity and remodeling in vaccinated infants and young children (Figure 2b) (83). On the
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other hand, the vaccine-induced eosinophilia generated by Th2 responses used to be the main
paradigm to illustrate the cause of this particular vaccine-elicited event (84, 85). Alternatively,
another hypothesis respecting specific CD8 T lymphocyte responses is improbable to be excluded
from available options on a table, based on scientific observations (86-89). Peculiarly following
vaccination, the specific CD8 T lymphocyte is able to reduce viral load and to mediate protection
against severe disease at early stages of virus infections (90, 91). In recent clinical efficacy trials,
RSVPreF3 and RSVpreF vaccines have been successful at inducing protective responses against RSV
diseases in elderly (60, 61). Again, the same vaccine candidate continued to induce unexpected
pathogenic events, causing a rise in preterm births and neonate deaths (60, 61, 62). This serious
outcome has brought out serious debates and arguments for a maternal vaccination against RSV
diseases. The mechanisms and causes behind are currently seen as a vague figure in vaccinology. The
mechanisms concerning vaccinated pathogenesis could not be easily figured out in this debatable
field for the moment. Many successful trials to prevent various virus infections have indeed turned
the recognised paradigm regarding T-helper 1/T-helper 2 (Th1/Th2) subset-mediated protection
mechanisms into a controversial issue in ‘Immunology’ (57, 58, 60, 61), which currently favours the
hypothesis supporting the role of ‘antibody affinity” in the protection against RSV diseases (79-81)
(Figure 2). The specialized Thl responses are not essential for protection against obligately
intracellular pathogens following vaccination in these clinical trials, like viruses.

In 1979, the Guillain—Barré syndrome induced following influenza vaccination did discourage
the significance and benefit of vaccination against annually seasonal influenza infections (29).
Recently, the mechanism of this rare event has preferred the multiple-factor hypothesis to another
one for cross-reactive autoimmunity. In addition, the 2009 swine novel influenza outbreak raised a
wave of global vaccination campaign to halt the spreading of this pandemic crisis. The outcome of
this campaign presented a safety issue of vaccination with the potential risk of narcolepsy in children
and young people receiving AS03 adjuvanted pandemic A/HIN1 2009 influenza vaccine (92). Cross-
reactive autoimmunity was soon recognised as the major fault of vaccination (93). This recognised
pathogenesis mechanism has been disputed with a retraction of published research results as well as
with a recent progress in the field of autoimmunity (94-96). In spite of outweighing benefits from
vaccination, accumulated harmful ramifications should not be disregarded as ordinary incidental
events.

A nationwide HBV vaccination programme benefited the general public health in Taiwan since
1984. Nonetheless, HBsAg would certainly generate not only protective antibody responses but
unpleasant immune reactions, for instance, inducing hypersensitivity and unnecessary cellular
immunity (97-99). Some unpleasant immune reactions could even result in devastating consequences
(99-101). An adjuvant could not be neglected as one of important aetiological factors to significantly
affect consequences of vaccine-induced immune responses (30, 80, 92, 99, 102, 103) notwithstanding
that many of severe adverse effects require further investigations to circumnavigate a superficial and
paradoxical issue, such as vaccination-induced autism. We have long relied on the trial-and-error
way to develop new vaccination materials and approaches to prevent various infectious diseases.
Could the successful story of HBV vaccine just be a purely fortunate coincidence in the lack of a
precision approach to circumvent pathogenic consequences without circumspectly scientific
considerations on vaccination designs and strategies (101-104)? We should certainly look into the
detailed working mechanisms of the successful story of HBV vaccination, which could lead us to a
better path of science with respect to a precision opinion. The invisible enemy of mankind has actually
evolved to defeat sophisticated arsenals devised by human intelligence, e.g., RSV, FIV and human
immunodeficiency virus (HIV) (3, 35, 36, 61, 72, 77, 78, 105). Have we been really lost in a long
winning race against pathogenic species of germ world? How are we possible to refuel our poverty
shelf with state-of-the-art and advantageous options so as to keep a safe and rejoicing life in our
homeland on this planet? The adjuvants and delivery systems are certainly reshaping the outcome of
vaccine-induced immunity, resulting in potential vaccine-related pathogenesis in vaccinated
individuals (29, 30, 39, 42, 54, 62, 102). The approach of ‘precision medicine’ could therefore
circumvent vaccine-induced aberrant pathogenic effects, exploiting the scientific design not simply
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on antigen itself but on adjuvants as well as delivery systems to achieve the highest level of
‘innocuous vaccination’. Under the circumstances of poverty shelf, we could not offer to thrive in the
absence of a precision option based on evolutionary concepts removing the pathogenic complicacy
(39, 80, 81, 90, 102, 104, 106, 107).
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