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ABSTRACT
Flaviviruses are arthropod-borne viruses (arboviruses) that have been recently considered among the 
significant public health problems in defined geographical regions. In this line, there have been vaccines 
approved for some flaviviruses including dengue virus (DENV), Japanese encephalitis virus (JEV), yellow 
fever virus (YFV), and tick-borne encephalitis virus (TBEV), although the efficiency of such vaccines thought 
to be questionable. Surprisingly, there are no effective vaccine for many other hazardous flaviviruses, 
including West Nile and Zika viruses. Furthermore, in spite of approved vaccines for some flaviviruses, for 
example DENV, alternative prophylactic vaccines seem to be still needed for the protection of a broader 
population, and it originates from the unsatisfying safety, and the efficacy of vaccines that have been 
introduced. Thus, adenovirus vector-based vaccine candidates are suggested to be effective, safe, and 
reliable. Interestingly, recent widespread use of adenovirus vector-based vaccines for the COVID-19 
pandemic have highlighted the importance and feasibility of their widespread application. In this review, 
the applicability of adenovirus vector-based vaccines, as promising approaches to harness the diseases 
caused by Flaviviruses, is discussed.
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Introduction

The genus Flavivirus, from Flaviviridae family, comprises den
gue (DENV), Japanese encephalitis (JEV), yellow fever (YFV), 
tick-borne encephalitis (TBEV), West Nile (WNV), Zika 
(ZIKV), and many additional viral pathogens that cause ence
phalitis. As demonstrated in Supplemental Table S1, most of 
the flaviviruses infect warm-blooded hosts through blood- 
meals of infected vectors, and hence such flaviviruses are clas
sified as arthropod-borne viruses (arboviruses). Infection by 
flaviviruses may lead to shock, encephalitis, hemorrhagic fever, 
and such infections cause substantial mortalities. For instance, 
it is not surprising that 100 million new cases of DENV, are 
detected each year in DENV infested regions that harbor more 
than 2.5 billion people.1 Another point is the fact that some 
hazardous flaviviruses tend to be zoonotic and it impacts the 
epidemiology of such pathogens (Supplemental Table S1). 
Thus, effective vaccines seem to be required to control such 
arboviruses.

A deno-associated virus, human adenovirus, and retro
viruses are examples of viral transgene technology.2 Viral vec
tors have modified genomic DNA or RNA contents, 
comprising manipulated genomes that make them noninfec
tious. Aiming development of anti-flavivirus vaccines, numer
ous such vectors have been developed for not only DENV,3–17 

but also, ZIKV,18–28 WNV,29–32 YFV,33 JEV,34–40 and 
TBEV41–43 (Table 1). Prominent examples of viral vectors 

can be found in various DNA viruses (Poxviridae, 
Herpesviridae, Papovaviridae, and Adenoviridae), as well as 
RNA viruses (Togaviridae, Picornaviridae, Rhabdoviridae, 
Paramyxoviridae, and Orthomyxoviridae) (Table 1).44 

Adenovirus vectors (AdV) have been widely used for genetic 
manipulation of mammalian cells. Some advantages of AdVs 
include: (a) Versatile applications in the researches on vac
cines; (b) A diverse array of dividing or non-dividing cells 
can be infected with AdVs; (c) Purification of high titers of 
such viruses is easily feasible; (d) Recombinant adenovirus 
strains (Ad2, Ad5) are well characterized and (e) Genetic 
transfers up to 37 kb of multiple foreign genes seems to be 
feasible in case of some AdVs. Hence, AdVs can be suitable 
candidates for developing pan-genus, likely pan-Flavivirus 
vaccines.45 One of the main advantages of AdVs is the fact 
that the integration of their manipulated genome into the 
host chromosome tend to be impossible, and this property 
has made AdVs useful transient gene expression tools. AdV- 
based vaccine candidates have shown to be effective and safe 
against viral pathogens.46 It has been highlighted that AdVs 
elicit suitable levels of protective responses against important 
flaviviruses. Thus, delivery of protein antigens is simply 
feasible using such vectors that can induce defined immune 
reactions in humans. Induction of wide anti-arboval immune 
system reactions tend to be a characteristic feature of suc
cessful and safe AdV-based vaccines, which is an urgent 
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need in case of flaviviral pathogens. In this line, several 
AdV-based vaccines have been recently developed for SARS- 
CoV-2 and millions of doses have been applied so far 
(Supplemental Table S2).

A denoviruses mimic a natural viral infection that results 
in a considerable inflammatory, reaction, and it is why 
these viruses have been recently considered as reliable 
priming vaccine vectors. Different preclinical and clinical 
investigations have shown that the recombinant Ad (rAd) 
induce vigorous and long-lasting cellular and humoral 

responses against the studied transgene product.45,65 The 
AdV vaccines have been increasingly used in recent years 
as efficient platforms primarily due to their high yield in 
cell culture, excellent safety profiles, and capacity to induce 
strong inflammatory immune responses.29,66 However, rare 
incidence of a pathophysiological condition, known as vac
cine-induced thrombotic thrombocytopenia (VITT), has 
been recently reported for some anti-SARS-CoV-2 AdV 
vaccines, including Johnson & Johnson and AstraZeneca 
which are approved for emergency use in several countries. 

Table 1. Viral vectors used as candidate vaccines against important flaviviruses. Viral vectors, target infectious Flavivirus, and target antigens are summarized.

Family Viral vector Target pathogen Antigen Reference(s)

Adenoviridae adenovirus (AdV) DENV (prM) 9,10,12,15,16,47

(E)
(EDIII)
(EDIII)
(prM)
(EDIII)

ZIKV (M, E) 21–25–28–48–53

(M, E)
(prM, E)
(prM, M, NS1)
(prM, E)
(M, E)
(prM, E)
(EDIII)
(prM, E)
(PrM, E)
(prM, E)
(prM, E)
(E)
(M, E)

WNV (C, prM, E, NS1) 29

YFV (C, M, E, NS3) 33

JEV (prM, E) 34,54

(E)
TBEV (NS1) 41–43–55

(NS1)
(NS1)
(NS1)

Poxviridae poxvirus-based JEV (prM, E, NS1) 35–37–40

(prM, E, NS1, NS2a)
(prM, E, NS1)
(E, NS1)

Paramyxoviridae Measles virus DENV (EDIII) 6–8

(EDIII, ectoM)
(E)

ZIKV (prM, E) 24

WNV Envelope Glycoprotein 30,31

Envelope Glycoprotein
Togaviridae Alphavirus-vector DENV (E85): (prME, soluble E dimers) 3–5

(prM, E)
(E85)
(prM-E, NS1-2A)

JEV 56

Poxviridae Vaccinia virus ZIKV (C, prM,) 22

Togaviridae Venezuelan 
equine encephalitis virus (VEE)

DENV (prM, E) 17

Rhabdoviridae Vesicular stomatitis virus (VSV) ZIKV (prM, E) 23

WNV (E) 32

DENV (prM, E) 57

Poxviridae Modified Vaccinia virus Ankara (MVA) DENV (E) 11,12,58

(E)
(peptide on E)

JEV (prM, E) 39–5960–62

(prM, E)
(prM, E)
(prM, E)
(E)(prM, E) 63

ZIKV (NS1) 64
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In this regard, national authorities of the USA, and some 
other countries have temporarily paused the administration 
of Johnson & Johnson vaccine (Ad26.COV2-S) since rare 
cases of severe thrombosis with thrombocytopenia were 
reported. Similarly, rare cases of VITT have been reported 
in case of AstraZeneca vaccine (ChAdOX1-nCoV-19). 
Hence, health authorities of the USA, including FDA/ 
CDC, have recently conducted a risk/benefit analysis 
which revealed the fact that despite the risk of developing 
the VITTS, the risk/benefit strongly encouraged vaccination 
by those vaccines.67,68

Regarding the aforementioned explanations, we aimed 
to provide the latest updates of using AdV for the provi
sion of vaccines against important flaviviruses to show the 
evidence of successful attempts, as well as some common 
or virus-specific features. In this review, databases in 
PubMed, Google Scholar, and Scopus were searched 
using the keywords Adenovirus + Vaccine + Flavivirus +  
ZIKV/DENV/WNV/YFV/JEV/TBEV, and retrieved 34 
papers that used AdV vaccines against ZIKV, DENV, 
WNV, YFV, JEV, and TBEV. Furthermore, regarding the 
Covid-19 pandemic, the available situation of SARS-CoV 
-2 AdV-Based vaccines have been also discussed compara
tively. Here, we provide evidence that AdV-based vaccines 
can be assumed as an efficient strategy to harness 
Flavivirus infections.

Adenoviruses

Adenovirus genome, structure, and biology

The adenoviral genome normally comprises a molecule of 
DNA (double-stranded, 34–43 kb). This DNA molecule 
encodes for about 50 proteins, and it also contains two 
flanking inverted terminal repeats (ITRs) and a packaging 
signal. The coding genes in adenoviral genome are 
described according to their transcriptional order: E1–4 
proteins are encoded by the early genes. E proteins govern 
the replication of viral DNA. Genes L1–5 are indeed late 
genes encoded for structural proteins, including, fiber, 
hexon, and penton bases. The translation product of E1 
gene is a protein that turns the infected host cell into viral 
replication factories. E2 gene encodes the protein which is 
essential for viral DNA polymerization. Moving forward, 
the E3 gene encodes for host immune modulating 
protein.69 Finally, the E4 gene products have also roles 
in viral replication. The rest of the adenovirus genome 
mainly comprises the late gene (L1–L5). The Ad major 
late promoter (MLP) governs the synthesis of a single late 
pre-mRNA. Late mRNAs are produced through splicing of 
this late pre-mRNA.70,71

Considering the role of adenovirus proteins, it is clear that 
replicative genes of their vectors are deleted and affect the 
applicability of the adenovirus as a vector vaccine approach. 
Hence, deletion of a defined E gene from the adenovirus may 
have influences on the vector immunogenicity. A benefit of 
such genetic manipulation is the fact that the immune reaction 
induced by the remnants of viral proteins can have a role in 
immunization against the target pathogen.68

Adenoviral vectors

The replication-incompetent type AdV is not only the first 
AdV introduced, but also is the most broadly investigated 
type of AdV.72 Deletion of E1 is the common property of 
such vectors, and so, this protein must be provided in trans to 
produce recombinant viruses. In addition, the viral E3 region 
is typically deleted and the viral E4 region in some genera
tions is removed not only aiming improvement of coding 
capacity, but also reducing the in vivo pro-inflammatory 
reactions.72 Recombinant adenoviral vector (rAdV) particles 
can be produced after the antigen-expressing cassette cloned 
in a shuttle adenoviral plasmid. This rAdV and the backbone 
structure, comprising E1/E3-deleted AdV, will be trans
formed into specific bacterial strains such as BJ5183, conco
mitantly (Figure 1). Thus, the E1 region of the AdV will 
harbor the antigen-expressing cassette.72,73 Then, the result
ing recombinant plasmid obtained through homologous 
recombination of the above mentioned two constructs will 
be transfected into a mammalian host cell encoding AdV E1 
gene such as HEK-293 cell line. Hence, the infected host cell 
will stably express the Ad E1 proteins, and the AdVs virions 
will be produced (Figures 1 and 2).

Construction of adenoviral vectors

First-generation adenoviral vectors
The first generation AdVs do not harbor the E1 or less often 
the E3 region. The products of the E1 region are proteins that 
govern the order and the level of expression for some other 
genes, including early and late genes. Multiple genetic deletions 
in E1 region, up to 3 kb, have been made. Hence, the cloning 
site of these vectors comprises the E1, and in some recent cases, 
the E3 regions which can harbor the transgenes (Figure 2).74 

Such vectors have been widely used in cancer and also vaccine 
research. Such a wide application of these viral biotechnology 
approaches is mainly associated to acceptable efficiencies in the 
transfection of cell lines that cannot be transfected through 
other approaches.74 Adenovirus can further proliferate in E1 
complementing cells, such as HEK-293 cells. However, since 
reverse recombination between the E1 gene of this cell line with 
recombinant adenovirus 5 (Ad5) viruses is possible, which 
leads to replication capable adenoviruses (RCA), another cell 
line, PerC6, is more favorable for the viral amplification.75 In 
place, the products of E3 region are not necessary for viral 
growth in vitro, but interfere with host defense mechanisms. 
Hence, the first-generation AdVs with E3 deletions have 
a wider cell line specificity compared to those of AdVs with 
E1 deletions.74 Also, adenoviruses with E1 deletion can harbor 
genetic insertions of up to 5.1 kb, and it is an disadvantage 
since insertions of about 8.2 kb can be cloned into the genome 
of adenoviruses which lost E1 and E3 regions.74

Genetic engineering methods have been used to improve 
the Ad genome, leading to safety and effectivity of AdVs as 
vaccines in humans.76 However, a hazardous safety issue in 
first -generation AdVs is the RCA which is likely to occur 
mainly due to the similarity of the genome of such adeno
viruses to the E1 insertions in the virus-producing host cell, 
such as HEK293 cell line. Such a phenomenon may occur with 
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detectable multiplicities of infection (MOI), where the E1 
region will be unnecessary for replication. The expression of 
specific genes in host cells leads cells to the proliferative state 
although it can also cause the production of some proteins with 
activities similar to E1A. DNA replication of adenovirus will 

become leaky under such circumstances which lead to inter
ference through the late protein production. Late proteins have 
some cytotoxic effects and their accumulation impacts the 
transduced cells, and such cytotoxicity elicits the cellular 
immune responses in affected cells. The above-mentioned 

Figure 1. Flavivirus structure and antigen presentation. Schematics of Flavivirus particle containing three structural proteins: C, M, and E; A: Genome organization and 
polyprotein processing: Flavivirus genome is translated as a single polyprotein that is cleaved co- and post-translationally to viral three structural proteins C, M, E, and 7 
NS proteins. The 5′ and 3′ un-translated regions (UTR) are indicated as black lines at the end of the viral genome; B: the sequences encoding the prM, E proteins and NS1 
of the target Flavivirus; C: in the Adenovector System, a Shuttle vector is cloned with the cDNA of interest. As the next step, following linearization the formed plasmid 
together with the viral DNA plasmid Adenoviral Backbone ΔE1/E3 transformed into RecA+ bacterial strain (E. coli strain BJ5183). The resulting plasmid lacks E1 and E3. In 
cells, the complementation of E1 functions can occur. Following homologous recombination, selection of the clones occurs with antibiotic (kanamycin). Then the clones 
can be screened by restriction enzyme analysis; D: the cleavage of the recombinant adenoviral construct is facilitated using PacI which help expose its Inverted Terminal 
Repeats (ITR). Now, the transfection of cells to produce viral particles can be performed; E: the final steps are the collection, amplification, and concentration of the 
recombinant adenoviruses followed with titration of an appropriate dosage for in vivo application and injection into given model animals (e.g. Rhesus monkey).
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shortcoming can be prevailed by selecting cell lines with mini
mal genome similarity to the given E1 insertion, for example, 
PERC.6 cell line.77 Additionally, in vivo studies have shown 
that the transgene expression observed with E1-deleted vectors 
is not persistent and such a disadvantage has been made some 
medical applications questionable.75

Considering de novo biosynthesis of viral proteins in first- 
generation AdVs, the potent immune response against anti
genic transgenes is inducible. In case of E proteins of 
Flavivirus, not only neutralizing antibodies, but also T cell- 
mediated reactions have been reported.78 Vaccination practices 
by first-generation AdVs, likely Ad5-prM-E and Ad4-prM-E, 
have shown a general development of T-cell immune 
responses.79 The detectable T-cell-mediated response together 
with elicitation of antibody response in Ad4-prM/E vaccina
tion have indicated a biased immune response in favor of 
cellular than humoral reaction. Such a detectable T cell- 
mediated immune response can have promising protective 
effects in case of defined Flavivirus pathogens, including 
DENV,80 JEV,34 WNV,29and ZIKV.48,49 Bullard et al. showed 
that above-mentioned immunological differences originated 
from the serotype-specificicity induced by adenovirus vectors. 
Various studies concerning Flaviviruses have shed light on the 
fact that the first generation AdV vaccines elicit a detectable 
anti-epitope E (immunodominant) T-cell-mediated reaction.27 

Vaccination with Ad4-prM/E has also been shown to elicit 
a promising T-ZIKV cell-mediated reaction with an 

insignificant antibody-mediated response against ZIKV. In 
place, using Ad5-prM/E as a vaccine causes not only elicitation 
of anti-ZIKV antibodies, but also detectable T-cell-mediated 
reaction as revealed in mice.49 Additionally, self-adjuvanting 
properties have been reported for Ad, and differences have 
been reported in the cytokine profiles in case of Ad4 and Ad5 
vectors. It has been highlighted that the cytokine profile in Ad4 
immunized mice is highly T-helper type 1 (Th1) biased while 
mice immunized by Ad5 have shown to be more Th1/Th2 
balanced.81 Recent studies have shown that such 
a phenomenon originates from the serotype-specific immune 
profiles elicited by different AdV types.

Second-generation adenoviral vectors
Considering the cytotoxic and immunogenic effects observed 
in first-generation AdVs, vector optimizations were regarded 
which resulted in second-generation AdVs. The second- 
generation AdVs capacity for transgenes has been increased 
through further omission of E2 and E4 regions. Hence, E1 or 
E1 and E3 genome regions together with E2 or E2 and E4 
regions have been deleted in second-generation AdVs 
(Figure 2).82 Consequently, the characteristic leaky viral gene 
expression profile in host cells cannot be observed in second- 
generation AdVs, a phenomenon that was a drawback in first- 
generation AdVs.83 Also, the probability of RCA formation is 
minimized. In second-generation AdVs, gene inactivations 
have been performed on genetic regions enrolling in DNA 

Figure 2. Schematic representation of the adenovirus genome (Ad5) and generations (first, second, and third generation) of adenovirus-based vectors. Map of 
adenovirus serotype 5 genome and different generations of adenoviral vectors. Early transcripts are represented by E1–E4 regions and late transcripts are represented 
by L1–L5 regions. MLP: major late promoter; ψ: packaging signal. First generation vectors lack E1. E3 is also omitted in some first generation vectors. The second 
generation is devoid of E1, E2A, E2B, and E4. E3 region is also deleted in some of second generation vectors. The third generation adenovirus, referred to as gutless 
adenovirus (helper dependent), is constructed by deleting all the viral protein-coding genes, leaving only the ITRs and the ψ packaging signal in its genome backbone.
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duplication. However, gene deletions in AdVs should be per
formed in a way that allows insertion of transgenes as large as 
four separate expression cassettes which can cover up to 14 kb. 
A higher level of long term transgene expression is seen 
in second generation AdVs. Collectively, despite the increased 
transgene capacity, second-generation AdVs have had limited 
benefits over their first-generation counterparts.45 However, 
a significantly lower level of virus production yield of adeno
virus in host cells is known as the main drawback for 
the second generation adenoviruses. Furthermore, trans- 
complementation during the vector proliferation in the host 
cells can be impacted by cytotoxicity of early gene products, 
including E2 and E4 products. Such vectors harbor inducible 
expression systems (IES); however, the virus amplification can 
be affected, which can have its influences on the vector yields 
and vector titer.84 Furthermore, the viral proteins can be pro
duced weakly during such reduced transgene expression. Thus, 
not only the cytotoxicity but also, the immune response 
induced by these viral vectors are assumed as major drawbacks 
which affect the applicability of such viral biotechnology 
approaches.85 Also, further deletion of E2 and E4 regions 
in second-generation vectors can further decrease immuno
genicity. The products of E2, E3, and E4 regions in the adeno
virus genome seem to have roles not only in virus replication, 
but also in modulation of the intracellular immune responses. 
Hence, deletion of such genomic regions may lead to enhanced 
packaging capacity of vectors for transgenic sequences. 
However, second-generation AdVs have still shown degrees 
of immunogenicity and cytotoxicity.84

Second-generation AdVs may lead to some immune system 
interferences. Yang et al. (1995) have highlighted the fact that 
intravenous administration of the aforementioned vectors can 
cause detectable hepatotoxicity.86 Also, elicitation of 
a significant immune response against AdVs has been report
edly observed which inhibited repeated treatments.84 As an 
advantage, such vectors can be successful long-term gene 
expression platforms.87 Interestingly, COVID-19 vaccine can
didates based on second-generation adenoviruses have been 
designed that encode for multiple SARS-CoV-2 proteins 
(ClinicalTrials.gov: NCT04732468, NCT04591717 and 
NCT04710303). Results of experiments performed on 
HEK293 cells showed the primary role of such proteins for 
replication of SARS-CoV-2. Hence, the cell can have a critical 
role for providing them which can elicit a long-term memory 
T cells-mediated immunity.88

Third generation high-capacity adenoviral vectors (HCAs)
The third class of AdVs is so-called gutless or helper- 
dependent adenoviruses.89 In third-generation AdVs, the 
whole adenovirus DNA sequences are deleted, except the 
cis-acting sequences which are indeed necessary in case of 
viral DNA duplication and particle packaging. Thus, such 
vectors seem to be reliable platforms for gene transfer 
purposes in a varied range of cell types originated from 
various species (Figure 2). The above-mentioned deletions 
of all viral genes might be why vector-associated acute 
toxicity is minimized in such vectors. However, such cyto
toxic effects can only be detected in case of detectable 
HCAs doses.89 Generation of HCAs is highly complex 

because separation of sequences encoding for capsid and 
also packaging the therapeutic DNA is tedious. Following 
cell transduction, the genome of the third generation AdVs 
remains episomal in the nuclei. This Ad genome remains 
associated with histones of the host cells. Then it undergoes 
repression or may become transcriptionally active depend
ing on the nature of the cloned sequences.89 Additionally, 
neutralizing antibodies against AdV affect the efficiency of 
transduction which leads to reduction of adaptive immune 
response.90 The possibility of in-trans providing of the viral 
proteins via co-infection is the prominent difference of 
gutless AdVs which differentiate them from the other 
AdV generations. Hence, a helper adenovirus is regarded 
in applications of third-generation AdVs. Hence, an AdV 
with a first-generation genetic content is provided as 
a helper virus in this system. This helper virus harbors 
a packaging signal which is flanked by two loxP-sites. In 
comparison, the producer cells provide the above- 
mentioned proteins in trans for the first and also second- 
generation AdVs. Thus, it is why such high-capacity ade
noviral vectors are so-called helper-dependent.91 Another 
discriminating feature of these viral biotechnology-based 
products is the fact that multiple transgenes, up to 37 kb 
length, can be cloned in such AdVs. Cell lines with detect
able Cre-recombinase expression, likely modified HEK293, 
are used for production purposes. During virus prolifera
tion, the producer cell is transduced with a helper virus and 
the third generation adenovirus genome. Expression of the 
helper virus genes causes the production of the helper virus 
proteins and viral capsid assembling. During such assem
bling step, the helper virus genome won’t become packaged 
since the packaging signal for the genome of the first 
generation helper virus is removed through the loxP-sites 
recombination which is performed via the activity of Cre- 
recombinase. Hence, the genomes of the HCA vector are 
packaged, exclusively. However, removing the packaging 
signal of the first generation helper virus is not always 
totally accomplished which leads to about 0.1–1% helper 
virus genome contaminations in HCA vector 
preparations.92 Also, homologous recombination of gen
omes of helper virus with E1 gene tends to be inevitable 
which results in the formation of replication-competent 
adenoviruses.93

Considering the increased cloning capacity, such gutted 
AdVs seems to be highly interesting for gene therapy purposes. 
Also, third generation AdVs have shown a long-term transgene 
expression potential. Furthermore, they have indicated insig
nificant cytotoxicity which is highly advantageous. As draw
back, the production process for gutless AdVs seems to be 
highly tedious and has complexities for optimization. 
However, the significant frequency of contamination with 
helper viruses has affected the applications of such vector 
viruses.89

Adenoviral vectors applications

As a conclusion, various generations of AdVs can have different 
applications depending on the purpose. First-generation AdVs 
seem to be very useful in cancer and vaccine design. 
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Additionally, these viral biotechnology approaches tend to be 
applicable in the transfection of cell lines that other methods 
cannot transfect. In place, second-generation and third- 
generation AdVs have a characteristic long-term gene expression 
potential which make them potent gene vectors in the future.

Comparatively, the first-generation and also second- 
generation AdVs are known as successful vaccine vectors. 
However, the former has shown to be more immunogenic. 
The simplicity of large-scale manufacturing of first- 
generation AdVs has currently made them as a prevailed viral 
genetic tool. In place, third-generation AdVs can be produced 
with significantly lower efficiency. Furthermore, the helper Ad 
contamination in the produced virus stocks is the other main 
drawback in the helper-dependent AdVs production.

The second and third-generation AdVs can harbor very 
larger insertions when compared to the first-generation. Also, 
they have indicated a detectable stability together with an 
insignificant cytotoxicity. Intravenous administration of such 
vectors would result in robust adaptive immune responses after 
following the first in vivo immunization.2,89,94

To date, many studies have used AdV to develop vaccines in 
human phases I-III clinical trials (Supplemental Table S2). 
AdV vaccines have been broadly administered in early stage 
clinical trials for an array of infectious diseases including ZIKA 
(ClinicalTrials.gov: NCT03356561, etc.), HIV (ClinicalTrials. 
gov: NCT00894114, etc.), HCV (ClinicalTrials.gov: 
NCT03688061, etc.), influenza (ClinicalTrials.gov: 
NCT01818362, etc.), and cancers (ClinicalTrials.gov: 
NCT03225989, NCT02390063, NCT03313596, etc.). Recently, 
some adenoviral-based vaccines for SARS-CoV-2 have also 
received an Emergency Authorization license.

Studies on adenoviral vector-based vaccines against 
flaviviruses

Zika virus (ZIKV)

Zika virus (ZIKV) is an arboviral infection caused by ZIKV. 
ZIKV, originated from Africa, is mainly transmitted to humans 
during the blood meal by an infected Aedes aegypti or vertical 
transmission.95 This pathogen is currently distributed in 
Central America, South America, the Caribbean, the Pacific 
region and Southeast Asia.96 The rise of ZIKV infections has 
shed light on the need for the development of an efficient and 
protective vaccine. However, introducing such a vaccine 
against ZIKV is regarded as a major worldwide health concern.

There are currently no specific available treatment or vac
cine against ZIKV infection.97 WHO has reported 18 ZIKV 
vaccine programs with a wide variety of formulations in 
2016.98 Live, inactivated, whole-virus, and subunit vaccines 
are among these vaccine candidates. In addition, messenger 
RNA (mRNA), DNA-, protein-, and vector-based formulations 
have also been studied.98

Along the RNA genome of ZIKV, the prM/E region has been 
mostly selected for designing anti-Zika AdV vaccines (Figure 1).99 

This selection can be highly associated to the fact that an appro
priate selection of protein antigen is critically important in design
ing anti-Zika vaccines that determines the efficiency to induce 
promising cellular and humoral immunity.

A diverse array of anti-Zika vaccine platforms have been 
investigated in mouse and primate systems. Some of such 
vaccine candidates have been proved as highly efficacious in 
preclinical studies (Table 2). However, development of these 
vaccines encountered challenges for the clinical tests. A diverse 
array of ZIKV vaccine platforms, including DNA-based 
vaccines,100 inactivated vaccines,101,102 live-attenuated vaccine 
(LAV),103 mRNA vaccine,104,105 and vector-based vaccines, 
such as modified Vaccinia virus Ankara, measles virus, and 
AdVs, have been investigated (Table 1).106 

Several studies have recently used different types of AdVs 
including Ad26,19,27,50 RhAd52,26,50 Ad2,21 Ad4,48,49 Ad5,25,51 

ChAdoX1,20 and GAd, and AdC7 to design vaccines against 
ZIKV in animal models18–21–48–50–52 (Table 2). Such investiga
tions have shown protective immune responses; mainly invol
ving a significant elicitation of antibody mediated protection, 
and also a cellular immune response in mice18–21–25–48–50,51-53 

and monkey26,27,49 models (Table 2). Among the array of AdVs 
that have been studied for anti-Zika Virus vaccine design 
purposes in human population, ChAdOx1 has entered two 
phase I clinical trials (ClinicalTrials.gov: NCT04015648 and 
NCT04440774) (Supplemental Table S2). Furthermore, Lopez- 
Camacho et al. (2018) evaluated four anti-Zika Virus vaccine 
candidates which were designed in replication-deficient chim
panzee AdVs (ChAdOx1) platform. Such vaccine candidates 
involved the prM/E addition or deletion along with the pre
sence or absence of its trans-membrane domain (TM). It has 
been shown that ChAdOx1 prM/E ∆TM encoding prM and 
E without TM can have not only promising protective effects, 
but also long-lasting anti-E-mediated immunity.20 In addition 
to the chimpanzee platform, GAd-Zvp which is a gorilla AdV- 
based vaccine candidate, encodes for the prM and E regions. 
This vaccine candidate seems to be a reliable platform to 
control some major flavivirus diseases, including congenital 
ZIKV infections. Interestingly, elicitation of a long-lasting 
B and T cell immune response has been reported as 
a reaction to a single dose administration of GAd-Zvp which 
have had preventive effects against ZIKV maternal-to-fetal 
transmission in immune-compromised and also immune com
petent-mice. Therefore, ChAd and GAd can be an effective 
viral vaccine vector in clinical trials in humans.107

Considering the importance of vertical transmission of 
ZIKA during pregnancy, the selection of not only appropriate 
antigens from ZIKV, but also the type of AdV for developing 
effective AdV vaccines can cause persistent immunity in 
mothers which lead to child immunization, 
concomitantly.21,51 In this regard, Liu et al. (2018) developed 
three AdV vaccines; Ad2-E, Ad2-prM/E, and Ad2-prM/E-NS1 
to be assessed in mice model. Ad2-prM/E induced higher titer 
of neutralizing antibodies to ZIKV compared to Ad2-E, show
ing that prM/M may have a role in the folding of immunogenic 
envelope protein. Additionally, Ad2-prM/E-NS1 indicated the 
most detectable inhibitory effects against the target virus when 
the ZIKV-infected cells were provided by immune serum. 
Hence, mice pups were challenged with ZIKV. In ZIKV- 
challenged newborn mice from immunized dams, Ad2-prM 
/E-NS1 conferred the highest protection, which led to preven
tion from weight loss, neurological defects, and inhibition of 
the virus proliferation. Furthermore, Ad2-prM/E showed 
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higher protective effects when compared to Ad2-prM/E-NS1. 
In place, Ad2-E reduced the characteristic neurological symp
toms, but has had no inhibitory effects against the virus dupli
cation. Liu et al. (2018) suggested that NS1, prM/M and 
E should be concomitantly considered in the design of ZIKV 
vaccine.21

Similarly, Kim et al. (2016) developed Zika vaccines with 
prototype subunit and also AdV that encoded for the extra
cellular terminal of the envelope protein of ZIKV fused to the 
T4 fibritin fold on trimerization domain (Efl). Immunization 
regimen of prime-boost caused the elicitation of the anti-Zika 
Virus antibodies. Also, pups born to Ad5.ZIKV-Efl- 
immunized mice have shown immunity which resulted in 
their survival after the lethal challenge. Furthermore, such 
pups have shown weight loss with or without neurological 
symptoms, while a partial protection (50%) have been observed 
in pups born to dams that received the MNA-ZIKV-rEfl 
vaccine.51

Another interesting fact on the AdV application as 
vaccines is that administration of AdV vaccines against 
various flaviviruses via different roots such as intraperito
neal, intramuscular, subcutaneous and intranasal induces 
different levels of host immune responses. Steffen et al. 
(2020) developed a replication-deficient AdV vaccine 
which expressed the hAd5. This intranasal (hAd5-ZKV) 
vaccine triggered detectable immune responses against 
ZIKV prM and E proteins. The vaccine induced cell- 
mediated as well as humoral immune reactions against 
ZIKV. Furthermore, it elicited CD8+ T cells with specifi
city to the dominant T cell epitopes of ZIKV.53 The early 
innate immune responses to Ad vaccination causes the 
overwhelming of antigen-presenting cells and/or innate 
immune cells at the injection site. Such inflammatory 

reactions may even impact the efficiency of the adaptive 
immune reactions.108 Such a phenomenon has been also 
confirmed in Ad vector-based vaccines designed for other 
viruses, including anti-Hepatitis B vaccine. Interestingly, 
the intranasal route of infection has shown a much better 
protection against a challenge with hepatitis B virus 
(HBV) than intra-peritoneal inoculation. Additionally, 
the presence of cytotoxic T lymphocytes (CTL) in the 
draining lymph nodes should have synergistic effects in 
inducing such mucosal immunity in lungs.109

Dengue virus (DENV)

DENV is a single-stranded sense-positive RNA Arbovirus 
(Figure 1). This Flavivirus can be exclusively transmitted to 
humans through the biting mosquitoes, especially Aedes 
aegypti. There are four closely related serotypes of DENV: 
DENV1–4, all of which are capable of causing the same 
pathogenesis and disease. The risk of disease can be 
inferred from the fact that about 100 million new cases 
are detected, annually. Infection by a serotype cannot lead 
to cross-protection against the other serotypes. Hence, 
a characteristic protective vaccine is recommended to be 
tetravalent. The natural conformation of the envelope gly
coprotein to induce neutralizing immune responses is the 
main problem to design efficient anti-dengue vaccines 
(Figure 1). Additionally, the other drawback is the necessity 
of presenting antigens of all four serotypes which hampers 
the development of protective vaccines. Development of 
vaccines against DENV was started in early 1920s. Varied 
vaccine platforms have been introduced so far, including: 
tetravalent live attenuated candidates, genetically 

Table 2. Comparative analysis of adenoviral vectors based on the flaviviruses studied, used animal model, dosage, and immunization way.

Ad Vector Target pathogen Antigen Animal model Routes of injections Dose Reference

RhAd52, Ad26 ZIKA M/E Mice, Rhesus Monkey i.m. 109,1011VP 26

Ad4, Ad5 ZIKA prM/E Mice, Rhesus Monkey i.m. 105,106 VP 49

ChAdoX1 ZIKA prM/E Mice i.m. 108 PFU 20

Ad5 ZIKA E, prM/E Mice i.m. 106-8 IFU 25

Ad2 ZIKA E, prM/E, prM/E/NS1 Mice i.m. 1010VP 21

Ad26 ZIKA M/E Mice i.m. 4×107VP 19

Ad4, Ad5 ZIKA prM/E Mice i.m. 1010VP 48

AdC7 ZIKA M/E Mice i.m. 1010-11VP 18

Ad5 ZIKA E Mice i.m. 1011VP 51

Ad26, RhAd52 ZIKA M/E Mice i.m. 109VP 50

GAd ZIKA prM/E Mice i.m. 109VP 52

hAd5 ZIKA prM/E Mice i.n. 1.5 × 109 PPM 53

Ad5 ZIKA prM/E Rhesus Monkey i.m. 106VP 27

rAdD2 DENV2 E Mice-BALB/c i.p. 107 PFU 10

RAdD5 DENV2 EDIII Mice-BALB/c i.p. 108 PFU 47

cAdVax DENV1,2 prM/E/NS1 Mice-CD1 i.p. 108 PFU 80

cAdVax DENV1-4 prM/E Mice-C57BL/6, CD1 i.p. 108 PFU 16

cAdVax DENV1-4 prM/E Rhesus macaques i.m. 109IFU 9

rAdV5 DENV1-4 EDIII Mice-BALB/c i.p. 108 PFU 12

CAdVax WNV C/prM/E/NS1 Mice-C57BL/6, CD1 i.p. 108 PFU 29

Ad5 YFV C/M,E, NS3 Mice-C57BL/6 s.c. 2x107 pfu 33

CAdVax JEV C/PrM/E/NS1 Mice-C57BL/6, CD1 i.p. 108 PFU 34

rAd51 TBEV NS1 Mice-BALB/c i.p. 107 PFU 42,43

rAd5 TBEV NS1 Mice-BALB/c i.p. 107 PFU 41
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manipulated chimeric DENV and DENV-YFV active 
viruses, inactivated whole virus, recombinant E protein sub
unit platforms, DNA-based vaccines, and E or EDIII 
expressing viral vectors, including AdBVB vaccines.1

Dengvaxia R manufactured by Sanofi Pasteur, Lyon, France, 
is a chimeric yellow fever virus-tetravalent dengue vaccine 
(CYD-TDV), which seems to be the only licensed available 
anti-dengue vaccine. However, additional DENV vaccine can
didates, including tetravalent dengue DNA vaccine (TVDV 
manufactured by Naval Medical Research Center; MD, USA), 
DENVax (produced by Takeda; Tokyo, Japan), TV003 (pro
duced by NIH; MD, USA), tetravalent dengue vaccine (TDEN) 
(manufactured by the Walter Reed Army Institute of Research 
(WRAIR; MD, USA), GlaxoSmithKine (produced by GSK; 
MD, USA), and V180 (manufactured by Merck; NJ, USA) are 
still in the process of clinical trials.110,111

It has been suggested that viral vectored vaccines are the 
best approach to induce cellular immunity, and hopefully to 
induce strong humoral responses.44

A novel tetravalent adenovirus platform, (cAdVaxD/1–2, 
cAdVaxD/3–4) capable of expressing multiple antigens have 
been recently developed as a DENV vaccine by Holman 
et al. Aforementioned vectors were able to express high 
levels of prM and E proteins in vitro and also induced 
potent antibodies against all four DENV serotypes in vivo. 
The antibody responses were neutralizing and were against 
all serotypes, as the antigens were naturally expressed and 
associated with the membrane. In addition, the de novo- 
synthesized antigens induced reactive cellular immune 
responses. The data showed an efficient induction of 
immune responses against different serotypes by cAdVax- 
based vaccines. Additionally, the vaccine expressed signifi
cant levels of the DENV antigens in cells to mimic 
a natural infection. This vaccine also induced both humoral 
and cellular immune responses against different serotypes 
of DENV.16

Furthermore, the development of two bivalent DENV 
vaccines, using a complex AdV, by incorporating the 
genes expressing prM and E proteins of DENV1, 2 
(CAdVax-Den12) or types 3 and 4 (CAdVax-Den34) were 
studied on Rhesus macaques. Vaccinated animals produced 
high-titer of antibodies, that could neutralize of all four 
serotypes of DENV in vitro. The possibility of the vaccine 
to induce rapid, sustained, and protective immune 
responses was tested with two separate live-virus challenges 
administered at 4 and 24 weeks after the final vaccination. 
As observed in both challenges, protective responses against 
viremia were demonstrated for all serotypes of DENV.9

Many studies have shown that multivalent vaccines 
using live, replicating viruses may have potential pro
blems, presumably stemming from serotype competition 
and/or dominance.9,112 Interestingly, recent studies have 
shown that the tetravalent vaccines against four serotypes 
of DENV elicit an unbalanced immune response, specific 
to a single serotype. Such a biased immune response seems 
to be linked to viral interference which is observed when 
multivalent vaccines against multiple viral serotypes are 
mixed together and co-injected. Hence, AdV systems 
may have a role for creation of a single tetravalent 

DENV vaccine. Furthermore, AdVs seem to be advanta
geous since such vectors can harbor inserts of up to 35 
kb.10,72

West Nile Virus (WNV)

West Nile Virus (WNV), comprising genetic lineages I and II, 
was first identified in Africa in 1937. Lineage I is associated 
with viral encephalitis which is a severe disease in human.113 

WNV can significantly affect the global society since it infects 
human and animals.113,114 The risk of WNV can be well under
stood from the fact that this virus causes infection in a very 
wide range of hosts, including farm animals and even bird 
species.113 WNV is transmitted mainly by Culex tarsalis, Cx. 
quinquefasciatus, and Cx. Pipiens.115,116 This virus is distribu
ted in Africa, southern Asia, northern Australia, and sporadi
cally in more temperate regions of Europe.117 In spite of 
international efforts to develop WNV vaccines, no approved 
vaccine for human use is available. On the other hand, several 
veterinary vaccines have been licensed, such as WNV- 
INNOVATOR,118 Recombitek Equine WNV,118 and WNV- 
INNOVATORDNA. Also, several clinical trials have been con
ducted including ChimeriVAX-WN02.119 It has been shown 
that AdV vaccines could be promising candidates against 
WNV. Schepp et al. (2007) showed that multiple antigens 
synthesized de novo from a complex AdV vaccine (CAdVax) 
vector were capable of inducing both humoral and cellular 
immune responses against WNV in mice model.29 Such an 
Ad vaccine vector (CAdVax) induced both humoral and cell- 
mediated immune responses.

In WNV cases, undetectable levels of Ad antigens are 
expressed. Hence, AdVs only express the WNV antigens and 
it is the advantage of AdVs versus other viral vectors such as 
alpha viruses or poxviruses when WNV antigens are to be 
expressed.29

Yellow fever virus (YFV)

YFV can infect human via the blood-meal of defined species of 
YFV-positive mosquitoes. This virus spreads among some 
primates and several mosquito species that act as its 
vectors.120 According to the statistics, around 200,000 infection 
cases are recorded annually, which results in around 30,000 
deaths per year, with Africa as the hot point of this infection. 
Considering the risks of this viral infection live attenuated YFV 
vaccine (YF-17D) was introduced in 1937. WHO statistics 
concerning this Flavivirus has shown that about 500 million 
people have been vaccinated since its introduction. The pro
tective efficacy of this vaccine is reported to be around 98% 
which can have its protective effects for at least 10 years.120 

Despite the general safety, there have been recently claims of 
serious adverse reactions, including hypersensitivity and YF 
vaccine-associated neurologic disease (YEL-AND). Hence, 
worldwide movements have recently addressed the develop
ment of new vaccines to control YFV.121

To date, two anti-YFV AdV based vaccines have been 
reported which target the non-structural and structural (Ad- 
YF C, M, E or Ad-YF NS3) proteins of YFV virus. Bassi et al. 
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(2016) have shown that a single administration of an AdV 
based vaccine, developed in their laboratory, which encode 
for the YF-17D non-structural protein 3, can cause 
a detectable CD8+ T-cell response, which finally lead to 
a considerable protective reaction as shown in intracranial 
challenge of vaccinated mice. Bassi et al. have also indicated 
that a complete protective response can only be observed when 
the administered AdV encodes for the YF-17D structural pro
teins. YFV-specific CD8+ T cell-mediated response together 
with a detectable rise of YFV-neutralizing antibodies has been 
reported in such immunizations. Interestingly, cumulative data 
have been in line with the role of both of above-mentioned 
components for a fully protective response in mouse model 
(Table 2).33

Japanese encephalitis virus (JEV)

Japanese encephalitis virus, also known as “Orient’s plague”, is 
an Arbovirus that causes the infectious disease JEV in South 
Asia and the Western Pacific Regions. This Flavivirus, com
prising five genotypes, is an enveloped arbovirus which is 
mainly transmitted by Culex mosquitoes to humans.122 This 
virus was firstly identified in 1924. JEV Infection statistics has 
highlighted that about 3 billion people in above-mentioned 
tropical regions, comprising around 43% of current global 
population, seem to be at risk, which mirrors the high risk of 
this Flavivirus, worldwide. Also, it has been shown that 
approximately 68,000 JEV infection cases lead to around 
20,000 deaths, annually.123

Considering the global risk of JEV, effective vaccines 
have been proposed to be administered for controlling 
JEV. Inactivated whole virus and also live attenuated vac
cines are the platforms developed to harness this disease. 
Some trials have shown that a vaccine with the inactivated 
platform has an efficacy of 81–95%.124 This platform has 
been produced mainly in Japan although was discontinued 
since 2005. The other platform, live-attenuated vaccine, was 
developed and then has been produced in China since 
1988.125 Meanwhile, developing new platforms has been 
the target of many researches.

Appaiahgari et al. (2006) have shown that Ad5 vector based 
JEV vaccine, administered through the IN route, can have 
promising protection in mouse model. Similarly, Vrati (2010) 
revealed the same protection in mouse system, which was 
elicited through the administration of developed recombinant 
adenovirus. This RAdEs AdV encodes for JEV prM and Es that 
elicits a detectable immunogenicity in mouse model as 
reported by Vrati. The later research highlighted that RAdEs 
vector elicits a considerable titer of JEV neutralizing antibodies 
which has a complementing effect in protection of the immu
nized mice against JEV (Table 2).34

Tick-Borne encephalitis virus (TBEV)

Tick-borne encephalitis virus (TBEV), is a human-infecting 
arbovirus that may cause mostly asymptomatic infections in 
humans. However, symptomatic cases seem to be complicated 

and typically have neurological manifestations. The infection 
caused by TBEV is known as Tick-borne encephalitis (TBE), 
which often leads to permanent problems in neural system 
which may end to death. This Flavivirus is endemic to 
Northern Eurasia. Global reports have shown that there are 
around 10,000 clinical cases of TBEV infections, annually. 
Infected ticks of the Ixodidae (hard ticks) Family transmit the 
virus to humans by blood feeding.126

Immunization of the endangered societies against TBEV is 
thought to be the best strategy to control this disease. 
Additionally, the importance of TBEV vaccine design and 
development concomitant with a lack of antiviral treatment 
has shed more light on the importance of vaccination. In 
contrast, vaccination coverage against this Flavivirus is rela
tively insignificant. Furthermore, the used vaccines did not 
have the needed efficacies which led to low immunogenicity. 
All licensed vaccines against this virus are based on inactivated 
whole viruses, containing different strains of the European or 
Far-Eastern TBEV subtypes.127

Designing TBEV vaccines with protective effects against the 
subtypes seems to be pivotal which can affect the successfulness 
of a new TBEV vaccine candidate. Further, such vaccine can
didates are expected to result in protective humoral and cellu
lar immunity. Therefore, vector-based vaccines such as AdVs 
can be considered as effective platforms to induce adequate 
immunity.

Jacobs et al. (1992) have invented a recombinant adenovirus 
RAd51 vector based vaccine, an E1-deleted Ad virus harboring 
the NS1 gene of TBEV. Jacobs et al. studied this adeno virus in 
mouse model. They reported a detectable antibody-mediated 
immune response against TBEV NS1 protein. Furthermore, 
results of the aforementioned research showed a strong immu
nity against TBEV in challenged mice.43 Elicitation of the 
immune response in such immunization practices occurred 
via a replication-defective AdV expressing the TBEV NS1 as 
shown by Jacobs et al.42 Interestingly, Timofeev et al. (1998) 
have indicated that a defective rAd51 AdV harboring the TBEV 
NS1 gene induces a promising immune response which can 
lead to immunity against several arboviral flaviviruses in ani
mal models (Table 2).41

Clinical data analysis of AdV vaccines

An AdV-based vaccine has been recently introduced. This 
vaccine is designed as Convidicea (Ad5-nCoV), which 
seems to be the first Chinese AdV-based vaccine against 
SARS-CoV-2 in a clinical trial.128 Assessment of 
Immunogenicity and safety of above AdV-based vaccine 
has been performed in >18 years-old healthy adults. The 
designed phase II clinical trials comprised 508 eligible 
participants.129 The data obtained from phase III clinical 
trials involving thousands of participants and 101 COVID- 
19 patients indicated that the efficacy of this vaccine was 
between 65.7% (moderate cases) and 90.98% (severe cases). 
The above-mentioned vaccine has been approved for public 
vaccination in China. Similar assessments have been per
formed on Ad26.COV2.S by Johnson & Johnson.130 The 
phase III clinical trials for this vaccine involved 44,000 
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participants. The vaccine provided 85% protection (severe 
cases) and 100% protection (against hospitalization and 
death).130 Parallel to these, Sputnik V (Gam-COVID-Vac) 
vaccine have been developed by Gamaleya research 
Institute Russia. Two phases III clinical trials have been 
carried out (NCT04530396, NCT04564716) to assess the 
efficacy of Sputnik V. Interim reports of the 
NCT04530396 trial, with 21,977 participants, have shown 
an efficacy of 91.6% against SARS-CoV-2 infection.131 The 
aforementioned efficacies reported for Convidicea (Ad5- 
nCoV), Johnson & Johnson Ad26.COV2.S, and Sputnik 
V (Gam-COVID-Vac) tend to be in line with those 
obtained for other AdV-based anti-SARS-CoV-2 vaccines, 
likely Oxford/AstraZeneca (ChAdOX1-nCoV-19) indicated 
safety records comparable to other AdV vaccines.68 Such 
findings regarding the detectable efficacy of AdV-based 
vaccines have been also proved in case of other viral infec
tious diseases. In this line, an efficacy of 91% has been 
revealed for an AdV-based anti-Ebola virus (chAd3- 
EBOZ) in the studied Malian population.132–134 Similar 
studies have been performed on an AdV-based anti- 
malaria vaccine in which Rampling et al. (2016) have devel
oped an AdV-based anti-malaria vaccine (ChAd63 ME- 
TRAP). The efficacy of this vaccine was assessed in 
a clinical trial (Clinical Trials Registration: NCT01883609). 
Rampling et al. showed that no detectable adverse effects 
were observed after vaccination. Additionally, the efficacy 
has been reported as 75–82.4% in separated groups. 
Immunogenicity of both vaccination regimens have been 
confirmed and protective effects of vaccination have been 
observed in 83.3–87.5% of subjects.135

Conclusions

AdVs have been widely investigated in many applications. 
Various vaccine design platforms have shed light on the 
importance of E, prM, and NS1 proteins of flaviviruses to 
elicit detectable titers of protective antibodies in various 
hosts. However, precautions should be taken into account to 
co-select appropriate structural and non-structural proteins 
to prevent antibody dependent enhancement (ADE). 
Interestingly, replication-competent adenoviruses (RCA) in 
vaccine design against flaviviruses should be investigated 
since such phenomena have led to considerable consequences 
in case of adenovirus viral vector vaccine against SARS-CoV 
-2. Recently, it has been shown that Sputnik V COVID-19 
vaccine, which is a heterologous recombinant adenovirus 
approach and uses Ad26 and Ad5 as vectors for the expres
sion of the acute SARS-CoV-2 spike protein is safe and 
effective, suggesting that these vectors are at the forefront of 
production of effective vaccines against different viruses. In 
this review, we provided evidence that AdV vaccines induce 
strong anti-flaviviruses humoral and cellular immune reac
tions which may provide long-lasting protection effects. 
Hence, we conclude that AdVs could be a promising route 
against flaviviruses. However, our knowledge of AdV vaccines 
against flaviviruses is limited. Thus, detailed additional stu
dies are suggested. The present review has some limitations. 
Despite the fact that ADE, a phenomenon in which binding of 

some viruses such as flaviviruses to suboptimal antibodies 
enhances their entry into host cells, is an important issue in 
flaviviruses pathogenicity, our review on the AdV-based vac
cines against flaviviruses could not find information about 
ADE on this issue. Detailed studies are suggested to be per
formed. Finally, our review is limited to reports written in 
English.
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