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ABSTRACT
Background: Malaria, Chikungunya and Dengue are some of the emerging infectious 
diseases whose incidence has increased in the past 20 years and could increase in the 
near future. Although many chemotherapeutic agents are available in clinical use, yet 
there is a need for the development of novel approaches for the treatment of these life-
threatening diseases. Materials and Methods: In this review, we attempt to highlight 
some advancement in novel vaccine development in the last decade for the cure of 
Malaria, Chikungunya and Dengue. The relevant studies published in various reputed 
journals dealing with different aspects of vaccine development for these diseases are 
considered only.  Results and Conclusion: Many attempts have been made to overcome 
these infections, but vaccine development for the prophylactic treatment of these 
infections is still being explored. The present review mainly focused on the vaccines that 
are under preclinical and clinical stage development and could be an effective weapon in 
future in the war against these infections.
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INTRODUCTION
Malaria is the most fatal human para-
sitic infection. Malaria is a disease caused 
by vermin of  the genus Plasmodium and 
it is transmitted via the bites of  infected 
female Anopheles mosquitoes. Four spe-
cies of  Plasmodium, such as Plasmodium fal-
ciparum, Plasmodium malariae, Plasmodium 
ovale and Plasmodium vivax are responsible 
for causing malaria. The disease is most 
commonly transmitted by an infected 
female  Anopheles  mosquito. The mosquito 
bite introduces the parasites from the mos-
quito’s  saliva  into a person’s  blood.1  The 
parasites travel to the liver where they 
mature and reproduce. More than 500 mil-
lion are of  malaria yearly if  treated in the 
early stages, malaria can be cured. Five 
species of   Plasmodium  can infect and be 
spread by humans. Most deaths are caused 
by  P. falciparum because  P.  vivax,  P.  ovale 
and P. malariae generally cause a milder form 

of  malaria.  The species  P.  knowlesi rarely 
causes disease in humans. For the treatment 
of  malaria, a combination of  antimalarial 
drugs that includes an artemisinin is sug-
gested and the second medication may be 
either mefloquine, lumefantrine, or sulfadox-
ine/pyrimethamine. Malaria is a major public 
health problem and recent control strategies 
may not be sustainable if  drug and insecti-
cide resistance further spread. The burden of  
disease is mainly concentrated on young chil-
dren and pregnant women in high endemic-
ity countries in Africa. The first generation 
malaria vaccine candidate providing partial 
protection in young children has entered the 
regulatory pathway for eventual licensure, 
ambitious goals have been set by the global 
health community toward the development 
of  second generation high effective vaccines, 
outlining the need to decrease malaria trans-
mission and protect from Plasmodium vivax 
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in addition to Plasmodium falciparum. Vaccines providing 
high short-term protection are within sight.2

Chikungunya virus is a growing pathogen initially found 
in East Africa and presently spread into the Indian 
Ocean Islands, many regions of  South East Asia and in 
the Americas. No licensed vaccines are available against 
this eminent pathogen and thus intensive research in 
this field is a priority. This review presents the recent 
scenario on the developments of  Chikungunya virus 
vaccines and identifies the use of  genetically engi-
neered plants to develop vaccines.3 Chikungunya virus 
(CHIKV) is an arthritogenicalpha virus that during the 
previous decade has significantly expanded its geograph-
ical range and caused large outbreaks of  human disease 
around the world. Although mortality rates related to 
Chikungunya virus outbreaks are low, acute and chronic 
illnesses caused by Chikungunya virus (CHIKV) repre-
sent a significant load of  disease largely affecting low 
and middle-income countries. This report summarizes 
the recent status of  vaccine development for Chikun-
gunya virus.4 Chikungunya virus re-emerged from East 
Africa to cause devastating epidemics of  debilitating 
and often chronic arthralgia that have affected millions 
of  people in the Indian Ocean Basin and Asia in 2004. 
More limited epidemics initiated by travelers conse-
quently occurred in Italy and France, as well as human 
cases exported to most regions of  the world, as well as 
the Americas where Chikungunya virus (CHIKV) could 
become endemic. Because Chikungunya virus (CHIKV) 
circulates during epidemics in an urban mosquito–
human cycle, control of  transmission relies on mos-
quito abatement, which is rarely effective. Furthermore, 
there is no antiviral treatment available for Chikungunya 
virus infection and no licensed vaccine is available to 
prevent the disease. Here, we discuss the challenges to 
the progress of  a safe, effective and affordable Chikun-
gunya vaccine and current progress toward this goal.5 

Chikungunya virus has become a global health prob-
lem, spreading to the industrial world of  Europe and 
the Americas; no treatment or prophylactic vaccine is 
available. Only two candidates have currently qualified 
to enter clinical phase II trials, a Chikungunya virus-like 
particle-based vaccine and a recombinant live attenu-
ated measles virus-vectored vaccine.6 Chikungunya is 
an  infection caused by the Chikungunya virus.7 Symp-
toms include the  fever  and  joint pain.8 These typically 
occur two to twelve days after exposure.7 Other symp-
toms may include a headache, muscle pain, joint swell-
ing and a rash. The virus is spread between people by 
two types of   mosquitoes:  Aedesalbopictus  and  Aede-
saegypti.7 They mainly bite during the day. The virus may 
circulate within a number of  animals,  including birds 

and rodents. Diagnosis is by either testing the blood for 
the virus’s RNA or antibodies to the virus. The symp-
toms can be mistaken for those of  Dengue fever and 
Zika fever. 
Dengue fever is a major cause of  sickness and death 
worldwide. The disease is caused by Dengue virus which 
gets transmitted to humans by the bites of  infected 
mosquitoes, Aedes (Ae.) aegypti and Aedes albopictus.9 The 
disease represents a global health issue as it is endemic 
in around 100 countries, most of  which are in tropical 
and sub-tropical areas. Over the last decades, the inci-
dence rate and the geographic distribution of  Dengue 
have rapidly increased (Almost 30-fold). Data from the 
World Health Organization (WHO) estimates up to 390 
million cases of  Dengue fever each year.10 Dengue is a 
fast growing global health problem. Although various 
vaccine development challenges exist, numerous candi-
dates are in clinical progress and one has been tested in 
three clinical endpoint study. The results of  the studies 
have raised numerous questions about how we deter-
mine vaccine immunogenicity and how these readouts 
are related to clinical outcomes in vaccine recipients 
who experience normal infection.11 The present-day 
candidate vaccines include a liver attenuated tetravalent 
vaccine, intertype chimeric vaccines based on live atten-
uated Dengue virus vectors and the chimeric vaccines 
based on the live attenuated Yellow Fever 17D vec-
tor and recombinant vaccines which contain vaccines 
depend on flavivirus and non-flavivirus vectors. Current 
studies have shown that the tetravalent formulations 
may elicit an unbalanced immune response. Research is 
being carried to the find out means of  obtaining a bal-
anced response to all antigens in the tetravalent formu-
lations.12 In the present review, we discuss the Dengue 
vaccine pipeline, growth challenges, the Dengue vac-
cine-immunologic profiling intersection and research 
gaps.

Advances in vaccine development for malaria

Development of Malaria Vaccine RTS, S
Malaria is spread by Plasmodium falciparum. It is a major 
public health threat, mainly among children and preg-
nant women in Africa. Current malaria vaccine candi-
dates are directed against human and mosquito stages 
of  the parasite life cycle, but thus far, for the potential 
vaccine development, few proteins have been studied. 
The highly developed vaccine is, RTS, S, conferred par-
tial protection against malaria, in phase II clinical trials 
and is presently being evaluated in Africa in phase III 
trial. New vaccine targets need to improve the chances 
of  developing a highly effective malaria vaccine.13
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Vaccines based on the Transmission-Blocking 
Malaria Vaccine
Major stumbling blocks include (i) The expression of  
properly folded target proteins and their downstream 
purification, (ii) Insufficient induction of  sustained func-
tional blocking antibody titers by candidate vaccines in 
humans and (iii) Validation of  a number of  (Bio)-assays 
as compared for blocking activity in the field. Recently, 
SSM-VIMT candidates, clinical manufacturing and the 
latest bio-assay development for clinical evaluation has 
been explored.14

Vaccines based on Recombinant Protein
An advancement in protein vaccine design, develop-
ment and clinical testing for a number of  important 
malaria antigens from the sporozoite, merozoiteand 
sexual stages of  the parasite’s lifecycle–including PfCel-
TOS, PfMSP1, PfAMA1, PfRH5, Pfs48/45,PfSERA5, 
PfGLURP,PfMSP3 and Pfs25 has been made. Future 
prospects and challenges for the development, human 
delivery, production and assessment of  protein-based 
malaria vaccines are discussed.15

Development of Malaria Vaccine RTS, S/AS01
Despite current progress in reducing deaths attributable 
to malaria, it continues to claim approximately 500,000 
lives for every year and is associated with approximately 
200 million infections. In 2015, the European Medicines 
Agency announced the adoption of  a positive view for 
the malaria vaccine candidate most advanced in devel-
opment, RTS, S/AS01, which provides modest safety 
against clinical malaria; in early 2016, WHO recom-
mended large-scale pilot implementations of  RTS, S in 
settings of  moderate-to-high malaria transmission.16

Vaccines based on Whole Organism Blood Stage
Despite decades of  research, an effective malaria vac-
cine remains elusive. This is due to a number of  fac-
tors, including: the complex nature and life-cycle of  the 
malaria parasite; its ability to rapidly evolve and evade 
the host immune system; and the lack of  understanding 
of  what precisely mediates immunity. Numerous sub-
unit and whole parasite vaccine approaches targeting 
different parasite life-cycle stages are being examined 
in the pursuit of  an effective vaccine. Disappointing 
results following the efficacy testing of  sub-unit vac-
cines in clinical trials, including the most advanced vac-
cine candidate, RTS, S have highlighted some of  the 
intrinsic limitations of  sub-unit vaccines that need to 
be addressed. Conversely, recent promising results from 
the clinical testing of  radiation attenuated sporozoites 
have re-ignited interest in the whole parasite approach. 

A radiation attenuated sporozoite vaccine must be 
100% effective as even one mosquito-injected sporozo-
ite developing through to blood stage could result in a 
fulminant blood stage infection. For a whole parasite 
blood stage vaccine, even a partially effective vaccine 
could result in lower parasitemias and absence of  symp-
tomatic disease in recipients. This review will focus on 
recent advances in strategies to develop a whole para-
site blood stage vaccine. It will also discuss some of  the 
major challenges.17

Vaccine based on Development of Sporozoite for 
Malaria
Many candidate sporozoite vaccines have been devel-
oped and tested by genetic engineering techniques and 
by polypeptide synthesis. The immunity produced by 
these synthetic vaccines is mediated by antibody. The 
human volunteer achieved antibody levels and tests 
were similar to those resulting from natural infection. 
Immunity resulting from immunization with irradiated 
sporozoites is multifactorial. It has cell-mediated com-
ponents and includes reaction to malaria antigens on 
infected hepatocytes and such reactions are not induced 
by synthetic vaccines. Genetic restriction of  cell-medi-
ated immune responses may also limit the utility of  syn-
thetic vaccines.18

Vaccine based on Protein Particle against Malaria
A recombinant Hepatitis B virus surface antigen 
(HBsAg) particle vaccine has been developed and 
showed highly immunogenicity in animal studies and 
also in human phase I trials and six out of  seven human 
volunteers were protected against sporozoite, the most 
cheering result of  any pre-erythrocytic malaria vaccine.19

Cost-Effectiveness of Malaria Vaccine RTS, S/
AS01 in ENDEMIC AFRICA
RTS, S/AS01 is a safe and more efficacious vaccine con-
sidered for implementation in endemic Africa. Model 
predictions of  impact and cost-effectiveness of  this new 
intervention could help in country adoption decisions. 
The impact of  RTS, S was assessed in 43 countries using 
an assembly of  models of  P. falciparum epidemiology. 
Informed by the 32 months follow-up records from 
the phase 3 trial, vaccine effectiveness was evaluated 
at country levels of  malaria parasite prevalence, cover-
age of  control interventions and immunization. Ben-
efits and costs of  the program incremental to regular 
malaria control were evaluated for a four dose sched-
ule: first dose administered at six months, second and 
third - before 9 months and fourth dose at 27 months 
of  age. When implemented in all 43 countries the vac-
cine has the possible to prevent 123 (117;129) million 
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malaria episodes over the first 10 years. Weight averted 
averages 18,413 DALYs per 100,000 fully vaccinated 
children with much variation across settings primarily 
determined by differences in transmission intensity.20

RTS, S/AS02D Malaria Vaccine in Infants
The RTS, S/AS02D malaria vaccine is developed for 
relief  throughout the World Health Organization’s 
Expanded Program on Immunization (EPI). They 
assessed the feasibility of  integrating RTS, S/AS02D 
into a standard EPI agenda for infants. The controlled 
trial connecting 340 infants in Bagamoyo, Tanzania, at 
randomly assigned 340 infants to receive three doses 
of  both the RTS, S/AS02D vaccine or the Hepatitis B 
vaccine at 8, 12 and 16 weeks of  age. The main objec-
tives were the incidence of  serious adverse events dur-
ing a 9-month surveillance period and a demonstration 
of  non-inferiority of  the responses to the EPI vaccines 
with co-administration of  the RTS, S/AS02D vaccine, 
as compared with the Hepatitis B vaccine. The results 
showed the non-inferiority of  the RTS, S/AS02D vac-
cine in conditions of  antibody responses to EPI anti-
gens. The RTS, S/AS02D vaccine receiving 988.6% of  
infants after one-month vaccination. The third dose of  
vaccine. In the 6-month period, the effectiveness of  the 
RTS, S/AS02D vaccine against the first infection with P. 
falciparum malaria was 65.2%.21

The Recent Development of a Blood-Stage Malaria 
Vaccine
Malaria is the most significant global health problem, 
responsible for up to 1 million deaths each year. Main 
efforts have been made to develop an effective vaccine 
against this disease, to decrease the associated morbidity 
and mortality. There has already been substantial prog-
ress, with the first vaccine against the pre-erythrocytic 
stages of  P. falciparum now a way to licensure. Here, 
recent progress in the clinical development of  blood-
stage vaccines is reviewed, as well as methods of  antigen 
selection, the limitations of  in vitro assays for selecting 
vaccines for clinical development and the results of  cur-
rently published clinical trials.22

RTS, S/AS01 Malaria Vaccine in Phase 3 Trial
In phase 3 trial RTS, S/AS01 malaria vaccine shows 
50% progress both clinical and severe malaria in chil-
dren 5 to 17 months of  age. They studied infants 6 to 12 
weeks of  age recruited for the same trial. RTS, S/AS01 
vaccine is administered in infants with the first vacci-
nation in combination with the Expanded Program on 
Immunization (EPI) vaccines in a three-dose monthly 
timetable. Vaccine efficacy against the first or only event 
of  clinical malaria during the 12 months after vaccina-

tion, a co-prime endpoint, was analyzed with the use 
of  Cox regression. Vaccine effect against severe malaria 
was 26.0% (95% CI, −7.4 to 48.6) in the intention to 
take care of  the population and 36.6% (95% CI, 4.6 to 
57.7) in the per-protocol population. Serious adverse 
actions occurred with a similar amount in the two study 
groups. After administration of  the third dose of  RTS, 
S/AS01, 99.7% of  children were positive for anti-cir-
cumsporozoite.23

Development of Malaria Vaccines
The depression and suffering caused worldwide by 
infection with the malaria parasite, particularly P. falci-
parum, has been well documented. Although no licensed 
vaccine against malaria recently exists, progress has 
accelerated in current years towards the goal of  devel-
oping one. Although the complexity of  the malaria par-
asite has made the malaria vaccine development process 
tenuous, advances in science and in the vaccine growth 
process, as well as increases in funding, are cheering. 
These advances, coupled with the results of  the current 
clinical trial of  the vaccine candidate RTS, S, have added 
new vigor to the thought that a malaria vaccine is not 
only possible but credible.24

Major Challenges to Malaria Vaccine Development
A safe and effective malaria vaccine would contribute 
significantly to the control and prevention of  the dis-
ease. Although a review of  global activity in malaria 
vaccine development does reflect significant activity, 
progress has remained slow. This article discusses the 
recent vaccine candidates, with emphasis on those in 
the clinic and explains the frequent challenges to mak-
ing and evaluating malaria vaccines, which have resulted 
in only a few approaches people adopted and repeatedly 
evaluated. Against a parasite with more than 5200 genes, 
the lack of  perfect information regarding the nature of  
protective immunity and absence of  reliable surrogates 
of  protection is among the key challenges to a rational 
evaluation and prioritization of  candidate vaccines. Pur-
suing the recent R and D strategies may not result in 
the availability of  a vaccine with characteristics suitable 
to impact appreciably on disease morbidity in devel-
oping countries. Therefore, it is critical that the major 
challenges to malaria vaccine development be definitely 
identified and collectively addressed.25

Development whole Blood-Stage Malaria Vaccines
There is an increasing realization of  the limitations 
of  recombinant protein-based malaria vaccines. This, 
attached with a better understanding of  the protec-
tive immunity to malaria, both in animal models and in 
naturally expose human populations and experimentally 
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infected volunteers, as well as the increased capacity to 
influence parasites provides new impulsion to check 
whole blood stage parasite approaches to malaria vaccine 
development. In this review, previous studies in rodents 
and primates of  entire killed and attenuated blood-stage 
vaccines and current work on the effect of  genetically 
attenuated parasites on immunity in rodent models of  
blood stage immunity are discussed. The connection 
between these findings and what is now known about 
protective immunity in human populations, especially 
against the blood stages of  the parasite lifecycle is dis-
cussed and current findings from human experimental 
infection are being reviewed. At last, the prospect for 
and impediments to the development whole blood stage 
parasites are reviewed.26 The various advancement in the 
development of  vaccines for the treatment of  malaria is 
shown in (Figure 1).
Some vaccines developed for the treatment of  malaria 
acting at different stages of  parasitic infection which are 
in different clinical trial phases are shown in (Table 1).27

Advances in Vaccine Development for Dengue

Chimeric Tetravalent Dengue Vaccine Candidate

Dengue is a major problem all over the world and there 
are no licensed vaccines available for Dengue. Takeda 
Vaccines Inc. is developing a live, attenuated Tetravalent 
Dengue vaccine candidate (TDV) that consists of  an 
attenuated Dengue virus-2 (DENV-2) strain Tetravalent 
Dengue vaccine candidate (TDV-2) and three chime-
ric viruses containing the prM and E protein genes of  
Dengue viruses-1 (DENV-1), -3 and -4 expressed in the 
context of  the attenuated tetravalent Dengue vaccine 
candidate-2, genome backbone (TDV-1, TDV-3 and 
TDV-4, respectively). In addition, Tetravalent Dengue 
vaccine candidate induced CD8(+) T cell responses to 
the non-structural NS1, NS3 and NS5 proteins of  Den-
gue viruses. The tetravalent Dengue vaccine candidate 
has been also shown well tolerated and immunogenic 
in Phase 2 clinical trial in Dengue endemic countries in 
adults and children as young as 18 months. In addition, 
clinical studies are in progress in training for a Phase 3 
safety and efficacy study.28

Sanofi-Pasteur Dengue Vaccine
The first approved  Dengue  vaccine  has now licensed 
in six countries. This live attenuated  vaccine  shows 
a silent natural infection in boosting host immunity. 
A transmission dynamic model incorporating this 
hypothesis fits  current clinical trial data well and pre-
dicts that vaccine efficacy depends strongly on the age 
group vaccinated and local transmission intensity. In 
moderate transmission settings, positive impacts have 
been observed, but increased risk of  hospitalization 

with  Dengue  disease for individuals who are vacci-
nated when seronegative, yet in high-transmission set-
tings, vaccination benefit both the total population and 
seronegative    recipients. This study can help inform 
policy-makers evaluating this and other applicant Den-
gue vaccines.29

Tetravalent Dengue Vaccine
The efforts for the development of  the Dengue vac-
cine focused on the development of  tetravalent vac-
cines. However, a current tetravalent vaccine of  Phase 

Figure 1: Advances in Vaccine Development for the Treatment 
of Malaria.

Table 1: Vaccines for Malaria in Clinical Trial Phase.
Product name Clinical trial 

phase
Target stage/site

Malaria vaccine 
257049

Phase III Pre-erythrocytic 
stages

FMP011/AS01B Phase I/II trial Pre-erythrocytic 
stages, Erythrocytic 

stages

FMP2.1/AS02A Phase II Pre-erythrocytic 
stages, Erythrocytic 

stages

FMP1/AS02A Phase II 
completed

Pre-erythrocytic 
stages, Erythrocytic 

stages

RTS, S/AS02D Phase II 
completed

Pre-erythrocytic 
stages, Erythrocytic 

stages

Malaria vaccine 
candidates (VAC045)
1) ChAd63-MVA CS
2) ChAd63-MVA ME-

TRAP

Phase I Pre-erythrocytic stage
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IIb trials shows a protective effect against only 3 of  the 
4 serotypes. Although vaccines effective against a sub-
set of  serotypes may decrease morbidity and mortality, 
particular profiles could result in an increased number 
of  cases due to immune improvement and other pecu-
liarities of  Dengue epidemiology. The results show that 
a partially effective vaccine can have major impacts on 
serotype distribution and mean age of  cases.30

Vaccines based on the Chimeric Yellow Fever-Dengue 
virus (CYD-TDV)
A live-attenuated tetravalent vaccine based on the Chi-
meric yellow fever- Dengue virus (CYD-TDV) has been 
developed to phase III efficacy studies. These Dengue 
vaccine candidates aim to protect against the 4 Dengue 
serotypes, but the current discovery of  a fifth serotype 
makes difficult vaccine development.31

Recombinant Protein Subunit Dengue Vaccines
Recombinant protein subunit  vaccines  present a  safer 
alternative to other vaccine approaches. Based on differ-
ent structural and non-structural proteins of  the virus. 
Several subunit vaccine candidates are presently under 
development.32

Future Trends in the Development 
of Dengue Vaccines
Dengue immunity can be elicited via either humoral or 
cell-mediated routes. Directing the immune response to 
serotype-specific epitopes from the domain (D)III of  
the Dengue virus envelope protein (Env) gets effective 
levels of  neutralizing antibodies. Removing serotype-
cross-reactive epitopes from Domain (D)III, as well 
as DII, may reduce the potential for the  vaccine to 
induce non-neutralizing antibodies related to Antibody-
dependent enhancement (ADE) of  infection. The use 
of  consensus Envelope DIII sequences for every sero-
type and maybe even a single consensus Dengue virus 
sequence for all four serotypes, may direct the immune 
response to invariant neutralizing sequences, which may 
improve  vaccine  safety and long-term efficacy.  Vac-
cines incorporating capsid or Non-structural (NS) pro-
teins may be able to induce tetravalent cell-mediated 
immunity without antibody-dependent enhancement. 
However, the potential of  cell-mediated immunity to 
contribute to pathology is not well understood and 
modifications of  non-structural proteins, such as trun-
cated Non-structural (NS1), may be required for opti-
mal vaccine safety.33

Development of Next-Generation Dengue Vaccines
Dengue represents a significant and growing public 
health problem across the world, just about half  of  the 
world’s population at risk. The increasing and growing 

burden of  Dengue has highlighted the need for new 
equipment to prevent Dengue, including the develop-
ment of  Dengue vaccines. Currently, the first Dengue 
vaccine candidate was evaluated in Phase 3 clinical tri-
als and other vaccine candidates are under clinical trial. 
There are also a number of  candidates in preclinical 
progress, based on various technologies, with promising 
results in animal models and probable to move into clin-
ical trials and could finally be next-generation Dengue 
vaccines. This review discusses the various technologi-
cal approaches to Dengue vaccine development with 
specific focus on candidates in preclinical development 
and with evaluation in non-human primates.34

Development of the Sanofi Pasteur Tetravalent 
Dengue Vaccine
Sanofi Pasteur has developed a recombinant, live-atten-
uated, Tetravalent Dengue vaccine (CYD-TDV) specifi-
cally in late-stage development. This review summarizes 
the different steps in the development of  Dengue vac-
cine, with a specific focus on the clinical data from 
three efficacy trials, which contain some proof-of-con-
cept phase IIb and two pivotal phase III efficacy trials 
(NCT01373281and NCT01374516). Previous studies 
showed that the CYD-TDV candidate had a satisfac-
tory safety profile and was immunogenic across the four 
vaccine serotypes in both in vitro and in vivo preclinical 
trials, as well as in initial phase I to phase II clinical tri-
als in both flavivirus-naïve and seropositive individu-
als. Data from the 25 months (After the first injection) 
active phase of  the two essential phase III efficacy stud-
ies shows that CYD-TDV (Administered at 0, 6 and 12 
months) is effective against virologically-confirmed dis-
ease (Primary endpoint) and has a good safety profile. 
Secondary analysis also showed efficacy against all four 
Dengue serotypes and protection against severe disease 
and hospitalization. Because of  the complexities of  
Dengue disease, both short-term and long-term safety 
and efficacy need to be addressed by in progress long-
term action and future post-licensure studies.35

Recent Status in Dengue Vaccine
An ideal Dengue vaccine must provide long-lasting 
immunity against all four serotypes of  the virus. The 
envelope protein of  the virus plays an important role 
in vaccine development. The present-day candidate vac-
cine contains a live attenuated tetravalent vaccine, inter 
typicchimaeric vaccines based on live attenuated Den-
gue virus vectors, chimeric vaccines based on the live 
attenuated Yellow Fever 17D vector and recombinant 
vaccines which contain vaccines based on flavivirus and 
non-flavivirus vectors. Tetravalent live attenuated vac-
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cines, intertypic chimeric vaccines and chimeric vaccines 
are individuals tested in human trials. Recombinant 
DNA vaccines based on flavivirus and non-flavivirus 
vectors are individually tested in animal trials. Current 
studies have shown that the tetravalent formulations 
may elicit an unstable immune response. Research is 
continuing to find out means of  obtaining a balanced 
response to all antigens in the tetravalent formulations.12

Development of a Live Attenuated Tetravalent 
Dengue Vaccine
The development of  a live attenuated tetravalent Den-
gue vaccine is presently the best policy to obtain a vac-
cine against Dengue viruses. Dengue serotype 1, 2 and 
4 viruses were developed in main dog kidney cells, while 
Dengue serotype 3 was in sequential passages in main 
African green monkey kidney cells. Tissue culture pas-
saged strain viruses were subjected to biological symbol 
studies. Candidate vaccines have been tested as Mon-
ovalent (Single virus), Bivalent (Two viruses), Triva-
lent (Three viruses) and Tetravalent (All four serotype 
viruses) vaccines in Thai volunteers. They were found 
to be secure and immunogenic in both adults and chil-
dren. The Mahidol lives attenuated Dengue 2 virus was 
also tested in American volunteers and resulted in good 
immune response identical from those induced in Thai 
volunteers. The master seeds from the four live attenu-
ated virus strains developed were provided to Pasteur 
Merieux Connaught of  France for manufacture on an 
industrial scale follow good manufacturing practice 
guidelines (GMP).36

Sanofi Pasteur Tetravalent Dengue Vaccine
Sanofi Pasteur tetravalent Dengue vaccine is composed 
of  four recombinant live attenuated vaccines based on 
a yellow fever vaccine 17D (YFV 17D) backbone, all 
expressing the prM and envelope genes of  one of  the 
four Dengue virus serotypes. Pre-clinical studies have 
confirmed that the TV Dengue vaccine is genetically 
and phenotypically stable, non-hepatotropic, a smaller 
amount neurovirulent than YFV 17D and does not con-
taminate mosquitoes by the oral route. In vitro and in 
vivo preclinical studies also showed that the TV Dengue 
vaccine-induced controlled stimulation in human den-
dritic cells and major immune responses in monkeys. 
TV Dengue vaccine reactogenicity, viraemia induction 
and antibody responses were investigated in three Phase 
I trials in the USA, the Philippines and Mexico, in a 
two or three-dose treatment over a 12 month period. 
Results showed that the majority of  undesirable events 
were mild to moderate and transient in nature. Viremia 

was transient and small and was not increased after first 
Dengue TV administration, even in the case of  incom-
plete responses.37

Development on Sanofi Pasteur Dengue Vaccine
The Sanofi Pasteur tetravalent Dengue vaccine is a 
recombinant live attenuated vaccine. It is based on a 
backbone of  yellow fever vaccine (YFV 17D) replica-
tion genes and integrates the envelope genes of  the 
four Dengue virus serotypes. Pre-clinical studies have 
confirmed that Dengue TV is genetically stable, non-
hepatotropic, a smaller amount of  neurovirulent than 
YF 17D and does not contaminate mosquitoes by the 
oral route. Dengue TV reactogenicity, viraemia induc-
tion and antibody responses were investigated in three 
Phase II trials in the USA, the Philippines and Mexico. 
Participants were randomized to be given a three-dose 
regimen of  Dengue TV over 12 months (given at base-
line, 3–4 and 12 months) or a control vaccine at base-
line followed by two injections of  Dengue TV. Results 
showed that the majority of  undesirable events were 
mild to moderate and transient in nature, whereas no 
evidence of  induction of  viraemia was reported after 
first Dengue TV administration. Seroconversion was 
100% for all four serotypes in flavivirus-naive adults in 
the USA injected with Dengue TV. In the same way, 
seroconversion was 88–100% following three admin-
istrations in flavivirus-naive Mexican children age 2-5 
years.38 The various advancement in the development 
of  vaccines for the treatment of  Dengue is shown in 
(Figure 2).
Some vaccines developed for the treatment of  Dengue 
acting at different stages of  parasitic infection which are 
in different clinical trial phases are shown in (Table 2).12

Advances in Vaccine Development for Chikungunya

A Live Recombinant Measles-Virus-based 
Chikungunya Vaccine
The measles-virus-based Chikungunya applicant vac-
cine is a live attenuated recombinant viral vectored vac-
cine based on the Schwarz strain of  measles vaccine, 
which was initially introduced by the Pasteur Institute 
in Paris. Recombinant measles-virus vectors give strong 
and protecting immunity against many arbo viruses and 
immunogenic. The immunogenicity and protecting the 
efficacy of  the measles-virus-based Chikungunya vac-
cine was shown ina measles virus-susceptible mouse 
model, showing that neutralizing antibodies induced by 
the vaccine give complete protection against a danger-
ous challenge with Chikungunya virus.39



Kumar, et al.: Vaccine Development for Infectious Diseases

350� Indian Journal of Pharmaceutical Education and Research | Vol 53 | Issue 3 | Jul-Sep, 2019

Recombinant Chikungunya Virus Vaccine 
Comprising a Non-Replicating Complex 
Adenovirus
A recombinant Chikungunya virus vaccine comprising 
a non-replicating complex adenovirus vector encoding 
the structural polyprotein cassette of  Chikungunya virus 
(CHIKV) has been developed. A single immunization 
through this vaccine consistently induced high titres of  
anti-Chikungunya virus antibodies that neutralized both 
an old Asian isolate and a Réunion Island isolate from 
the current epidemic. The vaccine also protected mice 
against viraemia and arthritic disease caused by both 
virus isolates.40

Novel Consensus-based DNA Vaccine against 
Chikungunya Virus (CHIKV)
Novel consensus-based vaccine design for CHIKV, 
employing a DNA vaccine strategy. The vaccine cas-
sette was designed based on CHIKV capsid and enve-
lope-specific consensus sequences with a number of  
modifications, including codon optimization, RNA 
optimization, the addition of  a Kozak sequence and 
a substituted immunoglobulin E leader sequence. The 
expression of  capsid, envelope E1 and E1 was evaluated 
using T7-coupled transcription and immunoblot analy-
sis. A newly developed, adaptive constant-current elec-
troporation technique was used to immunize C57BL/6 
mice with an intramuscular injection of  plasmid coding 
for the CHIK-Capsid, E1 and E2. Analysis of  cellular 
immune responses, including epitope mapping, demon-
strate that electroporation of  these constructs induces 
both potent and broad cellular immunity. In addition, 
antibody ELISAs demonstrates that these synthetic 
immunogens are able of  inducing high titer antibod-

ies capable of  recognizing the native antigen. Taken 
together, these data support further study of  the use of  
consensus CHIK antigens in a probable vaccine cock-
tail.41

Sequencing of DNA for Chikungunya Vaccine
A novel vaccination strategy based on iDNAs infectious 
clone designed to launch a live- attenuated Chikungu-
nya virus vaccine from plasmid DNA in vitro or in vivo. 
As a evidence of  concept, iDNA plasmid pCHIKV-7 
encoding the full-length cDNA of  the 181/25 vaccine 
has been developed. The DNA-launched Chikungu-
nya virus-7 was prepared and compared to the 181/25 
virus. In the Chikungunya virus (CHIKV-7), frequen-
cies of  reversions at E2-12 and E2-82 were 0.064% and 
0.086%, while in the 181/25, frequencies were 0.179% 
and 0.133% respectively. The DNA-launched virus has 
a reduced probability of  reversion mutations, thereby 
enhancing vaccine protection.42

Future Trends in Chikungunya Vaccine 
Development
Chikungunya virus is an expanding global public health 
problem. That needs a global strategy besides vec-
tor control which has achieved only limited success in 
reducing the transmission of  Chikungunya virus. Cur-
rently, there are no licensed antivirals to treat Chikungu-
nya virus disease (CHIKVD). Even Chikungunya virus 
is not a life-threatening disease, it has a high morbidity 
impact in patients in an acute and long-term setting. In 
the future, the most effective way to control CHIKVD 
will include the use of  a safe and effective vaccine. Three 
decades ago began significant progress in the develop-
ment of  a CHIKV vaccine with many promising efforts. 

Table 2: Current Status of Dengue Vaccine Develop-
ment.

Vaccine Type Developed 
By Country Clinical 

Trials
Live attenuated 

tetravalent vaccine 
Mahidol 

University Thailand In Phase III

Live attenuated 
tetravalent vaccine WRAIR United States In Phase II 

Intertypicchimaeric 
vaccine NIAID, NIH United States  In Phase II

Chimaeric vaccine Acambis United States  In Phase II

Chimaeric vaccine CDC United States In Phase I

Flavivirus-based 
recombinant DNA 

vaccine

Navy 
Medical United States In Phase I

Non-flavivirus 
based recombinant 

DNA vaccine 

Hawaii 
Biotech United States Preclinical Figure 2: Advances in Vaccine Development for the Treatment 

of Dengue.
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Recently major vaccine approaches have been applied to 
CHIKV, but we need to find the most suitable vaccines. 
Current actions have been focused to develop a safe and 
effective vaccine. New modifications for the inactivated 
virus approach that look promising, to different scopes 
such as the novel strategies of  recombinant vaccines 
seem to be highly effective in generating an effective 
immune response against the virus.43

Recent status of Vaccine Progress against 
Chikungunya Virus
Significant progress was achieved in the research and 
development of  vaccinations against CHIK within 
past years. Additional vaccination strategies have been 
investigated with promising preclinical results including 
a chimeric alpha virusa DNA replicon vaccine encod-
ing the CHIKV envelope, p62-E1 protein vaccines, 
GP E2 protein subunits, adenovirus-based vaccine and 
the recombinant modified vaccinia virus Ankara vac-
cine expressing CHIKV antigens (MVACHIKV). Only 
two candidates have currently qualified to enter phase 
II clinical trials, a Chikungunya virus-like particle-based 
vaccine and a recombinant live attenuated measles virus-
vectored vaccine. This review focuses on the recent 
status of  vaccine progress against Chikungunya virus 
in humans and discusses the variety of  immunization 
strategies, results of  current human trials and promis-
ing vaccine candidates.6 The various advancement in the 
development of  vaccines for the treatment of  Chikun-
gunyais shown in Figure 3.
Some vaccines developed for the treatment of  Chikun-
gunya acting at different stages of  parasitic infection 
which are in different clinical trial phases are shown in 
Table 3.43

Table 3: Current Status of Chikungunya vaccine 
Development.

Current Prophylactic Chikungunya virus Vaccines

Biological Components Year Phase Ref.

Live Attenuated CHIKV181/25 
clone

2000 Phase II 44

Live Attenuated CHIKV/IRES 
(version 1 and version 2) Pre-

clinical (Macaques)

2014 Pre-clinical
(Macaques)

45

Live attenuated CHIV encoding 
nsP3/6K

2014 Pre-clinical
(Mice)

46

Virus like particles 2010 Pre-clinical
(Macaques)

47

Virus like particles 2014 Pre-clinical
(Macaques)

48

Adenovirus vector expressing: 
envelope glycoproteins E1, E2 

and capsid (Cap) protein.

2011 Pre-clinical
(Mice)

40

Recombinant measles virus 
expressing:

CHIKV-like particles

2013 Pre-clinical
(Mice)

49

Chimeric vesicular stomatitis 
virus expressing: 

entire CHIKV envelope 
polyprotein (E3-E2-6K-E1)

2013 Pre-clinical
(Mice)

50

Recombinant modified vaccinia 
virus Ankara expressing: 
glycoprotein E2 of CHIKV

2013 Pre-clinical
(Mice)

50

Recombinant modified vaccinia 
virus Ankara expressing C, E3, 

E2, 6K and E1 genes 

2014 Pre-clinical
(Mice)

51

DNA vaccine: cassette based 
on E1, E2 and Cap 

2008 Pre-clinical
(Mice)

52

CONCLUSION
The emergence of  drug resistance in malaria has led to 
the development of  alternative approaches for the treat-
ment of  malaria and other similar infectious diseases 
like Dengue and Chikungunya. Some of  the potent vac-
cines developed for malaria, such as RTS, S and Hepati-
tis B virus surface antigen (HBsAg) are in clinical phase 
trials. The vaccines for Dengue include the tetravalent 
vaccine. A live-attenuated tetravalent vaccine based on 
the chimeric yellow fever-Dengue virus (CYD-TDV) 
are being explored in clinical phase trials in many devel-
oped countries. Similarly iDNA plasmid pCHIKV-7 
based 181/25 vaccine and particle-based vaccines have 
been developed for Chikungunya. After the successful 
outcomes of  the developed vaccines for Malaria, Den-
gue and Chikungunya, a great victory is expected for the 
fight against these life-threatening diseases.

Figure 3: Advances in Vaccine Development for the Treatment 
of Chikungunya.
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•	 Malaria, Chikungunya and Dengue are some of  the 
emerging infectious diseases and could increase in 
the near future.

•	 Vaccine development for the prophylactic treat-
ment is still being explored to overcome these 
infections.

•	 The present review mainly focused on the vaccines 
that are under preclinical and clinical stage devel-
opment and could be an effective weapon in future 
in the war against these infections.
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