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ABSTRACT
Viruses have evolved by surviving in hosts over millions of years. The human immune system has also co-evolved 
to counter the escape mechanisms of viruses. Each virus has a unique and specific mechanism of causing disease. 
SARS-COV2 has emerged as a newly mutated virus that has resulted in a world-wide pandemic. Understanding 
immunobiology of viruses provides information on developing diagnostics, therapeutics, and vaccines. We have 
reviewed and summarized the pathogenesis of four viruses that have emerged as causative agents for endemics in 
the past decade. Dengue, Chikungunya, Nipah and Zika viruses i) are transmitted by different intermediate animal 
hosts, ii) infect cells through different receptors, iii) induce a diverse range of symptoms, iv) which are treated with 
specific and symptomatic therapies, and v) various proteins expressed by the viruses used as antigens for diagnosis 
and development of vaccines. The nature of the immune response to these viruses involves innate, cell mediated 
and humoral immunity, and several proteins of these viruses have been implicated in protective versus pathogenic 
responses. We have summarized and provided recent references for the current understanding of SARS-COV2 virus 
and immunological immune responses, and listed similarities and difference in characteristics to these four viruses. 
This systematic analysis of these viruses will enable the understanding the requirements and anticipate challenges in 
development of novel diagnostics, therapies, and vaccines for COVID-19 pandemic.
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INTRODUCTION

Humans are infected by hundreds of viruses and bacteria. The 
COVID-19 pandemic has forced society to re-consider access of 
social health for everyone. In an extremely comprehensive summary,  
have reported that there are vaccines approved to prevent infections 
against 26 pathogens, and more than 240 in development [1]. 
Understanding the pathogenesis of these infectious agents has not 
only enabled development of measures for diagnosis, treatment, 
and prevention, but also an in-depth understanding of the immune 
system. Detailed studies of functional components of the immune 
system have revealed immunopathogenesis of diseases such as 
leprosy and tuberculosis that affect monocyte macrophages, HIV, 
which infects CD4+ T cells, Epstein Barr Virus, which infects B 
cells [2]. We have reviewed the current wave of emerging viruses, 
namely Dengue, Chikungunya, Nipah and Zika, which cause 
significant pathologies to provide lessons learned using a set of 

questions (Table 1). These questions address a comparative analysis 
of similarities and differences range of serotypes, geographical 
distribution, cells, and receptors. The similarities of the immune 
responses induced by these viruses to that induced by SARS-COV2 
include induction of innate, cell-mediated, and humoral immune 
responses. The differences in responses by these related virus 
include i) SARS-COV2 induces cytokine storm, ii) antibodies to 
dengue have the potential to induce enhancement of infection, iii) 
chikungunya, dengue and zika have mosquitoes as intermediate 
hosts, iv) all the viruses have unique and different entry and 
fusion receptors. In this review, we have briefly described the key 
parameters of the virus and host cycle, the symptoms, epidemiology, 
and summarized the recent studies in progress for development of 
vaccines. Based on responses to these viruses, we have listed criteria 
for the requirements of a safe and effective vaccine for COVID-19.
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Table 1: Time course of clinical parameters in overall patients.

Contents P value

What are the geographical areas 
which are affected by these viruses?

Table 2

What is the variability of serotypes 
compared to COVID-19?

Table 3

What animals are being affected by 
these diseases?

Table 4

What the organs, cells and 
receptors and proteins of the virus 

for these viruses?
Table 5

What are the approved and 
vaccines in development for these 

viruses?
Tables 6 (A-E)

METHODS

Dengue virus (DENV)

Endemic areas of DENV are underscored by near-equatorial 
geographies, tropic climates, and stagnant water, which enable 
mosquito breeding [3,4]. Aedes aegypti mosquitoes are the 
principal vectors for transmission of DENV reviewed in [5]. 
Mosquitoes usually breed in geographies below 6,500 feet, hence 
risks of dengue infections decrease with altitude. Severe dengue 
virus induced disease affects ~0.5% of individuals [3]. Several 
hundred million humans are infected every year (Table 2). There 
are four major strains of the virus, DENV1-4 (Table 3). Various 
cell surface receptors including glycated carbohydrates binding 
to the viral protein E and M, are involved in the binding and 
fusion of hepatocytes and other cells (Table 4) including dendritic 
cells, macrophages, heart and lungs. The animal species infected 
by DENV strains (Table 5). Upon infection of humans, there is 
a 4- to 10-day incubation period, which leads to symptoms that 
last 2-7 days. Prodomal stages of symptoms include high fever 
(104°F/40°C), chills, rash, erythematous mottling of the skin, 
facial flushing, retro-orbital headache, muscle and joint pain, 
nausea, lymphadenopathy, vomiting. The infection is confirmed 
by identification of viral NS-1 gene RNA, NS-1 protein antigen 
in serum, or presence of IgM and IgG antibodies [6]. Severity of 
disease progression is monitored by rising hematocrit ( ≥ 20%) 
and a falling platelet count (<100,000/mm3). Treatment for 
uncomplicated cases is bed rest, oral rehydration, and paracetamol 
as an antipyretic and analgesic. Treatment for patients with severe 
disease consists of immediate fluid therapy with colloids and 
extensive monitoring of any complications; blood transfusion is 
managed in extreme symptoms such as internal hemorrhage [6].

The study was submitted to the hospital’s ethics committee and 
approved. Since the study was retrospective and observational, no 
informed consent was required.

Table 3: Variability of serotypes.

Viruses
Major serotypes 

infecting 
humans

Major structural 
genes

Antigen 
dependent 

enhancement

Dengue DENV-1,2,3,4 C/prM/E genes Yes

Chikungunya CHIK V E1 and E2 genes
Low 

concentration

Zika ZIK V
PrM,M, Envelope 

glycoprotein,
Nucleocapsid

Low 
concentration

Nipah NiV p(p,v,w,c) genes Reported

Corornavirus
SARS-COV1, 
MERS-COV, 
SARS-COV2

Spike, 
Membrane, 

Nucleocapsid
Reported

Table 4: Different animal infected by emerging virus.

CHIKV DENV ZIKV NiV COV

Monkey YES YES YES YES

Dog YES YES YES

Cat YES YES

Horses YES YES -

Sheep YES -

Mice YES YES

Rabbit YES

Hamsters YES

Marmosets YES

Tiger YES

Pigs YES

Flying 
foxes

YES

Cow YES

Ducks YES

Goat YES

Diseases
Worldwide numbers 
(infections per year)

Fatality rate Top geographies References (WHO, CDC)

Dengue ~ 390 million <1%
Bangladesh, Malaysia, 

Philippines, Vietnam, India
[3], [42]

Chikungunya ~ 100,000 ~11%
Brazil, Caribbean, Sudan, 
Cambodia, Yemen, India 

[8], [9]

Zika ~30,000 ~8% Brazil,Africa,Asia, pacific [19], [18]

Nipah ~10,000 ~40-75%
Australia, Bangladesh, 

Cambodia, China, India, 
Indonesia, Madagascar

[13], [12]

COVID-19 >40 million ~1% Worldwide [43], [44]

Table 2: Geography and epidemiology of the emerging viruses.

Bats YES YES
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Chikungunya (CHIKV)

CHIKV is transmitted by Aedes aegypti and Aedes albopictus 
mosquitoes [7]. The virus infects mice, monkeys and pigs. The 
numbers of humans infected by this debilitating disease, which 
affects the joints, are listed from the WHO and CDC websites 
in Table 2 [8,9]. The acute phase of the infection results in an 
incubation period of 3–7 days, which results in symptoms such 
as fever, headache, rash, and debilitating polyarthralgia [10]. The 
chronic phase of disease can result in recurrent joint pain, which 
can last for years in some cases, is experienced by 30%–40% of 
those infected. .The primary receptor is Mxra8 Mxra8. CHIKV 
binds to the E2 domain B and overlaps with Mxra8 receptor 
binding site and affects organs like liver and joint muscles. The E1/
E2 proteins of virus also binds to glycosaminoglycans, DC-SIGN, 
TIM-1 and infects cells through clathrin-mediated fusion and 
entry. In humans, the virus replicates in the skin and disseminates 
systemically to the liver and joints. Viral loads of 1 x 108 particles/
mL in blood, and inflammatory cytokines such as type I interferons 
(IFNs) ranging from 0.5–2 ng/mL have been reported. The precise 
mechanism of CHIKV infection induced-severe musculoskeletal 
complication is not completely elucidated. Currently, there is no 
Chikungunya-virus specific anti-viral treatment; symptoms such as 
fever and joint pain are treated with anti-inflammatory and steroid 
drugs [9].

Nipah (NiV)

Human NiV was first identified Sungai Nipah (Nipah River village) 
in Malaysia [11]. Pteropus bats are reservoirs found in Malaysia and 

Bangladesh. There is evidence of Nipah infection among several 
species of domestic animals including dogs, cats, goats, sheep 
and horses. The virus enters its host through the oro-nasal route 
and causes infection. Several strains of NiV have been reported 
by the WHO and CDC from different geographies [12,13]. NiV 
proteins involved in binding, fusion and entry are listed in Table 
4. Surface glycoproteins G and F have been demonstrated to bind 
and pH dependent fusion through cellular ephrin-B2 or ephrin-B3 
receptors, while matrix (M) protein has been implicated in virus 
assembly and budding [14]. The cellular receptors for the virus 
are expressed on endothelium and smooth muscle cells in high 
levels in the brain, lungs, placenta and prostate, blood vessels in 
various other tissues [15], underscoring the involvement of these 
organs in the pathogenesis of this infectious disease. Symptoms 
include fever, headache, and myalgia, and followed altered mental 
status, alexia, hypotonia, segmental myoclonus, gaze palsy and limb 
weakness. Patients deteriorate rapidly and coma and death follow 
within a few days [12,13]. Ribavirin and monoclonal antibodies to 
G protein have been shown to be effective against NiV [16]. Severe 
conditions such as encephalopathy and other organ dysfunctions 
are treatment by addressing specific symptoms.

Zika virus (ZIKV)

First identified in 1947 [17], ZIKV was only known to cause 
sporadic mild disease in Africa and Asia. Nonhuman primates, 
horses, cows, carabaos (water buffaloes), goats, ducks, and bats 
have been reported to be infected by Zika virus. The transmission 
of the virus through the mosquito vector results in symptoms such 

Virus Primary receptor Secondary receptor Cells Organs affected Proteins

DENV
Mannose binding 

receptor (MR)
DC - SIGN

Laminin binding 
protein

Tubilin binding protein

Dendritic cells
macrophages

Liver, heart,
lungs

nonstructural proteins: 
NS1, NS2A, NS2B, 

NS3, NS4A, NS4B, and 
NS5

E and M proteins 

CHIKV Mxra8 Mxra8 
Fibroblasts and 
epithelial and

endothelial cells
Liver, joints muscle

Glycosylated E1 and 
E2, nonglycosylated 

nucleocapsid protein, 
capsid protein (C), 
two major envelope 
glycoproteins (E1, 

E2), (E3, 6K, and the 
transframe protein TF). 

NiV
Ephrin B2
Ephrin B3

Neuronal cells Brain

nucleoprotein (N), 
phosphoprotein 

(P), the interferon 
antagonists W and V, 
the viral C protein, a 
matrix protein (M), 

glycoproteins (F and G, 
respectively

ZIKV
AXL, Tyro3, 

TIM1,TLR3,TLR8

Endothelial cells, 
monocytes, skin 

keratinocytes, dentritic 
cells and NPCs.

Placenta

Capsid(C), membrane 
precursor (prM) , 

envelope protein(E) and 
seven non structural 

proteins (NS1, NS2A, 
NS3, NS4A, NS4B, 

NS5)

COV2 ACE2, CD147 TMPRSS2 Lung epithelial cells Lung, Hearts Spike, M, E. NC protein

Table 5: Cellular receptors, cells, organs, and proteins of the viruses.
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as fever,rash,headache, joint pain, conjunctivitis, muscle pain. The 
2007 outbreak in Yap Island, 2015 in French Polynesia, 2015 in 
Brazil, and 2017 in Rajasthan and Tamil Nadu, India, has brought 
about awareness of this virus as an emerging virus with significant 
threat to pandemic potential [18,19]. This flavivirus infects cells by 
binding of glycoprotein E through clathrin-mediated endocytosis 
and fusion through acidic pH-dependent entry into endosome, 
from which the genomic RNA escapes into the cytoplasm. The 
RNA expresses three proteins, membrane (M), Envelope (E) and 
Capsid (C), and seven non-structural proteins NS1, NS2a, NS2b, 
NS3, NS4A and NS5). The receptor for the virus implicated is TAM 
(Tyro3, Axl, Mer) receptor tyrosine kinase Axl, which is required 
for cellular entry [20]. The virus infects fetal neural progenitor 
and neural retinal cells, resulting in inflammation, reduced 
cellular proliferation, and apoptosis. Due to this mechanism of 
infection, ZIKV infections results in fetal abnormalities, such as 
blindness, dramatic loss of brain parenchyma, ventriculomegaly, 
and microcephaly. Diagnosis is confirmed my measuring viral 
RNA from serum, urine, and saliva. RT-PCR has been developed 
to detect live virus, viral proteins and ZIKV RNA, respectively. 
ZIKV RNA can be detected in serum, urine and saliva samples 
obtained at the acute phase of the infection using RT-PCR with 
more specificity, and have low sensitivity out comes. There are no 
specific treatments; symptoms are treated as required [21].

Concomitant QT interval prolonging agents during treatment 
were also noticed. Any premature discontinuation of the treatment 
regimen due to QT prolongation was extracted from medical 
records. HCQ was frequently associated with azithromycin, which 
also might lengthen the QT interval. Because of the high rate of 
association between these two drugs, azithromycin was analyzed 
separately from other concomitant QT prolonging drugs. 

Five patients could not have their final QTc determined, three 
due to poor clinical evolution and inability to undergo an ECG or 
proper cardiac monitor registry, and two as a result of premature 
discharge. However, these patients were maintained within the 
report due to their clinical evolution and laboratory data as well as 
clinical outcomes.

Corona virus (SARS-COV2)

The World Health Organization announced that SARS-COV2 
causes COVID-19 disease which has resulted in a world-wide 
pandemic on 11 March 2020 by the WHO [22]. ~40 million infected, 
and ~1.2 million deaths are documented to date (November 2020). 
As a comparator, influenza virus HINI, over hundred years ago, 
infected a third of the human population at that time and killed 
more than 50 million people. Severe Acute Respiratory Syndrome 
Coronavirus (SARS-COV) and Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV) are from the same family; SARS-COV2 
reported to be three times more infectious. A major difference in 
the viruses is the long incubation of asymptomatic infection by SAR-
CoV2. COVID-19 has a relatively lower rate of fatality in healthy 
individuals, compared to elderly and patients with comorbidities 
[23] such as diabetes, cardiac disease, kidney disease.

SARS-Coronavirus 2 (SARS-COV-2) infects cells by binding 
of spike protein to the ACE2 receptor, proteolytic cleavage by 

membrane-associated proteolytic enzymes such as TMPRSS2, and 
fusion with the cell membrane [24]. The role of other proteins 
including membrane (M), Envelope (E), Nucleocapsid (N), remains 
to be clearly defined. The viral RNA enters the cells, and initiates 
replication to provide new viral particles, resulting in cytopathicity.

Infection with SARS-COV2 results in a dysregulated immune 
response, which is characteristic of the initial disease [25-27]. 
Greater than ten thousand reports have indicated that the immune 
response results in a cytokine storm, which leads to systemic 
pathogenesis of COVID-19. Multiple factors that contribute to the 
immunopathogenesis include i) health and comorbidities[28], ii) 
viral replication levels with leads to differential viral load[29], iii) 
activation of innate immune responses, iv) misfiring of IFNα, IFNβ 
levels during the first 4 days of infection, v) exhaustion of CD4 and 
CD8 T cells, vi) development of a limited antibody response, vii) 
which culminate to range of symptoms from asymptomatic, mild, 
moderate, severe and critical disease.

VACCINES

Vaccines for the viruses discussed above are in various stages of 
development. We have reviewed the vaccines and provided the 
information on the various trials for each pathogen in Tables 6a-
6e. The summary contains the vaccine platform, the immunogen, 
stage of development, and potential risks and adverse events. Based 
on the lessons learned from vaccines in development on various 
platforms for these emerging viruses, we have listed the criteria and 
potential adverse events that maybe anticipated with the ongoing 
clinical trials for COVID-19.

Dengue virus vaccines

Dengue vaccine candidates in clinical trials are shown in Table 6A. 
Dengvaxia vaccine (Sanofi Pasteur), approved in Mexico, Brazil, 
El Salvador, and Philippines, is a tetravalent dengue chimeric live-
attenuated virus vaccine, based on replacement of structural genes of 
the licensed yellow fever vaccine 17D, with each DENV serotype [30]. 
Studies in macaques have demonstrated the immunodominance 
ranging from serotype 4 to least serotype 2 chimeric virus [31,32]. 
Clinical trials demonstrate the >88% subject seroconvert to all four 
DENV serotypes after receiving three doses of the vaccine. Thus, 
the tetravalent vaccine was safe and immunogenic in both dengue 
endemic and nonendemic areas. Phase IIb trial was conducted in 
4–11-year-old school children at Ratchaburi Province, Thailand. 
The efficacy was highly variable between the various serotypes: 
55.6% (95% CI −21.6 to 84.0) for DENV-1, 9.2% (95% CI −75.0 
to 51.3) for DENV-2, 75.3% (95% CI −375.0 to 99.6) for DENV-
3, and 100% (95% CI 24.8 to 100.0) for DENV-4. Other vaccines 
for DENV currently in progress are listed in Table 6A. The WHO 
has a goal of reducing morbidity by 25% and mortality by 50% by 
2020 [33]. While the vaccine trials are in progress, the major mode 
of prevention of DENV infection involve mosquito management 
in endemic areas, solid waste management, insecticide spraying, 
and personal clothing protection. Some of the social measures of 
personal protection apply to the current COVID-19 pandemic.
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Vaccine type Vaccine name/Strategy Sponsorr Clinical trial phase

Attenuated chimera

CYD, Denvaxia®:Yellow fever 17D 
vaccine virus backbone chimerized 

with prM and E proteins 

TV003/TV005:
Attenuated by deletion of 30 

nucleotides from 3’ UTR of DENV-
1, DENV-3 

DENV-4, and a chimeric DENV-2/
DENV-4

DENVax: 
Use attenuated DENV-2 PDK-53 as 
the backbone and replace with prM 

and E of 
other serotypes

Sanofi-Pasteur

US NIH

US CDC/Inviragen/
Takeda

Licensed,
Post licensed evaluation is 

on-going

Phase III

Phase III

Inactivated virus
Purified formalin-inactivated virus 
(PIV) formulated with adjuvants

WRAIR/GSK Phase I

DNA vaccine
Monovalent DENV-1 prME 

delivered by needle-free biojector
US NMRC Phase I

Subunit vaccine

V180: 80% of N-terminal E protein 
produced in insect cell formulated 

with 
ISOCOMATRIX and alhydrogel

Hawaii Biotech Inc. and 
Merck

Phase I

Heterologous 
prime/boost

TLAV-prime/PIV-boost and vice 
versa

US Army Medical 
Research and Materiel 

Command
Phase I

Table 6: DENV vaccine table.

Table 6A: Ongoing dengue vaccine candidates in preclinical phase.

Vaccine type Strategy Developer Animal

Live-attenuated
virus

DEN/DEN chimeric viruses:
Replacing the prM/E of recent clinical 

isolates with pr-M cleavage enhancing into 
the 

genetic background of 
attenuated DENV-2

Chin/Den:
Chimeric DENV based on the JE live 

vaccine strain SA 14-14-2 as a backbone

Chiang Mai University, 
Mahidol University, 

NSTDA, BioNet Asia

Beijing Institute of 
Microbiology and 
Epidemiology, the 

Chengdu Institute of 
Biological Products

Rhesus macaques 
(Macaca mulatta)

Rhesus macaques 
(Macaca mulatta)

Live-attenuated
virus (Continued)

Dengue with host range (HR) 
mutation: transmembrane 

domain I truncation to select the viruses 
that replicate only in insect cells

KD382:
attenuated by serial passages in non-natural 

host

Arbovax

KAKETSUKEN and 
Mahidol University

African green monkey 
(genus Chlorocebus)

Cynomolgus monkey

Inactivated virus Purified psoralen-inactivated virus
US Naval Medical 

Research Center (NMRC)
Aotus nancymaae

DNA vaccine
Tetravalent dengue 

prME: prM/E consensus sequence of each 
serotype delivered by electroporation

ChulaVRC, Chiang Mai 
University, NSTDA

ICR mice and
NHPs (Macaca 

fasicularis)

Viral vector vaccine

VEE-Dengue VRPs: 
Infectious single cycle VEE expressing 

dengue antigens

MV-DEN:
A single live attenuated measles 

virus expressing EDIII of DEN1-DEN4

University of North 
Carolina at Chapel Hill 

(UNC)

Themis Bioscience, the Institut Pasteur

Rhesus macaque

Transgemic mice 
(susceptible to measles 

virus infection)
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Virus like particles

DSV4:
Chimeric VLPs using hepatitis B surface 

antigen to display 
envelope domain III of four DENV 

serotypes expressed in P. pastoris

DENV-2 VLPs:
Express in mosquito cells

NCR Biotech Science 
Cluster/International 

Centre for Genetic 
Engineering and 

Biotechnology, India 
and Emory University

Chiang Mai University, 
Mahidol University, 
NSTDA, Thailand

Immonogenicity: 
BALB/c mice and Rhesus 
macaqueChallenge model: 

AG129 mice

BALB/c mice
and NHPs (Macaca 

fascicularis)

Recombinant protein
Purified psoralen-
inactivated virus

US Naval Medical 
Research Center 

(NMRC)
Aotus nancymaae

Table 6B: Vaccines for CHIKV.

Vaccine CHIKV strain Challenges Status

VRC-CHKVLP059-00-Virus-like-
Particle

West African CHIKV strain 37997

Multiple doses required; Adjuvant 
required for dose-reduction; 

Expensive manufacturing of in vitro 
VLP

Completed Phase 1

CHIKV/IRESv2 La Réunion
Safety concerns regarding reversion 
of mutation and recovering to wild 

type pathogenicity
Projected for Phase 1

Measles Virus vector-CHIK’ 
Live attenuated Schwarz strain

La Réunion
Pre-existing immunity to measles may 
impede or prevent immunogenicity; 

Phase 1: Adverse event rate 17%
Finished Phase 1

TSI-GSD-218
Clone 25/181; (SE Asian isolated 

strain AF15561)
Phase 2: Adverse events: 8% rate of 

arthralgia
Development stopped

Vector Antigen used Dose of immunization Animal model Route of vaccination

Vesicular stomatitis virus 
(VSV)

rVSV expressing Niv G
rVSV-ZEBOV-Gp-NivG

Replicative defective VSV

10^5 PFU(plaque forming 
unit)

10^7 PFU

10^6 infections particles 

Hamsters 

African green monkey

Female Syrian golden 
hamsters

Intraperitoneal

Intramuscular

Intramuscular

Canarypox virus
(ALVAC) vaccine vector
Adenovirus-associated 

virus(AAV)

vCP2199,
carrying the NIV-G and

vCP2208,
carrying  niV F

10^8 PFU

2.1010/1.1010 genome 
particles

Landrace female pigs

Balb/c male mice

Intramuscular

Intramuscular or intradermal

Vaccinia virus
NiV G and 

NiV F
10^7 PFU Balb/c female mice Subcutaneously

Measles virus based vectors NiV G 1×10^5 TCID50 African green monkeys `

NewCastle disease(NDV)
LaSota strains

NiV G and 
NiV F

108 EID50

2×109 EID50

Mice

Pig

Intramuscular

Intramuscular

Nipah virus-like particles
(NiV-VLPs)

NiV G, F and M adjuvanted 
with Alum 

30mg VLP Golden Syrian like hamsters Intramuscular

Table 6C: Vaccines in development for Nipah virus.
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Sponson STATUS TYPE OF VACCINE

Inovio Phase I DNA

Oxford University Pre-clinical Chimp-Adenovirus vector

Bio-Manguinhos, Valneva Pre-clinical Purified inactivated virus

Protein Science Pre-clinical Recombinant envelope protein

VBI-Vaccine Pre-clinical VLP containing envelope protein

Moderna Pre-clinical Lipid-nanoparticle delivered mRNA

Curevax Pre-clinical Thermostable mRNA

VaxArt Pre-clinical Recombinant oral vaccine

Hawaii Biotech Pre-clinical Allhydrogel based protein vaccine

Geovax Pre-clinical Live modified vaccinia Ankara

GSK Pre-clinical Live modified vaccinia Ankara

Sanofi Pre-Clinical Yellow-fever 17D

Semintis Pre-clinical Live pox virus

Themis Biosciences Pre-clinical Line Measles virus

Mayo Clinical Vaccine Group Pre-clinical Zika virus peptides in nanoparticles

Emergent Bio-solutions Pre-clinical Inactivated whole virus

Institute Pasteur, Shanghai Pre-clinical Recombinant subunit

Takeda Preclinical Inactivated whole virus (alum)

Table 6D: ZIKV Table.

 Company Vaccine Dose Phase I Phase II Phase III Number
Efficacy 

endpoint
Risks

Chadox1
Oxford+AZ + 

Serum
ChAdOx1 
nCoV-19

2.5, 5 x 
10e10 

particles
NCT04324606 NCT04400838 NCT04400838 30000 50%

Pre-existing 
immunity

Ad5

CanSino
5E10vpAd5-

nCov2

0.5, 1.0, 
1.5 x 10e11 

particles
NCT04566779 Not listed NCT04526990 40000 Not listed

Readministration 
efficacy

China
systemic 

inflammation

Ad5+Ad26
Sputnik V

Sputnik V
10e11 

particles
Not listed Not listed Not listed 40000 Not listed

 

Russia

Ad26 Janssen Ad26.COV2.S 5, 10, 25 ug NCT04436276 NCT04436276 NCT04505722 60000 50%  

mRNA
Pfizer/

BNT162b2
25, 100, 250 

ug
NCT04368728 NCT04368728 NCT04368728 43998 60%

Frozen 
formulation

BioINTECH Integration

mRNA Moderna mRNA-1273
25, 100, 250 

ug
NCT04405076 NCT04405076 NCT044704 30000 60% Stability

DNA Inovio INO-4800 1 and 2 mg NCT04447781      

Protein
Novovax/ 

Takeda
NVXCoV2373 5, 25 ug NCT04368988   10000 67%

Ability to induce 
CTL activity

Inactivated

Sinovac

CoronaVac NCT04383574 NCT044704 NCT04456595 9000 Not listed

Lower level of 
NAB

China
Ability to induce 

CTL activity

 
Manufacturing 

(Safety)

Table 6E: SARS-COV2–Vaccines.
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CHIKV vaccines

No vaccine is available currently to prevent infection from CHIKV 
[34]. Several platforms have been utilized to develop vaccines 
against CHIKV, such as inactivated viral vaccines, live-attenuated 
viruses, alphavirus chimeras, recombinant viral vaccines, consensus-
based DNA vaccines, recombinant subunit vaccines and Virus-
Like Particle (VLP).  A live-attenuated CHIKV vaccine candidate, 
attenuated for replication in humans by passaging strain 15561 
from a patient in Thailand in 1962, in MRC-5 cells (termed strain 
181/clone25) was developed at the US Army Medical Research 
Institute of Infectious Diseases (USAMRIID). Phase I and II 
studies in healthy individuals demonstrated safety; the vaccine 
development has been discontinued. The vaccine involving E1-
E2-E3-envelope containing DNA vaccine has been tested in mice 
and non-human primates. VLP-based vaccine expressing the 
CHIKV envelope proteins produced high-tittered neutralizing 
antibodies in monkeys after three doses and protected them against 
viremia after challenge. A recent phase I study at the NIAID have 
reported a vaccine for CHIKV to be safe and effective in healthy 
volunteers [35]. 400 subjects ages 18 to 60 in Puerto Rico, Haiti, 
the Dominican Republic, Martinique, and Guadalupe, developed 
immune responses for at least 16 months. Additional studies of 
prevention from CHIKV infections are in progress. All the vaccines 
against CHIKV are currently in development [34]. Prevention of 
CHIKV infection currently involved similar measures as DENV, 
i.e. controlling mosquitos, social hygiene, and personal protection.

NiV vaccines

At present, no vaccine against Nipah virus available [36]. Recent 
outbreaks from bats and pigs to humans in Malaysia, Singapore, 
Bangladesh and India [11] have underscored the requirement of 
a vaccine. The World Health Organization (WHO) therefore lists 
Nipah virus as a priority pathogen needing urgent action. Most 
vaccine approached for NiV target G glycoprotein(sG) of NiV 
through the Coalition for Epidemic Preparedness Innovations 
(CEPI) which is a collaborative effort between government and 
industry that enables conducting vaccine clinical trials. The 
platforms for NiV vaccines include recombinant DNA vaccines, 
virus-like particles, such as measles, rabies, VSV. ChAdO x 1 vector, 
a chimpanzee-adenovirus vector which has been tested in animal 
models. Prevention of Nipah virus infection involves personal 
protection and sequestering animal-human interactions.

ZIKV vaccines

There is no approved vaccine for prevention of ZIKV. Several 
platforms have been utilized to develop Zika vaccines. In this 
respect DNA plasmid encoding the E and PrM proteins, purified 
inactivated virus, DNA vaccines, virus like particles, live attenuated 
vaccine [37],  mRNA vaccine and viral vector vaccines are in phase 
I and phase II trials. Some of these vaccines have been shown to 
activate antibody and T cell responses which result is reduced 
viral load and viral RNA  in vivo studies. Table 6D provides a list 
of institutions and companies that are conducting clinical trials, 
and a detailed review is referenced [38]. Prevention of Zika virus 
infections involved mosquito control, personal protection and 
social hygiene. 

SARS-COV2 vaccines

There are several vaccines being developed for COVID-19, which 
are listed in table 6E, and reviewed in [39]. Protein subunit vaccines 

(such as NVXCoV2373) can activate humoral immune responses; 
it remains to be seen if they can elicit activation of cytolytic T 
cell responses. Viral Vector vaccines in this respect ChAdO x 1 
nCoV-19 [40] vaccine has shown an adequate safety profile and 
an enhanced antibody response. The trial has progressed to phase 
3 for further evaluation in 30,000 individuals. Other adenovirus 
vaccines include Adenovirus 26 (Ad26-S.PP, and Ad-5) vectors are 
also in clinical trials. Nucleic acid vaccines comprise of mRNA and 
DNA vaccines are (mRMA-1273, and BNT162b2 mRNA vaccines 
and INO-4800 DNA vaccine) are being tested. These vaccines 
include formulation such as lipid nanoparticle-encapsulated, 
nucleoside-modified mRNA-encodes spike glycoprotein stabilized 
in its perfusion conformation. Whole inactivated vaccines 
(Coronovac) are currently in advanced clinical trials. Finally, live 
attenuated vaccines are weakened vaccine strains with limited 
capability of replication once administered in a host as vaccine. 
The live attenuated viruses are produced by adapting them to the 
unfavorable condition like low temperature or growing them in 
non-human cells. One of the major advantages of live attenuated 
vaccine is that they can be given intranasally via noninvasive 
delivery, which in turn induces mucosal immune response, 
necessary to prevent entry of the virus through upper respiratory 
tract. There are disadvantages of live attenuated vaccines including 
safety concerns and time consumption process of conventional 
development. Currently, Codagenix inc. is developing live 
attenuated viral vaccine using codon deoptimization process. Table 
2 shows the comparisons of similarities and differences between 
these viruses.

CRITERIA FOR A SUCCESSFUL VACCINE

Based on the learnings from the emerging viruses, we have listed 
the parameters for success of COVID-19 vaccines:

i) Should stimulate antibody responses, of neutralizing antibodies 
in the titer range of ~2560, for greater than one year.

ii) Should stimulate a memory CD
4
 and CD

8
 T and B cells response.

iii) should have a large effect size in a population, that can enable 
herd immunity, e.g. >70%

iv) Should induce protection for children, older adults, and 
patients with comorbidities, all of whom may have sub-optimal 
immune responses.

v) Should be safe and not results in acute hypersensitivity reactions, 
e.g. in <0.1%.

vi) Should have a formulation that makes the vaccine stable in 
extreme temperature and distribution conditions.

vii) Should induce mucosal immunity, in the oral-respiratory tract.

MAJOR ADVERSE EVENTS THAT COULD BE 
ANTICIPATED FROM A SUB-OPTIMAL VACCINE

Based on experiences with previous vaccines, we are providing 
the possible adverse events that could occur with a sub-optimal 
COVID-19 vaccine. The list below provides potential aspects about 
the vaccine.

i) Could elicit an acute hypersensitivity shock, due to the antigens 
or formulation.

ii) Could activate cross-reaction to self-proteins resulting in 
autoimmunity.
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iii) Could induce local injection site reactions.

iv) Could results in activation of antibody dependent enhancement 
of SARS-COV2 [41] through interaction with Fc receptors.

v) Could induce activation of cells, that upregulate ACE-2 or 
TMPRSS2 receptors, which in turn may results in creating a new 
reservoir of highly-infectable cells [42] in vaccinated individuals.

vi) Could result in a weak immune response and not provide 
adequate levels of herd immunity [43], enabling spread of the virus 
in the community.

vii) Could exacerbate comorbidities [44] such as diabetes, heart 
disease etc.

CONCLUSION

In summary, the lessons learned from the pathogenesis of the 
emerging viruses include, i) viruses adapt to immune pressures very 
efficiently; ii) viruses utilize multi-step approaches to infect cells; 
iii)  multiple viral proteins interact with multiple receptors on cells 
for entry, fusion, replication and assembly; iv) mutations occur 
more frequently under higher immune pressure; v) broadly acting 
neutralizing antibodies are induced through activation by several 
components of the immune system; vi) neutralizing antibodies 
alone may not be sufficient for a protective immunity; and vii) 
viruses can have different pathogenesis with every season. 
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