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Preface

Our current understanding of the microbial world and its role in human health has
allowed microbiologists to determine the involvement of viruses in human health.
Many diseases afflicting humankind are caused by viruses. As I write these words,
for exactly two years month for month, the face of the entire world has turned
completely inside out, affecting all aspects of our lives and our institutions due to a
viral infection: the coronavirus disease caused by SARS-CoV-2 or COVID-19. From
our social interactions to our professional routines that have completely changed,
global trades and the world economy have all been so much disturbed that it is
nearly impossible for any expert to say with certainty when our social interactions,
professional lives, international trades, and the world economy will go back to
“normal.” Due to the coronavirus pandemic, the only certainty we have at this point is
the uncertainty of tomorrow. While COVID-19 is an extreme case of viral infection,
some more mild are silently disturbing the lives of many hundreds of thousands

of people and families across the globe. It is the case of the chikungunya virus that
causes chikungunya fever, which is endemic to tropical forested and subtropical areas
of the globe. More recently, the virus has spilled over into temperate regions of the
globe. Interestingly, despite the continual spread of the disease to new regions of the
world where the disease was not observed or described before, chikungunya fever
remains nevertheless unknown to not only the lay public but also and shockingly to
even seasoned health professionals. The extreme difficulty for most people including
health professionals, patients, and their families to tell chikungunya fever apart
from some other viral infections such as dengue fever and Zika fever because of

the extreme similarity of clinical symptoms exhibited between these three diseases
prompted me to take on the challenge to serve as the academic editor of this book.

Hence, as I was invited to serve as the academic editor and started the work on
this book, I had in mind four major audiences: health professionals, scientific
investigators, patients, and the curious reader.

Health professionals, physicians and nurses alike, are at the forefront of the fight
against chikungunya fever. Therefore, it is important to me to provide them with
essential information necessary for a correct diagnosis of the disease at an early
stage of onset. Misdiagnosis caused by the lack of education of health professionals
even in endemic countries often leads to the unnecessary suffering of patients.
Sometimes, unfortunately, the disease evolves into complicated forms. Thus, a major
goal of mine was to keep health professionals informed about innovative tools and
modern approaches currently available and/or in an advanced stage of investigation
for them to unambiguously achieve a diagnosis of chikungunya fever in a timely
manner when patients turn to them for care.

For young scientific investigators interested in studying the chikungunya virus,

a book that covers broad aspects of the disease such as its history, epidemiology,
spread and pathogenesis, and new perspectives in the pipeline for its prevention
and treatment, represents a one-stop-shop for initiating and/or enriching a research
topic on the disease. While there is currently no antiviral drug available to treat the



disease, young investigators will learn about new promising drugs currently in the
pipeline. These promising drugs, some of which are already in clinical trials, may
constitute a starting point for more advanced research on drug discovery to treat the
chikungunya virus. Moreover, young researchers will learn about the work being
done on the development of a vaccine and other sophisticated approaches actively
under investigation to prevent the spread of the infection across the globe.

While working on this book, my thoughts went also to patients and families of
patients. Patients and their families are the first victims of the disease. So, as
chikungunya fever spreads around the world, educating patients, their families,

and populations at risk of the disease and its impact on the quality of life of patients
seemed important to me. Helping patients understand the nature of the infection and
how their life may be affected in the short and/or long term is important for them
and their families to know what to expect and with that knowledge, be prepared to
seek adequate support to alleviate suffering.

For populations at risk of exposure to the chikungunya virus, the information con-
tained in this book is valuable in that it will help them take appropriate measures to
reduce the chances of infection.

The speed of globalization of exchanges, in the context of the 21st century, forces

us to be curious about what is happening across the world, regardless of where we
live and where we travel to. The impact of the COVID-19 pandemic on our lives has
taught us to be considerate of what is going on around the globe. Thus, it is more and
more crucial to be curious and have a good idea about potential public health threats
such as chikungunya fever. While going through this book, the curious reader will
learn about the chikungunya virus, the public health threat it represents, and what is
being done to counteract its spread and limit its chance of becoming a pandemic.

Jean Engohang-Ndong

Department of Biological Sciences,

Kent State University at Tuscarawas,

New Philadelphia, Ohio, United States of America

XIvV



Section 1

Introduction to Chikungunya







Chapter1

Introductory Chapter:
Introduction to Chikungunya

Jean Engohang-Ndong

1. Introduction to chikungunya

The “Golden Age of Microbiology” that spanned from roughly 1857 through 1914
was not only marked by the identification of many bacterial infectious agents that rav-
aged the lives of millions of people across the world with Mycobacterium tuberculosis,
the causative agent of human tuberculosis being one of the most dreaded infectious
bacteria discovered at the time, that period was also very special because the work on
viruses started. Indeed, in 1892, Dmitri Ivanosky discovered that the sap of diseased
tobacco plants could infect healthy tobacco plants even after passing the sap through a
Chamberland’s porcelain filter which was typically used to trap bacteria. While Dmitri
hypothesized that his results could be the consequence of cracked filters, Martinus
Beijerinck demonstrated in 1898 that what he called Contagium vivum fluidum
(contagious living fluid in Latin) contained infectious particles which size was much
smaller than bacteria in such a way that they could persist in the filtrate through the
Chamberland’s porcelain filters. Later, the discovery and partial characterization of
bacteriophages opened new avenues for the explosion of the study of viruses.

The invention of the electron microscope in 1931 revolutionized the study of
viruses when for the first time, bacteriophages were shown to have a very complex
structural organization. As microscopy evolved to unravel the tremendous diversity
of the viral world, the progress in molecular biology, biochemistry, and biophysics
allowed the development of a structural model that led to the characterization of
not only bacteriophages and plant viruses, but also animal viruses including the
influenza virus, the poliovirus, and the Epstein-Barr virus to name only those.

The second half of the 20th century marked the discovery of over 2000 bacte-
rial, plant, and animal viruses. Among the human virus newly discovered was the
chikungunya virus (CHIKV) which is the etiologic agent of the chikungunya fever
(CHIKF) and was discovered in Tanzania in the 1950s [1]. CHIKV which belongs
to the Togaviridae family and to the genus of Alphavirus, is known to cause fever
and joint pain that wear off within a week in most patients. However, in some
patients, the joint pain may linger for months and/or eventually lead to arthralgia.
Other symptoms may include headaches, myalgia also known as muscle pain, joint
swelling, or rash. The next few paragraphs of this chapter and subsequent chapters
of this book will explore the organization of the virus, the history of the disease it
causes, its epidemiology, the current treatment status, and perspectives for new
treatment and prevention of the disease.

2. Genomic and structural organization of the chikungunya virus

Since its discovery in the 1950s, CHIKV has been relatively well characterized, with
a clear description of its genomic makeup and its structural organization (Figure1).
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Figure 1.

Chgikungunya virus genomic and structural organizations. (A) The genomic organization of CHIKV

shows two groups of genes, including genes encoding non-structural proteins (NsP1-4) and genes encoding
structural proteins C (capsid), E1 and E2 (envelope glycoproteins), and E3 and 6 K which are small accessory
polypeptides. (B) 3D reconstruction of CHIKV showing the E1 basal triangle (red) and the E2 protrusion
for each spike (green and yellow). (C) Shows spike-protein predicted structures based on atomic resolution
structures of the envelope glycoproteins and high-resolution cryo-electron microscopic reconstructions of
CHIKYV [2, 3].

Thus, like many other alphaviruses, full genome sequencing and cryo-electron micro-
scopic reconstruction [2] revealed that CHIV is a small, spherical, enveloped virus with a
genome of about 11.8 kb composed of a single-strand positive RNA flanked at its 5'- and
3’-extremities with untranslated regions (UTR). The role of these UTRs is to regulate
important biological functions such as viral replication, transcription, and viral packag-
ing during a lytic cycle. The 5-UTR is preceded by a cap while the 3"-UTR is followed by
apoly[A] tail. The cap and the poly[A] tail are both responsible for protecting the core
information of the viral genome from the damaging effects of exonucleases. I vitro
molecular and ix silico analyses of the structural organization of the genome reveal that
the CHIKV genome contains two open reading frames, ORF 1 and ORF 2 which are con-
nected through a small polynucleotide sequence that is untranslated. That polynucleo-
tide sequence constitutes a junction sequence (Figure1A).

ORF 1 which is located at the 5" end of the genome carries four genes which
expression leads to the production of four non-structural proteins called NsP1,
NsP2, NsP3, and NsP4. More specifically, CHIKV NsP1 is a viral capping enzyme
while CHIKV NsP2 contains ATPase, RNA triphosphatase, helicase, and protease
activities [4]. The two other CHIKV NsPs exhibit ADP-ribose-1-phosphate phos-
phatase and RNA-binding activities for NsP3 and RNA-dependent RNA-polymerase
activity for CHIKV NsP4 [5]. These four non-structural proteins are essential for
the replication of the viral genome during the infection cycle.

ORF 2 which is situated at the 3’ end of the genome arbores the five genes encod-
ing five structural proteins including C, the capsid protein that forms a protective
coat around the positive-RNA genome; E1 and E2, the two envelope glycoproteins,
which both form the spikes on the surface of virion particles, and E3 and 6 K which
are two small accessory proteins of the envelope. The viral spike proteins facilitate
attachment to cell surfaces and entry of viral particles into the host cell.
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Using advanced imaging technology such as atomic resolution and cryo-electron
microscopy, research teams have been able to reconstruct the three-dimensional orga-
nization of CHIKV and the fine structures of the viral envelope (Figure 1B and C).
That imaging resolution of CHIKV shows that both E1 and E2 form a heterodimer in
which both glycoproteins are intertwined and form the spikes on the surface of the
virus. E1 and E2 have transmembrane domains that span the phospholipid bilayer of
the viral membrane. The endodomains of both proteins interact with the capsid pro-
tein while the ectodomains of E1 and E2 that are also glycosylated make up the spikes
which are suspected to be the receptor-binding domains responsible for attachment
and entry of the virion into host cells [2, 3, 6].

3. Global threat

It is now well established that since its discovery in Tanzania, CHIKV has been
in circulation across the world and virtually in all continents including in Africa, in
Asia, the Indian subcontinent, the Americas, and in Europe (Figure 2). It is thought
that the virus circulated initially and primarily in sylvatic regions of sub-Saharan
Africa in a cycle involving non-human primates and arboreal mosquito species
of the Aedes genus as vectors. During the heavy rainy season, sylvatic mosquitoes
multiply to the point that they would spread into villages
and/or urban centers surrounding the rainforests where the arthropod could now
infect human subjects. Following the enzootic sylvatic cycle and the human village
cycle, the migration of villagers to urban centers and cities could lead to the spread
of the infectious agents to humans living in these cities where the transmission
cycle would now involve the urban mosquitos Aedes aegypti and/or A. albopictus.
Spillover of mosquito vectors from villages to urbanized centers can also lead to
the translocation of the infection to urban centers. Spillover infections have been
documented in many African countries including, but not limited to Cameroon,
Senegal, South Africa, and Zimbabwe. From Africa, the chikungunya virus has
now spread to Asia, Australia, Europe, India, and the Americas. In the Americas,
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Figure 2.
The spread of the chikungunya virus across the globe between the time of its discovery to the present [7].
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the disease has been found in southern states of the United States of America and in
many countries of South America. Two major strains of the virus have been circu-
lating in Africa: the eastern, central, southern African enzootic (ECSA) strain and
the West African enzootic strain. Out of all the chikungunya virus strains found in
circulation in the world, only ECSA and the west African strains involve a sylvatic
cycle. Between 1958 and 1973, new CHIKYV strains emerged as Asian strains in an
urban cycle in many Asian countries, in India and a myriad of islands distributed
between the south china sea and the Indian Ocean. In 2005, new outbreaks of the
chikungunya fever emerged in the Indian ocean and in Asia. The CHIKV strain
responsible for that outbreak was only involved in an urban cycle and never in a
sylvatic cycle. Eventually, that Indian ocean strain spread to some parts of Africa
and Europe including in France and Italy. More recently, the ECSA enzootic strain
of CHIKYV spread to South America while the Asian urban CHIKV strain spread

to the two hemispheres of the American continent. Due to the ubiquity of air
transport throughout the world, air travelers arriving from endemic areas to new
territories contributed to the establishment and the spread of the chikungunya
fever. Ultimately, new strains carried around the world including in Europe and in
the Americas started circulating in local transmission.

The unusually dramatic increase in the incidence of the disease worldwide
during the past decade could be explained by multiple factors including, but not
limited to the improvement of transport means and increase of air travel which
opened ways for a quick spread of the disease between continents; the expansion
of urban areas in tropical regions of Africa and South America that were previously
forested; the increased density in urban areas of human population and mosquito
population of the genus Aedes; the new exposure of the of south Asian and the
Indian basin populations to the vector of the virus. In addition to A. aegypti, since
the mid-1980s, the invasion of the species A. albopictus which is known to be the
major second CHIKV vector from Asia where it originated into surrounding conti-
nental countries and islands in the Indian Ocean basin, Africa, and southern Europe
was made possible by a constantly growing global trade. Furthermore, the current
increase in global temperature and subsequent projections of climate change will
only exacerbate the spread of both A. aegypti and A. albopictus, therefore, a spread
of the chikungunya virus to regions of the globe where the arthropod genus Aedes
was not previously endemic. Taken altogether, these factors are creating perfect
conditions for a CHIKV pandemic that is looming over the horizon.

In 2010, a genome-scale phylogenetic analysis of 40 CHIKYV strains was per-
formed to examine patterns of CHIKV evolution, and the origins of outbreaks
recorded, as well as evolutionary rates that vary between enzootic and epidemic
transmission. That study revealed that the CHIKV strains analyzed evolved from a
common ancestor that existed within the last 500 years. The phylogenetic analysis
also showed some geographic overlap between two main enzootic lineages that were
previously thought to be geographically separated within the African continent.
The study also estimated that CHIKV was introduced from Africa into Asia about
70-90 years ago. Based on the same study, the recent Indian Ocean and Indian
subcontinent outbreaks appear to have emerged independently from continental
East Africa [6].

4. New perspectives
The fight against the chikungunya virus has been arduous. However, despite

that hard work and many accomplishments, a lot of work still remains to be done in
many areas, including in prevention, diagnosis, and treatment of the disease.
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4.1 Prevention

The golden approach to control an infection is to limit as much as possible
exposure of sensitive subjects to the infectious agent. In the case of the chikungu-
nya fever, a control of the proliferation of mosquito vectors and the development
of a vaccine are two approaches the are being actively considered. In 2013, a team
of researchers in Italy developed a cost-effective sterile insect technique with the
final goal to suppress A. albopictus populations. A. albopictus is known to widely
proliferate in man-made containers such as tires, buckets, and barrels with a high
proportion of urban and suburban distribution. These two features made possible
the application of the sterile insect control strategies. Thus, males A. albopictus
were irradiated with gamma rays and released in the field. The adult population
density was estimated by monitoring egg production in the ovitraps, while the
radiation induced sterility was estimated by measuring the hatching percentage
of weekly collected eggs in sterile insect technique and control sites. These experi-
ments revealed that sterile males released at the rate of 896-1590 males per hectare
per week led to a remarkable sterility level in the local population. Likewise, a high
level of sterility led to an important decrease of the egg density in the ovitraps.
Taken together, these two findings allowed researchers to formulate the assump-
tion that if egg sterility values of at least 80% are achieved, that level should be
enough to secure a suppression of the local population of mosquitoes [8]. While
trials of control of mosquito populations using sterile insect technique is promising,
it is nevertheless important to consider the immigration of mated females in the
areas where sterilization of male mosquitoes was pursued. Therefore, combining
sterilization of male mosquitoes along with an application of traditional population
control methods such as the management of standing water or the application of
insecticides is highly recommended.

In addition to innovative mosquito vector population control methods, a French
company called Valneva SE recently developed a promising chikungunya vaccine to
prevent the disease. In 2020, Valneva announced the initiation of a pivotal phase 3
clinical trial for its single-shot chikungunya vaccine candidate VLA1553. The prom-
ising chikungunya vaccine candidate VLA1553 is a live-attenuated CHIKV which
was made mild by deleting a large part of the gene encoding the non-structural
protein NsP3 [9]. This vaccine candidate was designed to prevent outbreaks and to
provide protection against various CHIKV phylogroups and various CHIKV strains.
The phase 3 clinical trial was conducted in the United States of America across 44
sites and involved 4115 adults which ages were 18 years and older. After a single
shot, analysis of the serum of participants 28 days after inoculation of the candi-
date vaccine revealed that the vaccine induced a 98.5% protection in participants.
Furthermore, when assessed for safety, results indicated that the CHIKV vaccine
candidate VLA1553 was well tolerated by 3082 participants [10].

4.2 Diagnosis

Chikungunya fever, dengue fever, and the Zika fever are all caused by mos-
quitoes from the Aedes genus. The three diseases are characterized by an onset of
fever, arthralgia, myalgia, and rash. That extreme similarity of symptoms between
these different diseases leads most of the time and unfortunately to misdiagnosis
and prescription of inappropriate treatment to patients. The lack of early accurate
diagnosis of the disease may cause an evolution of the disease to complicated
forms much more deleterious to the patient. The recent development of molecular
diagnosis tools has opened new avenues for accurate diagnosis of the chikungunya
fever and to tell it apart from the dengue virus infection or the Zika fever. The
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primary laboratory test used to detect CHIKV or viral RNA is the analysis of the
patient serum collected less than 6 days after the onset of the disease through a
molecular biology approach called real-time reverse transcription polymerase
chain reaction (RT-PCR). Real time RT-PCR is a laboratory technique of molecular
biology commonly used for detecting the presence of specific genetic material

of infectious agents including viruses. Originally, the RT-PCR technique used
radioactive isotopes such as **P to detect targeted genetic materials, but in the past
two decades, the technique has been refined and radioisotopes have been progres-
sively replaced by fluorescent dyes which are safer for the user and much more
environmentally friendly. Real time RT-PCR allows researchers to see the results
almost immediately while the reaction is still in progress. That approach was used
by Bandeira and colleagues when they reported the presence of CHIKV RNA in the
blood, urine, and semen during the acute phase of the disease in an adult patient
with dengue virus (DENV) type 3 co-infection [11]. In that particular case, patient
samples were first submitted to viral RNA extraction procedure followed by real
time RT-PCR to screen for CHIKV, DENV, and the zika virus. Besides the real time
RT-PCR technique, the second most reliable approach is by seeking CHIKV-specific
immunoglobulin M (IgM) in patient samples. IgM detection is possible for sample
collected roughly more than 5 days after the onset of the ailment [12, 13]. Thus,
serological diagnosis makes it possible for physicians both experienced and young
practitioners to draw a clear distinction between the chikungunya fever, the dengue
fever, and the Zika virus infection and to develop an unambiguous diagnosis of the
disease. It is worth noting however that the limited access to these two state-of-the
art diagnosis approaches in remote rural, semi-urban, and urban endemic regions in
countries where resources are not equally distributed still represents a huge obstacle
to a systematic clear diagnosis of the chikungunya fever.

4.3 Treatment

To this day, there is no medicine approved by government agencies or inter-
national organizations such as the World Health Organization to treat CHIKV
infection. Treatments commonly used during the course of CHIKV infection are
typically geared toward the relief of symptoms such as fever and pain. Nonsteroidal
anti-inflammatory drugs among which paracetamol, acetaminophen, and nibupro-
fen are often used to relieve symptoms of the disease. While not one single antiviral
drug specifically directed against CHIKV has been approved, there are however
several chemical components that have been investigated and stand as potential
chemotherapeutic agents promising for the treatment of the chikungunya fever.
Chloroquine for instance has shown to be effective against CHIKV through its
obstructive activity against the entry of CHIKV into host cells [14]. Nevertheless,
despite the promising in vitro results of that drug, clinical trials have failed to
confirm any real benefit to patients. Similarly, suramin which has been approved
by the Food and Drug Administration in the United State to treat trypanosomiasis
which is caused by the protist Trypanosoma brucei, has also shown to be effective at
preventing the entry of CHIKV in host cells during i vitro tests. Interestingly, while
suramin is an effective anti-CHIKV drug i vitro, the adverse effects induced by the
drug out weight the benefit to patients as the chikungunya fever remains mild in
most patients. Multiple modified versions of suramin or suramin conjugates have
shown promising results in vivo against CHIKV infection [15].

In addition to inhibitors of CHIV entry into the host cell, other promising
anti-CHIKV have been identified and grouped based on their mode of action.
Thus, some anti-CHIKV have shown to be NsP1 inhibitors, NsP2 inhibitors, and
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Compounds Mechanism of action

Chloroquine CHIKV entry inhibitors

Suramin conjugates

Lobaric acid nsP1 inhibitors
Bassettos iz silico lead (compound 1) nsP2 inhibitors
Ribavirin nsP4 inhibitors and inhibitors of viral genome

b-d-N4-hydroxycytidine (NHC) replication

Prostratin Protein kinase C inhibitors

12-O-tetradecanoylphorbol 13-acetate (TPA)

Phorbol-12,13-didecanoate

12-O-decanoylphorbol 13-acetate (DPA)

12-0O-decanoyl-7-hydroperoxy-5-ene-13-acetate
Phorbol

Neoguillauminin A

12-deoxy phorbol (compound 1)

12-deoxyphorbol (compound 2)

12-deoxyphorbol (compound 4)

Trigocherrin A

Table 1.
Selected promising anti-CHIKV compounds [14].

NsP4 inhibitors while others exhibit an ability to inhibit the replication of the
virus genome. Finally, some plant extracts harvested from the Euphobiaceae family

with protein kinase C inhibitory activity also show strong anti-CHIKV activity
(Table1).

5. Conclusion

The chikungunya fever which is caused by a virus of the Togaviridae family, is
characterized by the development of fever, and join pain. While the disease is rarely
fetal, it can however evolve into severe arthralgia and myalgia. The development
of modern molecular tools and atomic microscope tools have allowed scientists
to achieve the sequencing and annotation of the virus complete genome and the
resolution of the chikungunya virus structure. Thus, it is established that CHIKV
is an enveloped virus with spikes that allow that bioparticle to attach to receptors
located on the surface of host cells. CHIKV is not only occurring in tropical regions
of Africa and south America, but it has also spread to other regions beyond the
tropics in such way that it has become a global public health issue that requires a
global approach for controlling the spread of the disease. The extreme similarity of
symptoms found between CHIKYV infection and some other viral infections includ-
ing the Zika virus infection and the dengue virus infection has made it necessary to
develop diagnosis tools specific for the detection of CHIKV infection in patients.
Research interests in the development of vaccines and the discovery of anti-CHIKV
drugs have opened the way to a strong vaccine candidate and to anti-CHIKV drug
candidates. Nevertheless, the battle for controlling the chikungunya fever is far
from being over.
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Abstract

Chikungunya fever (CHIKF) is a mosquito-borne disease caused by an arbovirus
endemic to Africa and Asia. It was initially seen in the early 1950s at the boundary
of Tanzania and Mozambique. Due to the ease with which its vectors propagate, the
virus has spread to India, Europe, and recently it arrived in the Caribbean, eventu-
ally extending into North, Central, and South America. According to the World
Health Organization (WHO), the most common clinical manifestations are abrupt
fever, polyarthralgia, headache, maculopapular rash, myalgia, and nausea/vomit-
ing. Severe joint pain and stiffness have been known to incapacitate some patients
from a few days to several months after infection. The re-emergence of the CHIKV
and its spread to new places around the globe has encouraged the development of
new preventive, diagnostic, and treatment strategies. This chapter will discuss the
history of CHIKV and expanding geographic distribution.

Keywords: chikungunya virus, fever, Aedes aegypti, history, geography, outbreaks

1. Introduction

The chinkungunya virus (CHIKV) is a single-stranded RNA arbovirus (genus
Alphavirus, family Togaviridae) that is transmitted to humans by the bite of
infected mosquitoes [1]. It causes chikungunya fever (CHIKF), an illness character-
ized by the sudden onset of fever and severe arthralgia known to cause chronic
morbidity. The virus rarely causes a fatal infection; however, it is known to cause
great morbidity to those affected, sometimes extending from weeks to years.
“Chikungunya” is a word taken from the Makonde language in Tanzania which
means “that which bends up” and refers to the bent posture observed in patients
secondary to the severe pain in their joints [2]. The disease was first identified
in Tanzania in 1952 by RW Ross. After its discovery, outbreaks of chikungunya
typically occurred in Asia and Africa. However, in 2004, the CHIKV reached India
and several islands in the Indian Ocean, causing major outbreaks that affected more
than 1 million people [3]. Since then, the virus has reached new regions, including
the Americas and Europe.

The clinical picture of CHIKV and dengue virus are indistinguishable and
accurate diagnosis of these infections on clinical grounds alone is somewhat
challenging. It is believed that the CHIKV has been present on the African conti-
nent for centuries, from back when science was not capable of identifying it [4].
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Three distinct CHIKV genotypes have been identified, based on their geographic
distribution: West-African, East/Central/South African (ECSA), and Asian
isolates. They are responsible for major epidemics around the world, and the
identification of the virus by its corresponding genotype is achieved through gene
sequencing [5].

During inter-epidemic periods, the CHIKV is conserved through an enzootic
cycle in places where it is endemic (such as Africa and Asia) and an urban cycle
when the virus reaches the cities. In the enzootic cycle, continuous transmission
of the pathogen occurs between wild animals and vectors. Non-human primates
(NHP) serve as the reservoir for the virus, and the mosquitoes from the Aedes genus
are the vectors responsible for the transmission of the virus. It is known that the
CHIKYV can use animals such as buffalos, rodents, and birds as hosts, but the critical
host for enzootic circulation is not known with certainty [6].

A spillover of the virus can occur when people who live in rural areas close to
these virus reservoir cycles are bitten by an infected mosquito. If these people then
travel to urban areas in which there are viable vectors, more people could almost
certainly be infected. In urban areas, the virus is transmitted by mosquitoes of the
Aedes aegypti and Aedes albopictus species. It is preserved and further spread in an
autochthonous cycle in which continuous transmission occurs between mosquitoes
and humans. In this type of transmission, infected mosquitoes transmit the virus to
a person, enabling that individual to then contaminate the mosquitoes which feed
on his or her blood, thus continuing the cycle [7].

The species A. aegypti was the principal vector involved in the outbreaks in
Africa [8]. However, during the outbreaks in Asia, the territories of the Indian
Ocean, Europe, and the Caribbean, A. albopictus was identified as the principal
vector. This change in the species of the vector occurred because the virus acquired
a new mutation which enhanced its ability to use A. albopictus as a vector. This
mosquito species, originally from Southeast Asia, has shown a great ability to adapt
to other climates, allowing it to spread into places that are non-endemic for the
CHIKYV [5, 9]. For this reason, the CHIKYV is a latent threat for many countries, and
thus new diagnostic and preventive measures are in need.

2. History
2.1 First sights

In 1952, the first CHIKV case was reported in the Makonde Plateaus region in
Tanzania. The virus was isolated from the serum of several febrile patients and
mosquitoes in 1953 by RW Ross [10]. Then in 1958, the first laboratory confirmed
CHIKYV outbreak in Asia was reported in Bangkok, Thailand [11]. Many countries
in Southeast Asia, along with countries located in Central, Southern, and Western
Africa continued to report sporadic outbreaks up to 1980. However, activity
dwindled in the latter half of the 20th century.

2.2 Reemergence and increase dispersion of the chikungunya virus

For five decades, CHIKV was limited to sub-Saharan Africa and Southeast Asia.
However, a new landscape developed at the beginning of the millennium. In 2004,
an outbreak originated in Lamu Island on the coast of Kenya. Cases peaked in July,
with an estimated 13,500 infected. In November, the disease reached Mombasa and
the Comoros, resulting in a large outbreak that continued through 2005. It is esti-
mated that 63% of the population may have been infected with CHIKV in Grande
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Comore. This epidemic continued to spread to other islands in the Indian ocean in
the following 2 years [12].

Between 2005 and 2007 the island of Reunion experienced an outbreak that
affected 38.8% of its 785,000 inhabitants [13]. Unusual clinical manifestations
were reported, including neurologic complications, increased mortality rate, and
41 cases of mother-to-child CHICKYV transmission in the context of intrapartum
maternal viremia. The cause of this phenomenon was found to be a single alanine-
to-valine acquired mutation in the envelope protein E1 glycoprotein at position 226
(E1-A226V) of the ECSA genotype of the CHIKV. The mutation increased the virus
infectivity of the island’s native mosquitoes (A. albopictus). It led to greater and
more effective dissemination of the disease due to the abundance of the arthropod
vector [14]. Before the introduction of this mutation, the A. aegypti mosquito was
the predominant vector used by the CHIKV. This mutation enabled the genotype to
spread with a different vector, which is also present in other regions.

2.3 Asia

CHIKYV has been circulating through Asia since the 1950s with sporadic
outbreaks caused primarily by the Asian lineage. Significant expansion in its
geographic distribution ensued from 2005 onwards. One of the countries with the
highest disease burden was India. Between 2005 and 2006, the disease reemerged
infecting 1.4 million individuals and dispersed to 17 of India’s 28 providences
[3]. The ECSA genotype was responsible for the outbreak, and A. albopictus was
identified as the main vector in several areas. However, phylogenetic analysis
indicates that this outbreak was due to a wild-type at E1-226, a different cluster to
the La Reunion E1-226V lineage [15].

Other prominent outbreaks, caused by the ECSA lineage containing the E1-226 V
mutation, were reported in Sri Lanka in 2006 (>36,000 cases), Malaysia in 2007,
and in Thailand and Singapore in 2008-2009. In Cambodia, the first case of CHIKV
was detected in 1961. The virus re-emerged in 2011 and a large outbreak occurred in
the village of Trapeang Roka Kampong Speu Province in March 2012 [16].

The first imported sporadic case of the disease in China was described in
Xishuangbanna, Yunnan Province, in 1987. The first documented community-based
outbreak of CHIK fever was declared in the Xincun community of Wanjiang district in
Dongguan city of Guangdong province on October 2010; 253 cases were recorded, of
which 129 were laboratory confirmed. The outbreak was considered a local outbreak of
CHIK fever caused by an imported case or vector, although the source is unclear [17].

According to the Indonesian Ministry of Health, chikungunya cases were
initially reported in 1973 on Samarinda (Kalimantan island). The first virologically
confirmed epidemic was reported in Jambi province of Sumatra island in June 1982.
After a gap of approximately 20 years, the virus reappeared in Indonesia in 2001,
causing outbreaks in 24 areas throughout Indonesia until 2004. Later, in 2009 and
2010, West and Central Indonesia were hit by the disease, causing 137,655 cases
[18]. Studies suggest that the introduction of the ECSA genotype again is the culprit
behind the massive outbreaks. After 2010, detected cases decreased dramatically. In
2011, CHIKYV strains belonging to the Asian genotype and the ECSA genotype were
circulating in different regions of Indonesia.

2.4 Europe
Since 2007, viremic travel-related cases have generated sporadic events of local

CHIKYV transmission throughout Europe. The first autochthonous outbreak was
reported in the Emilia-Romagna region in north-eastern Italy in August 2007.
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The virus was introduced by a traveler from South-West India who carried the
ECSA strain. Sequencing demonstrated the presence of the E1-226 V mutation.
Local transmission was facilitated by high levels of A. albopictus in Italy when the
index patient arrived. More than 200 laboratory-confirmed cases were reported of
which one person died: an 83-year-old man with underlying medical conditions.
Vector control measures and drop in temperature associated to seasonal change
interrupted CHIKV transmission [19, 20].

In France three outbreaks have occurred in the last 10 years. The first was in
September 2010 in southern France. The initial source was a 7-year-old girl that
had returned from Rajasthan, India. Two local children contracted the disease. In
October 2014, a 12-case outbreak was detected in a district of Montpellier, a town
in the south of France colonized by the arthropod vector A. albopictus since 2010
[21]. An individual returning from central Africa living in the affected district was
identified as the primary case. Subsequently, in 2017, 17 cases distributed in two
clusters were reported by French authorities: 11 cases in Le Cannet-des-Maures and
6 cases in Taradeau. The virus circulating in France belongs to an ECSA sub-lineage
that includes isolates from the Central African region (e.g. Gabon, Republic of
Congo) and carries an adaptive E1-A226V mutation [22].

An outbreak in the Italian regions of Lazio and Calabriin was also reported
in the summer of 2017. Between the months of August to November, 270 cases
of CHIKYV were confirmed. This latest epidemic outnumbered the outbreak that
occurred near the Adianic coast a decade earlier. The CHIKV strain isolated from
humans and A. albopictus mosquitoes in Italy in 2017 showed a high similitude
with virus strains ravaging in India and Pakistan at that time and did not carry the
A226V mutation [23-25].

Other countries in Europe, such as Spain, Portugal, Germany, and Russia, have
reported cases of CHIKV in travelers; however, no cases of native transmission
have occurred thus far. As such, the frequency of travel enhances the risk of local
transmission in A. albopictus-infested European regions, highlighting the potential
to establish transmission cycles. Although a massive influx of travelers returning
from the Americas where the Asian CHIKV genotype has caused around one million
cases, no Asian genotype-related autochthonous transmission of CHIKV has been
reported in Europe.

2.5 America and the Caribbean

The first sighting of CHIKV infection in the Western Hemisphere was in 2010
in Rio de Janeiro, Brazil in an area with high propensity for dengue infection due to
predominance of the competent vector A aegypti [26]. The first autochthonous case
of CHIKV was confirmed on December 2013 in the Collectivity of Saint Martin.
The outbreak was thought to be caused by the frequent travel of residents between
the islands of the Caribbean [27]. Subsequently, most territories in the Caribbean
reported locally acquired CHIKF cases. By 2017, CHIKV infection had spread to 45
countries and territories in the Caribbean, North, Central and South America and
over 2.5 million suspected cases and confirmed [28]. Dominican Republic (41%) and
Suriname (90.4%) experienced attack rates comparable to those noted in Malaysia
(55.6%) and India (37.5%). But are far higher than the attack rate observed in La
Reunion (16.5%) [29].

The CHIKV found in the Caribbean corresponds to the Asian strain, and its
principal vector is the A. aegypti mosquito [30, 31]. This genotype, which does not
have the A226V mutation in the E1 gene, has been widely reported in both Central
America and South America. The introduction of these strains into the Americas
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could result in a wider spread of the virus, because the A. albopictus mosquito is
present in most of these regions [4].

Several months after the CHIKV arrived at the Caribbean, the state of Florida,
in the United States, reported 11 autochthonous cases during the summer of 2014
[4]. During that year, 243 imported cases were reported in 31 states, Puerto Rico,
and the US Virgin Islands [32].

There were 475 imported CHIKF cases reported in countries belonging to the
European Union during the period of 2008 to 2012 [33]. Most of these imported
cases matched the times when outbreaks were occurring in endemic countries. For
this reason, the establishment of the CHIKV in the Caribbean poses a great threat
to European countries due to the high number of travelers from the latter to the
former. This implies that more diagnostic and surveillance measures need to be
implemented in regions where the CHIKV could thrive, in order to prevent further
outbreaks in new places and regions where the virus has not reached before [34].

2.6 Where are we today?

CHIKYV outbreaks continue to appear thought the world. In 2020, a total of
27, 540 cases were reported in three provinces in continental Africa (District of
Abéché, Biltine, and Abdi) [35]. The most affected age group are those 15 years
and over. The majority of cases developed a high fever, headache, and joint pain. In
America and the Caribbean, countries such as Colombia, Costa Rica, Ecuador, El
Salvador, Mexico, Nicaragua, Paraguay, Peru and Venezuela have detected cases of
CHICKV. In the United States, 21 CHIKV cases have been reported to the CDC from
travelers returning from an affected area. No cases acquired through presumed
local mosquito-borne transmission. According to the European Center for Disease
Prevention and Control the countries with the most reported cases in the last year
are Thailand, India and Brazil (Figure1).

Thailand
10,849

* Laboratory confirmed cases. Suspected cases are 32, 287

Figure 1.
Countries with the most veported CHIKV cases in 2020 according to the ECDC.
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3. Conclusion

Once a local disease, CHIKV has spread to the majority of countries worldwide.
Since its discovery in Tanzania in 1952, it has afflicted millions of people throughout
tropical and sub-tropical regions. Individuals infected develop CHIKF character-
ized by severe polyarthralgia, headache, maculopapular rash, myalgia, and nausea/
vomiting.

The first viremic wave took place between 1960 and 1980, affecting various
regions in Africa and Southeast Asia. Evolution of the vector-borne RNA virus
around 2005, lead to its dissemination into naive areas such as America and Europe.
Global expansion was also influenced by acquisition of a second competent vec-
tor A. albopictus, and travel of human carriers between affected and non-affected
regions. As seen with the outbreaks in Europe, even temperate regions may experi-
ence severe outbreaks in the future.

CHIKYV has become a global public health challenge. There are no current
licensed vaccines and treatment strategies aim to relief symptoms. Therefore, re-
emergence and spread to new places encourages further evaluation of the pathogen-
esis of this disease, in order to develop new preventive, diagnostic, and therapeutic
options. For the time being, CHIKV outbreaks continue to be a threat and prepared-
ness for the prevention and control of chikungunya outbreaks is key.
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Abstract

Chikungunya is a zoonotic disease which is caused by the Chikungunya virus
(CHIKV) and transmitted by infected Aedes spp mosquito. In Indonesia, CHIKV
is are-emerging disease, which means that it is a disease that has gone for a long
time, but then it spreads again and causes outbreaks frequently. CHIKV presence in
Indonesia was first reported in 1979 in Bengkulu City causing substantial acute and
chronic morbidity. After disappearing for 16 years, the CHIKV outbreak spreaded
again in 24 regions throughout Indonesia from 2001 to 2003. In 2009 and 2010,
CHIKYV outbreaks hit western and central regions of Indonesia and increased from
3,000 cases per year to 83,000 and 52,000 cases per year. The burden of this disease
is unclear due to insufficient monitoring and diagnosis. The spread and transmis-
sion of CHIKV in Indonesia is very high, due to travel, competent vectors, and the
vulnerability of the population. In addition, the evolution of viruses, globalization
and climate change has accelerated the spread of this virus. Effective antiviral treat-
ment and vaccines do not yet exist, so early detection and appropriate management
can help reducing the burden of this disease. Monitoring and risk assessment to
reduce human-vector contact are also needed to reduce the impact of chikungunya.

Keywords: Indonesia, CHIKYV, re-emerging disease, epidemiology

1. Introduction

Chikungunya is a zoonotic disease caused by the Chikungunya virus (CHIKV),
and transmitted by infected Aedes spp mosquito. CHIKV is an important but often
overlooked cause of fever in the tropics and subtropics [1, 2]. The disease is of little
interest in the medical community and causes less fear when compared to other
arboviruses such as DENV. The reappearance of CHIKV after a long absence has
only recently attracted global attention because of its explosive attack, rapid spread,
high morbidity, and various clinical manifestations [3-6]. However, the diagnosis
of CHIKYV is still very low due to overlapping clinical presentation with DENV and
other endemic infections [7] as well as the lack of capacity for CHIKV testing [8].
Viral evolution, globalization, and climate change can further accelerate the spread
of CHIKYV, whereas specific antiviral treatments and effective vaccines do not yet
exist [9].

In Indonesia, CHIKV is a re-emerging disease, which means that it is a disease
that has gone for a long time, but it then spreads again [10]. Evidence from histori-
cal reports indicates that the first spread of CHIKV occurred in 1779 in Jakarta,
but at that time the disease was referred to as kidinga pepo [11, 12]. This is widely
recognized by arbovirus experts as the first report on chikungunya in Indonesia,
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although it cannot be proven by molecular analysis [13]. Virologically confirmed
chikungunya outbreaks were first reported in June 1982 in Jambi province on the
island of Sumatra, followed by outbreaks between 1983 and 1984 [14]. CHIKV

was no longer recorded in Indonesia for about 20 years, before the infection re-
emerged and caused several outbreaks in South Sumatra, Aceh and West Java in
early 2001 [15]. In 2009 and 2010, CHIKV outbreaks hit western and central region
of Indonesia started from approximately 3,000 cases per year increased to 83,000
and 52,000 cases per year [15-26]. After 2010, detected cases fell to 3,000 per

year. Except during outbreaks, the number of cases are likely to be underestimated
because diagnosis is often based solely on clinical presentation [27, 28].

2. Epidemiology

Arboviruses are viruses that undergo a cycle of transmission between a blood-
eating arthropod vector and reinforcing vertebrate host. Mosquitoes are the main
vector of arbovirus transmission and human involvement in the transmission cycle
is incidental [29]. It is estimated that 3.9 billion people in 120 countries are at risk
of being infected with one of the three main arboviruses, namely: namely CHIKY,
Dengue virus (DENV) and Zika virus (ZIKV) [30]. An outbreak of chikungunya
with specific features was first reported in the Southern province of Tanzania’s
Tanganyika region in 1952 [31, 32]. Later sporadic outbreaks of chikungunya were
identified in parts of Africa and Asia during the 1950s and 1960s, followed by a
clear comeback in the 2000s [33]. Since 2005, large-scale outbreaks of chikungunya
have hit the southwest Indian Ocean and Southeast Asia [34-43]. In La Réunion,
the outbreak affected about a third of the population [35, 44], and in India the virus
infected more than 1.3 million people during 2005-2006 [45] and CHIKV then
spread to Southeast Asia including Indonesia.

3. Definition

The diseases caused by CHIKYV are clinically difficult to distinguish and accurately
diagnose from diseases caused by DENV solely on clinical symptomps [46, 47].
Although previous literature has shown that, the proportion of symptoms in people
infected with CHIKV is higher than DENV [48], however a systematic review shows
that asymptomatic chikungunya has very wide variability with a percentage of around
3,2% during 2005-2006 in La Réunion to 82,1% during 2012-2013 in Philippines [49].
The definition includes four categories of cases: (1). Clinical case of acute, charac-
terized with fever (temperature above 38.5° C/101.3° F]) and arthritis or joint pain
(sometimes disabling) with epidemiological criteria and/or acute onset and labora-
tory criteria; (2). Atypical case, characterized with laboratory confirmed clinical cases
accompanied with other manifestations (ie, cardiovascula, neurological, ophthalmo-
logical, dermatological, hepatic, renal, respiratory, or conditions of hematological);
(3). Cases of severe acute, characterized with laboratory-confirmed clinical cases of
CHIKYV with life-threatening abnormal function of minimal 1 organ or system and
requiring inpatient; (4). Chronic cases of suspected/confirmed, characterized with
a previous clinical diagnosis of chikungunya 12 weeks after onset of symptoms and
indicating at least 1 rheumatological manifestation (ie, edema, stiffness, or pain) that
was persistent or recurring [50].

The highest CHIKV genotype in Asia has been noted to be asymptomatic found
in Philippines with a percentage of 82.1% [51]. Common symptoms of chikun-
gunya include high fever, severe joint and muscle pain, rash, photophobia and
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headache [52, 53]. Severe symptoms implicated vital organs may develop during
infection, like encephalitis [54, 55], myelopathy, myelitis [55], encephalopathy
[55-57], neuroretinitis [58], optic neuropathy and Guillain’s Syndrome [55, 58].
Barré [55, 58], myocarditis [57], hepatitis [59], acute interstitial nephritis [60],
severe sepsis, septic shock [61] and multi-organ failure [57-59, 62, 63]. In rare
cases, infection can be fatal [44, 59-61, 63]. Perinatal CHIKV infection can cause
symptoms such as microcephaly and cerebral palsy [64]. In adults with persistent
arthralgia/arthritis, alopecia and depression are the other symptoms most fre-
quently noted [65-67]. A meta-analysis found that about 25% of chikungunya cases
caused chronic inflammatory rheumatism and 14% had chronic arthritis [68].

4. Incidence and mortality

Eleven annual reports from the Indonesian Ministry of Health (MoH) were
identified between 2004 and 2019 [15, 17-26]. These data show that the lowest
incidence rate of CHIKV occurred in 2005 with 0.16/100,000 person-years [15]
while the highest incidence rate was recorded in 2009 to 36.2 cases per 100,000
person-years [23]. In 2009, more than 83 thousand cases CHIKV in Indonesia was
reported circulating in 17 of 34 provinces (50%) [23]. Cases began to decline in
2010 with 52,703 cases and continued to decline significantly until 2018, but again
increased in 2019 with an incidence of 5,042 cases (Figure 1), but some districts did
not report cases of chikungunya [69]. Based on a report from the MoH, this increase
was due to relatively humid weather conditions with high rainfall, long periods of
rain and immunity in areas that had been affected [69].

The case map by province showed that the CHIKV was not evenly distributed
across Indonesia. The highest incidence of chikungunya occurred in Sumatra,
Kalimantan and Java. However, Papua and West Papua provinces of Indonesia did
not report chikungunya in 2008 and 2016. The shift in cases in several Indonesian
provinces in 2019 has changed with the highest cases in West Java, Lampung and
Gorontalo.

CHIKYV cases that occurred in Indonesia during the 26 years period (1989-2014)
actually originated from several countries. During that period there were 195
cases of chikungunya reported from travelers returning from Australia (128 cases)
[70-77] Taiwan (47 cases) [47, 78-79], Japan (4 cases) [80-81] and other countries.

55.000
44.000
33.000
22.000

11.000

5.042

2.998 1.831

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 1.
Trend and number of chikungunya cases based on the Ministry of Health veport of the Republic of Indonesia
from 2010 to 2019.
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in Asia, Europe and the Pacific (16 cases) [82-88]. Based on the results of inves-

tigations on five outbreaks that occurred, there were no reports of deaths due to

chikungunya [40, 45, 64, 89, 90]. In addition, in eleven annual reports from the

Indonesian MoH, for 44 years (1973 to 2016) there were also no deaths related to
CHIKYV infection [39, 41, 42, 44, 46-49, 51].

5. CHIKV genotype circulating in Indonesia

Sixteen studies that reported on the CHIKV genotype identified circulating
in Indonesia were 130 viral sequences [27, 38, 47, 78, 79, 82, 87, 88, 91-98]. There
were seven studies conducted on local populations [27, 28, 38, 91, 93, 96, 98] and
eight studies with viruses isolated from travelers returning from Indonesia
[47, 78,79, 83, 87, 88, 92, 97]. One study did not specify whether the virus was
isolated in local residents or in travelers [82]. Of the seven studies, four were
conducted in non-outbreak conditions [27, 28, 93, 96], two investigations were
carried out during an outbreak of chikungunya [38, 91] and one study did not
specify the condition [99]. Most of the viruses isolated from travelers originated
in Taiwan [47, 78, 79]. Another virus was collected from travelers returning from
Singapore [92], France [97], the Netherlands [82], Russia [83], and Germany [88].
Most of the CHIKYV isolated from Indonesia belonged to the Asian genotype and
partially from the ECSA genotype. Of these ECSA viruses, two were isolated from
local residents in 2011 [38] and eight others were isolated from travelers returning
from Indonesia between 2008 and 2010 [47, 87, 92]. The ESCA virus sample dur-
ing the 2008-2011 period in Indonesia was included in the Indian Ocean Lineage
(IOL) because in the same period it was also circulating in Southeast Asian
countries such as China, South Korea, Malaysia, Sri Lanka, Thailand, Singapore,
and Myanmar [93].

6. Vectors of CHIKV

The vector that plays a role in CHIKV and DENV is the Aedes aegypti mos-
quito and the potential vector is the Aedes albopictus mosquito (The Asian Tiger
Mosquito) [25]. The Aedes mosquito is a mosquito that belongs to the Diptera order
and has more than 950 species [100]. Transmission of the disease caused by the
Aedes mosquito can manifest itself in humans and animals. The Aedes mosquito usu-
ally lives in temperate and tropical climates. However, due to the current uncertain
climate change, this mosquito is able to expand its habitat [100]. The following is an
explanation of the mosquito that transmits CHIKV:

6.1 Taxonomy

Kingdom: Animalia.
Phylum: Arthropoda.
Class: Insecta.
Order: Diptera.
Family: Culicidae.
Subfamily: Culicinae.

Tribes: Aedini.

Genus: Aedes.

Species: Aedes aegypti and Aedes albopictus.
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6.2 Morphology
6.2.1 Adult Aedes aegypti Mosquito

The Aedes aegypti mosquito was first discovered in Southeast Asia and was
identified in Malaysia and Thailand in the early 20th century. Apart from carry-
ing CHIKYV, these mosquitoes are also carriers of yellow fever and dengue fever.
The body of the Aedes aegypti mosquito consists of the head, thorax and abdomen.
On the head area there is a proboscis, antenna, maxillary palpus, and clype. On
the thorax area there is the scutum, and at the end of the thorax is the scutellum.
Proboscis in males is longer (0.76 + 0.04 mm) than in females (0.53 + 0.06 mm) but
only in females the structure is formed to suck blood while males only suck nectar.
The antennae in males are longer (0.57 + 0.03 mm) and also have denser hair than
females (0.52 + 0.07 mm) [101-103]. Specific Characteristic of the adult mosquito
Aedes aegypti is the scutum on the thorax is black or brown with a pair of subme-
dian-longitudinal white stripes, but without median-longitudinal white stripes, or
with white lute-shaped markings. Mesepimeron with two nicely separated white
scale patches. The anterior part of the midfemur with longitudinal white stripes,
and the head of the clypeus with white scales. In addition, paratergite with wide
white scales and palpomeric heads 4 with white scales on apex [102, 104].

6.2.2 Adult mosquito Aedes albopictus

Aedes albopictus is a type of mosquito that is currently the main vector in
various parts of the world. Moreover, these mosquitoes have the ability to transmit
various diseases (acting as vectors) from arbovirus to worms such as Dirofilaria
immitis and vector for 22 arboviruses [105]. Aedes albopictus is medium in size
(2-10 mm) and the males are smaller than the females. The males can also be
distinguished by their more feathered antennae than the females [106]. Its abdo-
men area is covered by black scales. The morphological characteristics of Aedes
albopictus are slightly different from Aedes aegypti. Scutum thorax of this species is
characterized with a narrow median-longitudinal white stripe. Mesepimeron with
inseparable white scaly patches, forming a white V-shaped patch. The anterior part
of the midfemur has longitudinal white stripes and the head of the clypeus without
white scales [102].

6.2.3 Eggs

Female Aedes mosquitoes usually lay eggs on a substrate that is on the surface of the
water either in artificial or natural water containers [107]. Aedes eggs are white and
soft when laid but later turn black and become hard and increase in size [108, 109].
Eggs of Aedes aegypti and Aedes albopictus do not form groups, but individually and
float on the surface of a wet substrate such as water [110, 111]. Aedes eggs can survive
dry conditions for months or years [110] and also these eggs can have viability despite
being faced with excessive water conditions [112-114]. Aedes eggs can withstand
extreme conditions because they have a shell or what is called an eggshell that protects
the oocyte, egg, embryo from extreme conditions but is still able to exchange enough
gas to survive [107]. The difference between Aedes albopictus and Aedes aegypti lies in
the difference of the micropylar collar shape, where Aedes aegypti’s eggs have a promi-
nent micropylar collar and in Aedes albopictus it is not too striking. Aedes albopictus
has a large tubercle in the middle so it looks like a smoother, lighter one than in Aedes

aegypti.
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' Aedes albopictus

Aedes aegypti

Figure 2.
The differences of comb scale on A. aegypti dan A. albopictus [103, 104].

6.2.4 Larvae

Aedes aegypti’s larvae usually have an oval head, a thorax and also an abdomen
consisting of 9 segments. On the posterior side, there are 4 lobes and also a siphon
which functions to help breathing on the water surface. On the surface of the water,
Aedes larvae will have a hanging position almost forming a vertical direction [102].
Aedes aegypti has a specific characteristic that its 8th abdominal segment has comb
scales equipped with lateral spines (Figure 2A). Furthermore, Aedes aegypti larvae
also has pectent teeth on the siphon. In addition, Aedes aegypti larvae has 5 pairs of
hairs on its ventral brush. In Aedes albopictus mosquito larvae, the brush scales do
not have lateral spines, pecten teeth with two branches while the ventral brush has 4
unpaired hairs (Figure 2B).

The life cycle of the Aedes albopictus mosquito is highly dependent on ambient
temperature and pH of 5.2-7.6 with an optimal pH of about 6.8 and 7.6 in Asia [115].
Research conducted by Satoto, et al. States that the larvae of Aedes aegypti and Aedes
albopictus can be found as much as 61% in flower pots, 15.38% bathtubs, containers,
large and small buckets containing 55% water. Aedes albopictus larvae are active
feeders, which means that they eat various kinds of organic matter in the water.

6.3 Bionomics
6.3.1 Breeding places

The breeding places habitats of the two vectors are somewhat different. For
Aedes aegypti, its preferred place to lay eggs is in a clear water reservoir in the house,
which is protected from the sun. Water reservoirs that can hold water for a long
time make this habitat easy to breed [116, 117], such as bathtubs in bathrooms
(toilets), bathtubs, drinking water reservoirs, buckets, jars, drums, and the like
[101, 104, 118]. In Dar es Salaam, it is found in piped water systems due to intermit-
tent water supply and rainwater storage which is used for community needs [119].
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Aedes albopictus prefers to lay eggs in water reservoirs outside the house such as
cans, bottles, discarded tires, tree holes, plant grooves, pieces of bamboo, and open
coconuts. This shelter is not used for daily household needs. This is in accordance
with the nature of Aedes aegypti which has a tendency as a house mosquito and Aedes
albopictus which is an outdoor mosquito [100, 103, 117].

6.3.2 Feeding habit

The Aedes aegypti mosquito is anthropophagic, which means that it prefers to
suck human blood in a single gonotrophic cycle [120]. While the Aedes albopictus
mosquito is a more zoophagic, random bloodsucker [121], it has also been shown to
exhibit strong anthropophagic behavior like Aedes aegypti [122]. To find their host,
mosquitoes are active in the morning, which is around 8 am-10 am and in the after-
noon 3 pm-5 pm [123]. Three days after sucking blood, female mosquitoes produce
100-200 eggs depending on the amount of blood sucked. The more blood it sucked,
the more eggs will be produced [124].

6.3.3 Resting places

Places that mosquitoes prefer to rest while waiting to lay eggs are the ones
which are dark, humidwith little wind [125]. Aedes aegypti prefers dark, damp, and
hidden places in the house or building as a place to rest, including in the bedroom,
in the bathroom, and in the kitchen. Indoors, a mosquito’s preferred resting surface
is under the furniture, hanging objects such as clothes and curtains, and walls.
These mosquitoes are rarely found outdoors, in plants, or other protected areas.
Meanwhile, the Aedes albopictus mosquito, known as the Asian tiger mosquito,
prefers places outside the house, such as in tree holes, plant grooves, and gardens or
forest edge areas [118, 126, 127].

6.3.4 Flight range

The movement of Aedes aegypti mosquitoes from breeding places to prey and
rest areas is determined by the ability of mosquitoes to fly. The average flight range
of the Aedes aegypti mosquito is about 100 m, but in certain circumstances these
mosquitoes can fly up to several kilometers in an attempt to find breeding places to
lay their eggs. The mosquito Aedes albopictus has a flight range of 400-600 m [128].

Several studies have shown that the average mosquito has a flight range (mainly
related to migration) between 50 m and 50 km [129]. Aedes albopictus, a type of
mosquito that breeds in containers, is a very weak flyer (mean maximum 676 m)
[130]. The flight ability of mosquitoes is highly dependent on wind assistance as
some species can disperse during periods of high winds and energy required to
travel great distances. For active flight Aedes aegypti and Aedes albopictus depend on
carbohydrates [131].

7. Prognosis

A retrospective study of 107 serologically proven cases of chikungunya infec-
tion (CHIKV) was conducted. All respondents had contracted the disease at least
3 years before; 87.9% had fully recovered, 3.7% had only occasional stiffness or mild
discomfort, 2.8% had residual joint stiffness but no pain, while 5.6% had persistent
pain and stiffness and frequent effusions. All patients with persistent joint pain
and stiffness had very high antibody titres against the CHIK virus [132]. In some
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isolation, CHIKV performed in severe cases showed bleeding manifestations,
neurological abnormalities, and heart muscle abnormalities. Sports activities can
worsen clinical symptoms such as joint pain, especially in the morning. The knee
joint can swell as can the wrist and finger joints [133]. CHIKV infection, both clini-
cal and silent, will provide lifelong immunity, so it is difficult for the same disease
to attack the same patient [134]. Most patients recover completely from infection,
but in some cases, joint pain can last for months, or even years [135].

8. Incubation period and treatment based on the natural course of the
disease

8.1 Incubation period

The incubation period occurs when the mosquito acquires the virus from the
viremic host. After an average extrinsic incubation of 10 days, the mosquitoes can
then transmit the virus to a host, such as humans. In humans bitten by infected
mosquitoes, disease symptoms usually appear after an intrinsic mean incubation
period of three to seven days (range: 1-12 days) [115].

8.2 Acute and chronic

Symptomatic or supportive treatment, consisting of rest and use of acetamino-
phen or paracetamol to relieve fever, and ibuprofen, naproxen, or other non-steroidal
anti-inflammatory agents (NSAIDs) to relieve the rheumatic component of the dis-
ease. In patients with severe joint pain that does not resolve with NSAIDs, narcotics
(e.g. morphine) or short-term corticosteroids may be used after evaluating the risk—
benefit of these treatments. Patients are advised to drink plenty of fluids to replace
fluids lost through sweating, vomiting, and other involuntary fluid losses [136].

8.3 Sub-acute and chronic

Recovery from CHIK will be a fairly long process (sometimes up to a year or even
more) and persistent joint pain may require pain management, including long-term
anti-inflammatory therapy. Although studies have shown that chloroquine phos-
phate provides some benefit [137], randomized, double-blind placebo-controlled
trials have shown that it is not useful for treating joint symptoms [138]. Apart from
pharmacotherapy, cases of prolonged arthralgia and joint stiffness can be treated
with a gradual physiotherapy program [136].

8.4 Isolation

To prevent transmission to other people in the household, community, or
hospital, sufferers of acute chikungunya (CHIKV) should avoid being bitten by
the Aedes aegypti or Aedes albopictus mosquitoes during the viremic phase, which
is usually the first week of illness. In addition, doctors or health workers visiting
patients infected with CHIKV at home must also be careful not to be bitten by
mosquitoes by wearing repellents and wearing long sleeves and pants [136]. One
hospital-related CHIK infection has been identified in a healthcare provider due to
the accidental needle puncture of a CHIK patient [139]. Some laboratory personnel
also contracted CHIKV infection after handling infected blood [140]. This exposure
indicates that direct contact transmission can occur.
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9. Surveillance of chikungunya

Epidemiological surveillance is the key to detecting cases in a timely manner
and a prompt and appropriate response is required with the active participation
of all stakeholders. Surveillance activities are carried out to determine whether
chikungunya (CHIKV) has entered an area, track the disease that has entered
and follow it on an ongoing basis. The forms of CHIKV surveillance activities in
Indonesia are: [136, 141].

9.1 Case definition

The case definition of CHIKV used in the surveillance system in Indonesia has
been published in the Ministry of Health’s National Guidelines for Chikungunya
Prevention and Control followed World Health Organization (WHO) criteria
[141]. In short, chikungunya cases are classified into three categories, namely:
(1). Possible cases, diagnosed on clinical criteria alone as acute fever>38.5° C
and severe arthralgia/arthritis which could not be explained by other medical
conditions; (2). Probable cases, diagnosed based on clinical criteria as stated and
epidemiological criteria (living or visiting epidemic areas); (3). Confirmed cases,
diagnosed according to laboratory criteria that showed a positive result for viral
isolation, RT-PCR, IgM antibody or a fourfold increase in IgG antibody.

9.2 Preparation phase

Strengthen the fever syndromic surveillance sentinel site, so that officers can
detect cases of chikungunya (CHIKV). The percentage of patients presenting with
fever and arthralgia or fever and arthritis with no known etiology (eg, testing
negative for malaria or dengue), should be tested for CHIK in an adequate national
referral laboratory [141].

9.3 Response phase

Once a case of chikungunya (CHIKV) is detected, an in-depth epidemiological
investigation will be carried out to (1). Track the spread of viruses; (2). Monitor the
possibility that cases have entered the surrounding area; (3). Describe the epidemi-
ological features and main clinical features; (4). Assess the severity and impact on
society; (5). Identify risk factors or factors that cause disease severity; (6) identify
the circulating CHIKV lineage. These efforts will form the basis to develop effective
control measures [136, 141].

9.4 Continuous transmission

Continuous surveillance to monitor changes in the epidemiology and ecology
of CHIKV transmission. Any changes in surveillance at the national level should be
communicated immediately to surveillance partners and other prevention units to
ensure quality and uniformity of data collected [136, 141].
10. Vector surveillance and control

There are no specific antiviral treatments and vaccines that are effective yet, so

the only method available to prevent infection is the reduction of human-vector
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contact [142]. We have done research about distribution of CHIKV vector trans-
mission in Indonesia by taking locations that represent urban and rural areas,
coastal and inland areas. The results of this study show on Aedes aegypti or Aedes
albopictus or both were found in all sampling locations except in Warsadim, West
Papua. Apart from Warsadim, there is only one site that does not have Aedes aegypti,
namely Bugel in Yogyakarta Province, while 26 locations are free of Aedes albopictus
[143]. Efforts to reduce CHIKYV risk are carried out through an integrated vector
management program component, including the following activities:

10.1 Vector monitoring and identification of high-risk areas

Retrospective analysis of dengue virus transmission in previous years can be
carried out in the planning stage of chikungunya (CHIKV) to show areas where
CHIKYV is expected to circulate (given the similarities in the transmission cycle
of this virus). Areas can be grouped in levels of risk of transmission, so they can
be used to assign resources and priorities. For example, controlling or preventing
transmission of CHIKYV in the environment has resulted in many cases of dengue
fever, thereby inhibiting viral amplification and spreading the virus to the immedi-
ate environment [144].

Programs should be able to systematically collect surveillance data for the vector
density of Aedes aegypti and Aedes albopictus. The surveillance methods for Aedes
aegypti and Aedes albopictus are quite varied and include a variety of methods to
monitor egg production, larval location and density, pupa density, and adult mos-
quito density. This measure is used to asses the risk of outbreaks and to determine
the appropriate vector control interventions [143]. Metodhs and tools, calculations
and risk analysis with this measure have been widely discussed in the Dengue
Hemorrhagic Fever guideline.

10.2 Self protection

Each individual can reduce the likelihood of transmission by using personal
mosquito repellents. Babies and pregnant women who sleep or rest during the
day should use a mosquito net. The use of insecticide-treated bed nets has the
added benefit of killing mosquitoes that come into contact with the nets, thereby
reducing vector-human contact with other household members. There are many
insecticide products that can be used to treat mosquito nets safely or to make them
last longer [136, 141, 142].

10.3 Prevention at the household and community level

The use of screened ventilation, or insulated windows and doors will reduce the
entry of vectors into the house. Reducing and replacing containers that hold water
over a long period of time can reduce vector breeding grounds [100, 104]. The num-
ber of adult mosquitoes in the home can be reduced by using commercially available
aerosol sprays with pyrethroids and other household products, such as mosquito
coils and electronics [145].

Prevention in community settings for CHIKV should be based on methods
developed for dengue fever control to reduce vector mosquito density [146]. Dengue
fever control programs that are carried out optimally will reduce the possibility of
humans being infected when they come to an area that has the potential to cause
secondary transmission and the formation of the virus. Dengue fever programs
to control Aedes species that focus on larval control, often involving communities
in environmental management and reduction of mosquito breeding sites [147].
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However, community involvement has not been comprehensively incorporated into
integrated vector management programs [147, 148].

11. Conclusion

The spread and transmission of CHIKV in Indonesia is very high due to its
travel, competent vectors (the same vector as dengue fever), and the vulnerability
of the population. Furthermore, the evolution of viruses, globalization and climate
change has accelerated the spread of this virus. Timely case detection and prompt
and appropriate response with active participation of all stakeholders are necessary
to minimize cases of import and transmission that are increasingly widespread
in Indonesia. The absence of treatments and effective vaccines makes the correct
method for preventing infection is the reduction of human-vector contact through
integrated vector management. Each of the discussions in this chapter can be used
to improve early warning systems for detecting outbreaks, conducting epidemio-
logical investigations, and preventing the spread of CHIKV.
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Abstract

Chikungunya virus (CHIKV) is a mosquito-borne Alphavirus that causes
Chikungunya fever (CHIKF) in humans. In 1952, the CHIKV was found in East
Africa in a sylvatic and urban cycle between Aedes mosquitoes, and human and
nonhuman primates in tropical regions. Since 2004, CHIKF has spread rapidly in
Asia, Africa, Europe, and the Americas. Both Aedes aegypti and Aedes albopictus
are known to be arboviral mosquito vectors of CHIKV. Ae. aegypti is mostly found
within the tropics, whereby Ae. albopictus also occurs in temperate and cold tem-
perate regions. Host-seeking female mosquitoes are infected after feeding on a
viremic animal. The replication of CHIKV happens in the midgut and then enters
the hemocoel before disseminating to the salivary glands of the mosquito. The
disseminated virus can be transmitted by injecting infectious saliva into the host
skin during blood feeding. In the naive host body, CHIKV replicates in the dermal
fibroblasts through blood circulation, and disseminates to other parts of the body
such as brain cells, kidney, heart, lymphoid tissues, liver, and joints. Symptoms of
CHIKYV infection include high fever, rigors, headache, photophobia, and maculo-
papular rash. It is advised to avoid mosquito bites; also, larvae management systems
should be applied in endemic environments.

Keywords: Chikungunya virus, Chikungunya fever, Aedes aegypti, Aedes albopictus,
Alphavirus

1. Introduction

Chikungunya fever (CHIKF) is an arthropod-borne viral disease caused by the
Chikungunya virus (CHIKV) which belongs to the Togaviridae family of genus
Alphavirus. CHIKV is closely related to other Alphaviruses, including Ross River
virus, Barmah Forest virus, O’nyong’nyong virus, the Sindbis group of viruses,
and the Mayaro virus, all of which are known to cause arthritis. CHIKV has three
genotypes that show different distribution geographically; Asian, West African,
and East African [1].

The term “Chikungunya” was derived from the local word in the Makonde
tribe based in the Southeastern part of Tanzania, meaning “disease that bends up
the joints and causing pains” [2]. The CHIKV infection was first identified as an
outbreak with an incidence rate estimated at 23%. It was reported for the period
going from July 1952 to March 1953 in the Newala and Masasi districts in Southern
Tanzania. The virus was isolated in early 1953 from the blood of several febrile
patients. The CHIKV was initially found in East Africa in a sylvatic cycle between
forest-dwelling Aedes mosquitoes and nonhuman primates in tropical and subtropi-
cal regions. Otherwise, a few isolations of CHIKV have been reported in other
mammalian species including bats and squirrels [3].
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2. Chikungunya vectors
2.1 Distribution

CHIKYV is primarily transmitted by Stegomyia vector mosquitoes that belong to
genus Aedes. Aedes mosquitoes are also known to be vectors of the dengue and the
Zika fever viruses. Both Ae. aegypti and Ae. albopictus have been implicated in large
outbreaks of CHIKF though they differ in distribution and occurrence. Ae. aegypti is
mainly found within the tropics and subtropics regions. Furthermore, Ae. albopictus
occurs in temperate and even cold temperate regions [4].

In Asia and the Indian Ocean regions, the main CHIKV vectors are Ae. aegypti
and Ae. albopictus. In Africa, there is a larger range of Aedes species that are known
to transmit CHIKV including Ae. furcifer-taylori, Ae. vittatus, Ae. fulgens, Ae.
luteocephalus, Ae. dalzieli, Ae. vigilax, and Ae. camptorhynchites. In addition, Culex
annulivostris, Mansonia uniformis, and Anopheles mosquitoes have occasionally been
incriminated [5].

2.2 Ecology

The Aedes mosquitoes are known as container breeders meant that a female mos-
quito can lay eggs on collected water in an artificial and/or natural container. The Ae.
albopictus species thrives in a wider range of natural water-filled breeding sites than
Ae. aegypti, including coconut husks, cocoa pods, bamboo stumps, tree holes, plant
axils, and rock pools, in addition to artificial containers such as vehicle tires, roof
gutters, water storage buckets, and saucers beneath plant pots [6].

Ae. aegypti is more closely associated with human habitation and uses indoor
breeding sites, including flower vases, water storage vessels, and concrete
water tanks in bathrooms, as well as the same artificial outdoor habitats as
Ae. albopictus [7, 8].

Adult, female mosquitoes can lay eggs on the inner walls of the containers with
water, above the waterline. Eggs stick singly to container walls like glue and can
survive drying out for up to 8 months, enabling them to survive cold winters and
other adverse climatic conditions [9]. Aedes larvae hatch from the eggs and live in
water, typically hanging upside down at an angle from the water surface, where
they use a short thick respiratory siphon to take up oxygen from the air above the
water. Larvae mature through four instars (stages), in the last stage developing into
pupae, which subsequently change into adults that emerge at the water’s surface.
Within 2 days of emerging, adult Aedes mosquitoes’ mate and females subsequently
consume their first blood meal. Aedes mosquitoes prefer feeding on human blood
during the daytime from early morning to a late afternoon outdoor, but Ae. aegypti
can be active feeding indoor [10].

2.3 Host-seeking and blood-feeding behavior

Aedes mosquitoes are aggressive and silent, and prefer to feed outdoor during
the daytime. Ae. aegypti, an important vector of human infectious diseases, shows
a strong preference for human blood meals when compared to many other mosqui-
toes which feed on warm-blooded animals [11]. Temperature and nutrition are the
environmental factors that affect mostly mosquito population growth. Biological
signals can be captured from the mosquitoes surrounding environment and
sensed through olfaction and other chemosensory organs, which play a major role
in the modulation of mosquito behaviors such as hosts seeking, feeding, mating,
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oviposition, and reception of cues. Olfactory responses are initiated by activation
of olfactory sensory neurons (OSNs) localized mainly on antennae, maxillary
palps, mouthparts, and tarsi. These sensory appendages may perceive extremely
diverse extrinsic stimuli, such as volatile and nonvolatile odors or pheromones,
temperature, humidity, mild or noxious touch, gravity, to activate a complex mix of
mosquito perception pathways [12].

Ae. aegypti and Ae. albopictus are the competent vectors of various infectious dis-
eases, and their body size is much affected by temperature and nutrition. Mosquito
body size is known to influence several attributes of vector ecology, fecundity, and
multiple blood feeding [13]. Multiple feeding increases the risk of transmission by
increasing the frequency of host contacts and can be of two types including supple-
mentary and interrupted feeding. Supplementary feeding can happen as nutritional
reserve depletion in teneral females, whereby interrupted feeding happens as host
defense [14].

3. Chikungunya virus
3.1 Distribution

Since 2004, Chikungunya has spread rapidly and been identified in over 60
countries throughout Asia, Africa, Europe, and the Americas. In 2007, local trans-
mission was reported for the first time in Europe and more specifically in north-
eastern Italy where a localized outbreak of 197 cases were recorded. In 2014, Europe
faced its highest Chikungunya burden, with almost 1500 cases of which France and
the UK were the most affected. France also confirmed four cases of locally-acquired
Chikungunya infection in the southern part of the country [15].

In the year 2013, the first documented outbreak of Chikungunya with the
autochthonous transmission in the Americas occurred [16]. In 2016, there were a
total of 349,936 suspected cases and 146,914 laboratory-confirmed cases reported
to the Pan African Health Organization (PAHO) regional office, which represented
half of the burden compared to the previous year. In 2017, European Centre for
Diseases Prevention and Control (ECDC) reported a total of 10 countries, with 548
cases of Chikungunya, of which 84% were confirmed cases. Italy bore more than
50% of the Chikungunya burden.

In Africa and Asia, Chikungunya outbreaks were also reported in Senegal
(2015), Kenya (2004 and 2016), Tanzania (2008), Sudan (2018), Yemen (2019),
and more recently in Cambodia and Chad (2020) [15-17].

3.2 Transmission

CHIKYV can be transmitted in a sylvatic, enzootic, and urban cycle involving
humans, nonhumans, and Ae. aegypti and Ae. albopictus mosquito species as shown
in Figure 1.

In Africa, circulation in sylvatic, enzootic cycles involves several species of
arboreal mosquito vectors that transmit among diverse nonhuman primates and
possibly other amplifying hosts. Transmission of CHIKV occurs through a bite by
infected Ae. aegypti or Ae. albopictus, although in the recent epidemic, some cases
were the result of maternal—fetal transmission [12, 13, 18].

There is evidence that some animals, including non-primates, rodents, birds,
and small mammals, may act as reservoirs of the virus, allowing re-emergence of
the virus after periods of inactivity in humans [19].
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Figure 1.
Showing Chikungunya virus transmission cycles.

3.3 Mosquito-virus relationship

The ability of arthropods to transmit pathogens depends on intrinsic and
extrinsic factors and is expressed in two terms: (a) Vector competence, the ability
of a vector to become infected and transmit after the pathogen is ingested in a blood
meal, is often regulated for arboviruses at the level of midgut infection, and (b)
Vectorial capacity, the number of infective bites arising from an infected host, as
shown in Figure 2. Host-seeking female mosquitoes are infected after feeding on a
viremic animal. CHIKYV first replicates in the midgut and then enters the hemocoel
before disseminating to the salivary glands. Midgut basal lamina reorganization
during blood digestion mediates this dissemination process. The extrinsic incuba-
tion period is generally 2-5 days, suggesting that even vector populations with poor
daily adult survival can transmit effectively. Females with a disseminated virus in
their salivary glands can transmit by injecting infectious saliva into a naive host
during a subsequent blood meal, leading to horizontal transmission. Ae. aegypti
feeding is often interrupted when it is disturbed during blood feeding, and it may
then complete the meal on one or more hosts in the vicinity. This can lead this
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Figure 2.
Chikungunya virus in the host-vector transmission cycle.
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Chikungunya pathogenesis.

highly anthropophilic species to feed on multiple persons daily, increasing the risk
of CHIKYV infection and transmission to multiple hosts, greatly enhancing vecto-
rial capacity. Vector competence of Ae. aegypti and Ae. albopictus shows variation
according to the geographical origin of the mosquito population and CHIKV strain
[1, 15]. Once infectious, the mosquito is believed to be capable of transmitting the
virus for the rest of its life.

3.4 Chikungunya pathogenesis

In order for the viral transmission to occur, the skin is a major portal of entry
whereby the infested mosquito transmits CHIKV together with immunoregula-
tory proteins from the mosquito’s saliva while taking a blood meal. The local
immune response (monocyte, keratocytes, and melanocytes) cannot prevent
the virus from spreading to other tissues. Then, CHIKV replicates in the fibro-
blast cells of the skin then through the blood circulation, the viruses are dissem-
inated to the brain cells, the kidney, heart, lymphoid tissues, liver, and joints.
The incubation period is 2-4 days and is followed by a sudden onset of clinical
disease with no prodromal phase. Symptoms of CHIKV infection include high
fever, rigors, headache, photophobia, and a petechial rash or maculopapular
rash. In addition, most infected individuals complain of severe joint pain that
is often incapacitating due to the joint inflammation caused by arthralgia and
rheumatoid arthritis (Figure 3) [16, 20].

4, Recommendation

The use of a mosquito larvae management system would be a great approach to
reduce vector population. The use of mosquito repellents, such as coils and lotions
containing repellents, during the daytime will reduce arboviral transmissions.
Governments could develop public awareness campaigns during outbreaks to
educate populations on how to control the disease.

55



Chikungunya Virus - A Growing Global Public Health Threat

Author details

Lucille Lyaruu
Tropical Pesticides Research Institute, Arusha, Tanzania

*Address all correspondence to: lucillejustis@gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

56



Chikungunya Virus Transmission
DOI: http://dx.doi.org/10.5772/intechopen.100199

References

[1] Ganesan VK, Duan B, Reid SP.
Chikungunya virus: Pathophysiology,
mechanism, and modeling. Viruses.
2017;9:1-14. DOI: 10.3390/v9120368

[2] Braack L, Gouveia De Almeida AP,
Cornel AJ, Swanepoel R, De Jager C.
Mosquito-borne arboviruses of African
origin: Review of key viruses and
vectors. Parasites & Vectors. 2018;11.
DOI: 10.1186/s13071-017-2559-9

(3] Hertz JT, Lyaruu LJ, Ooi EE,
Mosha FW, Crump JA. Distribution of
Aedes mosquitoes in the Kilimanjaro
Region of Northern Tanzania.
Pathogens and Global Health.
2016;110:108-112. DOI: 10.1080/
20477724.2016.1182719

[4] Higa Y, Thi Yen N, Kawada H, Hai
SonT, Thuy Hoa N, Takagi M.
Geographic distribution of Aedes aegypti
and Aedes albopictus collected from used
tires in Vietnam. Journal of the American
Mosquito Control Association.
2010;26:1-9. DOI: 10.2987/09-5945.1

[5] Katsuda Y, Leemingsawat S,
Thongrungkiat S, Prummonkol S,
Samung Y, Kanzaki T, et al. Control of
mosquito vectors of tropical infectious
diseases: (3) Susceptibility of Aedes
aegypti to pyrethroid and mosquito
coils. The Southeast Asian Journal of
Tropical Medicine and Public

Health. 2009;40

[6] Kamgang B, Ngoagouni C,
Manirakiza A, Nakouné E, Paupy C,
Kazanji M. Temporal patterns of
abundance of Aedes aegypti and Aedes
albopictus (Diptera: Culicidae) and
mitochondrial DNA analysis of Ae.
albopictus in the Central African
Republic. PLoS Neglected Tropical
Diseases. 2013;7. DOI: 10.1371/journal.
pntd.0002590

[7]1 Kraemer MUG, Sinka ME, Duda KA,
Mylne AQN, Shearer FM, Barker CM, et

57

al. The global distribution of the
arbovirus vectors Aedes aegypti and Ae.
albopictus. eLife. 2015;4. DOI: 10.7554/
eLife.08347

[8] Saleh F, Kitau J, Konradsen F,
Alifrangis M, Lin C-H, Juma S, et al.
Habitat characteristics for immature
stages of Aedes aegypti in Zanzibar City,
Tanzania. Journal of the American
Mosquito Control Association.
2018;34:190-200. DOI: 10.2987/
17-6709.1

[9] Steinwascher K. Competition among
Aedes aegypti larvae. PLoS ONE.
2018;13. DOI: 10.1371/journal.
pone.0202455

[10] Lacroix R, Delatte H, Hue T,
Dehecq]JS, Reiter P. Adaptation of the
BG-Sentinel trap to capture male and
female Aedes albopictus mosquitoes.
Medical and Veterinary Entomology.
2009;23:160-162. DOI: 10.1111/j.
1365-2915.2009.00806.x

[11] Chen Z, Liu F, Liu N. Human odour
coding in the Yellow fever Mosquito,
Aedes aegypti. Scientific Reports.
2019;9:13336. DOI: 10.1038/
$41598-019-49753-2

[12] Smallegange R, Takken W. Host-
seeking behaviour of mosquitoes:
Responses to olfactory stimuli in the
laboratory. Olfaction in Vector-Host
Interactions. 2010:143-180

[13] Baraka V, Baraka V, Mathias L,
Mathias L, Kweka J. We are IntechOpen,
the world’s leading publisher of Open
Access books Built by scientists, for
scientists TOP 1% n.d.

[14] Farjana T, Tuno N. Multiple blood
feeding and host-seeking behavior in
Aedes aegypti and Aedes albopictus
(Diptera: Culicidae). Journal of
Medical Entomology. 2013;50. DOI:
10.1603/ME12146



Chikungunya Virus - A Growing Global Public Health Threat

[15] Thiboutot MM, Kannan S,
Kawalekar OU, Shedlock DJ, Khan AS,
Sarangan G, et al. Chikungunya: A
potentially emerging epidemic? PLoS
Neglected Tropical Diseases.
2010;4:e623. DOI: 10.1371/journal.
pntd.0000623

[16] Burt FJ, Rolph MS, Rulli NE,
Mahalingam S, Heise MT. Chikungunya:
A re-emerging virus. Lancet.
2012;379:662-671. DOI: 10.1016/
S0140-6736(11)60281-X

[17] Saganda W, Munishi OM,

Crump JA, Hertz JT, Howe S,

Kinabo GD, et al. Chikungunya and
dengue fever among hospitalized febrile
patients in Northern Tanzania. The
American Journal of Tropical Medicine
and Hygiene. 2012;86:171-177. DOL:
10.4269/ajtmh.2012.11-0393

[18] Eastwood G, Sang RC, Guerbois M,
Taracha ELN, Weaver SC. Enzootic
circulation of Chikungunya virus in East
Africa: Serological evidence in non-
human Kenyan primates. The American
Journal of Tropical Medicine and
Hygiene. 2017;97:1399-1404. DOI:
10.4269/ajtmh.17-0126

[19] Kamgang B, Happi JY, Boisier P,
Njiokou F, Hervé JP, Simard F, et al.
Geographic and ecological distribution
of the dengue and Chikungunya virus
vectors Aedes aegypti and Aedes
albopictus in three major Cameroonian
towns. Medical and Veterinary
Entomology. 2010;24:132-141. DOL:
10.1111/j.1365-2915.2010.00869.x

[20] Schwartz O, Albert ML. Biology and
pathogenesis of Chikungunya virus.
Nature Reviews. Microbiology.
2010;8:491-500. DOI: 10.1038/
nrmicro2368

58



Section 5

Treatment and Prevention

59






Chapter 5

Treatment and Prevention of
Chikungunya Fever: Current
Status and Prospective

Merhawi Debesai Ogbazgi

Abstract

Chikungunya fever is a vector borne tropical disease that was first described in
an outbreak in Tanzania. The disease is caused by Chikungunya virus (CHIKV), an
alpha virus belonging to the family Togaviridae and which is transmitted from one
person to another via the bite of mosquitoes. Active disease is characterized by high
grade fever, pain and joint symptoms. Although debilitating at times, the disease
seldom progresses to result in a serious outcome like death. There are no specific
treatments for Chikungunya virus at the moment. Clinical case management is
highly dependent on providing palliative care which in turn is expected to alleviate
symptoms and accelerate recovery from the infection. An important element in the
control of outbreaks of CHIKV infection is prevention. Preventive strategies involve
initiatives like vector control, immunizations and extra care to patients with the
infection. There have been several tens of researches focusing on the introduction
of newer drugs and vaccines against Chikungunya. That being said, so far, no single
agent has completed the entire drug or vaccine development process. Chikungunya
fever is a neglected tropical disease. Although it has no specific treatment till
date, the number of vaccine and drug candidates under study provides promising
insights on the prospects on chikungunya treatment.

Keywords: Febrile Illnesses, Chikungunya Virus, Palliative Care and Vector Control

1. Introduction

Chikungunya fever was first described in Tanzania in the year 1952 during
an outbreak in the southern part of the country. The disease is a vector borne
infection transmitted by mosquitoes carrying the causative agent, Chikungunya
virus (CHIKV), an RNA virus of the genus alphavirus and family Togaviridae [1].
CHIKYV is transmitted to humans by bites of several species of mosquitoes, the two
main species of mosquitoes transmitting the disease being Aedes aegypti and Aedes
albopictus [2]. Major symptoms of the infection include fever (sudden high grade
39-40°C), muscle and joint pain, swelling (joints), headache, nausea and other
minor skin reactions [3]. Deaths from severe infections are not common and if any,
the deaths are usually linked to other underlying medical conditions. Persons suffer-
ing an active infection may develop debilitating joint pain that gives them a distinct
curved or bent posture and this is from which the disease’s name ‘Chikungunya’ was
derived, which in the Makonde dialect means ‘to be contorted or bent’
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Although Chikungunya fever occurs throughout the world, it is specifically
common in the African continent. The disease is similar to many other febrile viral
illnesses in terms of the clinical presentation of infected patients, thus; it can be
misdiagnosed in areas where there are inadequacies of laboratory setups and testing
procedures [4]. Even when it was first described as a disease in Tanzania, it was
clinically indistinguishable from dengue fever [3]. For this reason, there are inac-
curacies in the numbers of infections of Chikungunya reported from various setups
and in many instances, it is almost impossible to come up with a reliable estimate of
the prevalence of the infection.

Currently, there are no commercially available vaccines or any specific drugs
to cure Chikungunya fever and existing treatments generally focus on relieving
symptoms. That being said, there have been immense research throughout the years
in pursuit of specific drug candidates and vaccines to target the causative agent, but
yet; no single entity was made available to the world. The most effective interven-
tion the world has been working on is to improve infection prevention strategies
targeting activities ranging from vector control to prevention of mosquito bites and
acquiring the infection.

This chapter provides brief highlights on the treatment approaches so far used,
preventive strategies employed and promising prospective drug and vaccine candi-
dates whose development have been underway in the past few years.

2. Management of Chikungunya fever

Management of any infectious disease generally requires meticulous examina-
tion and a differential diagnosis in order to ascertain what is being dealt with in the
first place. Before starting to treat Chikungunya fever, it is of utmost importance to
rule out other viral infections, like Zika virus and Dengue fever, that have similar
clinical presentation. Although in its severe form Chikungunya is a debilitating
illness, like all other viral illnesses, the viral load of CHIKYV is lowered by the body’s
immune response, thus; the symptoms are self-limiting and patients usually fully
recover.

There are generally two approaches into the treatment of any disease condition,
namely the specific treatment that focuses on the cause of the disease and another
is a non-specific intervention intended to alleviate symptoms of the disease. Today,
there is no specific antiviral drug or vaccine intended for use against the CHIKV
and for this reason, managing Chikungunya fever clinically is palliative, meaning
it only focuses on relieving the symptoms [5]. There are various pharmacologic and
non-pharmacologic approaches into doing this, the main of which are explored in
the next section.

2.1 Symptomatic treatments

Symptomatic interventions generally work to alleviate the symptoms that may
result from a disease condition without necessarily having to deal with the underly-
ing cause of the disease itself. In case of Chikungunya, a number of pharmacologic
and non-pharmacologic approaches may be used to alleviate symptoms of the
febrile illness.

2.1.1 Non-pharmacologic palliative care

Non-pharmacologic interventions do not employ the use of active chemical
entities that modify or make use of a specific biochemical and/or physiological
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processes to bring about the required change and thereby alleviate a symptom. Such
interventions include life style elements like dietary modifications, fluid intake

and bed rest. A common symptom in patients experiencing active Chikungunya
infection is generalized body weakness and lethargy, thus; adequate nourishment
and rest is very important to boost the patient’s immune response. Consumption of
citrus fruits and the use of multivitamin supplements may also be recommended in
some cases where there is loss of appetite. Taking plenty of fluids on the other hand
helps the patient to stay rehydrated thereby maintaining stamina and metabolic
stability. All these interventions play a vital role in optimizing the immune attack
the body launches against the virus and thus not only alleviate the symptoms, but
also accelerate the whole recovery process.

2.1.2 Pharmacologic palliative care

Pharmacologic interventions employ the use of specific active pharmaceuti-
cal entities which make use of specific bodily biochemical and/or physiological
pathways to bring about a specific effect and thereby alleviate a symptom. The most
common symptoms namely fever and joint pain can be alleviated with the use of
Non-Steroidal Anti-Inflammatory Drugs (NSAIDs). It is a fact that all NSAIDs have
anti-pyretic (body temperature lowering) and analgesic (pain relieving) properties.
Despite this fact, paracetamol or acetaminophen is more commonly used to manage
fever and mild pain while drugs belonging to the same therapeutic class like ibu-
profen, diclofenac and naproxen are used to alleviate pain to maintain a favorable
risk-benefit balance when using those medicines. Although Aspirin belongs to the
NSAIDs, its use for analgesia and as an anti-pyretic agent is not recommended. This
is in particular because of its blood thinning properties, giving the drug an unfavor-
able risk-benefit balance when used for these specific indications.

There are a number of studies debating over the use of chloroquine to treat
the arthritis like symptoms of Chikungunya fever. Even if there is evidence that
chloroquine is effective in managing various rheumatic joint diseases, its use for the
management of Chikungunya fever related joint symptoms remains questionable.
Disease-modifying anti-rheumatic drugs are also claimed to be effective in treat-
ing Chikungunya virus induced symptoms of chronic joint diseases that resemble
rheumatoid arthritis in their presentation. The literature also presents other
medicines like eupatorium perf, influenzinum, rhus-tox, pyroginum and cedron
that are primarily utilized in south east Asia and are believed to play curative and
preventive roles.

Interventions to alleviate symptoms of Chikungunya, whether non-pharmaco-
logically or pharmacologically, are believed to be effective in improving prognosis
and overall accelerating full recovery form the illness. A careful consideration
should however be made when selecting an appropriate treatment, particularly
a pharmacological palliative intervention, for the patient so that the risk benefit
balance of using the treatment remains favorable.

2.2 Specific treatments

In principle, a specific treatment is supposed to completely cure a disease. This
would mean that the treatment will precisely target the pathophysiological root
cause of the disease in the case of non-infectious disease and the invading causative
agent in the case of an infectious disease.

Till date, there is no single antiviral entity proven to be specifically effective
against the CHIKV. There have however been several antiviral candidates under
study to target the virus. With regard to active and passive immunizations against
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Approach Specific intervention Example:
Palliative Non-pharmacologic Real-time: Dietary modification, rehydration and bed rest
care treatment all play key role in boosting the immune responses against the

virus and thus facilitating full recovery.

Pharmacologic Real-time: The use of NSAIDs such as paracetamol or
treatment ibuprofen to alleviate fever and indomethacin or diclofenac to
relieve joint pain.
Specific Antiviral drugs Prospective: Specific antiviral drugs that target CHIKV by
treatment interfering with the various vital steps in the viral replication

cycle such as attachment, penetration, un-coating, replication,
assembly, and release.

Therapeutic (passive) Prospective: The use of specific preformed antibodies that
immunization directly target the whole virus or viral coat molecules there by
clearing viral particles.

Table 1.
Real-time and prospective approaches for the management of chikungunya fever.

the virus, no vaccine is commercially available for use in humans today. There are
however several vaccine strategies under study and some vaccine candidates have
now reached to advanced stages in the clinical development process. These candi-
dates are however still long way from the approval step and longer way from being
available in markets for consumption.

The management of Chikungunya fever is primarily palliative. Until the
time when specific curative alternatives are made available, it is recommended
that health practitioners make wise use of the available treatment options.
Moreover, there are various recommended treatment guidelines specific to
Chikungunya fever that provide clear steps on how effectively one can manage
the infection [3].

Table 1 summarizes the various approaches used today and the likely to be
future treatment options in the management of CHIKV.

3. Preventive measures

The prevention of disease acquirement and transmission is key to halt the
spread of any infectious disease. In case of Chikungunya virus infection, preven-
tion becomes vital to control spread especially that there are no specific treatments
against the disease. There may be several preventive strategies to control the spread
of Chikungunya fever. For the purpose of clarity, this section summarizes them into
three major approaches namely vector control measures, immunizations and care
for the already diseased persons.

3.1 Vector control and avoiding mosquito bites

Chikungunya is an arthropod borne viral infection. CHIKV is transmitted to
humans by bites of several species of mosquitoes [2, 3]. The two main species of
mosquitoes transmitting the disease are Aedes aegypti and Aedes albopictus. Aedes
aegypti is commonly responsible for transmission in urban areas whereas Aedes
albopictus has been the main vector in rural areas. These mosquitoes can be easily
distinguishable from others by the presence of white markings on their limbs and
a marking in the form of a lyre on the upper surface of the thorax. Recognizing
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the mosquito itself is very important as it gives an insight into the possibility of the
existence of an outbreak in a specific area.

The control and termination of breeding of the vector is key to the prevention of
the transmission of any vector borne infection. In the control of CHIKV outbreaks,
vector control through the use of larvicides and adulticides, the removal of larval
habitats, limiting human-vector contact and public education is critical [6]. The
measures that should be taken in vector control are similar to those used in the
control of transmission of malaria. The common measures that should be taken
include:

* Emptying and scrubbing, turning over, burying, covering, or throwing out
items that hold water. Since mosquitoes need water to lay eggs, it is very
important to cover or dry swampy spots in the surrounding of the outdoors of
living places.

* Using insecticides and repellents to kill and/or keep away mosquitoes from
indoors and thereby avoiding bites.

Another important measure that should be taken to control the spread of
CHIKYV is to avoid mosquito bites. There are a few things that can be done to
avoid bites:

* Recognizing the mosquito based on its physical appearance (white markings)
and being aware that unlike the mosquitoes that spread malaria which are usu-
ally active and bite during the night time, the Aedes species are active and bite
during both the day and the night times.

* Sleeping under a mosquito net especially in areas where mosquito breeding
rates are very high. Such places may include high humidity and swampy areas.

* Applying mosquito repellents. There are a wide variety of products that
contain mosquito repellents and are available in different formulations such as
lotions and creams.

Since mosquitoes have a major role in the spread of CHIKYV, targeting them is
key to halt the transmission cycle. Vector control comprises a set of activities, not
limited to the above described, intended to minimize transmission of CHIKV and
thereby the occurrence of active Chikungunya infections.

3.2 Immunization

Active immunization against specific foreign entities entering the human body
has been one of the most effective strategies in the prevention of communicable dis-
eases. Like other infectious diseases, CHIKV has been a subject of interest for many
vaccine developers. There is however no vaccine that have been made commercially
available for preventive immunizations against the disease.

Recent studies list a number of candidates that are under development [7, 8]. Of
the candidates, there is a single vaccine that have made progress to phase three clini-
cal trials, which seems to be the most progressing out of the rest of the candidates
[9]. That being said, according to what is published in the scientific literature thus
far, making a vaccine available for human use does not seem to be something that
one should expect in the very near future.
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S.No. Strategy Category Description
1 Vector Control Minimizing Controlling mosquito habitats (water holes,
mosquito breeding swamps and dump areas) and use of insecticides,
larvicides and adulticides to limit vector
proliferation.
Avoiding Sleeping under mosquito nets, avoiding shorts
mosquito bites and short sleeved wears during both day and

night times (to minimize open exposure of the
skin surface) and the application of mosquito

repellents.
2. Immunizations Active Vaccinating healthy individuals to develop
immunization active immunity against the infection. With no

consideration given to their safety profile, only a
few vaccine candidates have shown demonstrable
efficacy in eliciting adequate immune responses
against CHIKV.

3. Patient care Host control Infected patients are sources of the virus.
Protecting the infected patient from further
mosquito bites reduces the chances of
transmission.

4. Health education Public awareness Educating the public on the preventive strategies
and how to seek medical care if they suspect they
are infected. Moreover, describing the mosquito,
its physical features and behavior.

Table 2.
Strategies for the prevention of spread of CHIKV.

3.3 Special care for the diseased

Just as the mosquito plays a major role in the transmission cycle of CHIKYV,
so does the infected patient. The already diseased patient is actually incubating
the causative agent. It is, for this very reason, important that infected persons be
protected from further mosquito exposure during the first few days of the illness
when the viral load is high, so they can not contribute to the transmission cycle.
Preventing further mosquito bites can be achieved through the same measures
listed under the vector control and bite prevention strategies.

The main preventive strategies that could be adopted to limit outbreaks of
CHIKYV are briefly described in Table 2.

The world has not gone too far in developing a specific cure for Chikungunya
fever. Apart from the common notion that ‘prevention is better than cure’, in the
case of Chikungunya, prevention becomes of a particular interest because, until
today, there are no specific antiviral therapies or vaccines (whether active or passive
immunizations) that are proven to be safe and effective. It is hence important that
centers of disease control and prevention pay due attention in this regard and take
proactive measures to prevent or at least limit outbreaks.

4. Prospects on the introduction of new drugs and vaccines

As is the case with many other bacterial, viral or fungal infectious diseases,
Chikungunya fever has been a subject of interest for many researchers in pursuit of
new drug therapies and vaccines. Despite the fact that much effort has been done so
far, there is still no antiviral proven to be specifically effective against CHIKV while
being safe for use in humans [10]. Moreover, no vaccine has been made available
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for use by humans. It is however worth reflecting the trends on the development

of newer drugs and vaccines for chikungunya and to explore the various strategies
employed in their development. This particular section summarizes the prospects in
drug and vaccine development for Chikungunya fever.

4.1 Development of antiviral agents and the strategies employed

An antiviral agent is an entity that specifically targets a virus resulting in disrup-
tion of viral particles, prevention of replication and/or acceleration of viral clear-
ance through immunological mechanisms.

There have been a number of trails conducted in pursuit of a safe and effective
antiviral agents working specifically against the CHIKV. The candidates being tested
in the different trials are variable and target CHIKV through variable ways. Some of
the agents under study are small CHIKV inhibitor molecules and others are natural
inhibitors of viral replication [8, 11]. There are also repurposed drugs, monoclo-
nal antibodies, gene silencers and viral particles that work more or less through
immune modulation. In the last decade, more than 30 antiviral agents that are
thought to be effective against CHIKV were patented [8]. There are several antiviral
agents studied so far, the description of some of which is briefly explored below.

4.1.1 Inhibitors of CHIKV

The CHIKYV inhibitors is a category comprising a large array of compounds
including small inhibitor molecules, inhibitors from natural sources, repurposed
drugs and so on. This drugs utilize various biochemical pathways to inhibit the
replication of CHIKV. There are several tens of agents being studied under this
category, the majority of which are in the early stages of drug development. For
instance, ribavirin, arbidol, chloroquine, Epigallocatechin Gallate (EGCG) and
ribostamycin sulfate are some of the many drugs that fall under this category [8].

CHIKYV inhibitors exert their antiviral actions through a number of mechanisms.
Majority of these agents are viral replication inhibitors. They interfere in various
stages of viral replication such as gene transcription, assembly of viral particles into
virions and budding of virions out from the host cell. Other agents are thought to
contribute to viral clearance by the immune responses. None of these agents has
fully gone through the entire drug development process and thus non are made
available in the market.

4.1.2 Monoclonal antibodies

The use of monoclonal antibodies in the treatment of various infectious and
non-infectious diseases has been a very helpful strategy in the past few decades.
Monoclonal antibodies are more or less a simple model of passive immunizations
where preformed antibodies work to directly infiltrate viral particles.

There are many trials made on agents being developed as monoclonal antibodies
to work against CHIKV. The introduction of antibodies that are effective against
proteins of CHIKV could be a potential approach leading to vaccine development
as a treatment. These agents that make use of the immune system of the host
stimulates various immune modulators such as type I interferons and antibodies
during the initial stages of an infection with CHIKV [12], Immunoglobulin M (IgM)
antibodies during an acute phase [13] and Immunoglobulin G (IgG) antibodies for
infections persisting longer [14]. Neutralizing antibodies can be of help to prevent
budding of CHIKV from infected host cells and thus interfere with the viral release
from the host stage of the replication process [15].
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In this prospect, the use of Monoclonal antibodies seems to be a very prom-
ising approach towards the introduction of new antiviral treatments against
Chikungunya in the not too far future.

4.1.3 Vaccines

Although generally and in principle vaccines have a bigger role in the prevention
of acquiring active diseases, their use as therapeutic agents have become a com-
monly employed strategy especially in the essence of passive immunization where
recipients are given readily made antibodies that directly work to neutralize the
causative agent. The previously discussed principle about monoclonal antibodies
was more or less preceded by such ideas about neutralization.

In the area of vaccine development against Chikungunya, various efforts have
been made in the last decade to develop effective vaccines for the treatment of
CHIKYV infections. A number of live-attenuated virus vaccines, inactivated virus
vaccine, recombinant viral component vaccines, DNA and mRNA-based vaccines,
synthetic vaccines, subunit formulations of CHIKV and others have been developed
[16]. Further details on vaccine development will be discussed in the section that
follows.

4.2 Development of vaccines and the strategies employed

The introduction of vaccinations against CHIKV has been a subject of interest
ever since the disease was first described decades back. Immunizations in general
can be active and/or passive. Active immunization refers to the exposure of the body
to a foreign entity resulting in the initiation of body’s immune responses weather
cell mediated or antibody mediated. The development of immunological memory
will then result in prompt immune responses in subsequent invasions by the foreign
agent to which memory was developed. On the other hand, passive immunization
refers to the transfer, into the body, of readily made antibodies that may directly act
upon the foreign entity in the body. In this case, the neutralization of the invading
agent is much faster as there is no time lapse between sensitization and secretion
of antibodies. In the development of vaccines against chikungunya, both types of
vaccine agents have been under study [17].

4.2.1 Passive immunization

Passive immunization against the CHIKV refers to the introduction of
preformed antibodies that directly act upon the causative virus. This is briefly
discussed in the previous section where monoclonal antibodies are presented as
therapeutic antiviral agents. Human protection from CHIKV infection is primar-
ily mediated by humoral memory host response and the presence of neutralizing
antibodies targeting the virus’s outer surfaces of envelope glycoproteins [18]. There
are studies that support the efficacy of monoclonal antibodies as post exposure
therapy against CHIKV infections. Passive immunization therefore seems to be
another prospect for the introduction of effective interventions against chikungu-
nya in the future.

4.2.2 Active immunization
Active immunization employs the introduction of an antigen into the body to

elicit an immune response and memory against the foreign agent. It is considered to
be the most cost-effective preventive health intervention so far. The development of
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Entity Category Description
Antiviral Inhibitors of CHIKV * A group of compounds that interfere with various steps in the
agent (simple molecules) viral replication cycle.

More than 30 candidates under study.

Example: ribavirin and arbidol.

Monoclonal * Target specific immune modulators that neutralize virions.
antibodies * Example: monoclonal antibodies that stimulate immune
response mediators such as type I interferons, IgM and IgG in
various stages of the infection.
Vaccine Passive immunization ¢ Preformed antibodies that directly act to clear virions.

Fast onset of action (neutralization).

Example: serum purified antibodies.

Active immunization Antigen based antibodies that stimulate the immune system to

develop memory against CHIKV.

Example: vaccine candidates under development such as VRC-
CHKV133, MVCHIK127 and CHIKV/IRES115.

Table 3.
CHIKYV drug and vaccine development strategies.

a CHIKV vaccine seems to be feasible because the virus has a relatively low antigen
diversity compared to other similar viruses [17]. This would also imply that changes
in vaccine effectiveness profiles, assuming an effective vaccine is made avail-

able, are less likely to occur due to the less rapid rate of mutations observed with
the virus.

Until 2016, three experimental vaccines have advanced to the stage of human
testing. Two candidates namely, the VRC-CHKV133 and the MVCHIK127 vac-
cines finished phase I, in 2014 and 2015 respectively. The third candidate (CHIKV/
IRES115 vaccine) yielded promising efficacy and safety results in mice and
macaques and plans are in place for a phase I trial. It is worth of note that there is
one candidate that have advanced to phase three trials in 2020 [9]. This prospect
gave hope to many disease control program managers.

Table 3 provides a summary list of the most advancing drug and vaccine devel-
opment approaches for CHIKV.

5. Chapter summary

Chikungunya fever is a vector borne infection caused by Chikungunya virus.
The virus is transmitted by the bites of two main mosquito species namely, Aedes
aegypti and Aedes albopictus. The disease is characterized by several symptoms the
major of which are high grade fever, joint pain and joint inflammation. Severe infec-
tions are debilitating and may require the patient to be bedbound or may even result
in death, though very rare, in cases where the patient has a compromised overall
health status.

Currently, there are no specific anti-viral drugs against the Chikungunya virus
and treatments are designed to alleviate symptoms. There are a number of pallia-
tive pharmacological and non-pharmacological treatment options which may offer
symptomatic relief and accelerate recovery from the infection. The use of non-ste-
roidal anti-inflammatory agents to alleviate fever, pain and various joint symptoms
associated with the disease has been a very effective management option. Some
other non-medicinal life style approaches like dietary changes such as consumption
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of more vitamins and minerals to boost the immune response to the infection have
also been some of the recommended care approaches. The overall goal of palliative
care is to reduce suffering and accelerate recovery.

Exploring the various preventive strategies adopted to minimize the transmis-
sion of Chikungunya virus is of utmost importance. The general notion of disease
prevention is more pronounced when treatment options are limited or inexistent.
The absence of specific treatment for Chikungunya therefore necessitates that due
attention is given to prevention. Although several strategies may be employed to
prevent viral transmission, vector control has been the one major approach to halt
spread of the infection. Prevention of mosquito bites becomes as important to the
already infected as it is for the uninfected person in terminating the transmission
cycle. In another scene, despite the recognition that immunizations have for so long
been the most cost effective preventive health interventions and the efforts made
to discover some, no specific CHIKV vaccine has so far been made commercially
available and thus the use of vaccines as preventive measures is yet to come.

As it is the case with many novel viral diseases, Chikungunya has for decades
been a subject of interest to drug and vaccine development firms. The current status
and prospective with regard to new drug and vaccine development and clinical
trials for cures and immunizations against this viral disease seems to be promising.
Many new trails on animal models are currently underway and a few drug and vac-
cine candidates made it to testing in humans. Several tens of antiviral agents have
advanced to the late stages of drug development. These entities come in various
forms ranging from simple molecules, agents from natural sources and macromol-
ecules such as monoclonal antibodies. On the other hand, a number of vaccines
have also been under development and one candidate has so far advanced to phase
three clinical trials, thus demonstrating acceptable safety and efficacy.

In light of the seriousness and debilitating nature of Chikungunya fever, the
pursuit for newer treatment options and preventive strategies such as vaccinations
should inevitably be encouraged. Neglected tropical diseases, as their name implies,
have for long been ignored in many aspects in attempts to favor policies and resource
allocations towards diseases that are deemed deserving priority based on their public
health threat profile. Chikungunya fever is a neglected tropical disease, yet, the bulk
of research carried out in this area is commendable and the trends demonstrate a
possibility for the introduction of a novel treatment option in the near future.

Acknowledgements

This book chapter was prepared by conducting a through literature review and
no source of funding was used to prepare the manuscript.

Declaration

Conlflict of Interest: The author declares that he has no competing interests.

Funding: No funding was solicited for the preparation of this chapter.

Consent for Publication: The author gives his consent for publication.

Ethical clearance/approval: This is a book chapter not a research article
employing subjects of study and thus, no ethical clearance was sought (not
applicable).

Data or Information privacy policy: To the author’s awareness, no data set was
used in contrary to terms of data privacy policy and/or intellectual property rights
in the preparation of this chapter. Specific factual information is well referenced.

70



Treatment and Prevention of Chikungunya Fever: Current Status and Prospective
DOI: http://dx.doi.org/10.5772/intechopen.98523

Author details

Merhawi Debesai Ogbazgi
National Medicines and Food Administration, Ministry of Health, Asmara, Eritrea

*Address all correspondence to: dome.bable07 @gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/

by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

71



Chikungunya Virus - A Growing Global Public Health Threat

References

[1] World Health Organization (WHO).
Chikungunya fever factsheet 2020
[Updated September 15, 2020].
Available from: https://wwwwho.int/
news-room/fact-sheets/detail/
chikungunya.

[2] Centers for Disease Control and
Prevention, National Center for
Emerging and Zoonotic Infectious
Diseases (NCEZID), Division of
Vector-Borne Diseases (DVBD).
Chikungunya prevention 2020

[Updated December 07, 2020]. Available
from: https://www.cdc.gov/
chikungunya/index.html.

[3] World Health Organization (WHO).
Guidelines on clinical management of
chikungunya fever. WHO Regional
Office for South-East Asia, 2008.

[4] Soto-Garita C, Carrera J-P,
Lépez-Verges S, Corrales-Aguilar E.
Advances in clinical diagnosis and
Management of Chikungunya Virus
Infection. Current Treatment Options
in Infectious Diseases. 2018;10(3):
397-409.

(5] Subudhi BB, Chattopadhyay S,
Mishra P, Kumar A. Current strategies
for inhibition of chikungunya infection.
Viruses. 2018;10(5):235.

[6] CDC. CHIKUNGUNYA information
for vector control programs 2015
[Updated July 9, 2015]. Available from:
http://www.cdc.gov/chikungunya/pdfs/
CHIKV VectorControl.pdf

[71AnW, Ge N, CaoY, Sun}, Jin X.
Recent progress on chikungunya virus
research. Virologica Sinica.
2017;32(6):441-453.

[8] Ghildiyal R, Gabrani R. Antiviral
therapeutics for chikungunya virus.
Expert opinion on therapeutic patents.
2020;30(6):467-480.

72

[9] Carlson R. Chikungunya vaccine
candidate heads to phase 3 study:
Valneva chikungunya vaccine candidate
VLA1553 reduces clinical illness risk.
Precision Vaccinations. 2020.

[10] Tharmarajah K, Mahalingam S,
Zaid A. Chikungunya: vaccines and
therapeutics. F1000Research. 2017;6.

[11] Parashar D, Cherian S. Antiviral
perspectives for chikungunya virus.
BioMed Research International.
2014;2014.

[12] Fox JM, Diamond MS. Immune-
mediated protection and pathogenesis

of chikungunya virus. The Journal of
Immunology. 2016;197(11):4210-4218.

[13] Broeckel R, Fox JM, Haese N,
Kreklywich CN, Sukulpovi-Petty S,
Legasse A, et al. Therapeutic
administration of a recombinant
human monoclonal antibody reduces
the severity of chikungunya virus
disease in rhesus macaques. PLoS
neglected tropical diseases.
2017;11(6):e0005637.

[14] Kam Y-W, Lee WW, Simarmata D,
Harjanto S, Teng T-S, Tolou H, et al.
Longitudinal analysis of the human
antibody response to chikungunya
virus infection: Implications for
serodiagnosis and vaccine

development. Journal of virology.
2012;86(23):13005-13015.

[15] Jin ], Galaz-Montoya JG,

Sherman MB, Sun SY, Goldsmith CS,
O'Toole ET, et al. Neutralizing
antibodies inhibit chikungunya virus
budding at the plasma membrane. Cell
host & microbe. 2018;24(3):417-28. e5.

[16] Cimica V, Galarza JM. Adjuvant
formulations for virus-like particle
(VLP) based vaccines. Clinical
Immunology. 2017;183:99-108.



Treatment and Prevention of Chikungunya Fever: Current Status and Prospective
DOI: http://dx.doi.org/10.5772/intechopen.98523

[17] Schwameis M, Buchtele N,
Wadowski PP, Schoergenhofer C,
Jilma B. Chikungunya vaccines in
development. Human vaccines &
immunotherapeutics. 2016;12(3):
716-731.

(18] Fong RH, Banik SS, Mattia K,
Barnes T, Tucker D, Liss N, et al.
Exposure of epitope residues on the
outer face of the chikungunya virus
envelope trimer determines antibody
neutralizing efficacy. Journal of
virology. 2014;88(24):14364-14379.

73






Chapter 6

Treatment of Chikungunya
Virus (CHIKV) Using Targeted
Immunotherapy

Fleury Augustin Nsole Biteghe,
Chalomie Nyangone Ekome Toung, Jean De La Croix Ndong,
Neelakshi Mungra, Tahir B. Dar and Arnaud John Kombe Kombe

Abstract

Chikungunya virus (CHIKV) is the most common mosquito-borne Alphavirus
infecting humans worldwide. Up to date, there are no antiviral treatments or
vaccines approved to treat or prevent CHIKV for which treatments remain symp-
tomatic based on clinical manifestations. Hence, designing effective therapies to
either prevent or treat CHIKV infection is of paramount importance. Interestingly,
monoclonal antibodies (mAbs) are known to be significantly important in mediat-
ing protective immunity in CHIV infection. During the last decades, numerous
animal studies have reported the protective and prophylactic efficacy of human
and mouse anti-CHIKV mAbs isolated from convalescent patients. However, the
therapeutic benefits of these anti-CHIKV mAbs can be limited by multiple factors.
Thus, it becomes pertinent to better understand the CHIKV infection dynamics,
mitigate the undesired mAbs-associated effects and improve therapies. In this
review, we critically discuss CHIKV antiviral infectious mechanisms and address
how the improved understanding of the latter may pave the way to better targeted
immunotherapies.

Keywords: Therapeutics, Antibodies, Vaccines, Prophylactics, Chikungunya virus

1. Introduction

Chikungunya virus (CHIKV) is an arthropod-borne virus firstly discovered
during the Tanzanian outbreak in 1952 and isolated a year later (1953) from patient
serum and mosquitoes [1]. CHIKV is a worldwide epidemic threat responsible for
self-limited fever, maculopapular rashes, and debilitating polyarthralgia in most
(90-92%) infected patients [1, 2]. Its name, meaning “that which contorts or bends
up” in “Kimakonde”, a Tanzanian and Mozambican vernacular language, stems
from the stooped posture exhibited by infected patients [3-6]. In endemic areas,
CHIKV can be misdiagnosed as it displays dengue (DENV) or zika virus (ZIKV)
like symptoms [1, 7]. Although less lethal, CHIKV-associated mortality rate can be
influenced by other factors, including immunocompromised individuals, new-
borns from high viremic mothers or patients with preexisting arthritis [1]. CHIKV
represents a serious economic burden, affecting the physical status of infected
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patients, restraining them from working for up to 35 days, as reported during the
2007 Indian outbreak [8]. For that reason, CHIKV was categorized as a biodefense
pathogen by the National Institute of Allergy and Infectious Diseases (NIAID) in
the USA [9]. Presently, there are no clinically licensed vaccines or therapies to treat
CHIKV. Nonetheless, several pre-clinical animal models using antibody-based
immunotherapy have shown some promising results in preventing and treating
CHIKYV infections [1, 7, 9, 10]. Despite several obstacles that have to be overcome to
reach clinical fruition of such therapy [11], mAbs therapies offer better therapeutic
avenues with respect to emerging disease outbreaks [12]. Hence, this review suc-
cinctly describes CHIKV characteristics (Transmission, structure and diagnosis)
and highlights the potential therapeutic usage of mAbs based on their protective
role in naturally occurring humoral immunity following CHIV infection. Lastly, we
briefly discuss some challenges associated with mAbs therapy and propose future
alternative therapeutic approaches.

2. Chikungunya’s transmission cycle

CHIKYV can be transmitted either horizontally from human to human through
mosquito bites (Aedes species) [1] or vertically from a mother to a child during preg-
nancy or at birth, thus causing severe neonatal infection [1, 13, 14]. However, the rate
of CHIKYV transmission can be affected by the geographical location and the vector.

It has been historically reported that CHIKV was predominant in Sub-Saharan Africa
(SSA), Southeast Asia tropical and sub-tropical regions, where two different transmis-
sion cycles occur [15]. In rural areas, CHIKV replicates through a sylvatic transmission
cycle (animal to human transmission via the mosquito), involving forest or savanna
Aedes mosquitoes (A. furcifer and A. africanus) and animals (domestics and non-
domestics), representing the main CHIKV reservoirs within this cycle [16]. The urban
transmission cycle is mediated by A. albopictus (also known as Asian tiger mosquito)
and A. aegypti, both maintaining the human-to-human transmission, thus making
humans the principal CHIKV reservoirs in the urban epidemic cycle (Figure1).
Interestingly, Chikungunya fever outbreaks in Asia have been associated with only the

;.Hlt.llalnil:x.l\ Savanna animals, Pets Humans / Humans
(Fhomales; ehcins) /(Gnal. mousc, cheep, ¢fc...) (villagers) /Hdnvimun.. travelers)
§
. Tl A — . --

- ;

"~

Sylvatic
cvele

Forest / Savanna Savanna / Village Big citiics Waorldwide

Figure 1.

CHIKV transmission cycle: Two cycles known as sylvatic and urban characterized the CHIKV transmission

cycle. While the sylvatic predominantly occurs in Africa and circulates between primates, rodents and other
vertebrates, the urban counterparts is commonly observed in Asia, where CHIKV is horizontally transferred
from human to human through mosquito bites or blood meal.
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urban CHIKYV transmission cycle, while the African counterparts are related to both
sylvatic and urban transmission cycles [15, 17]. Based on this evidence, it can hypo-
thetically be suggested that the CHIKV transmission cycle before 1952 was restricted to
the sylvatic cycle and that its urban transmission resulted from demographic expan-
sion through deforestation or migration of CHIKV infected travelers from rural to the
most populated urban cities. While the natural factors sustaining CHIKV infection
remain elusive [16], it can be hypothesized that simultaneous presence of Aedes specie
mosquitoes and CHIKV carriers (even with very low viral load in the blood) in a given
area is enough for the resurgence of CHIKV-associated outbreaks.

3. Clinical manifestations of chikungunya fever

Chikungunya virus (CHIKV) is an emerging and re-emerging arbovirus associ-
ated with high morbidity, characterized by multiple clinical symptoms, with typical
and/or atypical signs. CHIKV infection can be broken down into three phases,
including the acute (the first 21st days following the onset of clinical symptoms),
post-acute (from the 3rd week till the end of the 3rd month) and chronic phase
(3 months following the onset of clinical symptoms) [1]. Therefore, chikungunya
can present diverse clinical symptoms, for which 3-25% of infected individuals
are asymptomatic (Figure 2) [18]. During the symptomatic phase, the majority of
infected patients (90-95%) develop long lasting clinical symptoms coinciding with
viremia peak (Elevated viral load ranging between 10° and 10" viruses per milliliter
of blood) and manifested as debilitating polyarthralgia, myalgia and arthralgia
which are rarely fatal (1in 1000) and not observed in dengue fever [18-20].
Atypical cases of CHIKV occur less frequently and mainly affect elderly, immuno-
compromised individuals and neonates from viremic mothers [1, 18]. The clinical
manifestations associated with these atypical cases include severe neurological
dysfunctions (Encephalitis), ocular changes, cardiovascular defect, preterm birth,
hyperpigmentation, bullous dermatosis and Guillain-Barré syndrome [1, 18].
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Fever (85%) g
Headache (72%) . @
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Figure 2.

Acite CHIKYV clinical symptoms: During the symptomatic phase, CHIKV reportedly causes self-limited

fever, as well as debilitating polyarthvalgia in most (85-92%) infected patients [18—20]. Also, CHIKV can
manifest atypical dermatological symptoms (42%) including edema, hemorrhagic bullous skin lesions,
hyperpigmentation [21] and neurological symptoms, chavacterized by encephalopathy, encephalitis, Guillain—
Barre or encephalomyelova-diculitis [22].
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Yet, the mechanisms contributing to the long-lasting clinical symptoms remain
elusive. An attempt to elucidate this mechanism was made by Reddy et al., 2017,
demonstrating CHIKV’s ability to evade host immunity as a result of CHIKV E1
glycoprotein homology to the host human counterpart [23]. Consequently, a more
detailed understanding of CHIKV replication and infectious cycle is necessary to
mitigate these undesired effects.

4. Chikungunya virus genome structure and infectious cycle

CHIKYV is a small enveloped virus with a positive single-strand RNA virus
belonging to the Alphavirus genus from the Togaviridae family [1, 21]. It is also
referred to as an arbovirus (for arthropod-borne virus) due to arthropods trans-
mission (Aedes mosquitoes) [21]. CHIKV has an RNA genome of approximately
11.8 kb, comprising two open reading frames (ORFs), known as 5caped ORF (7424
nucleotides) and 3’polyadenylated ORF (3732 nucleotides), linked by a junction
region [22]. The 5end is protected by a 7-methylguanosine (7MG) cap, with the
OREF accounting for 66% of the genome encoding a precursor protein, which upon
processing produces four nonstructural proteins (nsP1-4) responsible for CHIKV
replication in host cell cytoplasm upon entry [1, 22]. On the other hand, the 3’ORF
ends with a polyadenylation signal (3’poly-A tail) and encodes another precursor
protein, generating five structural polyprotein comprising: the capsid C, envelop
glycoproteins (E1, E2 and E3) and the 6 K protein [1, 22]. Figure 3A give a graphic
representation of CHIKV genome. Once matured (after replicating in host cells),
the virion particle has about 70 nm diameter and possesses 240 copies of capsid
proteins embedded in 80 spikes of envelope trimers (glycoproteins E2/E1), which
are inserted within the plasma membrane of the infected cells (to evade host immu-
nity) that they use to bud out of the host cells through a secretory pathway [1, 22]
(Figure 3B). Therefore, elucidating CHIKV replication cycle in both mammalian
and mosquito cells becomes pertinent to develop efficient therapies.

CHIKYV primarily replicates in the epithelial cells of mosquito midgut before
migrating into the salivary glands where they keep replicating throughout the
insect life, prior dissemination into the bloodstream of mammalian host, following
mosquito bite/blood meal [1, 25]. Once deposited in the human bloodstream or skin
after an infected mosquito bite (or blood meal), CHIKYV firstly replicates within
fibroblasts and macrophages found at the site of inoculation [16]. Thereafter, CHIKV
systemically propagates within the body through the lymphatic system to multiple
replication sites, where prominent disease symptoms occur (lymph nodes, spleen,
skin, muscles, peripheral joints, brain, liver and tendons) despite innate immunity
[16]. Notably, CHIKV replication in peripheral tissues is associated with elevated
viral loads (>10° virus particles/ml), which is conducive for mosquito transmission
during episodic bloodmeal or bite [16, 26]. Moreover, CHIKV can be transmitted to
humans in various ways, including infected needles, contaminated blood donation,
organ graft and from viremic mother to newborn [1, 27]. In this regard, Campos et
al., 2017 study primarily highlighted the presence of CHIKV in the breast milk of an
infected mother, who tested positive for serum and urine [28]. Fortunately, this study
did not reveal a breastfeeding transmission capacity of the infected breast milk, as
the 3-month-old newborn CHIKYV serology and reverse transcriptase-polymerase
chain reaction (RT-PCR) tested negative [1, 28]. In light of the latter results, it is
worth mentioning that only the structural proteins (surface glycoproteins E2 and E1)
are present on the outer surface of CHIKV envelop and are endowed with antigenic
potential, able to elicit activation of host immune defense mechanisms [10].
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Figure 3.

Chgikungunya virus genome structuve and infectious cycle. (A) Chikungunya genome structure, (B)
chikungunya (CHIK) internaliges within the target cell through receptor mediated endocytosis. Upon

entry, CHIK undergo conformational changes leading to E1 peptide exposure as a result of endosomal
microenvironment acidity, which favors virus—host cell membrane fusion and subsequent cytoplasmic release
of nucleocapsid core and viral genome. Thereafter, two viral mRNA strands are translated to give to two
non-structural proteins (nsPs), which are cleaved to generate nsP1-nsP4. The function of the latter are as
followed: 1) nsP1 synthesis the negative viral strand RNA and cap it, 2) nsP2 exhibits RNA triphosphatase,
helicase and proteinase functions contributing to host cell transcriptional machinery inhibition, 3) nsP3 forms
part of the replicase unit and 4) nsP4 exert viral RNA polymerase function. The coordinated activity of these
proteins is to produce the viral veplication complex, enabling the synthesis of the full-length negative-strand
RNA intermediate serving as the precursor to generate the subgenomic (26S) and genomic (49S) RNAs.

Once synthesized, the 26S mRNA is translated into C-pE2—-6 K—E1 polyprotein precursors, which are further
processed by a serine protease to produce a capsid (C), pE2 and E1 glycoproteins. Then, pE2 and E1 assemble
in the Golgi and translocate to the plasma membrane, where pE2 is cleaved into E2 (enabling receptor
binding) and E3 (ensuring corvect pE2 folding and its subsequent assembly with E1). Completion of this viral
replication cycle is achieved through 1) assembly of the viral nucleocapsid with the viral RNA, 2) recruitment
of membrane-associated envelope glycoproteins and 3) budding at the virus at the host cell membrane [24].

5. CHIKV induced immune response
5.1 The role of innate immunity in chikungunya infection management

The innate immune system refers to the first non-physical and non-specific
defense mechanisms to encounter invading pathogens or foreign elements immedi-
ately or hours following the appearance of their antigens within the body [29]. To
perform its protective role, the host innate immunity relies on antigen-presenting
cells (APC) such as macrophages (Mc) and dendritic cells (DC) to neutral-
ize foreign antigens and subsequently present it in a specific way to specialized
lymphocytes B (antibody producing cells) and T-cells of the adaptive immunity
in secondary lymphoid organs (spleen and ganglions) [30, 31]. Conventionally,
all APCs are endowed with the ability to capture an antigen originating from
extracellular or intracellular milieu and present it to CD4+ or CD8+ T cells, using
major histocompatibility complex II (MHC-II) or I (MHC I) associated peptides
respectively [30-32]. However, DCs are endowed with the unique potency to prime
CD4+ and CD8+ T-cells (in secondary lymphoid organs) due to their ability to
cross-present captured foreign antigens using MHC-II/I complexes [32-34]. Under
normal conditions, DC cells exist in immature and inactivated states, hence acting
as the sentinel of the immune system [31, 34, 35]. However, DCs are activated into
a mature state once exposed to the antigenic determinant of the foreign organism.
This DC protective role was illustrated by Long et al., 2013 reporting increased DCs
presence at CHIKV infection site 24 and 36 h post infection [36]. Additionally, the
latter report highlighted that mice harboring DCs deficiency for dendritic immuno-
genic receptor (DCIR) displayed more severe CHIKV related symptoms (increased
inflammation, edema, weight loss and damage of inoculated foot and the ankle
joint) than wild type control [36]. In this line, Das et al., 2015, demonstrated an
increase in CD206+ DCs mobilization at the CHIKV infected astrocytes site [37].

Nevertheless, it is well documented that innate immunity following viral infec-
tion can recruit inflammatory cells to infected musculoskeletal tissues, with the
potential to cause muscular and articular damages inducing the observed pain
and discomfort in muscles, joints, and tendons [16]. This CHIKV dependent
polyarthritis-like symptoms were reported by Amdekar et al., 2017, to be linked
with host inflammatory response regulated by infiltrating macrophages (in joints),
T cells, and viral persistence within the immune inaccessible infected sites [38].
Similarly, numerous studies have demonstrated the dichotomic CHIKV reservoir
(during chronic infection phase) and modulatory macrophage functions (keeping
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local Th1/Th2 balance) in the affected tissues (muscles, joints, lymphoid tissues and
liver) that they co-infiltrated with mononuclear inflammatory cells [39-41]. These
aforementioned results corroborated Gardner et al., 2010 study, revealing the equally
important role of macrophages in establishing arthritis symptoms and CHIKV clear-
ance [42]. Furthermore, Phuklia et al., 2013 and Schett, 2007 showed that CHIKV-
infected synoviocytes (Cells producing the synovial fluid component important for
absorption from the joint cavity and for synovial/blood fluid exchange) were able

to promote the migration and differentiation of both monocytes and macrophages
into joints damaging osteoclast-like cells, capable of producing high levels of arthritis
mediators (Interleukin-6 and Tumor Necrosis Factor-a) [43, 44]. In contrast, Haist
etal., 2017, underlined the protective role of inflammatory Ly6C™ CCR2+ monocytes
in controlling CHIKV infectious, as their depletion (using diphtheria toxin on CCR2-
DTR" mice) was associated with severe disease symptoms and reduction in Ly6C and
NK cells in bloodstream and muscles when compared to wild type mice [45].

6. Chikungunya and adaptive immunity

Humoral and cell-mediated immunity hold the center stage for protection
against CHIKV infection through the combined action of T and B-lymphocytes,
respectively [46]. Multiple human and animal studies have demonstrated the host
immune system’ ability to induce the production of neutralizing anti-CHIKV
antibodies, to rapidly clear CHIKV viral loads and establish long-term immunity
[1, 10, 46]. This adaptive humoral immunity relies on immunoglobulin-M (IgM:
representing ~30% of circulating antibodies) to primarily entrap the CHIKV
antigen to secondary lymphoid tissues by bridging the innate and adaptive immu-
nity before the onset of the robust and specific life-long protecting IgG response
[1, 47]. During the chikungunya fever acute phase, neutralizing IgM are produced
as early as 2-6 days post-infection and act to reduce viral loads (Figure 4) [48]. This
neutralizing IgM capacity perdures up to 10 days following CHIKV infection before
synergizing with specific IgG response [1]. Interestingly, Couderc and Lecuit et
al.,2015 reported persistent anti-CHIKV IgM in chronic chikungunya fever patients
related to repeated CHIKV antigen and RNA exposure [49]. Of late, Tanabe et al.,
2018 showed that IgM antibodies preferentially interact with cognate E1-E2 fusion
glycoprotein epitopes found on CHIKV outer surface [23, 46] and that long term
viral immune protection was achieved through specific IgG production, persist-
ing up to 19 years following the first infectious episode (1991 Thailand CHIKV
outbreak) [50]. Among all IgG subtypes, IgG3 was found to be the most predomi-
nant, able to serve as a predictive marker of high-risk patients (when minimally
produced) or as a prophylactic agent, able to passively transfer from mother to
newborn via the placenta and limit viral metastases to distant muscles and joints
[1]. This pentameric immunoglobulin structure armed them with the ability to
easily mediate CHIKV aggregation, recognition and elimination by cytotoxic CD8+
T cells [46]. Unfortunately, CD4+ T-cells can be detrimental to CHIKV infected
mice, as it was reported by Theo et al., 2017 that they can severely damage the joints
of T-cell receptor-deficient mice when adoptively transferred [46, 51]. Mitigation of
these undesired CD4+ T-cell effects could be performed using fingolimod (phos-
phorylated sphingosine 1-phosphate receptor 1 agonist: SIPR1) treatment, blocking
S1PR1 mediated CD4+ T-cells dissemination to the joints of CHIKV infected mice
[46, 51]. In a parallel study, Miner et al., 2017 demonstrated the synergy of immu-
nosuppressive cytotoxic T-lymphocyte-antigen-4 (CTLA-4) abatacept (blocking
CD4 co-stimulatory activating signals) with anti-CHIKV (reducing viral load)
in controlling arthritis and CHIKV infection, respectively [52]. This result was
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CI—gHK V infection and immune response: CHIKV infection begin with mosquito’s bites, allowing viral entry into
serum and subsequent dissemination into peripheval ovgans (lymphoid, muscles and joints), leading to the onset
of symptoms (acute phase) that can perdure beyond 8 days. During the acute phase (0—4 days), neutralizing
IgMs are produced, and their increase inversely correlates with CHIKV viral loads. During the recovery phase
or convalescence (beyond 7 days), IgGs are produced and act in concert with IgM to provide long-term immune
protection.

particularly relevant, as it may pave the way for novel antibody therapeutic strate-
gies, with the potential to clinically benefit CHIKV infected patients.

7. Chikungunya virus therapeutic treatment and future perspectives

Targeted antibody-based immunotherapy was developed to address the unmet
CHIKYV therapeutic clinical needs [1]. In this regard, immunotherapy using IgG has
widely been developed and has demonstrated the potential to reach clinical frui-
tion by exerting its virucidal (Virus killing activity) and prophylactic activities on
infected patients [1]. This IgG virucidal effect was confirmed by Scott et al., 2017
showing its ability to induce complete recovery in encephalitis infected patients,
using a therapeutic dose of 400 mg/kg for 5 days [2]. With this in mind, Fernandes
etal., 2019 corroborated these latter results, by achieving a 10 day total recovery,
following a combination therapy involving antibiotic and IgG treatment (400 mg/
kg for 5 days) on a severely infected 56 years old patient, presenting with atypical
dermatological form associated with edema and hemorrhagic bullous skin lesions
[53]. This IgG immunotherapeutic agent could either be used to immunized healthy
or asymptomatic individuals in endemic areas (with the aim to reduce CHIKV
propagation) or to treat high-risk patients such as pregnant women, newborns,
immunocompromised individuals, elders or patients with preexisting arthritis [1].
For example, Couderc et al. 2009 demonstrated the therapeutic and prophylactic
actions of IgGs (purified from convalescent CHIKV infected donor), protecting
adult immunocompromised and immunocompetent mice neonates from CHIKV

82



Treatment of Chikungunya Virus (CHIKV) Using Targeted Immunotherapy
DOI: http://dx.doi.org/10.5772/intechopen.97811

re-challenge and severe neurological symptoms associated with chronic CHIKV
infection [54]. Based on these accumulative reports, a phase I/II clinical trial was
initiated to evaluate the therapeutic and prophylactic efficacy of CHIKV IgG
therapy to newborns of mothers with acute CHIKV infection, whose infectious
rates reached 49% (Clinical trials: NCT02230163) [14]. However, the efficacy of
CHIKV IgG immunotherapy can be compromised by immune evasion, arising from
monoclonal Abs (mAbs) selective pressure or accumulated genetic mutations able
to suppress antigen specificity, thus antigen—antibody interaction [1]. With the
advent of recombinant antibody engineering technology, efforts to overcome these
unwanted effects were developed and led to the generation of bispecific antibodies
that can recognize two or more epitopes; a detailed discussion beyond the scope

of this review has been provided by Nyakatura et al., 2017 [55]. Besides immune
evasion, other factors like antibody-dependent enhancement (ADE), characterized
by sub-neutralizing Abs concentration that is permissive for viral replication, has
been identified as a major challenge for CHIKV management [1, 56]. In spite of the
single serotype status of CHIKV, ADE cannot be overlooked with respect to CHIKV
reemergence, as it has been observed in other viral diseases, including Dengue,
Rabies virus, influenza and HIV [1]. Also, antibody-based therapy is generally
associated with high production costs, which may restrain therapeutic usage due

to affordability. To address these issues, nucleic acid vaccines made up of mRNA or
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mRNA vaccine mechanism of action. Conventional mRNA possesses disease specific gene of interest (GOI)
encoding the antigen DNA sequence that is vespectively capped at the 5’ end and polyadenylated (poly-a tail)
at the 3’ untranslated region (UTR). Upon internalization within the host cell, viral mRNA is released from
the endosome to the cytosol, where it is immediately translated by the ribosomes and post-translationally
modified by the proteasome. In opposition to the conventional mRNA vaccination, the self-amplifying mRNA
method mostly uses positive-sense single-stranded viral RNA encoding the disease specific antigen and viral
nonstructural proteins (nsPs) driving intracellular RNA amplification and significant antigen expression.
These two vaccination methods need a delivery system for host cell internalization, commonly performed
through endocytosis, preceding cytosolic viral mRNA cargo veleases from the endosome, driving translation and
subsequent viral antigen protein processing for MHC presentation to ensue and activate host immunity [59].
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plasmid DNA (pDNA) were developed [57, 58]. These novel vaccines are commonly
used to treat mRNA alphavirus and are mainly produced by genetically substituting
viral encoding structural protein with target antigen encoding genes while preserv-
ing the RNA replication machinery [57]. Hence, when injected into patients, these
vaccines (mRNA) mimic the virus by taking advantage of the host cell machinery to
efficiently transcribe an antigen encoded RNA into an antigen encoded DNA, which
is subsequently translated and post-translationally modified into a form (protein)
that resemble the natural antigen that can successively stimulate and activate the
innate and adaptive immunity (Figure 5) [57, 58]. Recently, Kose et al. (2019)
demonstrated CHIKV and arthritis protecting properties of an infused nanoparticle
encoding CHIKV antibody mRNA, which was as good as purified IgG mAbs in
stimulating protective anti-CHIKV serum concentrations in macaques [60].

So far, there are no clinically approved RNA vaccines to treat human diseases.
Yet, in response to the ongoing coronavirus disease 2019 (COVID-19) pandemic,
multiple clinical trials such as NCT04283461, have been initiated to test the safety
of an mRNA vaccine (encoding SARS-CoV-2 spike protein), which successfully
produced SARS-CoV-2 antibodies and had no clinically adverse effects [61, 62].
Currently, it has progressed into phase III clinical trial (NCT04470427) to evalu-
ate its efficacy against COVID-19. Likewise, other clinical trials are presently
investigating the safety, tolerability and immunogenicity of zika virus envelop
protein encoded mRNA vaccines (NCT04064905; NCT03014089) [61, 63]. Taken
altogether, it becomes evident that the rapid advances made in recombinant DNA
technology, will revolutionize the way we approach and promptly respond to
endemic CHIKV/COVID-19 like diseases.
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The chikungunya virus (CHIKV) is an RNA virus that is transmitted to humans by
Aedes mosquitos commonly found in tropical and subtropical countries. In humans,
CHIKYV causes an infection with symptoms strikingly like those of the dengue virus
and Zika disease, both of which are also transmitted to humans by the same genus
of mosquitos. This book delves into the history of the disease and the molecular
characterization of the virus. It sheds light on modern diagnosis tools that allow
unambiguous identification of CHIKV infection. In addition, this book addresses the
epidemiology of chikungunya fever, the distribution and spread of the disease, and the
promising approaches under consideration for preventing and treating the disease.
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