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Preface

Chikungunya has become an important cause of morbidity, although with a low mortality
in certain areas of the world - the tropical (mainly due to vector-borne transmission) and
non-tropical areas (due to sporadic vector-borne transmission and mother-to-child transmis‐
sion) - occurring in rural and urban settings (1-3). Just in Colombia, during 2014–2015, more
than 3 million cases were estimated to have occurred, including severe and atypical cases as
well as deaths, including pregnant and newborn cases with congenital disease (4-6). In addi‐
tion to acute disease and subacute and chronic manifestations, today known as post-chikun‐
gunya chronic inflammatory rheumatism (pCHIK-CIR) is an important condition which
compromises half of the patients who have suffered this arboviral disease mainly in La Re‐
unión, France, India, and Colombia (3, 7-9). For all these reasons, research on this arboviral
disease is of utmost relevance particularly in endemic settings, mostly in developing coun‐
tries, and particularly in Latin America. However, exposure to the virus in these areas in the
context of globalization also gains importance given the increasing number of imported cas‐
es (10-13), even with the risk of autochthonous transmission as have occurred in the Medi‐
terranean areas of Europe, such as in South France, Eastern Spain, or Northwestern Italy
(14). As with other neglected arboviruses, chikungunya deserves more research and multi‐
ple new approaches for its study. More approaches with the vision of “One Health” are
clearly necessary (15). Also, more interaction between medical doctors and doctors of veteri‐
nary medicine, as the role of animal reservoirs in chikungunya, is still, by far, unknown.
Holistic control approach requires both of them involved, especially because most of the
burden related to chikungunya and other neglected arboviral diseases (Mayaro, Usutu, Kya‐
sanur, Oropouche, among others), would be avoidable (16). Now, there is the emergence of
Zika, which can even lead to deaths, too (17-21).

With these conceptions in mind, this book includes different topics with regard to epidemi‐
ology, biology, clinical manifestations, treatment, and prevention, including entomological
aspects of the wide spectrum of manifestations caused by the chikungunya virus infection,
trying to update the most significant research in many of them as well as to offer a multina‐
tional perspective on different aspects. This book has been organized in two major sections:
(I) “Clinical and Epidemiological Aspects” and (II) “Entomology.” Section I includes topics
covering epidemiological and clinical experience and studies in Colombia, Chile, Mexico, La
Reunión, France, and India, including the infection during pregnancy and children, import‐
ed cases, ocular manifestations, coinfections, and therapeutics. Section II includes topics cov‐
ering entomological aspects, related to vector control, and new options for biological control
of Aedes aegypti, the main vector of chikungunya.

Commissioning of this book has been related in part to my recent involvement in chikungu‐
nya research, making the first publications of Colombia, as well as among the first in Latin



America about multiple aspects of this arboviral disease. Part of this is a clear reflection of
the work impulse at the Research Group Infection Public Health and Infection of the Faculty
of Health Sciences of Universidad Tecnológica de Pereira, directed by Dr. Guillermo Javier
Lagos-Grisales, not just a partner and a colleague, but mainly a friend and an extreme be‐
liever in our work.

Following the same philosophy that we had on my three previous books with InTech, Cur‐
rent Topics in Tropical Medicine (22), Current Topics in Public Health (23), and Current Topics in
Echinococcosis (24), this book does not intend to be an exhaustive compilation, and this first
edition has included not just multiple different topics but also a wide geographical partici‐
pation from many countries of different regions of the world. Its online availability through
the website of InTech, as well as the possibility to upload the complete book or their chap‐
ters in personal websites and institution repositories, allows it to reach a wide audience.

I would like to give a very especial thanks to InTech (for the fourth time), and particularly to
Iva Simcic (Publishing Process Manager), for the opportunity to edit this interesting and im‐
portant book, as well as for their constant support.

I want to take the appropriate time and space, as I used to do, to dedicate this book to my
beloved family (Aurora, Alfonso José, Alejandro, and Andrea, the neurologist) and particu‐
larly to my lovely wife, Diana. After 5 years together, I am so certain she is everything to
me. She is the engine of my life. And due to her support, projects like this one would be not
only just possible, but also successful. She is the highest blessing in my life, my soul mate,
and my strongest support for any journey; she provides everything in my life, day to day.
Also I would like to thank my friends and my undergraduate and postgraduate students of
health sciences in Colombia, Venezuela, and around Latin America. It is time to say thanks
to my colleagues at the Working Group on Zoonoses, the International Society for Chemo‐
therapy, and the Committee on Zoonoses and Haemorrhagic Fevers of the Colombian Infec‐
tious Diseases Society (ACIN), and to more than 40 members of our Colombian
Collaborative Network on Zika (RECOLZIKA) (www.RECOLZIKA.org), which I have the
pleasure to chair, especially to my friends Wilmer E. Villamil-Gómez, Alberto Paniz-Mon‐
dolfi, and Jorge L. Alvarado-Socarras, among many others across Colombia and Latin Amer‐
ica. I would like to thank Dr. Juliana Buitrago-Jaramillo, the former Dean of the Faculty of
Health Sciences, Universidad Tecnológica de Pereira, who supported most of the efforts of
our research group, Public Health and Infection. Special thanks to my friend and colleague
Dr. Guillermo J. Lagos-Grisales, MD, MPH. Also I would like to thank the current Dean, Dr.
Rodolfo Cabrales, who has been an enthusiast and supporter of our research activity. Mem‐
bers of our research group and incubator consist of young and enthusiastic medical students
and some veterinary medical students, as well as young medical doctors, who are pursuing
significant improvements in the understanding of the epidemiology of zoonotic, vector-
borne, parasitic and, in general, infectious diseases, in our country with international projec‐
tion. The year 2016 has been highly productive for this recognized group, which is
positioning as a leader in infectious disease epidemiology research in the Coffee-Triangle
Region and very soon in the country. One chapter was written by two of our graduates.
Thanks to Dr. Mondragón, who helped in the critical review of the editor’s chapter.

Finally, I hope our readers enjoy this publication as much as I did reading the chapters of
Current Topics in Chikungunya.

PrefaceVIII
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Chapter 1

Chikungunya, a Global Threat Currently Circulating in
Latin America

Alfonso J. Rodriguez-Morales, Jaime Andrés Cardona-Ospina and
Wilmer E. Villamil-Gómez

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/64808

Abstract

Chikungunya fever (CHIK) is a highly important arbovirosis currently established in Lat‐
in America and the Caribbean (LAC); its acute and chronic burden is an overlooked issue
for policy makers. Disease spread control and proper management of chronic-derived se‐
quelae do not seem like a realistic goal in short- and mid-term. The CHIKV circulating in
the Western Hemisphere is closely related to strains from Philippines, China, and Yap
(Federated States of Micronesia), and vertical and horizontal transmission of infection has
been reported. Pathogenesis is still not well understood, and vaccines are under develop‐
ment yet. Here, we provide a summary of information regarding LAC spread of the dis‐
ease from a public health, clinical and molecular perspective, particularly from the
experience in Colombia.

Keywords: Chikungunya, Latin America, public health, molecular epidemiology, clinical
manifestations

1. Introduction

Chikungunya fever (CHIK) is a highly important arbovirosis to Latin America and the
Caribbean (LAC) because it is an infectious disease that have evolved from a simple threat to
an established disease with acute and chronic burden to almost all the American continent,
both mainland and overseas territories. Moreover, the presence of suitable ecological condi‐
tions in nontropical areas and our highly interconnected world have led to the report of cases
in at least four continents in the world. CHIK is an arthritogenic fever that has arrived to stay
in the Americas. After its introduction in 2013 to the island of Saint-Marteen (two autochtho‐
nous cases confirmed on December 6, 2013), it quickly spread through overseas Caribbean
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territories with autochthonous transmission (Martinique and Saint Marteen, December 19,
2013; Guadeloupe, December 24, 2013; Saint Berthelemy, December 31, 2013; and British Virgin
Islands, January 15, 2014). Next, on February 21, the World Health Organization (WHO)
confirmed the arriving of CHIK to mainland South America in French Guiana with seven
confirmed cases (two autochthonous). Since then, the disease has spread over the entire
continent. Until today, it continues accounting for important acute and chronic burden to the
healthcare systems of the region [1–7]. For example, in Colombia, until June 2016, more than
16,000 new cases of CHIK have been reported.

Currently, almost every country in LAC has reported autochthonous transmission of CHIK,
some of them in confined territories, but others such as Colombia, Venezuela, and Ecuador
with a more generalized and intense disease transmission. Non-LAC territories have suffered
the impact of travel and suitable ecological conditions with vector availability (Aedes aegypti
and Aedes albopictus). The United States of America presently report mainland autochthonous
disease transmission in Florida, and in Europe the vector is widely spread through Italy, the
southern coast of Spain and France, and some areas of Switzerland, Croatia, Montenegro,
Slovenia, Albania, Greece, and Romania [8]. Additionally, although previous CHIK cases have
been reported in Europe, alongside the LAC outbreak, there were mainland reported cases in
France and Spain in 2014 and 2015, respectively. On October 21, 2014, the National IHR Focal
Point for France notified the WHO of four laboratory confirmed and locally acquired CHIK
cases in Montpellier. The four cases occurred within a same family who did not have any
history of traveling outside France or their district of residence, but who lived near to an
imported case from Cameroon. This was the first time that locally acquired transmission of
CHIK has been detected in France since 2010 [9]. On the other hand, on August 3, 2015, the
WHO was notified by the National IHR Focal Point for Spain of a case of CHIK in the city of
Gandia, Valencian Community. The patient, a 60-year-old man, had no history of travel outside
the European Region. A regional laboratory identified him with the detection by ELISA of IgM
titers and subsequent IgG seroconversion. However, the National Reference Laboratory failed
to confirm these results and it apparently was a false positive [10]. Likewise on September 9,
2015, the Ministry of Health and Social Affairs of Senegal notified the WHO of the beginning
of active circulation of chikungunya virus (CHIKV) on August 27 in the region of Kédougou,
where the latest active circulation was reported between 2009 and 2010 [11].

As showed, CHIKV can easily be spread into areas where suitable ecological conditions are
done. In 2016, 16,653 CHIK cases in LAC have been newly diagnosed, both suspected and
confirmed (epidemiological week 7) [12]. By the same time, in 2014, there were 1980 cases, but
the current data are only about 17% of the reported cases in the same epidemiological week in
2015. Although it is possible that CHIK cases this year would be importantly lower than the
previous, attention must be paid because probably it is going to have an epidemiological
behavior that resembles dengue with episodes of seasonal epidemic outbreaks. Moreover, after
the arriving of Zika to the region, efforts must be oriented not only to vector control programs
but to develop proper diagnosis, treatment, and follow-up strategies in order to grant man‐
agement and assessment of acute and chronic symptoms. Chikungunya, dengue, and Zika are
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three arbovirosis that already pose an important burden to LAC healthcare systems. They have
showed our weaknesses in managing infectious disease spread and taught us that viral
emerging infectious diseases are more than febrile illnesses. The latent threat of introduction
of other Aedes sp. transmitted arbovirosis, like Mayaro or other viral hemorrhagic fevers
transmitted for arthropods, call our attention to learn lesson and to take planed actions.

2. Virology and molecular epidemiology

CHIKV is a member of the genus Alphavirus, family Togaviridae, that was first isolated from
the serum of a febrile human in Tanganyika (Tanzania) in 1952–1953 [13,14]. However,
reported cases from India and Japan have suggested that CHIKV epidemics could have
occurred as early as 1779 [15]. Besides, after its isolation, the virus was found repeatedly in
numerous countries in Central, Southern, and Western Africa, as well as in many areas of Asia,
and it has caused multiple outbreaks and epidemics in Africa, Southeast Asia, and Southern
Europe [16–18].

The CHIKV is an enveloped, spherical virus with a diameter of 60–70 nm. It has a RNA, positive
sense, linear genome of 11.8 kb that resembles eukaryotic mRNAs; given that at the 5′ end, it
has a methyl guanylate cap, which is a nonstructural poly-protein precursor, and at the 3′ end,
it has a poly(A) tail [17]. The 5′ precursor is cleaved into nsP1, nsP2, nsP3, and nsP4, which are
involved in the virus replication and have functions and structures that are shared by other
alphaviruses [17,19–21]. The nsP1 protein functions as cytoplasmic RNA capping enzyme, the
nsP2 protein is a cysteine protease with a partially constricted substrate-binding site and two
separate domains with helicase and protease activity [20], the nsP3 protein is essential for
negative strand RNA synthesis, and the nsP4 protein works as an RNA-dependent RNA
polymerase [17–19,21]. The 3′ poly(A) tail consists of 26S mRNA whose products include the
structural proteins: the surface glycoproteins (E1 and E2), the capsid protein, and small
peptides (E3 and 6K). The surface glycoprotein E2 has a role in viral attachment, and the surface
glycoprotein E1 is the fusion protein that facilitates the viral entry [18,19,22].

Currently, there are three CHIKV-identified genotypes based on the E1 gene and the full
genome sequence: East/Central/South African (ECSA), West African, and Asian. Phylogenetic
analyses suggest that CHIKV spread from Africa to Asia episodically [23,24] and that the
CHIKV strains circulating in the Caribbean came from the >2005 Southeast Asian clade, which
previously moved into Western and South Pacific (American Samoa and Yap) and then to the
Western Hemisphere. The CHIKV circulating in the Western Hemisphere is closely related to
strains from Philippines, China, and Yap (Federated States of Micronesia) [25–30]. By contrast,
the circulation of the ECSA genotype has been confirmed in Brazil apparently imported from
Angola [31]. During the current LAC epidemics, the virus has showed mutation rates that are
in accordance with previous evolutionary rate model, which predicted approximately 10
nucleotide mutations over the entire genome during the course of a 1-year epidemic [23,26,30].
The LAC CHIKV possess two unique amino acid differences and a 12-nucleotide deletion that
could be useful in future for tracking of this strain [26].
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3. Pathogenesis and disease transmission

Conventionally, CHIKV transmission is considered to be through flying arthropods of the A.
aegypti o A. albopictus species. However, evidence suggested that viable infective virus is
excreted in the saliva of monkeys, mice, and humans, and it could be a source of infection
particularly in immunocompromised patients [32,33]. Vertical transmission has also been
reported [34,35]. Despite some studies failed to show effect of CHKV infection during
pregnancy on major obstetrical outcomes or congenital anomalies, long-term follow-up studies
have reported poor neurocognitive outcomes of newborns and even poorer results in patients
with neonatal CHIKV encephalopathy [36,37].

After its entry to the human host, the CHIKV first replicates in the skin fibroblasts [38,39], next
it enters to the circulatory system, and triggers an early type I interferon response [40].
Apparently, alterations in this response are associated with more severe disease and death [41].
Next, it disseminates from blood to various tissues, it lodges in immune-privileged niches, and
it replicates in the joints and skeletal muscles that are associated with extensive inflammatory
cell recruitment [38,40,42–45]. CHIKV infection can persist in mononuclear cells and macro‐
phages that are another primary cellular target and help in virus dissemination and chronic
articular symptoms [38,46,47]. It has been proposed that viral persistence is associated with
expression of interferon (IFN)-α, interleukin (IL)-10, and monocyte chemotactic protein 1
(MCP-1 or CCL2) [40]. Chikungunya infection causes high levels of IFN-α, suggesting strong
innate immunity, along with the production of IL-4, IL-10, and IFN-γ, suggesting the engage‐
ment of the adaptive immunity. Notably, circulating T lymphocytes showed a CD8+ T
lymphocyte response in the early stages of the disease and a CD4+ T lymphocyte-mediated
response in the later stages, and IFN-γ and IL-12 levels have been observed to rise dramatically
during the acute phase of chikungunya fever. The level of IL-12 returns to normalcy in patients
who recover. In contrast, patients who develop chronic arthritis show persistently high IL-12
levels. Histologic examination of synovia from patients with chronic arthritis following
chikungunya fever has revealed joint inflammation due to macrophages containing viral
material. Elevated expression of MCP-1, MCP-2, and MCP-3 has been associated with bone
reabsorption and bone lose, and CHIKV seems to favor a pro-osteoclastic microenvironment
disrupting the receptor activator of nuclear factor-κB ligand/osteoprotegerin (RANKL/OPG)
ratio [43,48].

Support cells of the central nervous system, such as astrocytes and oligodendrocytes, have
shown to be infected with CHIKV in human, primate, and mice models [49,50]. Apparently,
the astrocytes play an important role in replicating the virus and are susceptible to die because
of the infection, whereas the microglia seems to be infection-resistant [50]. The infected cells
are induced to express high levels of cytokines and chemokines related to an upregulation on
innate immune response [50,51]. The adaptive immune response apparently occurs early in
the infection. Higher and early increase of IgG3 titers has been correlated with efficient viral
clearance and long-term viral protection [52], whereas higher level of C-reactive protein is
related to lymphopenia, lower monocyte level, neutrophilia, and high viral load [19,53].
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4. Clinical manifestations and chronic sequelae

It was previously believed that asymptomatic seroconversion was a rare event. However,
results point that the subclinical: symptomatic proportion is at least of 4.6:1 patients [54]. The
clinical course of CHIK could be divided into three phases: acute, subacute, and chronic. The
acute phase has usually been considered from the start of the symptoms (day 0) until the day
10. The most frequent symptoms are arthralgia, fever, and rash [28,55,56]. Other symptoms
that could be present are headache, myalgia, pruritus, dizziness, nausea, vomiting, diarrhea,
asthenia, red eyes, and although unusual, hemorrhagic symptoms could be present too [28].
The arthralgia usually is a bilateral and symmetric polyarthralgia of large joints that involves
the appendicular skeleton; it is more severe in viremic patients, and the joints more frequently
affected are of the lower limbs particularly, knees and ankles. Impairment of the finger joints
is more frequent in women like the periarticular swelling too. Some patients can feel pain in
previous bone fractures or ligament injuries as well as pain along ligament insertions and
talalgia [57,58]. Likewise, skin involvement is important, although some studies reporting
cutaneous manifestations are limited by the lack of confirmation of infection through serolog‐
ical test. Dermatological lesions comprise a wide spectrum. It could be morbilliform eruption,
the most common type of lesion, scaling, confluent macular erythema, intertrigo, hypermela‐
nosis, xerosis, excoriated papules, urticaria, petechial spots, and bullae, among others [58,59].
The macular erythematous rash could appear at fourth day of fever, while dengue rash appears
between days 5 and 6, and in Zika fever it could appear on the first symptomatic day. Mucosal
involvement has been reported, with aphthous ulcers in mouth, conjunctival injection, and
nasal ulceration with nasal skin necrosis [60,61]. Similarly, CHIK cases could manifest with
vasculitis in legs or nose with complications that could lead to amputation. Laboratory findings
are often unremarkable; lymphopenia and thrombocytopenia could be present but are rare
and slight elevation of hepatic aminotransferases could be observed [58]. During this time,
there is a lot of overlap between symptoms caused by CHIK, dengue, and Zika, and for this
reason differential diagnosis must be made through specific laboratory assessment (Specific
IgM titers or RT-PCR) [62,63]. However, some features could help to guide clinical probability
in field work. For instance, acute reactants such as C-reactive protein and sedimentation rate
could be high, in contrast with dengue and Zika [64–103]. Cardiovascular assessment through
electrocardiographic and echocardiographic imaging must be strongly considered. Ventricu‐
lar and supraventricular arrhythmias and signs of myocarditis or acute effusive pericarditis
could be present [104].

During the acute phase of the disease, some patients evolve to some clinical presentations that,
because it is apparent rare occurrence, have been called “atypical manifestations” that include
severe disease manifestations. These clinical manifestations include comprises in neurological,
respiratory, cardiovascular, and cutaneous systems, among others that could evolve to death
[3,61,64–68]. Older age and comorbidities are associated with the appearance of severe cases,
death, and evolution to chronic forms of the disease [64]. Ocular manifestations are important
too, being the anterior uveitis the most frequent, although retinitis and optic neuritis have also
been reported [69]. During the outbreak of 2006 in Reunion Island, mortality attributable to
CHIK was recorded, and during the LAC outbreak, fatalities have been noted with an
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estimated case fatality rate of 0.012% [3,64,65]. It is important to highlight that co-infection
could be an issue where co-circulation of CHIK, dengue, and Zika has been reported since
mixed clinical pictures could be present.

After 10 days of infection, the majority of patients will improve and symptoms will disappear,
but there is a proportion of patients that will evolve to the subacute and chronic phase of the
disease. The chronic phase is usually defined as the presence of symptoms at least for 2 or 3
months. The symptoms present during this phase affect quality of life and they can be derived
from different involving systems [70]. According with previous estimates, 41.57% of CHIK-
infected people would develop chronic inflammatory rheumatism (pCHIK-CIR), both arthritis
and arthralgia, at 12 months [71]. Estimates derived from a systematic review and meta-
analysis [105] showed, in the most conservative scenario, about 25% of CHIK would develop
pCHIK-CIR, 34% considering the most representative studies, and 14% would develop chronic
arthritis. Retrospective studies from cohorts in Colombia support these findings [72,73], but
prospective studies are needed in order to establish the real risk of progression in LAC since
geographical variation has been reported. When pCHIK-CIR appears, it usually involves
ankles, knees, shoulder, and elbow [74]. And sometimes, it can mimic seronegative rheumatoid
arthritis [75–77]. Although it is unknown if pCHIK-CIR is a lifetime condition, follow-up
studies have found persistence of bone erosions and articular symptoms even after 6 years [78].
The risk of articular symptoms’ persistence is apparently increased with older age, severity of
initial joint pain, underlying osteoarthritis, gender (i.e. women), and number of comorbidities
[64,70,79–81].

Although less well documented, there are other chronic worrisome sequelae that could be
derived from CHIK. For example, chronic sequelae derived from post-CHIK Guillain-Barré or
post-CHIK neuropsychiatric disorders such as anxiety or depression [66,67,82,83], vision
defects from ocular involvement [69], or congestive heart failure from dilated cardiomyopathy
associated with myocarditis [84]. Hence, although CHIK-burden is already worrisome,
derived costs, both direct and indirect, are probably underestimations of the real problem.
Healthcare systems of the affected areas must be aware of the possible chronic consequences
of CHIK infection and efforts for prevention of infection must be done and proper follow-up
of infected patients must be granted. The real scope of the problem is still unknown and more
research is needed.

5. Treatment and antiviral development

Until today, CHIKV infection during the acute phase is treated with hydration, non–anti-
inflammatory antipyretics (acetaminophen), and symptomatic relief through the use of
antihistaminic drugs or lotions for pruritus control. When pain does not relief with usual
analgesia, general measures such as alternating cycles of 10 minutes of cold and 20 minutes of
warm each 8 hours could be used avoiding the prescription of corticoids or nonsteroidal anti-
inflammatory drugs. Currently, there are no approved antivirals to treat the infection, but
research in the field has been increasing. Some antiviral molecules, which act by blocking virus
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proteins important for virus replication, have been reported [85]. Polymerase inhibitors,
mainly nucleotide, have been tested with difficulty because the core polymerase subunit nsP4,
which is shared by other alphaviruses, is inactive on its own [21,85]. However, Faviparir (6-
fluoro-3-hydroxy-2-pyrazinecarbox-amide), a nucleotide RNA-base analog inhibitor, is
promising because it reduces CHIKV replication, as well as in other alphaviruses, in mice [86].
Likewise, efforts have been made in order to identify pharmacophore features of protease
(nsP2) inhibitors [87]. Molecular modeling has been used in the identification of novel and
selective inhibitors with one of them having encouraging features [88]. Other drugs, such as
ribavirin, interferon, mycophenolic acid, or arbidol, with known antiviral activity against other
pathogens have been proved in CHIKV infection and could potentially be used in treatment
[85,89]. Equally, other drugs without conventional antiviral activity have been proposed for
treatment. For instance, chloroquine has been suggested as a drug with prophylactic and
therapeutic effects apparently by impairing endosomal-mediated virus entry during early
stages of virus replication [90]. Other anti-parasite agents, such as ivermectin and a benzimi‐
dazole-derived drug, have showed effects on replication at early and late stages of infection
[91,92]. Doxycycline combined with ribavirin effectively inhibited CHIKV replication and
attenuated its infectivity in vivo in animal models [93]. Besides, some plant-derived products,
such as green tea components, flavonoids, diterpene esters, and complex plant alkaloids, have
showed antiviral activity against CHIKV [85,94–96].

For the chronic phase of the disease, particularly for articular symptoms, there is little high-
quality evidence to guide treatment. Recommendations worldwide have suggested treating
inflammatory articular symptoms in an early fashion as rheumatoid arthritis, and some
disease-modifying antirheumatic drugs, such as hydroxychloroquine and methotrexate, have
been proved in pCHIK-CIR appa rently with good results [77,97]. Glucosamine and chondroi‐
tin sulfate could be used to treat pain in patients with previous arthrosis, and those patients
with neuropathic pain pregabalin could be prescribed. Treatment of other nonarticular pCHIK
chronic sequelae have been poorly studied and reported, and there is no a clinical studied and
approved drug for pCHIK-CIR risk reduction. Although studies suggest that passive immu‐
nization with monoclonal antibodies may help in CHIKV-infected patients who are at risk of
severe disease or in neonates born from viremic mothers [85].

6. Vaccines, disease prevention and control

Although efforts have increased up to this moment, there is no an approved vaccine for CHIK
prevention. There are several vaccine strategies proven in CHIK that comprises live attenuated
virus, chimeric virus, DNA vaccines, viral vector vaccines, viral subunits, inactivated virus,
and virus-like particles. All of them in preclinical phase trials are used in animal models,
mainly mice [85,98]. As for other virus diseases, apparently the best choice for anti-CHIKV
vaccination is a strategy using an attenuated live virus vaccine, and there are developed
candidates. For instance, two mutant virus strains, with large deletions in either the nsP3 gene
or in the entire 6K gene, proved to be genetically stable, attenuated, highly immunogenic, and
able to confer durable immunity after a single immunization in mice [99]. Neutralizing
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antibodies recognize the epitopes in the E2 glycoprotein and therefore E2 is another vaccine
candidate [100].

Besides, efforts have been made in order to improve vector control strategies. Implementa‐
tion research has been conducted in LAC in order to find ways to improve use of preven‐
tion tools such as insecticide-treated nets and covers, education, social mobilization, and
water storage cleaning [101,102]. The potential to prevent and control not only CHIK, but to
dengue and Zika too, encourages to direct efforts in order to grant vector control.  Like‐
wise, recent studies have shown that vector co-infection with the bacterium Wolbachia pipientis
impedes virus infection. This bacterium is maternally inherited and is a promising technolo‐
gy to control disease spread [103].
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antibodies recognize the epitopes in the E2 glycoprotein and therefore E2 is another vaccine
candidate [100].

Besides, efforts have been made in order to improve vector control strategies. Implementa‐
tion research has been conducted in LAC in order to find ways to improve use of preven‐
tion tools such as insecticide-treated nets and covers, education, social mobilization, and
water storage cleaning [101,102]. The potential to prevent and control not only CHIK, but to
dengue and Zika too, encourages to direct efforts in order to grant vector control.  Like‐
wise, recent studies have shown that vector co-infection with the bacterium Wolbachia pipientis
impedes virus infection. This bacterium is maternally inherited and is a promising technolo‐
gy to control disease spread [103].
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Abstract

Chikungunya fever (CF) is an arboviral disease in worldwide expansion due to the plasti‐
city of its pathogen and vector. Chikungunya virus (CHIKV), a positive-sense, single-
stranded RNA alphavirus, is transmitted by Aedes (Stegomyia) aegypti and Aedes albopictus
mosquitoes, two hegemonic anthropophilic day-biting mosquitoes capable of colonizing
very different environments. This expert review discusses the molecular epidemiology,
pathophysiology, clinical features, diagnosis, management, and prevention of CF during
pregnancy, infancy, and childhood. Specifically, it will focus not only on the issue and
challenges of perinatal mother-to-child transmission of CHIKV, its pathogenesis, and ef‐
fects on neurodevelopment, but also on CHIKV-associated central nervous system dis‐
ease in children, two previously ill-characterized features of the infection.

Keywords: Chikungunya virus, children, encephalitis, epidemiology, pregnancy

1. Introduction

Chikungunya fever (CF) is an arthropod-borne viral disease caused by the chikungunya virus
(CHIKV) [1]. First described during an outbreak of dengue-like illness in the Newala district
of the southern province of Tanganiyika (current Tanzania) in 1952–1953, the virus derives its
name from the Makonde language and means “to become contorted” or “that which bends
up” [2, 3]. These descriptors refer to the hallmark of the disease observed in adults, namely,
severe incapacitating arthralgia, which was characterized as “frightening” in the seminal
description of Robinson [4], as they lead to an inability to stand or walk [5]. In the majority of
adult patients with CF, painful arthritis can continue for months and even years, yielding a
significant persistent disease burden in affected populations [6–9]. CF is usually not life-
threatening, although atypical and severe forms can occur during large-scale epidemics and
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a slight increase of mortality has accompanied the peak of the outbreak in La Réunion island
[10–15]. Indeed, CHIKV-associated mortality is considered rare (~1‰ infections), but occurs
primarily among the elderly, as evidenced in La Réunion, India, or in Puerto Rico [15–17].

Genome-scale phylogenetic analyses of CHIKV suggest that the virus originated from Africa
and was subsequently introduced from Africa into Asia [18]. Phylogenetically, CHIKV has
evolved into three distinct clades across the past five centuries: Asian, East Central South
African (ECSA), and West African lineages.

In its natural cycle, CHIKV is transmitted by the bite of female arboreal Aedes (Stegomyia)
mosquitoes. The peridomestic Ae. aegypti, the well-known vector of yellow fever and dengue,
was identified as the primary vector of CHIKV during its inaugural outbreaks, both in Africa
[2] and Asia [19]. It is only during the last decade that Ae. albopticus (also known as the Asian
tiger mosquito) has been recognized as a new propagating vector of CHIKV [20]. Originally
native to Southeast Asia, Ae. albopticus has adapted successfully to cooler climates and spread
worldwide [21]. Alongside the broadening geographic distribution of this new hegemonic
vector, genetic adaptation through mutations in the envelope glycoproteins E1 and E2 has led
to increased infectivity and dissemination of CHIKV in Ae. albopictus [22]. Moreover, rapidly
increasing international travel exposures has contributed to the global expansion of CF. Over
the last decade, ECSA CHIKV has been responsible for most of the recorded cases worldwide;
however, in late 2013 somewhat surprisingly Asian CHIKV emerged in the Caribbean island
of Saint-Martin [23] and further spread to the neighboring islands and to the Americas, causing
over 1.6 million cases by November 13, 2015 [24].

In addition to horizontal mosquito-borne transmission, CHIKV can also be transmitted
vertically, and mother-to-child transmission of CHIKV infection often leads to severe neonatal
disease, mostly encephalitis, that may cause lifelong disabilities [25]. This expert review will
discuss the molecular epidemiology, pathophysiology, clinical features, diagnosis, manage‐
ment, and prevention of CF in the pregnant woman and in children, with a particular focus
on the issue and challenges of congenital infection.

2. Molecular epidemiology

2.1. The chikungunya virus

CHIKV is a positive-sense, single-stranded RNA virus (genus Alphavirus, family Togaviri‐
dae), whose genome encodes at the 5′ extremity four nonstructural proteins (nsP1, nsP2, nsP3,
and nsP4 responsible for negative-strand RNA synthesis, helicase and protease activity, RNA-
dependent RNA polymerase activity, respectively) and at the 3′ extremity three envelope
glycoproteins (E1, responsible for membrane fusion; E2, responsible for receptor binding and
virulence (E1 and E2 carrying the main epitopes); E3, which serves as a clade-specific signal
sequence for translocation of the glycoprotein complex in the endoplasmic reticulum) [26]. The
native monomeric capsid is of ∼40 nm diameter and the mature enveloped virion of ∼70 nm,
with a genome weighing ∼11.8 kB. In recent years, the ECSA clade has selected the A226V
substitution for better fitness to Ae. albopictus [27].
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2.2. Chikungunya virus life cycle and modes of transmission

CHIKV is endemic in Africa where it circulates in sylvatic/enzootic cycle between arboreal
mosquitoes (Ae. furcifer, Ae. taylori, Ae. africanus, and Ae. luteocephalus) and nonhuman primates
and bats as reservoir hosts. Birds and other mammals have been found infected, but serve as
occasional hosts without amplification of the virus [28]. In this context, the transmission
depends on few mosquitoes and is usually clustered to sporadic cases [29].

In epidemic settings, the virus is transmitted by Ae. albopictus or Ae. aegypti, two day-biting
anthropophilic vectors whose peak activity occurs early in the morning or in the evening,
around or within human dwellings [20]. During the blood meal, Aedes mosquitoes acquire the
virus from an infected person. In the subsequent extrinsic phase, the virus multiplies in the
gut and migrates to the salivary glands (≥2 days depending on temperature) [30]. Further blood
meals then transmit the virus to other individuals bitten (~4–5 feeds are needed to complete a
successful blood meal for oviposition). Aedes spp. mosquitoes remain infectious throughout
their whole life (30–45 days). Transmission between nonimmune human hosts is often massive
and both sustained by densities of host and vector populations, very high titer viremias in
humans, as well as by lack of protective host behaviors [29].

3. Pathophysiology

The onset of CF coincides with viremia (median duration: 5 days; range: 2–12 days). The
mechanisms underlying acute CHIKV infection are still imperfectly understood [1]. Based on
several animal models and meta-analysis of human immune signatures, once introduced into
the dermis, it is believed that CHIKV disseminates in blood circulation causing a Th1-cytokine
storm [31, 32]. CHIKV replicates in the liver hosted by endothelial and Küpffer cells, before
reaching joint fibroblasts, muscle satellite, and skin epithelial cells, causing arthralgia, myalgia,
and rash. Indeed, elective targeted sites where symptoms focus are typically infected, espe‐
cially joint capsules, skeletal muscles, myotendinous insertions, and epidermis [1].

The intensity of the acute infection correlates with the CHIKV viral load [1]. The ability of
CHIKV to disseminate through the body to the target organs is inversely correlated to the
height of the host type-1 interferon (IFN) response. There is evidence that this CHIKV-specific
innate immune response depends on the age and the maturity of the human host [33]. This
can be shown in vulnerable persons by the breaking of two natural protective barriers, the
blood brain barrier (BBB) and the skin barrier. Thus, infants and individuals >65 years of age
are likely to exhibit severe or atypical localizations, including CHIKV-associated central
nervous system (CNS) disease and severe bullous skin lesions. For example, the incidence of
CHIKV-associated encephalitis is best described by an asymmetric U-shaped parabolic curve
with the highest incidence occurring in infants below 6 months of age, the nadir being reached
in young children (1–4 years of age), and a rise in seniors (≥65 years of age) to a figure five-
fold lower than in infants [34]. Furthermore, skin blistering (rupture of bullous lesions) is
almost exclusively observed in infants below 6 months of age [35].

B cells and neutralizing antibodies (abs) are critical for CHIKV clearance. Targeted epitopes
for anti-CHIKV abs are located at C terminus of the E2 glycoprotein [36]. The contribution of
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lymphoid (CD4 and CD8) and other cell types responsible for the adaptive immunity could be
critical in residual arthralgia. Their immaturity may explain the rarity of chronic arthralgia
before the age of 3 years. The role of myeloid cells is less clear in the acute and chronic stage
of human CHIKV infection. At the acute stage, blood monocytes may be able to disseminate
the virus toward the target tissues [37]. At the chronic stage, myeloid cells may be involved in
the clearance of infected cell debris but whether CHIKV replication, lack of virus antigen
clearance, or both contribute to rheumatism deserves further studies.

The long-term persistence of CHIKV in tissue macrophages (aka “host sanctuaries”) as main
driver for chronic inflammation has been postulated from a single clinical observation [38]. It
is supported by the data from several animal models (i.e., “for example, see [31]”).

4. Clinical features

4.1. Chikungunya fever during pregnancy

Pregnancy, a situation physiologically oriented toward a Th2-lymhocyte shift [39], has not
been associated as a condition precipitating severe forms of infection in CF [40].

The consequences for the mother and the fetus of a CHIKV infection acquired during preg‐
nancy have been investigated extensively on La Réunion island, both in the Groupe Hospitalier
Sud-Reunion cohort study [41, 42], in the CHIMERE (“Chikungunya Mère-Enfant”) cohort
study [43], and in the 2004–2006 Family Allowance Office (41,665 deliveries) and Mother and
Child Welfare (42,259 neonates) records [44]. To date, there is no reliable epidemiological data
linking CHIKV exposure in the first trimester of gestation to an increased risk for miscarriage,
nor to any type of congenital malformation [43, 44].

In the second trimester, CHIKV infection has been associated with only three cases of ante‐
partum fetal deaths without clear evidence for the mechanism [45]. The CHIKV crossing of
the placenta may be accidental and the timing of the infections (12 weeks + 4 days, 15 weeks,
and 15 weeks + 5 days) coincides in the woman with the period of deep trophoblast invasion.
We hypothesize Toll-like receptor (TLR) 3 expression and Th1 cytokines associated with
CHIKV infection could have disturbed the spiral arteries remodeling, characteristic of this
particular period. Our hypothesis is supported by the involvement of TLR3 in both the
susceptibility to CHIKV infection and the impairment of vascular remodeling or fetal losses,
as demonstrated in mouse models [46, 47].

In the third trimester, although 14 cases of stillborn fetuses have been reported associated with
CF in pregnant women cohorts [42, 43], none was positive for CHIKV, which supports the
nonpermissiveness of the human syncytiotrophoblast to CHIKV, as suggested by data from
the IFN-α/βR–/– mouse model and the absence of infection of BeWo cell line [33]. These findings
are strengthened by the data retrieved from French population-based records [44]. The
contribution of subclinical premature placental abruption has been proposed to support the
exceptional cases of prepartum CHIKV infection in preterm neonates [48].

Importantly, CHIKV can be transmitted vertically with a probability ~50%, when the parturi‐
ent woman has a high viral load during the early stage of labor [41–43]. Fetal heart rate
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decelerations and meconium-stained amniotic fluid are common during labor [42, 49]. Neither
postponing delivery nor cesarean has been shown to be protective. In this context, the alleged
mechanism to explain the transmission to the neonate is the breakdown of the syncytiotro‐
phoblast due to uterine contractions (aka the “placental breeches” hypothesis) [42] while
placental microtransfusion has not been ruled out by a proper scientific investigation.

There is no increased risk to the pregnant mother for hypertensive disorders, gestational
diabetes mellitus, or intrauterine growth restriction associated with maternal CF [43, 44, 50].
The relationships between average fetal birthweight, small-for-gestational age, and the timing
of maternal CF during pregnancy are displayed in Figure 1.

(a) (b) 

(c) (d) 

Liveborn neonates were matched on birth gestational age and further compared according to the timing of maternal chikungunya
fever during pregnancy. There was no statistical difference between exposed (purple) and unexposed (green) neonates in terms of
small-for-gestational age incidence and the only observed difference was a non-clinically relevant lower mean birthweight in neo‐
nates exposed in the second trimester of pregnancy (*).

Figure 1. Average fetal birthweight, small-for-gestational age and the timing of maternal CF during pregnancy, Reun‐
ion island 2006 (i.e., “for details see [50].”).

Contrary to dengue [51, 52], there is also no increased risk for obstetric hemorrhage (placental
abruption), preterm birth or low birthweight [43, 44, 50].
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4.2. Chikungunya fever in the neonate (“congenital chikungunya”)

Perinatal mother-to-child CHIKV infection was first reported during La Réunion island
outbreak in year 2005 [53]. It has been investigated extensively on the island using both a
retrospective regional case series [54] and two prospective hospital-based cohort studies, one
on a local basis, the GHSR child cohort study [42], and the other on a regional basis, the
“CHIMERE child” cohort study [55, 56].

Children who are prenatally infected with CHIKV are born with very low or even undetectable
viremia, which makes the hypothesis of placental microtransfusion unlikely as the expected
neonatal viremia would parallel the one of the mother. On average, it takes 4–5 days (range:
3–7 days) for the viral load of CHIKV transmitted at birth to reach a level significant enough
to cause clinical disease. Neonatal CHIKV infection almost invariably presents with fever, pain,
and suckling difficulties often requiring enteral or parenteral nutrition [42]. Other common
symptoms include limb edema, petechiae, and a skin rash such as maculopapular rash and
intertriginous aphthous-like ulcers [25]. Further clinical features of neonatal CHIKV infection,
although relatively infrequent in this age group, are cyanosis (slate coloration) and hyperpig‐
mentation of the skin [35, 50, 55, 57–61]. Their topography includes centro-facial area (nose,
lips), trunk, abdomen, extremities, and knuckles. Hyperpigmentation may persist for several
weeks to months. Vesiculobullous skin lesions are exceptional [62]. Thrombocytopenia,
lymphopenia, and mild to moderate increases of serum aspartate aminotransferase (AST or
SGOT) are frequent observations [42, 54, 57–61].

Life-threatening complications occur in half of the neonates and display two main clinical
pictures: CHIKV-associated CNS disease (formerly reported as encephalopathy) that in fact
consists of an encephalitis [34] and a multiple organ dysfunction (MOD) syndrome that
combines a circulatory collapse (hypovolemia and hyperkinetic profile on echocardiography),
lethargy, hemorrhages (disseminated intravascular coagulation), uremia, and cytolysis [59].
These severe manifestations require intensive care support including mechanical ventilation
(for airway protection or neurosedation) in a quarter of neonates, vasoactive amines, and
platelet and red blood cell transfusions. Risk factors for severe disease are immaturity and low
birthweight. Indicators for severity include a reduced core to skin temperature, low prothrom‐
bin rate, and low platelet count [42].

The most characteristic magnetic resonance imaging (MRI) findings of the early acute stage
(day 7), subacute stage (day 30), and chronic stage (day 120) of CHIKV-associated encephalitis
are presented in Figure 2.

Changes in the course of cerebral edema and the passage from the cytotoxic to the vasogenic
phase occur around day 10 of onset of neurologic symptoms and may be monitored by
transfontanellar ultrasonography using velocimetry for measuring the blood flow in the
anterior cerebral artery trunks (pericallosal and calloso-marginal arteries). Other neuroradio‐
logic features include scattered supratentorial parenchymal lesions such as basal ganglia and
subcortical area bleeding, but also the possibility of cerebellar hematoma, as a reversible
consequence of DIC syndrome [42, 55, 60].
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Transient coronary arteries dilatation was reported for six neonates [55]. Cardiologic involve‐
ment in this context is evocative of myocardiopathy or myocarditis, it includes left ventricular
hypertrophy (sometimes complicated by left ventricular dysfunction or septal dyskinesia) and
pericardial effusion [55, 61].

To date, only few CHIKV-associated deaths in neonates have been reported [55, 61, 62]. For
the neonates without neurological involvement, recovery was observed in 1–3 weeks without
sequelae; however, future long-term studies will shed more light on the presence of subtle
morbidities related to CF in these infants [63]. The neurodevelopmental outcome associated
with perinatal mother-to-child CHIKV infection will be discussed in Section 4.5.

To investigate the potential for serological evidence of congenital infection in apparently
healthy neonates born to women infected with CHIKV during pregnancy, we monitored the
kinetics of transplacental CHIKV-specific IgG abs within the CHIMERE cohort study [55].

At day 7 of life, diffusion-weighted imaging (DWI) reveals scattered hyper-intensity signals of the white matter (WM), as marked
in the frontal lobe (red star) or in the posterior arm of the corpus callosum (red arrows) evocative of cytotoxic edema (A), apparent
diffusion coefficient (ADC) reveals low-output areas (blue) of restriction evocative of parenchymal ischemia (B). At day 30, DWI
reveals scattered hypo-intensity signals of the WM in the same areas evocative of vasogenic edema (C), ADC reveals high-output
areas of reperfusion (red) evocative of blood brain barrier leakage (D). At day 120, T2-weighted (T2W) and T1-weighted imaging
(T1-W1) reveal a scattered scalloped appearance of the WM (blue star), a dilatation of the interhemispheric sulcus (double blue
arrow) indicative of WM mass reduction (E,F), focused in the frontal (blue oval) lobe (G), monovoxel spectroscopy reveals a lower
N-acetyl aspartate peak signal (red arrow) in the left posterior parietal lobe (P2) evocative of axonal loss (H).

Figure 2. Typical course of cerebral edema over a 4-month period in a neonate with CHIKV-associated CNS disease
previously defined as “severe encephalopathy” [42], reclassified as CHIKV-associated encephalitis [34], Reunion is‐
land, 2006.
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There was no evidence of asymptomatic congenital CHIKV infection as the 590 participating
neonates were all negative for CHIKV-specific IgM at birth and the 368 children with CHIKV-
specific IgG present at birth had undetectable levels of CHIKV-specific IgG by a mean of 7.7
months (range: 1–24 months). Seroreversion time (i.e., the time needed to clear transplacental
IgG from infant blood or the duration until IgG is undetectable) was inversely correlated to
the timing of exposure during pregnancy. Preterm-born infants seroversed earlier. Full-term
small-for-gestational age seroreversed earlier than full-term normal-for-gestational age
neonates (Figure 3).

These Kaplan-Meier curves illustrate the bodysize-dependent transfer of transplacental CHIKV-specific IgG antibodies: the seropo‐
sitivity rate is lower in the first post-natal year and the seroreversion time is shorter in full-term small-for-gestational age neonates
compared to full-term normal-for gestational-age counterparts.

Figure 3. Seroreversion time of transplacental CHIKV-specific IgG antibodies in full-term normal-for-gestational age
(NGA) and full-term small-for-gestational age (SGA) infants, CHIMERE study, Reunion island 2008 (i.e., “for more de‐
tails, see [55].”).

These data corroborate a time-dependent and size-dependent placental transfer of maternal
IgG: the longer the period of exposure to maternal IgG and the larger the placenta, the higher
the load of the IgG transferred to the fetus, and the longer the seroreversion time and theo‐
retically the child’s individual protection. These issues may be helpful for maternal or postnatal
immunization, should a vaccine become available.

4.3. Chikungunya fever in infants

To the best of our knowledge, only a few case series described the clinical manifestations of
postnatally acquired CF in infants [64–71].

Current Topics in Chikungunya26



There was no evidence of asymptomatic congenital CHIKV infection as the 590 participating
neonates were all negative for CHIKV-specific IgM at birth and the 368 children with CHIKV-
specific IgG present at birth had undetectable levels of CHIKV-specific IgG by a mean of 7.7
months (range: 1–24 months). Seroreversion time (i.e., the time needed to clear transplacental
IgG from infant blood or the duration until IgG is undetectable) was inversely correlated to
the timing of exposure during pregnancy. Preterm-born infants seroversed earlier. Full-term
small-for-gestational age seroreversed earlier than full-term normal-for-gestational age
neonates (Figure 3).

These Kaplan-Meier curves illustrate the bodysize-dependent transfer of transplacental CHIKV-specific IgG antibodies: the seropo‐
sitivity rate is lower in the first post-natal year and the seroreversion time is shorter in full-term small-for-gestational age neonates
compared to full-term normal-for gestational-age counterparts.

Figure 3. Seroreversion time of transplacental CHIKV-specific IgG antibodies in full-term normal-for-gestational age
(NGA) and full-term small-for-gestational age (SGA) infants, CHIMERE study, Reunion island 2008 (i.e., “for more de‐
tails, see [55].”).

These data corroborate a time-dependent and size-dependent placental transfer of maternal
IgG: the longer the period of exposure to maternal IgG and the larger the placenta, the higher
the load of the IgG transferred to the fetus, and the longer the seroreversion time and theo‐
retically the child’s individual protection. These issues may be helpful for maternal or postnatal
immunization, should a vaccine become available.

4.3. Chikungunya fever in infants

To the best of our knowledge, only a few case series described the clinical manifestations of
postnatally acquired CF in infants [64–71].

Current Topics in Chikungunya26

The largest pediatric series published to date, from Kerala, India, including 357 suspected and
35 confirmed cases, reported 140 infants of whom 57% had circulatory collapse and 80% febrile
seizures [66]. In another series from Kerala including 56 infants with confirmed CHIKV
infection, the main symptoms were fever (100%), skin rash (100%), acrocyanosis (75%),
diarrhea (41%), atypical febrile seizures (39%), irritability (26%), lethargy/poor feeding (21%),
and limb edema (11%) [67]. Note that the authors have dissected the sequence of skin involve‐
ment: abrupt onset of generalized erythematous rash (day 0 to 2 of fever), maculopapular rash
(day 2 to 4), vesiculobullous lesions (day 3 to 6), peeling (day 6 to 10), and hypo- or hyperpig‐
mentation (>day 10).

These data have been confirmed in La Réunion island where half of the infants below 6 months
of age exhibited vesiculobullous skin lesions [68, 88]. Importantly, besides the susceptibility
for neurological complications (six-fold higher incidence rate of encephalitis) [34], these
vesiculobullous skin lesions have emerged as the most characteristic finding of CHIKV
infection in this age group [25, 70, 72, 73]. Severe perianal involvement is a characteristic
localization [67]. Blisters sometimes cover more than 30% of the body surface, and therefore
management resembles that of severe burn patients [70]. Mucosal lesions have not been
reported to date. Histopathologic examination of the blisters occurring in the course of CHIKV
infection reveals intraepidermal cleavage (splitting beneath and within the stratum granulo‐
sum) with CHIKV-specific IgM deposits onto the basal layer or the dermal capillaries. On
follow-up, long-term repigmentation is usually observed, sometimes with skin sequelae
including discrete peripheral hyperpigmentation and keloid scars.

4.4. Chikungunya fever in children

As for children in the first year of life, fever is the main symptom in older children and is
usually high grade (102/39–104/40 °F/°C) of sudden onset (<24 hours) and single-spiked [25,
64, 65, 74]. Febrile seizures are common but variably present in 14-80% of the cases. They also
occur beyond the typical age range of 6 months to 6 years [25, 64, 69, 73, 74]. Other common
symptoms accompanying fever include musculoskeletal pain (30–50%), skin rash (>30%),
headache (15%), and photophobia (<10%) [25, 68, 74].

In contrast to adults, arthritis is uncommon in children [25, 74]: 9 of 22 (40%) children reported
arthralgia and 6 of 22 (27%) reported arthritis during the Vellore epidemic, Tamil Nadu, India
[64]. Residual arthralgia or arthritis is also far less frequent than reported in adults. In the
TELECHIK population-based cohort study [75], they were reported in ∼6% of children, two
years after acute infection. Unfortunately, these data cannot be retrieved from observational
studies or case series, either by lack of follow-up or inability to extract the pediatric data.

The most commonly reported skin manifestations were maculopapular exanthema (morbilli‐
form or generalized) [35, 74, 76], pigmentary changes (diffuse or macular) [77], and intertrigi‐
nous aphthous-like ulcers [75]. Itching is common. Vesiculobullous skin lesions are possible
but rare beyond 1 year of age [77].
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Hemorrhagic manifestations including epistaxis, gum, subconjunctival bleeding, and purpura
are observed in ∼10% of pediatric cases [25]. They are less severe than in children dengue
fever.

CHIKV-associated sepsis is less common in toddlers (1–2 years) than in infants (<1 year) and
exceptional in children (3–18 years) [64, 76, 78]. In infants, circulatory collapse should prompt
cardiologic investigation, including echocardiography as cases of acute cardiac failure have
been described during CF [79–81] and myocarditis demonstrated in a young adult [82].

Neurological symptoms have been notified in the acute phase of CF in 25–30% of hospitalized
children on the island of La Réunion [25, 68, 69, 83] but were also observed in India [64–66, 74,
84–86]. Their burden will be described in the next section.

4.5. Chikungunya-virus-associated central nervous system (CNS) disease

CHIKV has long been suspected to be a neurovirulent pathogen [86]. Thus, the seminal
publications of CHIKV-associated neuropathology came from India [64] and Cambodia [87].

Among the neurological manifestations complicating CHIKV infection, three distinct clinical
patterns can be seen: (i) CHIKV-associated CNS disease, namely encephalopathy of chikun‐
gunya origin and CHIKV-associated encephalitis [34, 42]; (ii) CHIKV-associated peripheral
nerve disease, including myeloradiculitis and polyradiculoneuritis, and (iii) a putative non-
specific neurobiologic disease (e.g., lethargy, irritability, altered mental status, mild cognitive
disorders, fatigue, etc.) not entirely satisfying the two aforementioned conditions and pre‐
sumably resulting from penetration of proinflammatory cytokines through the BBB. Although
nonspecific neurological symptoms and CHIKV-associated CNS disease are deemed to be
common in children, CHIKV-associated peripheral nerve disease (Guillain-Barré syndrome
often referred as acute flaccid paralysis) seems exceptional [74, 87].

Indeed, hospital-based series have identified headaches, seizures, altered mental status such
as confusion or delirium, and neck stiffness as common signs of CNS involvement [83, 84].
Status epilepticus, complex seizures, and encephalitis are being reported as the most serious
complications of CNS involvement [25]. Importantly, while the overall burden of neurological
manifestations seems to increase with age, the incidence of CHIKV-associated CNS disease
peaks in children less than 5 years [34]. This is also highlighted by the fact that fatigue or mild
neuropsychiatric symptoms (attention difficulties, sleep, memory, or mood disorders) were
reported for 84% of school-age children participating to the TELECHIK cohort study, on
average 2 years after acute infection [7].

We propose to represent the burden of neurological manifestations of CF in children using a
pyramid (Figure 4), as done classically in public health for vector-borne zoonosis [88].

Little is known on the long-term outcome of CHIKV-associated CNS disease [34]. For example,
the neurodevelopmental outcome of perinatal mother-to-child CHIKV infection in the
CHIMERE cohort study revealed that 51% of infected neonates had a global neurodevelop‐
mental delay (GND; Brunet-Lézine development quotient ≤ 85) at the age of 2 years [56]. The
skill areas affected were coordination and language (57%), sociability (36%), and movement/
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posture (27%). Importantly, CHIKV infection was an independent predictor for GND after
adjustment for maternal social status, infant’s weight-for-gestational age, and head circum‐
ference, but also when controlling for preterm birth and breastfeeding. Five of the 12 neonates
with CHIKV-associated “encephalopathy” developed a microcephaly of whom 4 matched the
definition of cerebral palsy. Note that GND was observed in 38% of the CHIKV-perinatally
infected neonates in which CNS disease was not previously suspected.

5. Diagnosis

5.1. Differential diagnosis

Even though viral diseases are a major public health concern, they are not given due recogni‐
tion as a cause of fever in febrile children in resource limited settings [89]. The differential

This pyramid presents the incidence data and proportions of clinical forms according to epidemiological standards for reporting the
community burden of infectious diseases.

Figure 4. Burden of CHIKV-associated CNS disease in children, Southern Reunion island, 2009 (i.e., “source SERO‐
CHIK, TELECHIK and ENCEPHALCHIK studies, see [11, 7, 34].”).
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diagnosis of a febrile child or pregnant woman with recent travel to or residency in tropical
areas affected by CHIKV is broad and should include malaria, dengue, influenza, hepatitis,
typhoid fever, leptospirosis, and rickettsial infections [25]. In addition, in areas, where these
pathogens are present, infections with other alphaviruses, flaviviruses, filoviruses, and
bunyaviruses should be considered. In infants, staphylococcal scalded skin syndrome [70] and
Kawasaki syndrome [90] should additionally be considered and excluded as the two diagnoses
require a specific treatment. Among those listed, dengue is the infection most capable of
mimicking CF [25]. Clinical signs including fever pattern, arthralgia, and rash cannot reliably
be used to distinguish dengue fever from CF [91]. However, rash appears earlier in the course
of CF than it does in dengue fever, and dengue fever is more likely to be associated with
bleeding. Pregnancy-induced hypertension, placental abruption, and preterm labor are more
common in pregnant woman with dengue than with CF [51, 52].

5.2. Virological methods

After onset of CF, the viral load can rapidly reach up to 108 genome copies per ml of blood
(even a maximum of 2.5 × 108 cps/ml in neonates) [1, 42]. During the first 5 days of infection,
the CHIKV genome can be detected in the blood by reverse transcription polymerase chain
reaction (RT-PCR). The virus may also be detected in the cerebrospinal fluid of children with
CHIKV-associated CNS disease [25] and in blisters of infants with bullous skin lesions [62].
RT-PCR can be designed in multiplex assays to detect other arboviruses [92], which can be
very useful for triage of patients [1]. Techniques have continuously improved over the years
to allow diagnosis in 2 hours with a minimum cutoff for detecting circulating viremia as low
as 40 genome copies/ml using a 5 ml blood sample in TaqMan real-time PCR [93].

5.3. Serological methods

CHIKV-specific IgM and IgG can be detected in serum by enzyme-like-immunosorbent assay
(ELISA) immunocapture. CHIKV-specific IgM are detectable from 3 to 8 days after onset of
infection (p.o.i.) and may persist for several months to up to 2 years. CHIKV-specific IgG are
detectable from 4 to 10 days p.o.i. and may persist for years [1] and potentially lifelong.
Although, improvement has diminished the possibility of cross-reactivity of IgG with other
viruses of the Semliki antigenic serocomplex, it may still be useful to ensure a reliable diagnosis
of CHIKV infection by using IgG seroconversion (increase by a factor ≥4). In areas where
CHIKV and other closely related alphaviruses coexist, plaque reduction neutralization testing
becomes a necessary adjunct to confirm CHIKV infection [94].

5.4. Diagnostic testing depends on timing of illness onset

The molecular assays (TaqMan real-time PCR, RT-LAMP assay, and reverse transcription
PCR) are more sensitive in the early stage of CF (2–5 days p.o.i.) when CHIKV-specific IgM
are not yet detectable. In the later stages of CF (>5 days p.o.i.), CHIKV-specific IgM is more
sensitive than PCR. Experts recommend that ELISA IgM be used as an initial screening test
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followed by one of the molecular assays in samples negative for IgM in the early stage of
CF [95].

6. Therapeutic options

6.1. Pregnant women

There is no specific treatment for CF. CF in pregnant women should be treated with antipy‐
retics and analgesics to prevent miscarriage, fetal demise, and limit the harmful consequences
of fever, as well as this new competing risk for the neurodevelopmental outcome of preterm
neonates.

6.2. Children

As in pregnant women, there is no specific treatment for CF. Management is symptomatic and
focuses on adequate hydration, antipyretics, and analgesics (paracetamol/acetaminophen 60–
80 mg/kg/day) [25]. Experts recommend withholding salicylates, steroidal, and nonsteroidal
anti-inflammatory drugs (NSAIDs), as they may facilitate bleeding manifestations [73]. In La
Réunion island, ibuprofen had been thought to precipitate infant blistering but the association
was not statistically significant [96].

There are no antivirals that have been licensed to treat CF. Ribavirin and IFN-α have in vitro
an antiviral activity against CHIKV [97], the first being able to alleviate chronic arthralgia and
swelling [1]; however, neither one is recommended for use due to risk for side effects and nor
the other has been tested in children. It is hoped that in the future, safe and effective antivirals
will be able to offer specific CHIKV therapy.

Although persistent joint pain may be challenging to manage, NSAIDs together with cortico‐
steroids or methotrexate successfully have been used in adults [25].

Passive immunotherapy has proven efficacious in the cure of CHIKV infections in animal
models [98] and is currently being tested in neonates born to viremic mothers (i.e., “see
ClinicalTrials.gov number NCT02230163”) in French West Indies and French Guiana [1].

7. Prevention

7.1. Vaccination

By the end of year 2015, several promising vaccine candidates have reached late preclinical or
phase-1 testing and two have been scheduled for phase-2 trials [99]. The licensure of vaccines
will be challenging because of difficulties conducting affordable efficacy trials and predicting
future markets [1].
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7.2. Control of the vector

Preventive measures include community mobilization for eradication of breeding sites of Ae.
mosquitoes [100], which primarily dwell in natural and artificial water-filled container
habitats. During epidemics, peridomestic spraying of insecticides by residents and space
spraying by vector controls teams are key for reducing adult mosquito populations.

7.3. Individual protection against mosquito bites

Appropriate clothing (long clothes for gardening and evening walks) may minimize skin
exposure. Insect repellents containing DEET (N,N-diethyl-3-methylbenzamide), IR3535 (3-[N-
acetyl-N-butyl]-aminopropionic acid ethyl ester), or picaridin (1-piperidinecarboxylic acid
and 2-(2-hydroxyethyl)-1-methylpropylester) are effective [101]. DEET is safe for use in
pregnancy, though it is known to cross the placenta, and can be used in children of 3 months
of age and older [102]. Its putative neurotoxicity remains controversial [103]. In addition,
insecticide-treated nets are important for pregnant women, infants, and children who take
daytime naps. Indeed, rest under treated nets for acute patients should be considered as a pillar
of community protection and in the hospital setting during the period of viremia for at least 2
weeks. The effectiveness of both types of mechanical preventive measures has not been
assessed.

8. Conclusions and perspectives

CF is a tropical arthropod-borne virus infection whose geographical distribution has grown
steadily over the last decade as a result of global warming and globalization of transports.
CHIKV can also be transmitted vertically from mother-to-child during the perinatal period
when the parturient woman is highly viremic during labor. In the pediatric population, severe
forms of CF may occur, and the CNS is particularly affected with encephalitis as the major
syndrome of CHIKV-associated CNS disease. At pediatric ages, neonates and small infants
below 6 months of age have the highest risk for case fatality and lifelong disabilities.

Several knowledge gaps remain for CF in both pregnant women and children including: (i)
the effectiveness of postponing delivery and caesarian section; (ii) the genotype-specific
virulence of CHIKV and its ability to cause perinatal mother-to-child infection, CNS infection,
or other life-threatening complications; and (iii) are there possible interactions between CHIKV
and other circulating arboviruses in Aedes mosquito vectors susceptible to explain the rise of
arbovirus-related neurological disease? This question is critical both for CHIKV and Zika virus,
a conqueror flavivirus which has supplanted CHIKV wherever it has tried to establish in recent
years; (iv) the subtle long-term morbidities that CF may cause in children. The absence of
autopsy data with reliable histopathological findings (immunochemistry staining) prevents
understanding of the human CNS neuropathology.

Benchmarking of observational studies, meta-analysis of individual patient data, and well-
designed clinical trials should be of paramount importance to address these knowledge gaps.
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Future antivirals and vaccines may alleviate some of the disease burden, but for now vector
control and human personal protection are the only means of CF prevention.
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Abstract

Aedes aegypti is the main vector for several arboviruses including dengue, chikungunya
and Zika virus. The emergence of these viruses’ transmission is possible in places where
the vector exists. In Chile, A. aegypti was introduced in the year 2000 to Easter Island,
being the responsible of the first dengue outbreak by dengue 1 serotype in the country
in 2002. Just recently April 2016 Aedes aegypti has been found in Arica, the northernmost
city of the country. On Easter Island, at the beginning of 2014, Zika outbreak was diag‐
nosed with about 170 cases reported.

The introduction of dengue and Zika virus on Easter Island was preceded by an outbreak
of DEN-1 and Zika virus on the French Polynesia in 2001 and 2013, respectively. Consid‐
ering the presence of chikungunya outbreak on the French Polynesia the risk of introduc‐
tion of Chikungunya on Easter Island is very high.

Cases of chikungunya in continental Chile correspond to imported cases in travelers.

This chapter reviews the epidemiology and clinical features of chikungunya infection in
travelers to Latin American countries and updates the situation of the risk of introduction
to Easter Island.

Keywords: Chikungunya, Chile, Easter Island, travelers, autochthonous cases

1. Introduction

Aedes aegypti is the main vector for several arboviruses including dengue, chikungunya and
Zika viruses. The emergence of these diseases is possible in places where the vector exists. In
Chile, A. aegypti was introduced in the year 2000 to Easter Island with the consequent risk of
the introduction of arboviral infection to its inhabitants. Aedes aegypti has been just introduced
into Arica, the northernmost city of the country.
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This chapter reviews the epidemiology and clinical features of chikungunya infection in
Chilean travelers to Latin American countries and updates the situation on Easter Island and
the potential risk of introduction of this infection to Chilean insular territory.

2. Epidemiological situation in Chile

2.1. Epidemiological situation in Continental Chile

Continental Chile just recently, 2016, have the presence of Aedes aegypti in the northernmost
city of the country, but arbovirus infections are only seen in travelers to endemic areas or
residents of Easter Island.

Continental Chile is surrounded by countries where the presence of Aedes mosquitoes is spread
as it is the circulation of arboviruses, mainly dengue, and since 2014, Latin America has
suffered outbreaks of chikungunya and nowadays Zika viruses. Chile was until recently the
only Latin American country where there was no vector, with the exception of its insular
territory, Easter Island. For this reason the Ministry of Health is continuously watching for
diseases transmitted by mosquitoes as well as for the emergence of vectors by placing ovitraps
and larval traps from the North of Chile to the metropolitan region (center of the country).

The study of the samples captured in these traps, received from mainland Chile and Easter
Island, has shown to date presence of Aedes on Easter Island and in the north of Chile along
with the presence of Anopheles [1].

Arboviral disease surveillance system has dengue as notifiable disease but not chikungunya.
After the introduction of chikungunya into the Americas, in Chile 30 cases of imported
chikungunya have been reported up to epidemiological week 15 of 2016, 21 in mainland Chile
and 3 on Easter Island. During 2014 22 cases were reported and 6 cases during 2015. During
2016 two cases of imported chikungunya have been reported. However, chikungunya is not a
notifiable disease so it is very likely that there is an underreporting of cases. In the report from
the Chilean Ministry of Health, most of the cases of chikungunya in Chile came from Domi‐
nican Republic, Haiti and Bolivia. (not available online)

2.2. Chikungunya in international travelers

During 2014–2015 in the laboratory of Virology of the School of Medicine of the Pontificia
Universidad Católica de Chile, we diagnosed 26 people with chikungunya infection by indirect
immunofluorescence assay IgM or IgG. We obtained demographic and clinical data in 16 of
them. In 4 of them the diagnosis was retrospective by IgG because they were working as
voluntary corps for the Chilean Army in Haiti and they could not confirm the diagnosis until
they were back several months later.

Most of them acquired the disease in Latin America and only 3 in Asia and Oceania. Countries
with higher frequency of exposure were Colombia and Haiti.
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Most were women (75%), average age 39 years (27–52 years old) and median-length trip was
10 days. Twelve people started to show symptoms with a median of 5 days prior to the return
and 4 started to show symptoms 2.5 days on average from return. First symptom was joint
pain in 69%. Arthralgia was present in 94%, arthritis in 75% and exanthema in 63%, which was
itchy in the majority of cases. The median duration of arthralgia was 3 months. In the hemo‐
gram the hematocrit was normal and WBC count was 5549 cells/mm 3 on average with
predominance of PMN and lymphopenia. The absolute count of lymphocytes in average was
1049 cells/mm3. Only one patient presented less than 150,000 platelets/mm3 (Table 1; unpub‐
lished data)

Symptoms Number n=16 Percentage (%)

Myalgia 16 100

Fever 15 94

Arthralgia 15 94

Headache 13 81

Arthritis 12 75

Anorexia 12 75

Diffuse rash 10 63

Retro-orbital pain 8 50

Nauseas 7 44

Vomiting 4 25

Diarrhea 3 19

Itching 1 19

Table 1. Symptoms of 16 imported cases of confirmed chikungunya in travelers

2.3. Current situation on Easter Island

Easter Island received thousands of visitors yearly, arriving either from Santiago Airport or
from Tahiti. In this territory there is a surveillance of febrile patients as well as vector surveil‐
lance to timely diagnose the introduction of any Aedes-borne infection due to the presence of
this vector on the Island. A. aegypti was first noticed on the island in 2000. In 2002 a big outbreak
of DEN-1 infection occurred, affecting nearly the whole island population. Only not compli‐
cated dengue cases were observed [2]. Genetic studies show that the virus was introduced
from the French Polynesia [3]. Since then, sporadic cases of dengue fever have been reported.
In the year 2014 occurred an outbreak of Zika infection with about 170 autochthonous cases
reported being introduced again from the French Polynesia; 51 of them were confirmed by
PCR at the National Institute of Public Health. Phylogenetic analysis has shown that viral
strains from Easter Island were found to be most closely related to those found in the French
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Polynesia (Figure 1) [4]. After the introduction of Zika virus to Brazil and its spread to Latin
America during 2015 and 2016, no autochthonous cases of Zika have been diagnosed so far.

Figure 1. Countries and territories with reported confirmed cases of Zika virus infection (autochthonous transmission),
2014–2015.

A current outbreak of dengue 1 virus is occurring on the Island. Twenty nine autochthonous
cases have been notified. There were no cases of severe dengue probably because of the same
serotype circulating since 2002.

To date no indigenous cases of chikungunya have been reported beside 3 cases imported from
Tahiti, at the beginning of 2015 and fortunately without secondary cases.

3. Conclusions

Chikungunya infection is introduced in the Americas at the end of the year 2013, in a region
where the presence of its vector, A. aegypti and A. albopictus, is highly spread. As expected in
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a short time almost all the countries in the region are reporting indigenous cases with the
exception of Chile and Uruguay (Figure 2).

Up to epidemiological week 8, in 2016, more than 1,800,000 cases across the continent have
been reported since its introduction in 2013 [5].

In Chile chikungunya is still an infection to be expected in travelers to endemic areas, especially
within Latin America and the Caribbean, which are the most frequent destination for Chilean

Figure 2. Countries/territories with autochthonous transmission or imported cases of chikungunya in the Americas,
EW 49, 2013–EW 8, 2016.

Imported Cases in Continental Chile and Autochthonous In Easter Island
http://dx.doi.org/10.5772/63996

47



tourists. Chikungunya is a disease to be considered in Chile for international travelers
returning with fever and arthralgia. Arthralgia is the cardinal symptom and tends to be long-
lasting. Preventive measures should be indicated to travelers visiting high-risk areas. As we
have the presence of the mosquito in Continental Chile, autochthonous and imported cases
will be expected.

Surveillance systems must be alert and sensible to detect early introduction of chikungunya
to Easter Island, where the vector remains in a high percentage of households. In this scenario
it is very likely to have chikungunya introduced from Tahiti as it has happened with dengue
and Zika. Once chikungunya enters to Easter Island, an outbreak of great magnitude is
expected as it has happened in all countries where this virus has been introduced.

Author details

Cecilia  Perret P.*

Address all correspondence to: cperret@med.puc.cl

Pediatric Division, School of Medicine. Pontificia Universidad Católica de Chile. Santiago,
Chile

References

[1] Instituto de Salud Pública de Chilehttp. Virus chikungunya [Internet]. July 2015 [Up‐
dated: 2015]. http://www.ispch.cl/sites/default/files/Chikungunya-21072015A.pdf
[Accessed: March 10, 2016]

[2] Perret C., Abarca K.,Ovalle J., Ferrer P., Godoy P., Olea A., et al. Dengue-1 virus iso‐
lation during first dengue fever outbreak on Easter Island,Chile. Emerging Infectious
Diseases. 2003;9(11):1465-1467.

[3] Cáceres C., Yung V., Araya P., Tognarelli J., Villagra E., Vera L., et al. Complete nu‐
cleotide sequence analysis of a Dengue-1 virus isolated on Easter Island, Chile. Ar‐
chives of Virology. 2008;153(10):1967-1970.

[4] Tognarelli J., Ulloa S., Villagra E., Lagos J., Aguayo C., Fasce R. et al. A report on the
outbreak of Zika virus on Easter Island, South Pacific, 2014. Archives of Virology.
2016;161(3):665-668. DOI: 10.1007/s00705-015-2695-5

[5] Panamerican Health Organization. Chikungunya: statistic data. Available on: http://
www.paho.org/hq/index.php?option=com_topics&view=readall&cid=5927&Item‐
id=40931&lang=en [Accessed: March 11, 2016].

Current Topics in Chikungunya48



tourists. Chikungunya is a disease to be considered in Chile for international travelers
returning with fever and arthralgia. Arthralgia is the cardinal symptom and tends to be long-
lasting. Preventive measures should be indicated to travelers visiting high-risk areas. As we
have the presence of the mosquito in Continental Chile, autochthonous and imported cases
will be expected.

Surveillance systems must be alert and sensible to detect early introduction of chikungunya
to Easter Island, where the vector remains in a high percentage of households. In this scenario
it is very likely to have chikungunya introduced from Tahiti as it has happened with dengue
and Zika. Once chikungunya enters to Easter Island, an outbreak of great magnitude is
expected as it has happened in all countries where this virus has been introduced.

Author details

Cecilia  Perret P.*

Address all correspondence to: cperret@med.puc.cl

Pediatric Division, School of Medicine. Pontificia Universidad Católica de Chile. Santiago,
Chile

References

[1] Instituto de Salud Pública de Chilehttp. Virus chikungunya [Internet]. July 2015 [Up‐
dated: 2015]. http://www.ispch.cl/sites/default/files/Chikungunya-21072015A.pdf
[Accessed: March 10, 2016]

[2] Perret C., Abarca K.,Ovalle J., Ferrer P., Godoy P., Olea A., et al. Dengue-1 virus iso‐
lation during first dengue fever outbreak on Easter Island,Chile. Emerging Infectious
Diseases. 2003;9(11):1465-1467.

[3] Cáceres C., Yung V., Araya P., Tognarelli J., Villagra E., Vera L., et al. Complete nu‐
cleotide sequence analysis of a Dengue-1 virus isolated on Easter Island, Chile. Ar‐
chives of Virology. 2008;153(10):1967-1970.

[4] Tognarelli J., Ulloa S., Villagra E., Lagos J., Aguayo C., Fasce R. et al. A report on the
outbreak of Zika virus on Easter Island, South Pacific, 2014. Archives of Virology.
2016;161(3):665-668. DOI: 10.1007/s00705-015-2695-5

[5] Panamerican Health Organization. Chikungunya: statistic data. Available on: http://
www.paho.org/hq/index.php?option=com_topics&view=readall&cid=5927&Item‐
id=40931&lang=en [Accessed: March 11, 2016].

Current Topics in Chikungunya48

Chapter 4

The Eye and the Chikungunya Virus
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Abstract

Ocular involvement in chikungunya virus (CHIKV) infection can be present as mild and
vision-threatening ocular complications with unilateral or bilateral compromise in both
gender and all ages. Precise prevalence and incidence are unknown, but ocular involve‐
ment of CHIKV infection is uncommon. Anterior uveitis is the most common syndromic
manifestation; nevertheless the infection could manifest posterior segment repercussion,
such as retinitis which is the other most usual clinical manifestation. At the beginning of
the systemic disease, main ophthalmologic symptoms are conjunctival injection, retro-oc‐
ular pain, and photophobia. Ocular pathogenesis of CHIKV infection is not totally clari‐
fied; however, findings related to an immune dysregulation and proinflammatory
processes are the most accepted theories. The diagnosis of CHIKV is based on polymer‐
ase chain reaction, virus isolation, or detection of viral antigens which should be used be‐
fore the eighth day of systemic illness. After 8 days, chikungunya serologic tests such as
IgM ELISA/rapid tests or IgG paired must be used. Actual management is focused ac‐
cording to the clinical context of each patient. While in most instances recovery of vision
to normal occurs, CHIKV infection can result in blindness, the visual prognosis depends
on various factors, but the common one is the early onset of corticosteroid treatment.

Keywords: Chikungunya virus, uveitis, retinitis, optic neuritis

1. Introduction

Ocular involvement in chikungunya virus (CHIKV) infection was unheard until the end of
2006 [1]. Since then, it has been demonstrated that CHIKV infection can cause both mild and
vision-threatening ocular complications. Precise prevalence and incidence estimations of
ocular manifestations in CHIKV infection are unknown, further have been reported to be
uncommon [2–4].
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In an attempt to determine the viral causes of anterior uveitis in a South Indian patient
population, Babu et al. realized a retrospective nonrandomized study between January 2009
and July 2012; they found two cases of CHIKV-related anterior uveitis; among 36 patients
included, the two of them had unilateral involvement [5].

The infection has plenty of ocular manifestations as reported in the case reports and case series;
these could be present at the time of systemic illness or after resolution of systemic disease [1,
6, 7] but usually occurs after a latent period of a month to a year, but the presentation time also
depends on the type of clinical presentation. Anterior uveitis and retinitis are the most common
findings; with a typically benign clinical course, it has been reported that anterior uveitis affects
more than 25% of the patients [2, 6, 8]. Posterior segment involvement may manifest as retinitis,
choroiditis, neuroretinitis, and optic neuritis [1, 2, 7–11].

Commonly, in the acute phase of chikungunya fever, patients could manifest photophobia and
retro-orbital pain [6, 12]; other ophthalmic manifestations of chikungunya virus infection
include panuveitis, optic neuritis, keratitis, episcleritis, central retinal artery occlusion,
exudative retinal detachment, lagophthalmos, and VIth nerve palsy [2, 6, 8, 13]; there are a
variety of clinical manifestations that will be completely mentioned in other sections of this
chapter.

Mittal et al. described a case series of 14 patients with confirmed CHIKV infection and optic
neuritis; of them 42% had papillitis; 21% had retrobulbar neuritis; another 21% had optic tract
involvement, and 16% had neuroretinitis [13]. Four years after this publication, Rose et al.
reported an observational study involving 10 patients, who were confirmed cases of infection
with CHIKV with acute optic neuritis. All 10 patients in the study presented with sudden onset
decrease in vision and had a history of fever, joint pain, and skin rash. Among the 10 cases,
30% had bilateral disturbance and 70% had complaints only in one eye. The types of optic
neuritis were unilateral papillitis (40%), bilateral papillitis (30%), retrobulbar neuritis (10%),
perineuritis (10%), and neuroretinitis (10%) [10]. Meanwhile during 2011 a case of bilateral
chikungunya neuroretinitis in a 65-year-old Asian-Indian, who presented with a month-old
history of sudden, painless diminution of vision in both eyes and was treated with oral steroids
and oral acyclovir for 3 weeks, was published, after which partial resolution was noted [14].

Meanwhile, Mahendradas et al. reported a different spectrum of ocular manifestations in nine
patients with a positive serology for CHIKV: 55% had iridocyclitis, 33% had retinitis, and one
patient of nine included had nodular episcleritis [8]. Conjunctivitis also been reported as a
manifestation of CHIKV ocular infection, which looks like another viral infection and resolves
spontaneously [9].

A report of the first known case of bilateral granulomatous panuveitis secondary to chikun‐
gunya fever in the United States, acquired by a US citizen traveling from an endemic region,
was done by Scripsema et al.; they described a case of a 47-year-old woman presented with 10
days of bilateral decreased vision and photophobia with a concurrent febrile illness. Initially,
she responded to corticosteroid treatment but developed recurrent inflammation 3 months
after completing the initial treatment. Immunomodulatory therapy was initiated at the time
of recurrence, and with this therapy alone, her inflammation has been controlled for 6 months.
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In this article, the authors show that according to current reports of chikungunya fever-related
uveitis with posterior inflammation, the distribution of presentation includes papillitis or optic
neuritis (34%), neuroretinitis (12%), retrobulbar optic neuritis (14%), retinitis (11%), panuveitis
(9%), choroiditis (7%), retrochiasmal or optic tract neuritis (7%), exudative retinal detachment
(4%), and perineuritis (2%) [15].

Kalpana et al. presented a case series of 58 patients with Fuchs heterochromic iridocyclitis
(FHI) and found one case caused by CHIKV; nevertheless the authors explain that it is difficult
to speculate the association of FHI and chikungunya virus in this patient [16]. Before this case
series, during 2010 Mahendradas et al. published the first report where the presence of
chikungunya virus RNA has been associated with a case of bilateral Fuchs heterochromic
iridocyclitis, although the authors clear that it is not accurate if the chikungunya virus was the
initiator of the disease or a coincidental finding [17].

Ocular involvement caused by chikungunya virus should be included in the differential
diagnosis, especially in the endemic areas, of any patient presenting with ocular manifestations
and a history of fever, even more when this is accompanied by suggestive symptoms of an
infection caused by CHIKV [18]. This chapter describes the most important aspects of the
ocular compromise caused by CHIKV, items that the clinicians should consider when ap‐
proaching a patient with a suspected ocular involvement by the mentioned virus.

2. Ocular pathogenesis

Ophthalmologic involvement due to chikungunya virus infection is a state that affects plenty
of structures of the eyeball including the eyelids, conjunctiva, cornea, sclera, episclera, iris,
retina, optic nerve, etc. This diversity of ocular findings has been mainly associated with the
most recent outbreaks of the virus because of genomic variations resulting in different virus
strains with changes in activity and virulence. The outbreak of the disease in La Réunion, an
island in Indian Ocean, is related to a different strain of the virus which has been associated
with a higher replication rate than West African and Asian strains of chikungunya virus
according to studies in animals [19, 20]. It is not pretty clear the exact pathogenic mechanism
through chikungunya virus makes its disturbances in different tissues, especially the eye;
however a group of successive steps has been proposed to describe the cycle of infection that
applies for systemic and ocular disease (Figure 1) [19, 21].

The initial response of the body involves an elevation of type I interferon levels and a hyper‐
sensitivity reaction mediated by antibodies against viral antigens causing joint symptoms and
the possible beginning of ocular compromise [21]. The existence of a huge controversy about
the determination of target cells compromised by chikungunya virus has marked the research
pattern in the last years in an attempt to create new therapeutic interventions. Some researches
in recent years have determined that fibroblasts, endothelium and epithelium cells, and
macrophages are susceptible to infection by chikungunya virus, especially by La Réunion
strain, leading to apoptosis in some cases [22]. Different studies made in mice and humans
have found that fibroblasts are the major cell target for chikungunya virus, including those in
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eyeball tissues, something that can be explained by their reticular network formed by gap
junctions making possible dissemination from cell to cell; nevertheless the exact mechanism
has not been described [23, 24].

In the eye, the cornea commitment depends on the infection of epithelial and endothelial cells,
which are the target cells of chikungunya virus at this level. There is evidence about the
potential risk of transmission of chikungunya virus through corneal graft transplantation.
According to Courdec et al., they identified a group of corneal donors who were seropositive
for CHIKV IgM and/or IgG, and their samples showed evidence of the presence of the virus
after the conventional eye bank preservation methods, which were ineffective to inactivate the
virus from the corneal samples, and conclude that CHIKV can be transmitted via ocular route
in humans, coinciding with studies made in immunocompetent mice demonstrating that the
corneal tissue infected with chikungunya virus in replication state that was inoculated onto
scarified cornea leads to viral transmission in the studied mice [24]. This study also determined
that the presence of replication-competent virus in the eye did not correlate with viral detection
in the blood or the presence of antiviral antibodies. Other sites in the eyeball like the scleral
connective tissue, stroma of smooth muscles of ciliary bodies, and stroma of the iris, the
fibroblast is the ideal cell for the virus because of its high rate of replication that leads to a huge
production of infectious viral particles. Besides, there have also been signals of infection
between fibers of ocular muscles [25].

Involvement of the optic nerve is not pretty clear; nevertheless it is presumed that an immune
dysregulation, superantigen induction, hypersensitivity reaction, and molecular mimicry
between stimulating virus-derived antigens and normal or altered host tissue proteins may be
the causes of the optic nerve damage [10, 13, 26, 27].

Figure 1. Systemic and ocular pathogenic process of chikungunya virus infection. Based on Couderc T and Lecuit M.
Chikungunya virus pathogenesis: From bedside to bench. Antiviral Res. 2015;121:120-131.
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after the conventional eye bank preservation methods, which were ineffective to inactivate the
virus from the corneal samples, and conclude that CHIKV can be transmitted via ocular route
in humans, coinciding with studies made in immunocompetent mice demonstrating that the
corneal tissue infected with chikungunya virus in replication state that was inoculated onto
scarified cornea leads to viral transmission in the studied mice [24]. This study also determined
that the presence of replication-competent virus in the eye did not correlate with viral detection
in the blood or the presence of antiviral antibodies. Other sites in the eyeball like the scleral
connective tissue, stroma of smooth muscles of ciliary bodies, and stroma of the iris, the
fibroblast is the ideal cell for the virus because of its high rate of replication that leads to a huge
production of infectious viral particles. Besides, there have also been signals of infection
between fibers of ocular muscles [25].

Involvement of the optic nerve is not pretty clear; nevertheless it is presumed that an immune
dysregulation, superantigen induction, hypersensitivity reaction, and molecular mimicry
between stimulating virus-derived antigens and normal or altered host tissue proteins may be
the causes of the optic nerve damage [10, 13, 26, 27].

Figure 1. Systemic and ocular pathogenic process of chikungunya virus infection. Based on Couderc T and Lecuit M.
Chikungunya virus pathogenesis: From bedside to bench. Antiviral Res. 2015;121:120-131.
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There are descriptions about fluctuations in the values of intraocular pressure when inflam‐
matory processes in anterior segment occur. Hypotension may occur when a loss of integrity
of the blood-aqueous barrier exists leading to an increased aqueous humor flow. Episodes of
ocular hypertension happen when inflammation of trabecular system appears, leading to
obstruction of aqueous humor flow [28].

There is a theory that serves as a complement for chikungunya pathogenesis, including the
ocular compromise, and consists of an increased production of chemokines, like interleukin-8
(IL-8) and monocyte chemoattractant protein 1(MCP1), by infected monocyte-derived
macrophages. However, this last theory is just a hypothesis based on studies made using the
Ross River virus, which is a virus that belongs to alphavirus family, as the chikungunya virus;
therefore it can keep some behavior similarities with CHIKV [23, 29]. Primary cultures of B
and T cells, monocytes, and monocyte-derived dendritic cells were found not to be susceptible
to CHIKV infection in vitro [19, 22, 30].

In summary, ocular pathogenesis in context of CHIKV infection is a process that is not totally
clarified, despite the progressively increase in research about this field in recent years;
however, findings related to an immune dysregulation state and proinflammatory processes
are the most accepted theories and could guide the course of ophthalmologic research about
this field in the coming years.

3. Clinical findings

Ophthalmologic manifestations due to chikungunya infection are a set of pathologies that
cause different degrees of damages, involving plenty of structures on anterior and posterior
pole during the course of the systemic disease, even after its resolution with a latent period of
a month to a year [6, 31], and can be present as both mild and vision-threatening ocular
complications with unilateral or bilateral compromise in both gender and all ages [32], being
retinitis and uveitis the most common syndromic manifestations. At the beginning of the
systemic disease, main visible clinical symptoms are conjunctival injection, retro-ocular pain,
and photophobia [2, 12, 33]; meanwhile other existing symptoms like blurred vision, floaters,
epiphora, irritation, and diplopia usually appear after a latent period of a month to a year
(during chronic phase) [16, 32, 34].

The time between beginning of fever and the onset of ophthalmologic symptoms is unknown;
however some retrospective researches in an attempt to determine this interval have shown
that involvement of visual acuity initiates approximately 4 weeks after fever begins, pain and
floaters can be present after 12 weeks, and redness can appear 10–12 weeks after fever onset
[8]; nevertheless these intervals can fluctuate according to the specific affected ocular structure
and the degree of involvement. Also, the small number of patients used by researchers in these
studies makes accurate data on these aspects too difficult to reach, but initial approximations
like this allow the creation of bigger studies that make possible to find high-impact data.

Ocular manifestations of chikungunya virus can keep some similarities with other viruses like
dengue and Zika. Dengue ocular manifestations are uncommon but can be present particularly
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in young adults with a mean age of early 30s and without any sex predilection, debuting when
platelets are at lowest count, especially one week after fever onset [18].The most common
ocular findings due to dengue fever are subconjunctival hemorrhage, dengue maculopathy,
anterior uveitis, vitreitis, retinal pigment epithelium mottling, foveolitis, retinochoroiditis,
choroidal effusion, optic disk swelling, optic neuritis, neuroretinitis, panophthalmitis, retinal
hemorrhages, and oculomotor nerve palsy [31, 32, 34].

Zika ocular manifestations are included in the category of “atypical”; however the ophthal‐
mologic manifestations which have been described in literature until now are the non-
mucopurulent conjunctivitis and the retro-ocular pain. In a Yap island population when an
outbreak of Zika virus was informed, about 55% of cases were reported with the presence of
non-mucopurulent conjunctivitis and 39% of cases with retro-ocular pain; uveitis and different
ocular inflammatory processes were not reported [35]. Differential diagnosis with dengue and
chikungunya viruses should be based in all manifestations and not purely based on ophthal‐
mologic findings [36].

3.1. Anterior uveitis

Anterior uveitis, including granulomatous and non-granulomatous variety, is the main ocular
condition due to infection caused by chikungunya virus [2]. There is no evidence that dem‐
onstrates that uveitis secondary to chikungunya virus has a different behavior than uveitis
caused by other etiologies, particularly those from other arboviruses such as dengue [37]. It is
defined as an inflammation of the uveal tract, specifically the iris and pars plicata of the ciliary
body. The presence of symptoms can be insidious or sudden, taking between a few weeks to
a few months to resolve. Main clinical manifestations include pain, photophobia, conjunctival
injection, hypopyon (the presence of inflammatory cells in anterior chamber and according to
their number represents ocular disease activity), epiphora, and pigmented central globular
keratic precipitates with an infiltrative and dendritic pattern on the surface of the corneal
endothelium in some cases (Figure 2.) [38].

Figure 2. Pigmented keratic precipitates at cornea. Picture took by Diego Zamora-de la Cruz.
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The visual acuity can be affected depending on severity and activity state of the uveitis; miosis
can be present, making a predisposition to formation of posterior synechia, which is the main
complication related to anterior uveitis [12, 39]. Funduscopy is usually normal, but it should
always be realized for excluding anterior uveitis due to an infection by toxoplasma or acute
retinal necrosis in posterior pole. It is possible to develop high intraocular pressure in the
context of an open corneoscleral angle [32]. It is clearly established that chikungunya anterior
uveitis can imitate a herpetic anterior variety [40]. However, we can differentiate both: In the
first one the compromise is more bilateral [41], exists past history of fever with joint pain, have
being in endemic areas [33, 42, 43], and there are positive serologic results [12, 32, 41].

Ocular compromise by CHIKV could manifest also as Fuchs heterochromic iridocyclitis (FHI),
which is a disease of unknown etiology characterized by low-grade intraocular inflammation,
iris heterochromia and/or atrophy, keratic precipitates with stellate morphology with fibrillary
extensions, the absence of synechiae, development of cataract, and in few cases increased
intraocular pressure; however this syndrome has been much more linked to other infections
and noninfectious diseases than chikungunya virus (Figure 3.) [16].

Figure 3. Fuchs heterochromic iridocyclitis: (A) normal eye and (B) affected eye. Taken from Babu K, Adiga M, Gove‐
kar S, Kumar B, and Murthy K. Associations of Fuchs heterochromic iridocyclitis in a South Indian patient population.
Journal of Ophthalmic Inflammation and Infection. 2013; 3(14). Reproduced with permission.

According to case reports, a past history of systemic symptoms of chikungunya was reported
in the previous 1–6 weeks; the affectation by FHI was more unilateral with a mean age of 37.95
± 12.42 years (range from 16 to 68 years), and the most common complaint of patients is blurred
vision. Despite these results, it still remains unclear the exact time of the presence of viral
antigen in the aqueous, so it can be difficult to assume a causal role of chikungunya virus in
FHI cases [16, 17, 44].

3.2. Posterior uveitis

Posterior uveitis is less common than anterior uveitis in the context of infection by chikungu‐
nya virus, and it is defined as inflammation of the choroid and/or retina, vitreous, optic nerve
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head, and retinal vessels. According to the Standardization of Uveitis Nomenclature (SUN)
working group, posterior uveitis includes focal, multifocal, or diffuse choroiditis, chorioreti‐
nitis, retinochoroiditis, retinitis, neuroretinitis, and retinal vasculitis [39, 45, 46]. Clinical signs
might be varied according to the structure involved. Decreased vision, central scotoma,
peripheral field defects, and color vision defect can be present. Symptoms in the anterior
segment like conjunctival injection, pain, and hypopyon are less frequent [32].

3.2.1. Retinitis

Retinitis onset occurs between 2 and 4 weeks after febrile period of systemic disease. According
to some authors, this interval can support the hypothesis that ocular lesions could be an
immune-mediated process rather than a direct viral effect [47]. It can be focal, multifocal, or
diffuse. Patients consult with a history of sudden vision lost without pain. Active lesions are
characterized by retinal whitish opacities, poorly demarcated by surrounding edema [39]. It
is usually accompanied by mild vitreitis, retinal hemorrhages, compromise of retinal vessels,
and the presence of areas of retinal whitening in the posterior pole [48]. Funduscopy allows
visualizing focal and multifocal patches of retinitis macular edema, serous detachment at the
macula, and localized involvement of the retinal vessel [49]. It is described that retinitis caused
by chikungunya fever can simulate herpetic and West Nile virus retinitis; thus the importance
of anamnesis lies in the identification of systemic symptoms of chikungunya infection, making
possible the differentiation to other etiologies [50, 51].

3.2.2. Choroiditis

Choroiditis can be, as retinitis, focal, multifocal, or diffuse. It usually does not produce vitreitis
in the absence of concomitant retinal involvement. Choroiditis active lesion is characterized
by a round yellow nodule in any part of the choroid tissue, especially the iris. Vasculitis
includes a compromise of arteries and veins (periarteritis and periphlebitis), and it is charac‐
terized by a perivascular irregular yellow or white cuff and can be associated with hemor‐
rhages [39].

3.3. Optic neuritis

Optic neuritis is an inflammatory, infectious, or demyelinating process that involves optic
nerve. According to funduscopy, it can be classified as retrobulbar neuritis, papillitis, or
neuroretinitis. There exists another classification based on etiology, which is divided into
demyelinating, parainfectious, infectious, and noninfectious optic neuritis. In the case of optic
neuritis due to chikungunya infection, it belongs to parainfectious class, which occurs after the
viral infection [39]. Optic neuritis is characterized by acute or subacute loss of vision, pain with
ocular movements, and color vision defects. Papillitis is the most often clinical sign according
to observational case series. Patients report the presence of blurred vision after a mean of
11.0±14.0 days of a symptom-free period, and the ocular symptoms had a mean duration of 14
days [10, 13].
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3.4. Corneal involvement

Keratitis and keratouveitis are the main conditions that affect corneal tissue in the context of
chikungunya infection. It is an inflammatory process of the cornea. There is no defined time
between systemic symptoms and the onset of corneal compromise; however there are some
studies which affirm that viral infection at the corneal cell can remain asymptomatic for some
periods of time, approximately 1 month according to case reports [3, 25]. Blurred vision and
ocular irritation are some of the associated symptoms, and involvement of corneal surface can
include bilateral punctate superficial keratitis and stromal immune ring formation with
underlying keratic precipitates which can resolve after 2 weeks of topical corticoid therapy
(Figure 2) [2, 3].

3.5. Episcleritis

Episcleritis is defined as inflammation of the episclera, which is the most external layer of
sclera. It is classified as simple or nodular. Regardless of the cause of the pathology, it has a
pattern to recur in the same eye in posterior episodes [39]. Simple episcleritis is characterized
by localized conjunctival injection with a duration of 12 hours approximately. Nodular
episcleritis is represented by conjunctival injection that becomes bigger progressively with the
presence of painful nodules localized almost all the time at the interpalpebral fissure. Epis‐
cleritis has a benign and self-limited course with a total conservation of vision and an excellent
prognosis [8].

3.6. Panophthalmitis

Panophthalmitis in seropositive chikungunya patients is an unusual manifestation by this
agent. It is characterized by an inflammatory process of all structures in the eye. The only case
report on the literature of this manifestation related to chikungunya was in a middle-aged male
patient who presented with painful progressive proptosis with loss of vision in the left eye
over a period of 6 hours with a history of fever, rash, and severe joint pain in the previous five
days. Moreover, the patient presented at physical examination visual acuity with no light
perception, swelling, and redness of both eyelids, raised temperature over the lids, and
proptosis. Despite panophthalmitis is a very rare manifestation, its rapid fulminating course
and severity of symptoms make this one of the most feared ocular manifestations [52].

4. Ophthalmologic diagnosis

As discussed in the additional chapters, the diagnosis of CHIKV is based on polymerase chain
reaction, virus isolation, or detection of viral antigens which should be used before the eighth
day of systemic illness. After 8 days, chikungunya serologic tests such as IgM ELISA/rapid
tests or IgG paired must be used because the viral load will have decreased [53].

Actually, it has not been possible to find any standard method for ocular CHIKV infection;
however according to some authors, the collection of aqueous humor can be useful for the
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determination of virus [12, 17], as it was previously documented in a patient who underwent
cataract surgery [17]. Despite this report, it is not recommended to take samples of aqueous
or vitreous humor if the illness does not threat the integrity or eye function because of the
possibility to cause a superimposed infection.

Collection of aqueous humor can be made through puncture that is performed before pha‐
coemulsification surgery or by taking aqueous samples in the lens remains collection bag and
supplemented with the implementation of reverse transcription polymerase chain reaction
(RT-PCR) [12, 17].

Mahendradas et al. demonstrated that only the aqueous or vitreous humor and no other tissues
such as the anterior lens capsule can become infected by the virus [17]. It is important to
recognize clinically if the inflammation is related to the virus and latent preconditions as some
other viral infections or systemic diseases that trigger the clinical manifestation.

Other tests could be used such as ELISA, immunochromatographic test, hemagglutination
inhibition, or neutralization techniques, which allow diagnosing indirectly the virus infection
through quantification of the IgM and IgG antibodies in serum; however, these are too much
unspecific [12].

To date, the RT-PCR is considered as the gold standard test to identify the etiologic agent in
ocular tissue involvement because of its high specificity and sensitivity rates. The RT-PCR must
be taken when viremia is active (109–1012 viral copies per ml of blood) [52].

As reported by some authors [12, 17], cataract postoperative state of patients with chikungunya
is similar to patients with chronic uveitis; therefore, it must be considered to continue topical
and systemic steroids in the postoperative period.

The definitive diagnosis has to be made by integrating systemic clinical findings with serologic
test for CHIKV. The differential diagnosis is usually made with anterior/posterior uveitis
caused by herpes simplex virus (HSV) and retinitis due to West Nile virus [12].

The panophthalmitis is a global inflammatory process of the eyeball due to CHIKV which has
been reported in the literature [52], but the association between chikungunya and panoph‐
thalmitis is doubtful and requires further investigation; according to Rajan and colleagues, no
evidence of viral agent was found in the ocular tissue.

It is relevant to say that ocular diagnosis of CHIKV has to be always considered as an exclusion
diagnosis, after probing more common etiologies of clinical manifestation mentioned above.

Fluoroangiography and spectral domain optical coherence tomography (SD-OCT) are
additional tests that can be used for ocular chikungunya infection. The first one can reveal
unspecific findings of neuroretinitis, macular edema, and even serous retinal detachments
associated with chikungunya. The use of these tests is not recommended for diagnosis but to
check evolution of inflammatory process. For instance, in retinitis cases analyzed with
fluoroangiography, hypofluorescent areas in late stages of the study are observed; meanwhile
SD-OCT revealed increased reflectivity in the nerve fiber layer zone which can be associated
with serous retinal detachments (Figure 4). Nevertheless, it is so relevant to remind that the
main goal of these studies is to follow up the patient’s clinical course of the ocular disease [8, 12].

Current Topics in Chikungunya58



determination of virus [12, 17], as it was previously documented in a patient who underwent
cataract surgery [17]. Despite this report, it is not recommended to take samples of aqueous
or vitreous humor if the illness does not threat the integrity or eye function because of the
possibility to cause a superimposed infection.

Collection of aqueous humor can be made through puncture that is performed before pha‐
coemulsification surgery or by taking aqueous samples in the lens remains collection bag and
supplemented with the implementation of reverse transcription polymerase chain reaction
(RT-PCR) [12, 17].

Mahendradas et al. demonstrated that only the aqueous or vitreous humor and no other tissues
such as the anterior lens capsule can become infected by the virus [17]. It is important to
recognize clinically if the inflammation is related to the virus and latent preconditions as some
other viral infections or systemic diseases that trigger the clinical manifestation.

Other tests could be used such as ELISA, immunochromatographic test, hemagglutination
inhibition, or neutralization techniques, which allow diagnosing indirectly the virus infection
through quantification of the IgM and IgG antibodies in serum; however, these are too much
unspecific [12].

To date, the RT-PCR is considered as the gold standard test to identify the etiologic agent in
ocular tissue involvement because of its high specificity and sensitivity rates. The RT-PCR must
be taken when viremia is active (109–1012 viral copies per ml of blood) [52].

As reported by some authors [12, 17], cataract postoperative state of patients with chikungunya
is similar to patients with chronic uveitis; therefore, it must be considered to continue topical
and systemic steroids in the postoperative period.

The definitive diagnosis has to be made by integrating systemic clinical findings with serologic
test for CHIKV. The differential diagnosis is usually made with anterior/posterior uveitis
caused by herpes simplex virus (HSV) and retinitis due to West Nile virus [12].

The panophthalmitis is a global inflammatory process of the eyeball due to CHIKV which has
been reported in the literature [52], but the association between chikungunya and panoph‐
thalmitis is doubtful and requires further investigation; according to Rajan and colleagues, no
evidence of viral agent was found in the ocular tissue.

It is relevant to say that ocular diagnosis of CHIKV has to be always considered as an exclusion
diagnosis, after probing more common etiologies of clinical manifestation mentioned above.

Fluoroangiography and spectral domain optical coherence tomography (SD-OCT) are
additional tests that can be used for ocular chikungunya infection. The first one can reveal
unspecific findings of neuroretinitis, macular edema, and even serous retinal detachments
associated with chikungunya. The use of these tests is not recommended for diagnosis but to
check evolution of inflammatory process. For instance, in retinitis cases analyzed with
fluoroangiography, hypofluorescent areas in late stages of the study are observed; meanwhile
SD-OCT revealed increased reflectivity in the nerve fiber layer zone which can be associated
with serous retinal detachments (Figure 4). Nevertheless, it is so relevant to remind that the
main goal of these studies is to follow up the patient’s clinical course of the ocular disease [8, 12].

Current Topics in Chikungunya58

Figure 4. Retinitis findings in SD-OCT and fluoroangiography. (A) Fundus photograph of the left eye showing conflu‐
ent area of retinal whitening suggestive of retinitis. (B) Fundus fluorescein angiography with early hypofluorescence in
the posterior pole, and (C) late hyperfluorescence in the posterior pole. (D) Spectral domain optical coherence tomog‐
raphy (SD-OCT) revealed an increased reflectivity in the nerve fiber layer zone corresponding to the areas of retinitis
with after shadowing and fluid-filled spaces in the outer retina with serous retinal detachment. (E) Fundus photograph
showing resolving retinitis lesion 2 weeks after initiation of systemic steroid therapy. (F) SD-OCT showing decreased
area of hyperreflectivity in the inner retina with resolving retinal detachment. (G) Fundus photograph after 4 months,
showing complete resolution of retinitis. (H) SD-OCT showing resolution of retinitis with thinning of the inner retinal
layers nasal to the fovea. Taken from Mahendradas P, Avadhani K, Shetty R. Chikungunya and the eye: a review.
Journal of Ophthalmic Inflammation and Infection. 2013; 3(35). Reproduced with permission.
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5. Treatment

There is no specific antiviral treatment for the CHIKV ocular infection to date. Actual treatment
for ocular manifestations due to this virus is focused on control of symptoms and avoidance
of complications resulting from inflammation of ocular tissues [12].

Systemically, the treatment is based on handling inflammation with corticosteroids and
immunomodulators. The treatment is focused according to the clinical context of each patient.
In a patient with an active viral process and an inflammatory ocular event, other causes of
retinitis, scleritis, and uveitis must be excluded.

Murthy et al. reported a case of bilateral retinitis due to a systemic infection of CHIKV.
Inflammation secondary to HSV was documented, and the treatment was made with intrave‐
nous and oral acyclovir, intravitreal ganciclovir, and oral corticoids and focused on decreasing
the viral copies. The role of acyclovir in treatment against ocular CHIKV should be restricted
to cases where CHIKV and HSV concomitant infection is present or when an inefficient
response to anti-inflammatory therapy exists; however, this is still a controversial fact [46, 47].

As soon as ocular inflammation appears, it is convenient to assess the systemic condition of
the patient, with the purpose of identifying contraindications for systemic steroids use, with
the objectives to reduce eye inflammation and prevent irreversible blindness. Nowadays,
treatment is focused only on treating uveitis complications due to CHIKV [8, 12, 38].

5.1. Local treatment

In all patients who experience active anterior segment inflammation, it is preferred to start
treatment with prednisolone acetate 0.2%, eight times a day, with a reductive dose schedule
every 5 days depending on patient response. It is preferred to add cyclopentolate 1.0% twice
a day or tropicamide with phenylephrine every 8 hours, allowing not only the patient
cycloplegia but also iris mobilization, avoiding the formation of posterior synechiae [41].

Occasionally, patients may experience increased intraocular pressure in the context of uvei‐
tis, which can be controlled by adding a topical treatment with timolol 0.5% twice daily. It is
relevant to remind the mechanism by which the increase of intraocular pressure occurs. High
levels of prostaglandins can increase production of aqueous humor, and the presence of
trabeculitis leads to an obstruction of the aqueous humor flow, increasing intraocular pres‐
sure [41].

It is recommended to use some topical nonsteroidal anti-inflammatory drugs to create synergy
with steroid and reduce rapidly the present symptoms. Some examples can include nepafenac
every 12 hours, bromfenac every 6 hours, or topical ketorolac every 8 hours [41].

5.2. Systemic treatment

Once any contraindication to initiate steroids is excluded, intravenous steroids may be started
if inflammatory events such as optical neuritis or any other threatening visual condition are
documented. In the cases of increased refractory intraocular pressure to topical treatment, it
is recommended to add acetazolamide 250 mg twice daily for three days, taking care of the
renal function [41].
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a day or tropicamide with phenylephrine every 8 hours, allowing not only the patient
cycloplegia but also iris mobilization, avoiding the formation of posterior synechiae [41].

Occasionally, patients may experience increased intraocular pressure in the context of uvei‐
tis, which can be controlled by adding a topical treatment with timolol 0.5% twice daily. It is
relevant to remind the mechanism by which the increase of intraocular pressure occurs. High
levels of prostaglandins can increase production of aqueous humor, and the presence of
trabeculitis leads to an obstruction of the aqueous humor flow, increasing intraocular pres‐
sure [41].

It is recommended to use some topical nonsteroidal anti-inflammatory drugs to create synergy
with steroid and reduce rapidly the present symptoms. Some examples can include nepafenac
every 12 hours, bromfenac every 6 hours, or topical ketorolac every 8 hours [41].

5.2. Systemic treatment

Once any contraindication to initiate steroids is excluded, intravenous steroids may be started
if inflammatory events such as optical neuritis or any other threatening visual condition are
documented. In the cases of increased refractory intraocular pressure to topical treatment, it
is recommended to add acetazolamide 250 mg twice daily for three days, taking care of the
renal function [41].
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6. Visual prognosis

While in most instances recovery of vision to normal occurs, CHIKV infection can result in
blindness; especially if it courses in association with optic neuritis or neuroretinitis, patients
may present sudden loss of vision caused by chikungunya fever associated with optic neuritis
[4, 10, 18]; this manifestation of the ocular infection may have a progressive visual loss and
may occur rapidly over several hours or over days [10]. Some authors suggest that visual
prognosis is good with anterior segment involvement, whereas that with posterior segment
involvement (retinochoroiditis) is poor [2, 18, 32, 54], though later certain aspects that greatly
influence the visual forecast will be mentioned.

The majority of patients with retinitis have a good visual outcome over a 10- to 12-week period
[12]. It has been described that alterations like granulomatous and non-granulomatous uveitis,
optic neuritis, and dendritic lesions are common lesions with good visual prognosis, but as
noted above, the prognosis is influenced by several aspects, and this is dependent of each
clinical context [2]. On the other hand, macular ischemia and optic disk changes account for
the poor visual outcome seen in a minority of patients [12, 55].

Unlike previously exposed, Mahesh G et al. reported a case of a 48-year-old female with
bilateral neuroretinitis; the patient received early systemic steroids since she had optic disk
involvement, and visual recovery was very satisfactory [1]. Rapid visual recovery is usually
the norm with immediate administration of systemic steroid therapy [10, 13]. An observational
case series that included 14 patients with clinical features of CHIKV infection and associated
optic neuritis reported complete or partial improvement of vision in 71% of patients with good
response to steroids if given early in the course of illness; in this study, the researchers
presented three patients in whom treatment was initiated 1 month after the onset of visual
symptoms for whom there was no visual improvement [13].

Nonce, Chanana et al. [7] reported a case of a 16-year-old male patient with bilateral macular
choroiditis following chikungunya virus infection that started treatment with oral predniso‐
lone; he showed evidence of resolving choroiditis bilaterally within 6 weeks of treatment, but
the vision did not improve further [7].

In an observational study involving 10 patients, whose cases of infection with CHIKV with
acute optic neuritis were confirmed, the overall prognosis in terms of visual acuity, color vision,
pupillary reaction, and visual field was favorable. They received intravenous methylpredni‐
solone for 3 days, followed by oral prednisolone in a tapering dose; the authors emphasize the
importance of prompt establishment of corticosteroid therapy to lead to rapid recovery of
visual function in patients with acute presentation of optic neuritis, but it has no role when
treatment is initiated at a late stage of the disease [10].

A retrospective study showed 14 consecutive cases who presented to the Vitreo Retina
Department of the Minto Ophthalmic Hospital; of them one patient was positive for IgM
chikungunya; she had bilateral anterior non-granulomatous uveitis and retinitis with optic
nerve involvement in one eye; the patient showed a favorable response to oral prednisolone;
the dose was tapered based on clinical response over a period of 6 weeks improving from an
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average of 2/60 to 6/24 vision [49]. In a similar way, a case series that included nine chikungunya
patients with ocular involvement found a benign course in the cases of iridocyclitis and
episcleritis; they showed complete resolution, with preservation of vision, and patients that
presented with retinitis showed gradual resolution over a period of 6 to 8 weeks with systemic
acyclovir and the corticosteroids [8].

Other less fortunate cases have been reported, in which there is no any treatment that can
improve final visual prognosis, such as one of the patients with acute necrotizing panoph‐
thalmitis; although the CHIKV was not isolated from vitreous tap, chorioretinal biopsy, and
other eviscerated materials, the serological studies were positive with high titer of recent
infection. The case resulted in a painful blind eye, which required evisceration [52].

During April of 2015, Hayek et al. reported the first case of a teen girl with CHIKV-induced
stromal keratouveitis; she had complete resolution of the corneal infiltrate after 2 weeks of
topical corticosteroid treatment [3]. As previously described, the visual prognosis depends on
various factors, but the common one that is found in the scientific literature is the early onset
of corticosteroid treatment. However there is no specific agent that was found effective against
the chikungunya virus. Most of the infected patients with CHIKV are treated symptomatical‐
ly, and it is not completely clear whether any therapy is effective in improving the visual
prognosis [8].
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Abstract

Both Dengue (DENV) and Chikungunya (CHIKV) viruses can be transmitted by Aedes
mosquito species and the diseases that they cause have several clinical symptoms in com‐
mon. Co-circulation of DENV and CHIKV is increasing around the world and must
therefore be considered as an emerging threat with an important public health concern.
At present, very little is known about the clinical manifestations and biological conse‐
quences of coinfection by both viruses. Thus, numerous questions such as clinical severi‐
ty and dynamics of viral replication of DENV and CHIKV coinfections, as well as
vectorial competence, have yet to be addressed in this important and challenging re‐
search area. The ensuring knowledge will enhance the clinical surveillance and the devel‐
opment of diagnostic tools able to differentiate DENV and CHIKV in order to early detect
virus invasion and local transmission, as well as to improve patient care and timely con‐
trol measures. In this review, we highlight the current knowledge on DENV and CHIKV
coinfections. We also discuss research perspectives and challenges in order to further un‐
derstand the ecology and biology of this phenomenon.

Keywords: Chikungunya, Dengue, coinfection

1. Introduction

Arthropod-borne viruses represent a global threat for public health as they can be transmitted
to humans by hematophagous arthropods that are rapidly spreading worldwide. These
viruses belong to four major families, Flaviviridae, Togaviridae, Rhabdoviridae, Reoviridae, and
Bunyaviridae, and are the etiologic agents of severe pathologies, such as yellow fever, dengue,
and chikungunya diseases.

© 2016 The Author(s). Licensee InTech. 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.



Dengue virus (DENV) is perhaps the most relevant arbovirus in terms of morbidity, mortality,
and socioeconomic impact, threatening more than 2.5 billion individuals worldwide [1]. It
belongs to the Flaviviridae family, genus Flavivirus, and is composed by four closely related
serotypes (DENV-1, -2, -3, -4), all of which share the same icosahedral and enveloped structure
with an average diameter of 50 nm. Its genome is composed of a single-stranded positive sense
RNA molecule of approximately 11 kb that codifies three structural (Capsid, Membrane, and
Envelope) and seven nonstructural proteins (NS1/NS2A/NS2B/NS3/NS4A/NS4B/NS5),
flanked by two untranslated regions (UTRs) [2]. DENV is transmitted to humans by blood-
feeding females of Aedes mosquitoes and, although the large majority of infections remain
asymptomatic, some of them can cause a spectrum of illnesses, ranging from a flu-like disease
of mild severity known as dengue fever (DF), to more severe clinical manifestations such as
dengue hemorrhagic fever (DHF) that can progress to dengue shock syndrome (DSS) and
death [3, 4].

Chikungunya virus (CHIKV), on the other hand, belongs to the Togaviridae family, genus
Alphavirus. Like DENV, it is a small icosahedral-shaped enveloped virus approximately 70 nm
in diameter. Its genome is a single-stranded positive sense RNA molecule of approximately
12 kb that contains two open reading frames (ORFs): the N-terminal ORF encodes four
nonstructural proteins (nsP1 to nsP4), while its C-terminal counterpart encodes the five
structural proteins C, E1, E2, E3, and 6K [5]. CHIKV is also transmitted to humans by the bite
of Aedes mosquitoes. Clinically, infection by CHIKV is characterized by fever, headache,
fatigue, rash and intense, invalidating and often persistent arthralgia that can last for years in
30–40% of infected individuals. Although rare, neurologic complications can be observed,
particularly among infected neonates. The rate of mortality has been estimated to be 1 in 1000
[6, 7]. Since its first documented epidemic in 1952 in Africa, sporadic CHIKV outbreaks were
reported in numerous African and Asian countries, until the virus dramatically emerged
during the last decade [8]. Since then, the virus has been continuously expanding and in 2013
it reached South America and the Caribbean basin causing more than 440,000 cases of disease
in more than 20 countries by mid-2014 [9, 10].

Since Aedes mosquitoes can be vectors of both DENV and CHIKV and as the endemic areas of
these two viruses often overlap, cocirculation of DENV and CHIKV has been reported in
various geographic areas, including Southeast Asia and intertropical Africa. However, despite
increasing evidence showing that coinfection of humans by DENV and CHIKV is likely to be
an emerging trend, very little is known about the clinical manifestations and biological
consequences of this phenomenon. This represents an exciting area of research as several
scientific questions remain to be answered. Are the cases of coinfection linked to the propa‐
gation of a specific species of Aedes mosquitoes? Can these coinfections increase the incidence
of severe forms of dengue and chikungunya diseases? What are the dynamics of viral repli‐
cation when both viruses infect the same cells? What are the cellular pathways that are altered
upon coinfection and how do they contribute to the pathophysiology of the diseases? The
current chapter will try to shed light on these interrogations by reviewing all the available data
on DENV-CHIKV coinfections.
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2. Epidemiology

Although similar in some aspects, the history traits and epidemiology of DENV and CHIKV
have followed different patterns, both intrinsically linked to the ecology of the mosquito
vectors. These topics will be reviewed individually for each virus and the cases of coinfection
will be finally analyzed.

2.1. Dengue virus

2.1.1. History and epidemiology

The name dengue seems to derive from the Swahili ki-dinga pepo, which was employed to
describe a disease characterized by cramp-like seizures. The word was introduced in the
Caribbean by the slave trade from East Africa during the 1800s and progressively changed to
“dengue” [11]. Dengue-associated symptoms are almost indistinguishable from those caused
by other viral agents such as CHIKV, but it is generally assumed that the first reports of dengue-
like illness were described in China between 269 and 992 BC. The first detailed clinical
descriptions were made in the late eighteenth century by Benjamin Rush and David Bylon
after epidemic episodes in Philadelphia and Indonesia, respectively [12, 13]. These cases were
associated to flying insects developing in water reservoirs, but it was not until the beginning
of the twentieth century that Aedes mosquitoes were identified as the main transmitting vectors
of the virus [14, 15]. During World War II, increasing cases of dengue among the troops
deployed in Africa and the Pacific led to substantial efforts to isolate the virus. Not surprisingly,
the first two serotypes of DENV (DENV-1 and DENV-2) were isolated during this period in
the Pacific [16]. DENV-3 and DENV-4 were discovered in the 1950s in Southeast Asia in the
Philippines and Thailand [17].

Although  the  virus  was  initially  thought  to  have  originated  in  Africa,  serological  and
phylogenetic studies rather point toward an Asiatic origin with a subsequent propagation to
the African continent and to the Americas [18]. By analyzing the substitution rate of the
Envelope (E) gene from DENV, it has been estimated that the origin of the virus is likely to
date back to 1000 years ago and that it used primates as a reservoir [19]. The four sero‐
types of DENV seem to have evolved in the rainforests of Southeast Asia and cross-species
transmission to humans have occurred independently in all four serotypes between 125 and
320 years ago for DENV-1 and DENV-2, respectively [3, 19, 20]. According to the results from
sequence analysis of the junction of the E and NS1 genes, the DENV-1 serotype has been
further divided in five genotypes (I–V), while the same analysis of the E and M genes classifies
DENV-3 isolates into four genotypes. DENV-2 and DENV-4 are conformed by five and three
genotypes, respectively [18].

It is believed that the sylvatic forms of DENV have caused sporadic and accidental outbreaks
in humans, essentially among rural communities. The burden of dengue disease seems to be
linked to the widespread colonization of the tropics by Aedes aegypti, a species that is highly
permissive to DENV and exhibits an anthropophilic behavior, thereby mediating an efficient
interhuman transmission. Originally from West Africa, where it acquired its urban preference,
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Ae. aegypti may have been introduced in the Americas and Asia by sailing ships, creating the
ideal conditions for the spread of the disease worldwide [21]. Indeed, until the 1970s, less than
100,000 cases of dengue, diagnosed by febrile illness and hemorrhagic manifestations were
registered yearly, and DHF was documented only in a dozen of countries. Furthermore,
concomitant circulation of more than one serotype of DENV in a geographic region, known as
hyperendemicity, was restrained to Central America, Southeast Asia, and West Africa. Thirty
years later, DENV had become hyperendemic in all continents, except Antarctica, and was
responsible for more than 500,000 cases of DHF and DSS reported in almost 60 countries [22].
It has been estimated that 2.5 billion individuals are at risk of infection, especially in the
Americas and Asia. Recent investigations estimate to 390 million the number of DENV
infections per year worldwide, leading to 96 million symptomatic dengue cases [1]. Several
factors may explain the worldwide emergence of DENV. The most important one is the
demographic burden observed after World War II that led to the occupation of ecological
niches where the virus was circulating [18]. Unplanned urbanization with inadequate waste
management and water distribution systems have facilitated the development of Ae. aegypti
mosquitoes in densely populated areas. The increased circulation of people and merchandise
has also allowed the concomitant spread of both the virus and its vectors to new geographical
areas [22, 23]. Furthermore, the lack of continuity in programs aimed to eradicate the mosqui‐
toes by massive fumigation, allowed the resurgence of Aedes populations in areas that were
almost freed from them, particularly in South America [24].

2.1.2. Transmission and vector competence

Two main cycles of transmission have been described for DENV (Figure 1). The primitive
sylvatic enzootic transmission, in Asia and Africa, involves Aedes spp. as vectors and lower
primates as reservoirs. Occasionally, blood-feeding females of Aedes mosquitoes may transmit
DENV to rural human communities, but these are considered as accidental contacts [3]. The
urban cycle is the most relevant and challenging type of transmission, being responsible for
the emergence of dengue during the twentieth century. Indeed, DENV can be maintained in
a mosquito-human-mosquito cycle in urban areas, having lost the dependency on an enzootic
cycle for transmission [22]. The urban cycle involves essentially Ae. aegypti as a vector, since
this mosquito has been shown to be highly anthropophilic. This species feeds almost exclu‐
sively on human blood as a protein source for egg development [25–27]. Furthermore, Ae.
aegypti prefers to lay its eggs in artificial water containers such as used tires, cisternae and
flower pots that surround human habitats, thereby transmitting the virus transovarially to its
progeny [28, 29]. It also feeds on multiple human hosts during a single gonotrophic cycle,
resting indoors after the blood meal. This behavior ideally contributes to sustain the urban cyle
of transmission as it increases the probability of becoming infected and transmitting the virus
to multiple hosts [27].

Other species, such as Ae. polynesiensis and Ae. albopictus may also account, although as yet to
a lesser extent, for the DENV urban cycle of transmission. In that sense, an increasing attention
has been paid to the role of Ae. albopictus in the spread of DENV worldwide. This species is
currently the most invasive mosquito in the world [30] and several vector competence
experiments performed under laboratory conditions have shown that Ae. albopictus mosqui‐
toes are more susceptible to DENV than Ae. aegypti [31–34], raising concerns over the possibility
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that the expansion of this vector will increase the risk of DENV spreading to new geographical
areas. However, these experiments remain controversial, because conflicting results have been
obtained showing that Ae. aegypti is more, or equally, susceptible to DENV infection than its
counterpart Ae. albopictus [35–37]. In a very interesting paper, Lambrechts et al. [38] analyzed
the relative public health importance of Ae. albopictus for DENV transmission, by performing
a meta-analysis of reported studies that compared the oral susceptibility of Ae. aegypti and Ae.
albopictus to DENV. The results revealed that although Ae. albopictus was more susceptible to
infection than Ae. aegypti, as measured by midgut infection, the rate of virus dissemination to
other tissues, as measured by the presence of the virus in the mosquito’s head, was lower for
Ae. albopictus [38]. Thus, according to these laboratory experiments, Ae. albopictus would not a
represent a serious concern for DENV spread, as compared to Ae. aegypti, because of its lower
capacity to become infectious and to act as an efficient vector. As pointed out by the authors,
vector competence experiments are only one component of the natural and more complex
vectorial capacity of a mosquito, which depends on other factors such as the ecology, the
behavior, and the genetics of the vector and the virus. For example, it has been shown that
vector competence can vary significantly among the vector subspecies: the Ae. aegypti aegypti
subspecies, which is more anthropophilic than the Ae. aegypti formosus subspecies, is also more
susceptible to DENV infection [39]. In addition, the DENV genotype is determinant, since Ae.
aegypti is less susceptible to American DENV-2 genotypes than to Asian genotypes [40, 41].
Therefore, laboratory experiments of vector competence should be carefully interpreted and
should be validated by entomological and ecological studies in the field. In that sense, several
ecological observations indicate that the contribution of Ae. albopictus to the emergence of
DENV should not be underestimated: (i) Ae. albopcitus was responsible of DENV outbreaks in
areas where Ae. aegypti was absent or rare [26], such as Macao (China) [42] and Hawaii in 2001
[43], La Réunion Island in 2004 [44], Mauritius in 2009 [45], and Europe in 2010 when the first
autochthonous dengue cases were reported in France [46] and Croatia [47]. (ii) The vector is
massively and actively spreading worldwide and is, as mentioned above, considered to be one
of the most invasive mosquito species in the world. Since 1979 it has colonized large areas of
North, Central, and South America, Africa, Australia, and more than 20 countries in Europe
[30, 48], where it has been mainly introduced through the trade of used tires [48, 49]. (iii) In
contrast to Ae. aegypti, Ae. albopictus has the potential to adapt to low temperatures, allowing
to colonize temperate climates with cold winters such as those found in Europe and North
America. Indeed, it has been shown that immature forms of Ae. albopictus can develop in
temperatures as low as 10ºC [50], and that some populations have a diapausing egg state,
allowing them to resist cold winters with average temperatures below 0ºC [51, 52]. This
capacity to resist low and adverse temperatures is linked to an increased efficiency to synthe‐
size lipids in cold temperatures, as compared to Ae. aegypti, restricting this latter species to
tropical and subtropical areas [53, 54]. (iv) Although it has generally been assumed that the
feeding behavior of Ae. albopictus is opportunistic and zoophilic, mainly ingesting blood from
nonhuman mammals, some studies have shown that Ae. albopictus mosquitoes caught in the
wild preferentially feed on humans in Cameroon [55], Thailand [25], North Carolina [56], and
the Andaman and Nicobar archipelago in India [26]. These results have been confirmed by
laboratory host preference experiments with Ae. albopictus specimens from La Réunion Island
[57]. This suggests that the feeding behavior of Ae. albopictus may be changing and switching
to humans as a main source of blood, thus increasing the risk of human-to-human transmission
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mediated by this mosquito. (v) Ae. albopictus and Ae. aegypti are sympatric in numerous areas
of the world, often sharing breeding sites and larval habitats [58–61]. This may lead to
competitive interactions between two species eventually leading to the decline of one of the
two. As suggested by field experiments performed in the United States [60, 62] and Brazil [63],
when larvae from Ae. albopictus and Ae. aegypti compete for resources, it is Ae. albopictus that
has a competitive advantage, giving a possible explanation to the local decline and extinction
of indigenous Ae. aegypti populations following the introduction of Ae. albopictus. Altogether,
these data emphasize the potential of Ae. albopictus to substitute Ae. aegypti and become the
main vector of DENV.

2.2. Chikungunya virus

2.2.1. History and epidemiology

The name Chikungunya, meaning “the disease that bends up the joints” comes from the
Makonde people in Tanzania, where the virus was first recognized in 1952 [64, 65]. Although
arthralgia is one of the characteristic symptoms of chikungunya disease, most of the clinical
manifestations are almost indistinguishable from those of Dengue. Thus, it is difficult to trace
back the first epidemics of CHIKV in the literature and historical records. Nonetheless, it is
generally assumed that the virus has been responsible for episodic outbreaks in Africa for
several centuries before being imported to Asia and America by sailing ships during the
eighteenth and nineteenth centuries [66–68].

On the basis of the phylogenetic analysis of the open reading frame of several CHIKV strains,
the virus has been divided into three clades: West African (Waf), Asian, and East/Central/South
African (ECSA), [69]. According to this study, the current CHIKV strains derived from a
common ancestor that existed around 500 years ago. The divergence between the ECSA and
the Asian clades occurred during the end of the nineteenth and the beginning of the twentieth
centuries. Interestingly, despite their close geographic proximity, the ECSA and West African
strains are highly divergent for reasons that are not yet completely understood. The recent
Indian Ocean monophyletic lineage (IOL) originated from the ECSA group at the beginning
of the twentieth century [69].

It is assumed that CHIKV originated in Africa, where it circulated in an enzootic cycle
responsible for sporadic human epidemic outbreaks during the twentieth century in Tanzania
in 1952 [64], Uganda in 1958 [70], South Africa in 1976 [71], Sudan in 1988 [72], and Senegal in
1996 [73], all arising from rural communities in close proximity to forested areas. However,
more recent CHIKV outbreaks linked to indigenous ECSA strains have arisen in urban centers,
as observed in Congo, Cameroon, and Gabon during 2000–2010 [74–76].

In Asia, the virus was first isolated in Thailand in 1958 [77] and was responsible for large
epidemics affecting millions of people in Sri Lanka and India between 1963 and 1973, when
the last CHIKV epidemic was recorded in 2005 [78–80]. This year marks the reemergence of
CHIKV on the Indian subcontinent with the introduction of the IOL coming from islands in
the Indian Ocean [80–82]. Indeed, after its initial detection in Kenya in 2004 [83], IOL subse‐
quently spread to these islands, among which Mauritius, Comoros, Mayotte, Seychelles, La
Réunion, and Madagascar, during 2005–2006 [84, 85]. The extent of the epidemics by this new
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CHIKV on the Indian subcontinent with the introduction of the IOL coming from islands in
the Indian Ocean [80–82]. Indeed, after its initial detection in Kenya in 2004 [83], IOL subse‐
quently spread to these islands, among which Mauritius, Comoros, Mayotte, Seychelles, La
Réunion, and Madagascar, during 2005–2006 [84, 85]. The extent of the epidemics by this new
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strain is reflected by the example of La Réunion, where 266,000 individuals, a third of the island
population, became infected, which resulted in around 260 deaths, most of them elderly people
[86, 87]. After its introduction in India and Sri Lanka, the IOL CHIKV strains spread quickly
throughout Southeast Asia, being responsible of outbreaks in Malaysia [88], Singapore [89],
and Thailand [90] in 2008, China in 2010 [91], Cambodia in 2011 [92], and Bhutan in 2012 [93].
Overall, it is estimated that CHIKV has caused more than two million cases since 2004 in Africa
and Asia [94]. IOL strains also have become a concern in Europe, where they were imported
by infected travelers returning from India and were responsible for outbreaks in Italy in 2007
[95] and France in 2010 [96] and 2014 [97], both likely transmitted by resident populations of
Ae. albopictus.

In America, the presence of CHIKV has formally been identified in 2013 in Saint Martin Island
during a large and ongoing epidemic in the Caribbean basin [98], although it is suspected to
be responsible for several epidemics since the nineteenth century. Since then, CHIKV has
spread to the other Antilles islands where Ae. aegypti was the only known vector present [98].
The virus then reached Central, South, and North America, where 11 cases of local CHIKV
transmission were recorded in 2014 [9]. Overall, the CHIKV burden in the Americas caused
more than a 1.7 million suspected cases, with almost 60.000 confirmed cases and more than
200 deaths in the 2013–2015 period [99]. Interestingly, this epidemic burden was not initiated
by the highly invasive IOL, but rather by Asian CHIKV strains [98]. These strains have
maintained their endemic circulation in Asia alongside the IOL burden, provoking recent
outbreaks in Indonesia and the Philippines [100, 101] as well as in the Pacific [102].

2.2.2. Transmission and vector competence

Similar to DENV, two modes of transmission have been described for CHIKV that rely on the
same Aedes vectors (Figure 1). In Africa, CHIKV has been circulating in an enzootic cycle
between forest-dwelling Aedes spp. mosquitoes and nonhuman primates as a reservoir [103].
This mode of transmission is believed to be the source of the sporadic and remote African
Chikungunya outbreaks recorded during the twentieth century. However, increasing urban‐
ization and the establishment of anthropophilic and peridomestic Ae. aegypti and Ae. albopic‐
tus populations, seem to be changing the dynamics of CHIKV spread in Africa, provoking
larger epidemics associated with an urban cycle of transmission that relies on humans as a
reservoir. This urban transmission is most likely responsible for the recent Chikungunya
outbreaks in Western Africa [75, 76].

In Asia, CHIKV has traditionally circulated in an urban cycle associated with the presence of
Ae. aegypti and albopictus mosquitoes. As a consequence, Asian CHIKV epidemics have been
larger and have spread more rapidly than those in Africa.

Vector competence studies, (reviewed in [103]), have shown that both Ae. aegypti and Ae.
albopictus are highly susceptible to CHIKV infection and are both able to transmit the virus to
humans. However, the Indian Ocean epidemics have provided a very interesting case of viral
adaptation to a specific vector. Indeed, during the second half of 2005, a genetic change (alanine
to valine substitution) occurred at position 226 of the E1 membrane fusion glycoprotein in the
viral IOL strains that were circulating in the area. This mutation was absent in the initial strains
and became prevalent after its introduction, being present in more than 90% of the isolates
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obtained in La Réunion during 2005–2006 [104]. Further laboratory experiments showed that
this mutation was directly responsible for an increase in CHIKV infectivity for Aedes albopic‐
tus, improving viral dissemination and the transmission to suckling mice without affecting
viral fitness in Ae. aegypti [105, 106]. Interestingly, this mutation was acquired independently
in several distinct geographical locations (India and West Africa) where, similarly to La
Réunion, Aedes albopictus is widely present and is actively displacing indigenous Ae. aegypti
populations. Therefore, it has been suggested that the A226V mutation is a clear example of
convergent evolution, allowing CHIKV viral strains to adapt to the prevalent mosquito vector
[107]. The molecular explanation for the increased fitness in Aedes albopictus conferred by
A226V mutations has not been completely unraveled. It was initially suggested that this
mutation increased the dependency on cholesterol during the virus-host cell fusion step, based
on the observation that mutated CHIKV isolates showed an attenuated viral growth in C6/36
mosquito cells devoid of cholesterol, as compared to original, nonmutated, strains [6, 105].
Therefore, it was suspected that this differential phenotype was responsible for the preferential
replication in Aedes albopictus mosquitoes. However, further studies revealed that there is no
a clear correlation between the dependence on cholesterol and capacity of the virus to infect
Ae. albopictus, suggesting that these are two independent phenotypic effects of the E1 226
mutation [108]. Interestingly, second-step adaptative mutations have been described in A226V
CHIKV strains that further potentiate viral replication in Ae. albopictus. One of these consists
in a leucine for glutamine substitution in position 210 (L210Q) of the E2 protein that mediates
viral binding. This mutation, characterized in viral isolates from Kerala in Southwest India
[109], facilitates infection of midgut epithelial mosquito cells, thereby increasing viral dissem‐
ination and transmission by Aedes albopictus without a significant effect on Ae. aegypti [110].
Altogether, these data demonstrate that some CHIKV strains are rapidly evolving to exploit
Aedes albopictus as a major vector in areas where it is abundant, raising concern about the
epidemic potential of these strains in the Europe and North America where the mosquito is
rapidly spreading.

Another interesting observation is that A226V mutation appeared in ECSA CHIKV strains and
not in the Asian strains circulating in areas where Aedes albopictus is common [111]. This
phenomenon has been attributed to evolutionary constraints imposed by epistatic interactions
between residues 226 and 98 of the E1 glycoprotein. Indeed, all endemic Asian strains have a
threonine in position 98 that is absent in both IOL and ECSA strains and that limits the
adaptative effect of the A226V mutation in Aedes albopictus [111]. This constraint is likely to
guarantee that the ongoing American CHIKV epidemics, caused by Asian strains, will be
sustained by Ae. aegypti instead of Ae. albopictus in areas where they are sympatric [103].
However, this dynamic may change if introduced Ae. albopictus-fitted ECSA and IOL strains
settle in the area.

In addition, a recent experimental study conducted by Stapleford et al. [112] showed the
emergence of two new mutations V80I and 129V on E1 glycoprotein of the CHIKV A226V
strain. Positive selection of these mutations appears to improve the stability and fusogenic
activity of these variants. This study offers an interesting predictive approach to guide the
monitoring of CHIKV strains involved in future outbreaks [112].
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Figure 1. Transmission cycles of DENV and CHIKV. In the sylvatic cycle, primate hosts and several species of Aedes
mosquitoes sustain DENV and CHIKV transmission. Occasionally, rural communities surrounding forests can become
infected. The urban cycle of transmission may have been initiated by the migration of infected individuals from those
rural communities to the cities. The urban cycle involves essentially Ae. aegypti and Aedes albopictus as vectors and hu‐
mans as reservoirs. Adapted from [113–115].

2.3. DENV-CHIKV coinfections

2.3.1. History of reported cases

To date, the number of diagnosed cases of DENV-CHIKV coinfections is surprisingly small
and available information is often incomplete, making it difficult to establish epidemiological
trends. However, it is noteworthy that the number of reported cases has increased considerably
during the past 10 years (Table 1, Figure 2), indicating that the phenomenon is becoming a
concern among the scientific community because of its potential impact on human health and
economy. Indeed, although the first documented cases of DENV-CHIKV coinfections date
back to the 1960s in Vellore, South India, when 14 cases were reported during a CHIKV
epidemic outbreak [116, 117], and in Thailand [118], where nine cases were documented, it
was not until 2006 that the diagnosis of concomitant infections experienced a real interest,
possibly due to the burden of cases of chikungunya infection in the Indian Ocean’s island and
Southeast Asia where DENV is endemic.

In 2006, two cases of coinfection corresponding to two female patients were described in
Malaysia, and 20 more were recorded during the CHIKV outbreak in La Réunion the same
year. More cases of coinfection were reported in Madagascar and Sri Lanka in 2006–2007 and
in Gabon, India, Nigeria and Singapore during 2007–2010, coinciding with the epidemics of
CHIKV caused by IOL strains during this period in the area. The most recent cases were
diagnosed in South America, India and Nigeria in 2013–2014. Of note, two of these cases
corresponded to infected travelers returning to Portugal and Germany after being infected in
Angola and India, respectively [119,120], raising concern about the possible spread of coin‐
fection cases in Europe where Aedes albopictus is present.
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Number of
cases

Location Year DENV
serotype

CHIKV clade Severe
symptoms

Vector Reference

Asian ECSA Waf

9 Thailand 1962-196
4

NSa NS NS NS [118]

14 Vellore, India 1964 DENV-2 NS Absence NS [116, 117]

20 La Réunion 2005-200
6

NS X NS NS [121]

2 Kinta
District,
Malaysia

2006 DENV-1 X 1 case of DHF NS [122]

10 Toamasina,
Madagascar

2006 DENV-1 NS Absence Ae.
albopictus

[123]

3 Kandy, Sri
Lanka

2006-
2007

NS NS 1 case with
Guillain barré

syndrome

NS [82]

37 Gabon 2007-201
0

DENV-2 X Absence Ae.
albopictus

[124, 125]

1 Chennai,
India

2008 NS NS Absence NS [119]

63 Nigeria 2008 NS Absence NS [126]

6 Delhi, India 2009 DENV-3
DENV-4

DENV-3/4
DENV-1/4

X 2 DHF, 1 dead NS [127]

1 Singapore 2009 DENV-2 X Absence NS [128]

43 Maharashtra
and Odisha,

India

2013 DENV-2
DENV-1
DENV-3

X 3 cases of DHF NS [129]

16 Saint Martin 2013-201
4

DENV-1
DENV-2
DENV-4

X Absence Ae. aegypti [130]

1 Nigeria 2014 NS NS Absence NS [131]

1 Luanda,
Angola

2014 DENV-4 X Absence NS [120]

2 India NS NS NS Absence NS [132]

Table 1. Reported cases of DENV/CHIKV coinfections. a NS: Not specified.

As shown in Table 1, the four serotypes of DENV can be found in association with both the
Asian and ECSA CHIKV clades, depending of the strain of CHIKV that cocirculates with
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DENV in a particular area, pertaining to Asian CHIKV strains in America and ECSA strains
in Asia and Africa. However, it would be interesting to study if some particular associations
of DENV and CHIKV genotypes are favored in nature. For example, is the circulation of some
virulent DENV strains associated with the simultaneous presence of specific CHIKV geno‐
types? Such preferential associations could provide insight into viral coevolution and allow to
define strategies to limit the morbidity associated with certain highly pathogenic viral strains.

2.3.2. Transmission and vector competence

Some of the studies reported in Table 1 provide interesting information about the relative
importance of Aedes albopictus and Ae. aegypti in the spread of coinfection cases in natural
conditions. Perhaps the most complete and documented cases of coinfection from an epide‐
miological perspective have been provided by a large clinical, virological, and entomological
study performed in Gabon between 2007 and 2010 [124, 125]. During this period, an active
surveillance of acute febrile symptoms was implemented in the healthcare centers of Libreville
and all the major towns of the country. Blood was sampled from patients who met the case
definition for diagnosis of CHIKV and DENV infection, as determined by quantitative PCR
[124, 125]. A total of 4287 patients were tested among which 1567 (36.6% of the individuals)
were CHIKV-positive, 376 (8.3%) were DENV-2 positive (no other serotype was reported) and
37 (0.9%) were coinfected with both viruses. All cases occurred in densely populated areas
during the rainy season, when conditions are ideal for mosquito breeding. Two large epidemic
outbreaks were observed, during 2007 and 2010, with sporadic cases in between. In 2007, the
vast majority of CHIKV and DENV-2 infections were reported around the capital Libreville,
in the Northwest, with nine cases of coinfection. During 2008 and 2009, the viruses moved to
Lambaréné, Ndjolé, and Lastourville in the center and the south of the country, respectively,
however no cases of coinfection were reported. Finally, the 2010 outbreak occurred in the
southeast of the country and was centered around Franceville, close to the Congo border where
28 cases of coinfected patients were recorded. The phylogenetic study, based on the isolates
recovered from monoinfected and coinfected patients not only showed that CHIKV belonged
to the ECSA lineage, but also that the Gabonese strains from 2010 derived from those reported
in 2007, which were in turn closely related to the CHIKV strains isolated in 2006 from an
outbreak in Cameroon [74]. These findings suggest that CHIKV is spreading rapidly in
Western Central Africa with a north to south dynamic, a trend that seems to be confirmed by
the identification of the virus in Southern Congo in 2011 [133] and Angola in 2014 [120]. On
the other hand, DENV-2 isolates from 2010 also derived from those of 2007 and were found to
cluster in the cosmopolitan genotype, which gathers strains isolated in diverse areas of the
world such as India, China, Australia, and Saudi Arabia. The most likely explanation for these
observations is that the DENV-2 Gabonese strains were imported by infected travelers coming
from the latter areas or by infected mosquitoes introduced in Gabon along with imported
products [124, 125].

During this study, mosquitoes were captured around the coinfected patient’s homes. After
identification of the species, viral presence was determined by quantitative PCR from pooled
mosquitoes abdomen. In total, 661 Aedes mosquitoes were analyzed. A large majority of the
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mosquitoes was constituted by Ae. albopictus (571 specimens, 86% of the caught specimens),
followed by Ae. simpsoni and Ae. aegypti (52 and 38 specimens, respectively). From the 46 pooled
abdomens of Ae. albopictus 11 (23.9% of total) tested positive for CHIKV, 18 (39.1%) for DENV-2
and three (6.5%) for both viruses. This was the first report of a concomitant infection of
mosquitoes by CHIKV and DENV in nature. In the case of Ae. aegypti, one out of the three pools
(33.3%) tested positive for CHIKV, whereas DENV-2 was not detected. All three Ae. simpsoni
pools tested negative for both viruses. Although the lack of detection of both viruses in Ae.
aegypti specimens could be attributed to the large predominance of Ae. albopictus, which
increases the probability of the latter vector to be coinfected, another study comparing the roles
of the two species in the emergence of DENV and CHIKV in central Africa confirmed that the
only species naturally infected by DENV and CHIKV was Ae. albopictus [135]. This is not
surprising with respect to CHIKV, because the viral isolates circulating in the area have
acquired the A226V substitution and are therefore particularly adapted to grow in Ae.
albopictus [107, 125]. The absence of Ae. aegypti, naturally infected with DENV, has been
attributed to the poor susceptibility of this mosquito to DENV in this region, explaining the
lack of DENV outbreaks in West and Central Africa until the turn of the century with the
introduction of Ae. albopictus [39]. This notion has been confirmed by laboratory experiments
showing that Ae. aegypti specimens collected from Cameroon are less susceptible to DENV
infection than mosquitoes of Asia and South America [135].

Besides its greater susceptibility to CHIKV and DENV, Ae. albopictus may be more efficient in
the maintenance of DENV and CHIKV transmission cycles because of its aggressive feeding
behavior, with a human biting rate that is significantly higher than the one observed in Ae.
aegypti populations in suburban areas of Central Africa, according to a study led by Paupy et

Figure 2. Geographical distribution of Aedes albopictus and Aedes aegypti populations and locations where DENV/
CHIKV coinfections have been described. Adapted from [134].
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al. [135]. This may increase the probability of Ae. albopictus mosquitoes of becoming infected
by DENV and CHIKV and transmitting the viruses to human hosts.

These data indicate that Ae. albopictus is more fitted to transmit both viruses and to act as the
primary vector of DENV and CHIKV in Gabon which should raise concerns about the spread
of CHIKV/DENV coinfections to the rest of Africa in view of the continuing progression of Ae.
albopictus on this continent.

The disproportion in the abundance of Aedes species in Gabon is striking as Ae. albopictus was
first reported in the country in 2006 [136, 137], suggesting that the species is rapidly prolifer‐
ating and actively displacing endemic populations of Ae. aegypti. This trend has been confirmed
by a subsequent entomological study carried in different locations of Gabon, demonstrating
that Ae. albopictus largely outnumbered the endemic Ae. aegypti populations in suburban areas
where patches of vegetation are likely to be present, as well as in small towns particularly
affected by the 2007–2010 DENV/CHIKV epidemics such as Cocobeach, Oyem, and Lastour‐
ville [135].

This trend and the role of Ae. albopictus as the main vector of CHIKV/DENV coinfections were
confirmed by Ratsitorahina et al. who conducted a virologic and entomologic study in the city
of Toamasina, located in the eastern coast of Madagascar, following an outbreak of dengue-
like symptoms (DLS) [123]. CHIKV was suspected as the etiologic agent, because the virus was
previously detected in La Réunion, the Seychelles, and Comoros archipelagos during the IOL
CHIKV epidemic. Blood samples were taken from 55 febrile patients manifesting headache,
myalgia, arthralgia, retroorbital pain, or rash. Molecular and serological diagnostics identified
CHIKV (IO lineage, highly adapted to Ae. albopictus) and DENV-1 (closely related to strains
isolated in La Réunion in 2004) in 38 of the 55 patients, among which 10 cases corresponded
to coinfections. An entomologic study was performed in five neighborhoods in which DLS
were reported, by catching mosquitoes larvae and adults in potential breeding sites. Ae.
albopictus, a species that has been circulating in Madagascar since the 1970s [58], was the only
urban vector of DENV and CHIKV and no other species were identified. Among all the
mosquito pools tested for the presence of CHIKV and DENV, 21.7% tested positive for CHIKV.
Data for DENV was not given. The identification of the breeding sites revealed that populations
of Ae. albopictus from Toamasina exploit diverse artificial peridomestic containers such as tires,
coconut shells, discarded cans, pots, etc., which are traditionally associated with Ae. aegypti
populations. This highlights the notion that Ae. albopictus is able to adapt to the ecological
niches found in urban areas and therefore could replace Ae. aegypti as the main vector of the
urban transmission cycle of DENV and CHIKV. Accordingly, a large entomologic survey
carried in 15 sites across Madagascar during the 2007–2009 period, revealed that Ae. albopic‐
tus has extended its geographical distribution on the island and that its population density has
become consequently higher than that of Ae. aegypti, a species that is becoming rare. This
contrasting result to what was previously reported in the 1970s–1980s, can be explained by the
environmental plasticity of this species that exhibits a greater capacity to adapt to different
climatic conditions and to anthropogenic changes in the natural habitats, as compared to Ae.
aegypti [58].
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Vector competence studies performed in laboratory conditions have shown that Ae. albopic‐
tus specimens from La Réunion are able to disseminate DENV and CHIKV and to deliver both
infectious particles concomitantly in its saliva after being orally exposed to DENV and CHIKV
strains, circulating in the island during 2004–2006 [138]. Another study revealed that Ae.
aegypti, orally fed with CHIKV and DENV, is unable to sustain dual infection [139]. Although
these results should be interpreted with caution since vector susceptibility is highly dependent
on the origin of Aedes specimens, as well as the type of CHIKV and DENV strains involved in
the infection, they corroborate what has already been shown in natural conditions and
furthermore confirm the potential of Ae. albopictus to transmit both viruses more efficiently
than Ae. aegypti.

Taken together, these results reveal an important and threatening role of Ae. albopictus through
its ability to concomitantly transmit DENV and CHIKV in areas where it circulates sympatri‐
cally with Ae. aegypti. It is to be noted however, that in locations where Ae. albopictus is still
absent, Ae. aegypti can sustain the concomitant transmission of both viruses, as recently
reported during the Caribbean CHIKV outbreak. This epidemic that initiated in Saint Martin
then spread to the French Antilles, causing a total 570 confirmed cases of infection with the
Asian strain of CHIKV, 65 with DENV and 16 cases of coinfection (Table 1) [130]. Ae. aegypti
was identified as the unique potential vector of this outbreak [98]. Nonetheless, because of the
rapid propagation of Ae. albopictus in South America, this dynamic may change in a close
future.

Another important topic related to CHIKV/DENV coinfections, is the mode by which these
viruses can be transmitted to humans. Two main possibilities could be envisaged: an individ‐
ual transmission of each virus by different monoinfected mosquitoes or concomitant trans‐
mission by a coinfected vector. In that sense, the study performed by Caron et al. [124] gives
several interesting clues based on the analysis of viral loads detected in coinfected Gabonese
patients. The results revealed the presence of two distinctive groups of patients, based on the
presence of viral RNA-derived complementary DNA (cDNA): one group with a high DENV-2
cDNA load and low CHIKV cDNA load and the other with high cDNA levels of both viruses.
According to this pattern of infection, the authors suggested two different modes of transmis‐
sion. In patients with the highest DENV-2 cDNA, the blood samples were most likely taken
during the acute phase of DENV infection and the early or late stage of CHIKV infection,
suggesting that the viruses were more likely to have been transmitted by the bite of two
different mosquitoes each infected with one virus, although with several days of interval,
which might explain the gap between the replication kinetics of either virus. However this
interpretation should be taken with caution, as several other possibilities may exist. For
example, both viruses could have been transmitted by the same mosquito and DENV-2 might
have replicated more efficiently than CHIKV due to genetic factors intrinsic to the human host,
thus establishing a competitive state in which CHIKV could have been disadvantaged.
Alternatively, DENV-2 viral load in the coinfected mosquito salivary glands may have largely
exceeded that of CHIKV. As a result, the number of DENV viral particles transmitted to the
human host during the mosquito bite may have been higher than for CHIKV, consequently
explaining the difference in the observed cDNA loads. Another possibility, noted by Caron et
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al. [124], is that the immune response against DENV may have limited the replication of
CHIKV. In the second group of patients with high cDNA loads for both viruses, indicative of
a blood sample taken during the acute phase of both CHIKV and DENV-2 infections, the dual
infection may have resulted from two rapidly succeeding bites of different mosquitoes, each
infected by one virus or from the bite of a single coinfected mosquito [124].

3. Pathogenesis

From a public health perspective, the concern about coinfections is their possible impact on
the pathogenesis and the outcome of dengue and chikungunya diseases. Is there a correlation
between the cases of coinfection and the severity of symptoms? Because, in terms of morbidity,
severity and mortality DENV has a higher impact on human health than CHIKV, the major
preoccupation is that CHIKV/DENV coinfection could increase the incidence of DHF and DSS.

DHF symptoms appear around the time of defervescence, 3–7 days after the first symptoms
of DF. It is characterized by an increase in capillary permeability with a loss of plasma volume
that is preceded by thrombocytopenia and leukopenia. Hamorrhagic symptoms include
petechiae, ecchymoses, and purpuric lesions. If a critical volume of plasma is lost through
leakage, DSS may follow. This phase is characterized by a narrow pulse pressure that can be
underestimated as most of the patients remain conscious and lucid. Prolonged hypotensive
shock and hypoxia may result in organ failure, acidosis, intravascular coagulation, and death
if not corrected in time [3, 4].

Although the pathogenesis of DENV infection is not well understood, several risk factors may
increase the severity of the disease: the viral genotype (the Asian genotype of DENV-2 is
considered to be a virulent strain), the age (children are less able to compensate plasma leakage
than adults), the ethnicity (Caucasian are more susceptible to develop severe forms of the
disease), chronic diseases (individuals with allergies, asthma, and diabetes are at higher risk
than healthy people) and secondary infection with a new DENV serotype [140–143]. The latter
issue has received particular attention, because it may be a major determinant for the devel‐
opment of severe cases of dengue. Indeed, when preexisting antibodies from a primary DENV
infection bind to an infecting DENV particle during a subsequent infection with a different
dengue serotype, the antibodies from the primary infection cannot neutralize the virus.
Instead, the resulting antibody-virus complexes attach to Fc receptors at the surface of
monocytes, macrophages, and dendritic cells (DCs), resulting in increased infection [113, 144,
145]. This phenomenon, known as antibody-dependent enhancement of infection (ADE), may
explain the higher viremia and levels of circulating antigens detected in patients with DHF as
compared to patients with DF [146, 147]. ADE accounts for the particular propensity of
populations living in DENV hyperendemic regions to develop severe forms of dengue. ADE
may also contribute to increased capillary permeability and to a “cytokine storm” that could
aggravate the disease [148–150]. Another phenomenon increasing the risk of severe disease
during secondary infections with DENV is the original antigenic sin or Hoskins effect. This
effect refers to the tendency of the immune system to respond to a secondary infection through
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the activation of memory B and T cells induced by the primary infection. These cells show a
decreased affinity for secondary antigens and are less effective in the control of the infection
[151]. In particular, it has been shown that during the secondary infection by a different strain
of dengue virus, the cytotoxic T lymphocytes release cytokines, rather than causing the lysis
of infected cells, thereby increasing vascular permeability and exacerbating the damage of
endothelial cells [152]. Taken together these data indicate that secondary heterotypic infections
with DENV are an important factor in the aggravation of dengue disease.

However, despite the identification of risk factors, little attention has been paid to the potential
effect of the simultaneous presence of CHIKV on the propensity to develop DHF. To date, the
scarcely available clinical data about coinfections impedes to establish clear conclusions. The
large majority of the studies analyzing the clinical symptoms of CHIKV/DENV coinfected
patients failed to identify a particular predisposition to develop DHF, as no severe symptoms
were observed (Table 1). Furthermore, two studies that compared the biological and clinical
symptoms between monoinfected and coinfected patients did not observe more severe
manifestations or biological disorders in patients with a mixed infection, suggesting that the
two viruses do not exert additive effects [124, 153].

The rare cases of DHF in coinfected patients were observed in one of the two patients coinfect‐
ed in Malaysia [122] and in India in 2009 [127]. The latter case deserves further attention: during
this episode of DENV/CHIKV coinfections in Delhi, 69 blood samples were taken from patients
with acute fever. Forty-eight were DENV-positive, eleven tested positive for ECSA lineage and
six were positive for both viruses. From these six samples, three were positive for DENV-3, one
for DENV-4, one for DENV-3/DENV-4 and one for DENV-1/DENV-4, constituting the first cases
of concomitant infections with multiple DENV serotypes in CHIKV/DENV infected patients.
Two of the six patients manifested severe hamorrhagic symptoms with central nervous system
involvement and one died. It was not specified whether the severe cases corresponded to patients
infected with a single DENV serotype or with two different serotypes, making it difficult to link
the severity of the disease to the concomitant presence of CHIKV or to the presence of two
different  DENV  serotypes.  However,  the  particular  high  incidence  of  severe  symptoms
following superinfection by CHIKV and several DENV serotypes highlights the potential threat
of CHIKV infection to human health in areas where DENV is hyperendemic [127].

Overall, these results do not establish a clear association between the severity of dengue and
chikungunya diseases and the concomitant presence of both viruses. However, the number of
CHIKV/DENV coinfections reported to the date is too small to draw firm conclusions. Further
studies need to be undertaken with large cohorts of infected patients to gain better insight in
this process, particularly taking into account that many severe cases associated with coinfec‐
tions may have passed unnoticed, as the diagnosis of both viruses has not systematically been
undertaken in the past. Moreover, the increase in coinfections with both viruses could lead to
a rapid viral evolution, potentially resulting in the appearance of highly infective and patho‐
genic CHIKV and DENV strains.
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4. Cell biology of CHIKV/DENV coinfections

Very little is known about the interactions that are established by the viruses and their host
cells during coinfections. The fact that viral RNA of both viruses has been detected in Aedes
abdomens strongly suggests that they can disseminate and coexist simultaneously in these
mosquitoes. Accordingly, both viruses are able to concomitantly infect Ae. aegypti midgut and
upregulate the expression of proteins involved in the oxidative stress, energy production, and
carbohydrate/lipid metabolism. This shows that CHIKV and DENV are able to simultaneously
circumvent the physical barrier established by the midgut to propagate to other Aedes organs
and tissues [154]. However, almost nothing has been described at the cellular level: to date,
only one work addressed the concomitant effect of CHIKV/DENV infection in mosquito cells
but no information is able regarding vertebrate cells.

In this study, Potiwat et al. [155] infected Ae. albopictus C6/36 cells with different multiplicities
of infection (MOIs) of CHIKV (ECSA strain) and DENV-3 isolates from Southern Thailand,
detecting the presence of viral RNA in cell culture medium by RT-PCR. They observed that
both viruses were able to replicate and generate viral progeny when cells were challenged
simultaneously with a mixed viral preparation in which the viruses were added at the same
MOI. However, when the proportion of viral input was changed and the titer of DENV largely
exceeded the one of CHIKV, DENV was able to suppress CHIKV replication. The reciprocal
(larger titer of CHIKV than DENV) did not exert any effect on DENV replication. When
infection by each virus was performed sequentially at the same titer (superinfection conditions
in which one virus was added 1 hour before the other), viral progeny was detected for the two
viruses independently of the order of infection. Although these experiments were not vali‐
dated with other viral strains and mosquito cells, they provide the first cell biology evidence
that both viruses can replicate actively in the same cells when these are challenged simulta‐
neously or sequentially. This supports the two modes of mosquito coinfection that have been
suggested to occur in natural conditions: a mosquito could get coinfected by ingesting its blood
meal from a viremic individual carrying both viruses, or sequentially by ingesting the blood
from two different individuals each infected by a single virus. When the blood meal is taken
from a single individual, the successful replication of both viruses in mosquitoes may require
some conditions to be fulfilled, such as the presence of enough infectious CHIKV/DENV
particles in a proportion that falls within a certain range. In other words, the quantity of one
of the viral species should not overwhelmingly exceed the other one to avoid any competitive
suppression. In that sense, a very recent study performed by Nuckols et al. [156] seems to
confirm in vivo what is observed at the cellular level. In this work, Ae. aegypti and Ae. albopic‐
tus mosquitoes were challenged either simultaneously or sequentially with CHIKV and
DENV-2 mixed in blood meals. After mosquito sacrifice, viral dissemination and transmission
potential were assessed by detecting CHIKV and DENV RNA in the mosquito’s head and
saliva, respectively. The results show that both Aedes species exhibited a dual disseminated
infection when viruses were administered at the same time or sequentially. However, CHIKV
and DENV were only detected concomitantly in mosquito’s saliva from specimens exposed to
each virus sequentially and not simultaneously. Thus, this laboratory experiments suggest that
Aedes mosquitoes are able to transmit both viruses to vertebrate hosts when they acquire
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CHIKV and DENV with a time interval and that simultaneous acquisition of both viruses may
generate competitive interactions that decrease their potential transmission. Although in this
study the viral titers of DENV (3.2 × 106 focus forming units/mL) and CHIKV (1.5 × 105 plaque
forming units) used to infect the mosquitoes were not comparable, it would have been
interesting to assess if the competitive exclusion was due to the excess of one viral species over
the other one or if it could be seen independently of the viral input.

In the work of Potiwat et al. [155], competitive suppression was only observed when the
amount of viral particles from DENV largely exceeded the one from CHIKV and not the
reciprocal. Both viruses are able to exploit similar cell surface receptors for attachment, such
as prohibitin and heat shock proteins that can be found in mosquito cells [157–160], leading to
possible competitive interactions between both viruses for attachment and viral entry.
However, it is highly unlikely that this is the reason for the suppression of CHIKV replication
by DENV, as no inhibition of DENV replication was observed when CHIKV particles out‐
numbered DENV particles, as it would be expected if the viruses rely on the same receptors
for infectious entry. An alternative, is that the viruses are able to exploit different receptors on
the same cell, and that an excess in DENV particles attached to the cell surface sterically
interfere with CHIKV-receptors interactions. Another possibility is that the excessive entry of
infectious DENV particles leads to the hijacking of cellular components necessary for CHIKV
replication, or to the production of viral components that inhibit CHIKV infection.

There is no information about the cellular biology of CHIKV/DENV coinfection in mamma‐
lian  cells  and  we  can  only  speculate  about  the  possible  mechanisms  involved  in  viral
replication. As summarized in Table 2, CHIKV and DENV share similar mechanisms of entry,
which  could  lead  to  suppressive  competition  between  the  viruses  in  the  early  steps  of
infection. For example, they are able to exploit similar cellular receptors for attachment, they
are  internalized mainly  by clathrin-mediated endocytosis  and their  fusion occurs  in  the
endosomal system. The cellular tropism is also similar, although it seems to be larger in the
case of DENV, a phenomenon that could be explained by the longer and more frequent
circulation of the virus among human beings, allowing it to adapt and exploit a more diverse
range of cellular targets. However, the viral RNA of both viruses can be detected in the blood
of coinfected humans, suggesting that they are both able to concomitantly invade, replicate
and spread in different organs to establish a systemic infection resulting in viremia. Thus,
these viruses seem to have adopted different replicative strategies to overcome the poten‐
tial competition for cellular resources when they infect the same mammalian cells, and/or
have established cooperative interactions to guarantee their  survival  and propagation in
human hosts. For example, during the cellular attachment step, the viruses may use different
not yet characterized receptors or use an abundant cell surface molecule to limit competi‐
tion. Also, although both viruses enter cells by clathrin-mediated endocytosis, some differen‐
ces exist in the pathways and molecular partners involved in the process between CHIKV
and DENV. Indeed, the depletion of the fuzzy homologue (FUZ),  a cytoplasmic effector
protein involved in planar cell polarity, ciliogenesis, and mammalian embryonic develop‐
ment,  strongly  inhibits  clathrin-mediated  endocytosis  of  CHIKV and other  alphaviruses
without affecting DENV entry [161].  This suggests that both viruses exploit  parallel  cla‐
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thrin  pathways  involving  different  effector  proteins.  Furthermore,  DENV  and  CHIKV
membrane fusion, a step necessary for the release of the viral genome in the cell, takes place
in distinct cellular compartments: the first one occurs in Rab7+ late endosomes, while the
second one takes place preferentially in Rab5+ early endosomes [162–164].The explanation
for the selective use of these compartments could be linked to the lipidic composition of the
endosomes: fusion of flaviviruses seems to require the presence of anionic lipids such as
phosphatidylserine and bis(monoacylglycero)phosphate that are present in the late endo‐
somes [165], while alphaviruses may have distinct requirements.

DENV CHIKV Reference

Tropism in humans
(main cell targets)

Keratinocytes + - [166–172]

Fibroblasts + +

Dendritic cells + -

Monocytes + -

Macrophages + +

Epithelial cells + +

Endothelial cells + +

Attachment receptors
in mammalian cells
(name of the specific
receptors)

Glycosaminoglycans + + Reviewed in [173,
174]Heat Shock Proteins +

GRP78
HSP70
HSP90

+
HSP60

Laminin
Receptor

+ NI

Prohibitin Used in mosquitoes +

C-type lectins +
DC-SIGN
L-SIGN

CLEC5A Mannose
receptor

NI

Phosphatidylserine
receptors

+
TIM
TAM

+
TIM
TAM

Integrins +
Integrin αvβ3

+
ITGAV
ITGB1

Scavenger receptors + NI
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DENV CHIKV Reference

Claudin-1 + NI

Nkp44 + NI

Main internalization
pathway

Clathrin-dependent
endocytosis

Clathrin-dependent
endocytosis

[161, 164, 170, 174–
179]

Compartment of viral
fusion

Late endosomes Early endosomes [162–164]

Strategy for viral
replication

Synthesis of a single
polyprotein cleaved by

viral and cellular
proteases to generate

individual viral proteins;
replication of viral

genome in RCs
associated to ER-derived

membranes

Inferred from other
Alphaviruses: synthesis

of two polyproteins
from two ORFs

autoproteolytically
cleaved to generate

individual viral proteins;
replication of viral

genome in RCs
associated to

endosomes/lysosomes-
derived membranes

[5,180–190]

Place of assembly ER membrane Plasma membrane [191–194]

Mechanism of release Secretion Budding at the plasma
membrane

+: positive tropism and positive interaction with the indicated receptor. -: negative tropism and negative interaction with
the indicated receptor. NI: no information available.

Table 2. Comparison of CHIKV and DENV tropism’s in humans and of the replicative strategies developed by these
viruses in mammalian cells.

Also, fusion of alphaviruses seems to depend on the activity of the TSPAN9 tetraspanin
protein, as depletion of the protein selectively blocks the fusion of Semliki Forest Virus (SFV)
without altering the one of DENV. TSPAN9 may control the correct routing of the viruses to
the early endosomes and maintain these compartments in a permissive state for alphaviruses
fusion but not for flaviviruses [161].

There are also differences in the mechanisms involved in CHIKV and DENV synthesis of viral
proteins, genome replication and assembly of the viral components to form mature infectious
virions (Table 2). In the case of CHIKV, almost all the information about these processes has
been inferred from studies performed with related alphaviruses such as SFV and Sindbis Virus
(SINV). Once the viral genome is released into the cytoplasm, it is translated from two different
open reading frames to generate the nonstructural (nsP1234) and structural (C-pE2-6K-E1)
polyproteins [5, 180]. The nonstructural polyprotein is cleaved by the nsP2 viral protease to
generate the individual nonstructural proteins that are going to form replication complexes
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(RCs) in charge of the viral genome replication [195]. These RCs are associated to virus-induced
membranous cytoplasmic structures that are derived from the endosomes and lysosomes [181–
184]. The structural polyprotein is cleaved autoproteolitically by the C protein which is
released in the cytoplasm. The rest of the polyprotein (pE2-6K-E1) is translocated to the
endoplasmic reticulum (ER) where it is further processed by the host cell signal peptidase to
generate the individual PE2, 6K, and E1 proteins [196]. These proteins are then routed to the
plasma membrane through the Golgi network where the furin-like protease cleaves the pE2
to generate the E2 and E3 mature proteins. At the plasma membrane, all the structural proteins
gather together along with the genomic viral RNA, and the interaction between the C and E2
proteins drives the budding process, giving rise to enveloped virions that are released to
external medium [191, 192].

In the case of flaviviruses, upon release of the viral genome into the cytoplasm, the nonstruc‐
tural (NS) and structural proteins are translated from a single ORF to generate a large poly‐
protein that translocates to the membrane of the ER. There, the viral NS2B-NS3 protease and
the host cell signalase cleave the polyprotein to generate the individual nonstructural proteins
and the C, pre-Membrane (prM) and E proteins [185–188]. The nonstructural proteins form
RCs associated to virus-induced membranes derived from the ER, known as vesicle packets,
and drive the replication of the viral genome [189, 190]. Flavivirus assembly results from the
association of C proteins with the genomic RNA into ER-derived membranes where all the
structural proteins are displayed. The assembly generates immature viral particles that acquire
their lipid envelope by budding into the lumen of the ER. These particles are routed through
the Golgi network, and final maturation occurs at the trans-Golgi where the furin cleaves the
prM to generate the mature M protein. These mature virions are then secreted to the external
medium [193, 194].

Thus, the different replicative strategies, assembly compartments and release mechanisms
used by flaviviruses and alphaviruses, may allow CHIKV and DENV to replicate simultane‐
ously without a substantial overlap in their cellular requirements.

Another tempting possibility is that both viruses contribute to shut-off the antiviral cellular
mechanisms, creating a favorable environment for viral replication. For example, the type I
interferon response (IFN I) represents an important antiviral response against DENV and
CHIKV. Accordingly, treatment with either IFN-α or IFN-β suppresses the replication of both
viruses in cell culture [170, 197, 198]. Therefore, CHIKV and DENV have developed strategies
to counteract the cellular defense system. In the case of DENV, almost all the nonstructural
proteins are able to alter the IFN I response. Indeed, NS2A and NS4B inhibit the interferon α/
β response by blocking the activation and translocation of the signal transducer and activator
of transcription 1 (STAT1) to the nucleus and the subsequent transcription of antiviral genes
[199]. Furthermore, DENV NS2B/NS3 proteolytic activity has been involved in the inhibition
of type I IFN response by degrading human stimulator of interferon gene (STING) protein in
dendritic cells, which are known to be a primary target of DENV [200, 201]. STING is an adaptor
protein that senses nucleic acids of incoming pathogens and triggers signaling pathways that
activate the expression of IFN I and proinflammatory cytokines [202, 203]. DENV NS5 protein
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is also able to interact with STAT2 and bridge the protein to cellular ubiquitin ligases, thereby
promoting the STAT2 proteasome-dependent degradation [204, 205].

In the case of CHIKV, it has been established that nsP2 is a potent inhibitor of the type I and
II IFN-stimulated JAK-STAT signaling by blocking the phosphorylation of STAT-1 and its
translocation to the nucleus [206]. Therefore, a scenario could be envisioned in which the IFN
response inhibitory effects of CHIKV and DENV nonstructural proteins are added to create a
more potent shut-off of the antiviral cellular response that would be beneficial for both viruses.

5. Perspectives and challenges

Very little is known about the ecology and biology of CHIKV and DENV coinfections. Since a
decade, the increasing number of reported cases in Asia, Africa, and America shows that it is
a generalized phenomenon that has been underestimated. Both Ae. aegypti and Ae. albopictus
mosquito vectors are able to transmit these viruses and have been directly involved in some
of the coinfection cases described to the date. A particular attention has been paid to Ae.
albopictus, as: (i) it is the only species that has been shown to sustain concomitant infection by
both viruses in natural conditions: (ii) it is an aggressive species that is spreading worldwide
and displacing resident populations of Ae. aegypti; (iii) it is installed in the northern hemisphere
contrary to its Ae. aegypti counterpart, representing a threat for the transmission of CHIKV and
DENV among nonimmune populations in Europe and North America. However, further
studies are required to evaluate the precise impact of each Aedes species on the transmission
of DENV and CHIKV taking into account that infection susceptibility, vector ecology and
interactions among sympatric populations of Aedes mosquitoes can deeply vary between
geographical regions. A better understanding of these dynamics at the local level may allow
to adapt vector control measures to each situation according to the results obtained from the
field.

The clinical consequences of CHIKV/DENV coinfections remain largely unknown. Indeed, the
available data is not enough to conclude if the concomitant infection by both viruses is able to
aggravate the clinical symptoms caused by DENV and CHIKV monoinfections. A systematic
and larger clinical survey should be done to assess if coinfections are associated to severe forms
of dengue and chikungunya diseases. This is particularly important, as clinical studies may
justify further research on the pathogenesis of CHIKV/DENV coinfections to understand the
immunological events that are triggered. This information could be useful to design and
improve prophylactic vaccines against each virus.

Finally, the almost complete absence of information on the cell biology of CHIKV and DENV
coinfections open a large range of research opportunities. In that sense, the mechanisms by
which the viruses avoid competition or find cooperative mechanisms to replicate simultane‐
ously are two major axes of research that should be addressed more deeply. By identifying
common cellular targets of both viruses, antiviral drugs may be designed to treat coinfected
patients or even to produce vaccines that are able to concomitantly immunize against both
viruses.
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Abstract

Dengue and Chikungunya fever are the arboviral infections that are endemic in tropical
and subtropical regions. These two viral infections share common clinical symptoms.
These infections are transmitted by a common mosquito vector so these viruses co-circu‐
late in many geographical regions. Various clinical investigations, particularly from India
and African countries have documented the dual infection with these viruses. However,
the true disease burden of Dengue and Chikungunya dual viral infections is still not
known because most of these studies involved a smaller patient group. Therefore, in
depth investigations involving larger patient groups are needed to examine the complete
pathogenicity and severity of the dual viral infections. The timely diagnosis of the patho‐
gens and correlation of disease severity with mono or dual infections is essential for effec‐
tive patient management. In addition, the detailed molecular and cellular mechanism of
co-infection should be investigated to describe a complete picture of the interaction of
two viral pathogens in the host cell. Further comprehensive studies of dual infections
from the endemic regions will determine the epidemiological and evolutionary pattern of
these emerging viruses. This data will also assist in designing and implementation of ef‐
fective control measures.

Keywords: Chikungunya virus, Dengue virus, co-infections, Aedes mosquito

1. Introduction

Both Dengue and Chikungunya fever are arboviral infections of global importance. The two
diseases share a common mode of transmission, i.e. through different species of mosquitoes.
Therefore, these infections are normally present in the same geographical locations. Dengue
virus belongs to family Flaviviridae and genus Flavivirus. It is a small enveloped RNA virus
carrying a single stranded, positive-sense RNA genome of 10.6 kb in length. Dengue virus
exists as four serotypes (DENV 1-4) which offer only transient cross protection to each other

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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[1]. Four to five genotypes are distinguished within each serotype of the dengue virus. The
Chikungunya virus (CHIKV) belongs to the Togaviridae family and genus Alphavirus. It has
a linear positive sense RNA genome of 1.8 Kb in length. Three genotypes (Eastern, Central
South African [ECSA], West African and Asian) have been described for the Chikungunya
virus [2,3]. Laboratory diagnosis of the two viral infections is done by virus isolation, genome
detection (RT-PCR) and antibody detection (IgM or IgG ELISA). In addition, the antigen
detection (NS1 ELISA) is also being used for diagnosis of Dengue viral infection. No licensed
vaccine is available against these arboviral diseases. In addition, no antiviral drug has been
developed against these viruses.

Due to many common clinical presentations, Chikungunya fever is often misdiagnosed with
Dengue viral infection. As Dengue fever has a high incidence rate, the symptomatic patients
are tested for Dengue virus only and rarely for Chikungunya viral infection. Thus the patients
suspected with Dengue and/or Chikungunya virus infection should be tested for both the
viruses especially in the endemic areas. This is essential for accurate and timely diagnosis of
the viral infection that will assist in appropriate patient management. Therefore, regular
surveillance for both the viruses should be done in the endemic areas. This will assist in the
prediction and control of the outbreaks. The molecular characterization of the circulating
strains of the Dengue and Chikungunya viruses is done by DNA sequencing followed by
phylogenetic analysis. Description of the circulating strains is essential to study the epidemi‐
ology of these rapidly evolving viruses [4,5,6]. In addition, this information is essential for
designing the strategies to control the epidemics.

2. Clinical manifestations

Both Dengue and Chikungunya viral infections have many common clinical presentations like
high grade fever, headache, nausea, rashes and body pain. In case of a mild infection, the viral
titre decreases in around 10 days and the symptoms subside because these are the self limiting
infections. But when there is a severe dengue infection, it causes bleeding in DHF (dengue
hemorrhagic fever) and/or shock caused by plasma leakage in DSS (dengue shock syndrome).
The most prominent feature of Chikungunya infection is the severe joint pain which sometimes
can persist for a few months to a year. A severe Chikungunya viral infection can cause
neurological and optical manifestations. Thus, Chikungunya viral infection is usually non-
fatal while Dengue fever may result in severe complications including death. Therefore, co-
infection with the two viruses may result in disease with overlapping symptoms. Hence, the
diagnosis and treatment of such patients become difficult. Therefore, this issue of clinical
manifestations in case of dual infections with the two viruses should be addressed adequately.
Hence, the timely diagnosis of the dual infections is essential for better patient management.

Limited investigations have studied the role of dual viral infections in clinical presentation of
the disease. According to a recent investigation, patients having co-infection with the Dengue
and Chikungunya viruses present a clinically severe disease with a high mortality rate when
compared to mono-infection with these viruses [7]. The requirement of mechanical ventilation
and blood transfusion was found to be higher in the co-infected patients. Chahar and collea‐
gues also reported the involvement of central nervous system and hemorrhagic manifestations
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infections. But when there is a severe dengue infection, it causes bleeding in DHF (dengue
hemorrhagic fever) and/or shock caused by plasma leakage in DSS (dengue shock syndrome).
The most prominent feature of Chikungunya infection is the severe joint pain which sometimes
can persist for a few months to a year. A severe Chikungunya viral infection can cause
neurological and optical manifestations. Thus, Chikungunya viral infection is usually non-
fatal while Dengue fever may result in severe complications including death. Therefore, co-
infection with the two viruses may result in disease with overlapping symptoms. Hence, the
diagnosis and treatment of such patients become difficult. Therefore, this issue of clinical
manifestations in case of dual infections with the two viruses should be addressed adequately.
Hence, the timely diagnosis of the dual infections is essential for better patient management.

Limited investigations have studied the role of dual viral infections in clinical presentation of
the disease. According to a recent investigation, patients having co-infection with the Dengue
and Chikungunya viruses present a clinically severe disease with a high mortality rate when
compared to mono-infection with these viruses [7]. The requirement of mechanical ventilation
and blood transfusion was found to be higher in the co-infected patients. Chahar and collea‐
gues also reported the involvement of central nervous system and hemorrhagic manifestations
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in two out of six co-infected patients and one death [8]. In contrast, another study from Africa
compared the clinical symptoms of 19 Chikungunya and Dengue virus co-infected patients
and it was concluded that the co-infection was also not associated with any particular clinical
manifestations [9]. Further elaborate investigations involving larger patient group are needed
to understand the complete pathogenesis and severity of the dual viral infections.

3. The vector

The main vector for the transmission of Dengue and Chikungunya viral infection is Aedes
aegypti. Another species of mosquito, the Aedes albopictus act as the secondary vector for the
transmission of both the viral infections. The Aedes albopictus emerged as highly competent
vector for the transmission of Chikungunya viral infection during the massive outbreak in
2004 in the Indian Ocean [10]. The Aedes albopictus appeared to be an efficient vector for
replication of a mutated strain of Chikungunya virus with a change in Alanine to Valine at 226
position of the E1 glycoprotein (E1-A226V) during this epidemic [11]. The Aedes albopictus
commonly known as the Asian tiger mosquito is a tropical and subtropical vector. The overall
geographical distribution of Aedes mosquitoes has changed since this outbreak. The Aedes
albopictus is now spreading to regions that were earlier inhabited by the Aedes aegypti.
Consequently, the circulation patterns of the Dengue and Chikungunya viruses as well as the
dynamics of the epidemics caused by these viruses are expected to be modified in future [12].

4. Dengue and Chikungunya virus co-infection in the vector

It has been postulated that two different viruses cause dual infection of a mosquito vector by
consecutive bites of two different infected human patients or by a single bite of a co-infected
patient. Furthermore, a concurrent viral infection in humans occur due to bite of a mosquito
that is infected with both the viruses or bites with two different mosquitoes each infected with
a separate virus. Limited investigations are available on the role of vectors in disease trans‐
mission because of lack of technical expertise and limited resources of vector surveillance in
the endemic areas. Aedes albopictus has been shown to have the ability of getting orally co-
infected with Dengue and Chikungunya virus [13]. The study reported that both Dengue and
Chikungunya viruses were able to replicate simultaneously in the mosquito and have the
ability to deliver concomitantly infectious particles of Dengue and Chikungunya virus in a
single bite via saliva. In addition, a secondary infection with the Chikungunya virus could be
introduced in mosquitoes that had a primary infection with Dengue virus. Another recent
study showed simultaneous infection, dissemination and transmission of Dengue and
Chikungunya virus in the two mosquito species, Aedes aegypti and Aedes albopictus [14]. In this
study, groups of mosquitoes were orally infected with Dengue and Chikungunya virus
simultaneously or sequentially. Mosquitoes were then tested for their potential to disseminate
and transmit both the viruses simultaneously by quantitative RT-PCR. Simultaneous dissem‐
ination of Dengue and Chikungunya virus was detected in both the species of the mosquitoes.
The authors observed a lower rate of dissemination of both the viruses when administered
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simultaneously as compared to the sequential infection in which a significantly higher rate of
dissemination of both the viruses was found.

Earlier studies have suggested that vector competence of the mosquito may depend on the
type and the genetic makeup of infecting viral strain. An investigation from France stated that
Aedes albopictus was more competent for Chikungunya virus as compared to the Dengue-2
virus. The virus replicated to high levels in the mosquito species and could be transmitted
from mosquito as early as 2 days after ingestion of infected blood by the mosquito with 1000
viral RNA molecules in the salivary glands [15]. Similarly, another study from Thailand also
concluded that the rate of multiplication and oral receptivity of the Chikungunya virus was
faster in laboratory-bred Aedes aegepti as compared to the Dengue virus [16]. Aedes albopictus
was proved to be an efficient vector for dissemination and transmission of the Chikungunya
virus as compared to Aedes aegypti [10]. A single amino acid mutation in the Chikungunya
virus genome (E1-A226V) resulted in increased fitness of the virus in Aedes albopictus. This
probably caused enhanced transmission of the Chikungunya virus by Aedes albopictus which
further resulted in the massive outbreak in the Indian Ocean. The complete mechanism of co-
infection of mosquitoes with two different arboviruses should be investigated further using
different viral strains. The elucidation of detailed molecular and cellular events involved in
such co-infections will have an impact on prediction and control of the viral outbreaks.

5. Dengue and Chikungunya virus co-infection: in vitro studies

Co-infection of the two viruses has been studied in vitro also using Aedes albopictus C6/36 cell
line [17]. In this study the DENV-3 and Chikungunya virus (ECSA genotype) isolated from
the infected mosquitoes was used to characterize their co-infection. The duplex -RT-PCR (D-
RT-PCR) technique was used to determine virus production. The D-RT-PCR was positive for
both the viruses when an equal multiplicity of infection (MOI) or a higher MOI for Chikun‐
gunya virus was used. But when a higher titer of DENV- 3 was used, the D-RT-PCR was
positive only for DENV-3. Thus, the authors concluded that higher titer of Dengue-3 virus
resulted in competitive suppression of the replication of Chikungunya virus. They also
reported that both viruses’ replications depend on virus titer and not on serial infection.
Further elaborate investigations are needed to describe a complete picture of the interaction
of the two viral pathogens in the host cell.

6. Dengue and Chikungunya virus co-infection in humans

Due to common vectors, Dengue and Chikungunya viruses can co-infect a human host. This
has been documented in several studies from India and Africa (Table 1) (Figure 1 and 2). The
first documented case of Dengue and Chikungunya virus co-infection in humans was reported
as early as 1967. The two viruses were isolated from a patient seen in Vellore, South India [18].
The patient also showed an increase in antibodies against Dengue and Chikungunya virus in
serial blood samples. Subsequently co-infection of Dengue and Chikungunya has been
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reported in many studies from India, but the proportion of co-infected cases vary in different
studies ranging from 0.1 to 23% (Figure 2).

Figure 1. The world map showing co-infection with Dengue and Chikungunya viruses in different geographical re‐
gions. The freely available world map was downloaded from the website, presentationmagazine.com (http://
www.presentationmagazine.com/world-maps-vectoreditable-507.htm). The map was created and edited in Power‐
Point.

Figure 2. The map of India showing co-infection with Dengue and Chikungunya viruses. The map was downloaded
from the website, presentationmagazine.com (http://www.presentationmagazine.com/world-maps-vector-edita‐
ble-507.htm). The map was created and edited in PowerPoint.
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Study site
(Year)

No of
samples
tested

Method
(DFA/culture/
ELISA/PCR)

No of Virus
+ve (%)

Dengue
virus +ve

(%)

Chikungunya
virus +ve (%)

Co-infections Reference

Vellore, India
(1964)

372 ELISA 206 (55) 11(3) 202 (54) 7 (2) [14]

Delhi, India
(2006)

69 RT-PCR 65 (94) 48 (70) 17 (25) 6 (9) [4]

Delhi, India
(2010)

432 RT-PCR 93 (22) 54 (13) 39 (9) 5 (1) [15]

Delhi, India
(2011)

87 RT-PCR 59 (68) 43 (49) 25 (29) 9 (10) [16]

Odisha, India
(2013)

204 ELISA 124 (56) 96 (47) 72 (32) 43 (19) [17]

Kerala, Andhra
Pradesh, India
(2011-13)

1024
ELISA and

RT-PCR
249 (24.3) 194 (18.9) 55 (5) 25 (2.4) [18]

Bangalore,
India (2010-13)

6554 ELISA 3824 (58) 3202 (49) 622 (10) 532 (8) [19]

Pune, India
(2010)

364 ELISA 175 (48) 121 (33) 79 (22) 25 (7) [3]

West Bengal,
India (2010)

550 ELISA 303 (55) 172 (31) 199 (36) 68 (12) [21]

Gabon, Africa
(2007)

773 RT-PCR 329 (43) 54 (7) 275 (36) 8 (1) [8]

Gabon, Africa
(2007)

4287 RT-PCR 367 (9) 1567 (37) 37 (0.9) [5]

Madagascar,
Africa (2006)

55 RT-PCR 38 (69) 24(44%) 4(7%) 10 (0.2) [24]

Saint Martin,
France
(2013-14)

1502
RT-PCR and

ELISA
635 (42) 65 (4) 570 (38) 16 (2.8) [22]

Sri Lanka 54 41(76) 20 (37) 21(39) 3 (5.5) [23]

Table 1. Studies on co-infections with Dengue and Chikungunya viruses

Chahar and colleagues conducted Dengue and Chikungunya virus specific RT-PCR on
patients suspected of Dengue and/or Chikungunya fever in New Delhi, India [8]. Their study
detected 6 (8.7%) co-infected patients. All 6 patients had fever, headache, joint pain, and low
thrombocyte counts (<100,000/mm3). Two of the co-infected patients had dengue hemorrhagic
fever with central nervous system (CNS) involvement. In another study from Delhi, 5 (1.1%)
co-infection cases were detected in the samples tested by RT-PCR [19]. All the co-infecting
strains clustered with genotype II of Dengue 1 virus and ECSA genotype of the Chikungunya
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virus on phylogenetic analysis. Concurrent infection with the Dengue and Chikungunya
viruses were detected in 9 (10%) samples tested by RT-PCR in a recent study from our
laboratory from New Delhi, India [20]. Genetic characterization of the co-infecting strains
showed that CHIKV belonged to East Central South African genotype and Dengue strains
belonged to the American African genotype of DENV-1. Co-infection with the two viruses was
detected in 28 (13.7%) of the samples by RT-PCR in a recent study from Odisha, India [21].
Dayakar and co-workers [22] have recently reported co-infection by Dengue and Chikungunya
viruses in 23% of the suspected patients by RT-PCR from Andhra Pradesh and 0.1 % from
Kerala in Southern part of India. Sheikh and colleagues carried out IgM ELISA specific for
Dengue and Chikungunya virus on samples collected from Karnataka, India [23]. Specific
antibodies against both Dengue and Chikungunya virus were detected in 532 (8.1%) samples.
Another investigation from Tirupati, a Southern part of India detected anibodies in 2 (2.7%)
of the samples tested by IgM ELISA [24]. Gandhi and co-workers [7] have identified dual
infection with Chikungunya and Dengue viruses in 25 (6.8%) of the patients by IgM ELISA
from Pune. Dual infections with both the viruses were reported in 68 (12.4%) samples by IgM
ELISA from West Bengal, an Eastern part of India [25].

Various investigations from different geographical regions have also described the co-
infections with the two viruses (Figure 1), including 2.8% in France [26], 5.5% in Sri Lanka [27].
A serological study from Sri Lanka reported co-infection with the two viruses in 3 (5.5%) of
the samples tested by IgM ELISA [27]. Various African countries have reported co-infection
with the two viruses. Chikungunya and Dengue viruses caused a large simultaneous outbreak
in southeast Gabon in Central Africa in 2010. Between 2007 and 2010, a total of 4287 acutely
febrile patients were investigated for both the viral infections by quantitative real-time reverse-
transcription polymerase reaction [9]. Out of the samples tested, 1567 were CHIKV-positive,
376 DENV-2–positive, and 37 (0.9%) co-infected. When a human case of co-infection was
diagnosed in the above mentioned study, mosquitoes were captured around the patient’s
home during daytime. One CHIKV- and DENV-2–coinfected A.albopictus specimen was also
detected in the study, which represented the first observation of dual mosquito infection in
nature. Detection of co-infection of Dengue and Chikungunya virus in A.albopictus demon‐
strates the possibility that humans could be co-infected with the 2 viruses by the bite of a single
mosquito. Viral loads were determined for the 24 co-infected, 121 CHIKV-positive and 52
DENV-2– positive patients. Mean values of Dengue and Chikungunya viral loads in co-
infected patients were significantly lower than mean values in CHIKV- and DENV-2–mono
infected patients. Thus, the investigators concluded that the two viruses exerted a suppression
effect on each other. Phylogenetic analysis revealed that the CHIKV and DENV-2 isolates
belonged to African clusters and they grouped together with strains reported from other parts
of Africa. In another study from the same region, the samples were tested by real time RT-PCR
and 8 (1%) were co-infections [12]. In another investigation conducted in Madagascar, another
African country, dengue like cases were investigated by RT-PCR and ELISA. Ten (18%)
samples were found to be co-infected by both Dengue and Chikungunya virus [28].

Simultaneous detection of the two viruses has been described in a number of case reports
(Table 2) (Figure 1 and 2). A case report identified Dengue and Chikungunya viruses in an
eight year old child at Mysore in Southern part of India [29]. Raut and colleagues recently
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reported a case of multiple co-infections in a young man after his return from Nigeria [30]. The
patient was positive for dengue xlink antigen as well as Dengue and Chikungunya virus by
RT-PCR. Apart from Dengue and Chikungunya virus, the patient was also positive for the
malarial parasite, Plasmodium falciparum. A recent investigation reported that a woman
returning to Portugal from Angola was infected with Dengue 4 virus and ECSA genotype of
the Chikungunya virus [31]. Another case of imported infection in patients who had returned
to Taiwan from Singapore was reported [32]. Dengue and Chikungunya virus co-infection in
this patient was confirmed by real time PCR and sero conversion for both the viruses in the
convalescent-phase serum samples. The co-infecting viruses were identified as the Dengue
virus serotype 2 and ECSA genotype of the Chikungunya virus. Dual infection with both the
viruses was detected in a German traveler who was employed as a social worker in India [33].
Two different patients had infection with the two viruses in Malaysia [34]. An 80 year old
patient from Sri Lanka was diagnosed with Dengue and Chikungunya virus infection by RT-
PCR [35].

Study site (Year)
Age of patient

(in Years)
Co-Infecting pathogens Reference

Malaysia (2006)
Case 1: 28
Case 2: 22

DENV+CHIKV [30]

Sri Lanka (2006) 70 DENV+CHIKV [31]

Germany (2009) 25 DENV+CHIKV [29]

Taiwan (2009) 12 DENV-2 +CHIKV [28]

India (2012) 8 DENV+CHIKV [25]

Portugal (2013) 50+ DENV-4+CHIKV [27]

India (2014) 21
DENV+CHIKV+ Plasmodium

falciparum
[26]

Table 2. Case studies involving Co-infections with Dengue and Chikungunya viruses

Additionally, the latest information of the ongoing outbreaks of these two arboviruses is
available on the WHO/CDC/PAHO websites. The interactive map of recent and ongoing
Chikungunya fever outbreaks is available at: http://www.arcgis.com/apps/MapTools/
index.html?appid=ce2372254ce743b79d332b43724cd9e5 and Dengue map, a CDC- health map
collaboration is available at: http://www.healthmap.org/dengue/en/. These interactive maps
report recent Dengue and Chikungunya outbreaks throughout the world and global risk areas.
The map shows recent reports of local and imported cases based on official, newspapers and
other media sources. Global risk areas are determined by consensus between sources includ‐
ing: national surveillance systems, published literature, questionnaires and formal and
informal news reports.

Detection of high number of co-infection cases in some of the studies mentioned above shows
that many Chikungunya cases go undiagnosed in Dengue endemic regions, thereby concealing
the true burden of the Chikungunya viral infection. Further epidemiological and viral
investigations involving larger patient group in the endemic areas are needed to define the
precise role of Dengue and Chikungunya viruses in clinical presentation of these dual
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infections. These studies will further assist to monitor the spread of these arboviruses and
implementation of appropriate control strategies.

7. Dengue, Chikungunya and Zika virus co-infection in humans

Zika virus (ZIKV) is also an arbovirus and a member of Flaviviridae family. It was first
identified in rhesus monkey in Zika forests of Uganda in 1947 [36]. The mode of transmission
of Zika virus is same as for Dengue and Chikungunya viruses, i.e., through Aedes spp. The non-
mosquito mediated transmission of ZIKV include sexual and mother to fetus transmission
during pregnancy [37, 38]. The febrile illness due to Zika virus is very much overlapping with
that of Chikungunya and Dengue virus Infections [39]. High grade fever, arthralgia, myalgia,
retro-orbital pain etc are a few common symptoms. Subsequently, after a few sporadic cases
of ZIKV in Africa, the first documented epidemic in Yap Island occurred in 2007 affecting more
than half of the population in Yap Island [40]. Similarly outbreaks of ZIKV were reported from
Pacific islands including French Polynesia, New Caledonia, Cook Islands, Easter islands, etc
in 2013-14 that affected thousands of inhabitants [41]. In 2015 the largest epidemic of Zika virus
started in Brazil that later spread to other American countries and Caribbean region affecting
millions of people [42]. The Zika virus infection during ongoing pandemic is also found to be
associated with many neurological complications like Guillain-Barré syndrome and microce‐
phaly [43]. A recent report suggested that till 6 April 2016, 62 countries [44] (mostly in South
and North America) have reported active transmission of ZIKV. Additionally, the virus has
also been detected in returning travelers from 13 non-endemic countries [45-49].

Thus currently, the Zika virus is co-circulating with Chikungunya virus in many parts of world
including Americas [36]. Recently in 2015 Villamil-Gomez and coworkers reported co-
infection with Dengue, Chikungunya and Zika viruses in a 49 year old male patient from
Columbia. The patient was reported with febrile illness with 380C temperature, conjuctivitis,
maculopopular rashes etc,. The blood sample collected from the patient was positive for
Dengue and Chikungunya virus IgM antibodies. Additionally, the sample was positive by RT-
PCR for ZIKV and DENV [50, 51]. The authors observed no synergistic effect of these infections
in the patient [50]. Therefore, differential diagnosis of these arboviral infections should be done
on patients during the ongoing ZIKV pandemic in this region for proper patient management.
Subsequent detailed investigations will determine the affect of co-infections with these
arboviruses on disease severity.

8. Conclusions

Dengue and Chikungunya viruses can cause dual infections in humans and in the mosquito
vector. The significance of the Dengue and Chikungunya dual viral infections can be elucidated
by measuring viral loads of each infecting virus and the effect of competitive suppression of
the infecting viruses. Further investigations are needed on transmissibility studies in the
mosquitoes using chimeric viruses. In addition, more elaborate clinical studies involving larger
patient groups are required to ascertain the effect of severity of the disease in case of dual viral
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infections. Also, the clinically suspected cases should be tested for both the pathogens in the
endemic areas. This information is essential for early and timely diagnosis of the infecting
pathogen and correlation of the clinical symptoms with mono or dual infections for appro‐
priate patient management. It has been postulated that a recent increase in Dengue and
Chikungunya virus co-infection may affect the evolution of these rapidly emerging viruses.
In addition, the infectivity as well as the pathogenicity of these viruses may also be affected in
future. Further, continuous surveillance for both Dengue and Chikungunya viruses is essential
in the endemic areas for identification and characterization of these viral pathogens. This
information will also help in the implementation of proper measures to control the outbreaks
caused by these emerging viral pathogens.
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Abstract

Mosquito vectors are solely responsible for transmitting diseases, such as malaria, yellow
fever, chikungunya, dengue, Japanese encephalitis, lymphatic filariasis and zika virus.
Mosquito borne diseases are a leading killer of people and animals in developing coun‐
tries. The resurgence of diseases and the economic impact caused has brought mosquito
control to the forefront. There are 3 mosquitos’ genera which are vectors of these diseas‐
es, viz. Anopheles, Aedes and Culex, among these the day biting mosquito Ae. aegypti
and Ae. albopictus has become important vectors to two important disease namely Dengue
and Zika virus. These diseases have alone been responsible for bringing about morbidity
in the large population around the world. Cx. quinquefasciatus is a vector of Chikungunya,
which is a viral affection. It’s widely spared distribution across various countries. Malaria
caused by An. stephensi and An. arabiensis still affects large population in developing
world. For control of emerging and reemerging mosquito borne diseases, a sound inte‐
grated approach towards comprehensive control is the need of hour which could pro‐
duce sustained effect. The reemergence of mosquito borne diseases like Zika, DHF and
CHIKV coupled with the problem of insecticide resistance has both posed a danger as
well as a challenge towards mosquito control. In future novel technologies especially
Wolbachia based mosquito control, pesticide nanoemulsions, identification of novel bio‐
active molecules, and novel bacterial pathogens are the key to success of vector control.

Keywords: Mosquito vector, Zika, Wolbachia, Chikungunya, Biological control

1. Introduction

Vector-borne diseases are medically and economically important to the well being of humans
and domesticated animals. In the past these diseases were considered to affect the humans
living in tropical environment, but today with these diseases have a cosmopolitan distribution
virtually encompassing the entire continent including temperate countries [1]. Vector borne
diseases have a major impact on the economic well being of human population. A recent WHO
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report estimates the economic loss due to vector borne diseases worldwide is to the tune of
more than 2.5 billion people in over 100 countries are at risk of contracting dengue alone [30].

There are several parasites transmitted by mosquitoes and other insects. The most common
transmitters being mosquitoes, which are vectors of several diseases like malaria, zika, dengue,
filariasis, chikungunya, Japanese encephalitis, and yellow fever. Three mosquito genera, viz.
Anopheles, Aedes and Culex are primarily the vectors which transmit these diseases. Among
these diseases Chikungunya is an arthropod-borne virus transmitted mainly by Aedes species
mosquitoes. Only the female are infective since they need blood meals for egg formation.
Chikungunya virus (CHIKV) is an alphavirus from the Togaviridae family, which is transmitted
by Aedes mosquitoes, and causes epidemic tropical and subtropical countries [28].

CHIKV is a positive-sense, single-stranded RNA virus of about 11.8 kb. There are three main
genotypes, West African, Central/East African (C/EA), and Asian, the names reflecting the
initial geo-graphic restriction of each type. Since CHIKV was first isolated in Tanzania in 1952
[23], the disease was mainly confined to localized outbreaks in Asia and Africa, sometimes
with hundreds of thousands of cases [6]. In 2005, a C/EA strain of CHIKV, which likely
originated in coastal Kenya, spread to islands of the Indian Ocean and India [19]. Since then,
CHIKV spread worldwide to cause large out breaks in Southeast and East Asia, as well as
many imported cases in travelers returning to non-endemic regions in Europe and North
America. This global epidemic affecting millions was unprecedented in its scale and was likely
driven by several factors. These include the increased volume of travellers, the widening
geographic distribution of the mosquito vectors and the adaptation of the epidemic strain to
Aedes albopictus [26]. The susceptibility of mosquitoes in non-endemic regions such as Australia
[27] and North America [21], and the occurrence of autochthonous outbreaks in Italy [22] and
France [10], have shown that CHIKV can no longer be considered as a problem of tropical
countries. A recent work has also pointed that CHIKV may be present in severe forms,
particularly neurological, which may be fatal [15]. It is also increasingly recognized that there
is a significant burden of long-term morbidity due to chronic arthralgia [25]. Chikungunya is
currently considered as a real threat in these European and American countries, which are
colonized by Aedes species mosquitoes [2].

There has been little progress in finding cure for the disease. Chikungunya fever is currently
symptomatically treated with antipyretics and non-steroidal anti-inflammatory drugs. There
will be a continued search for new antiviral candidates with a clearly defined mechanism of
viral inhibition in cell-based systems and significant activity in animal models. Considering
the global threat this disease poses the immediate disease control measures solely lies in
controlling mosquito population.

Dick, Kitchen and Haddow (1952) reported the first isolations of Zika virus from the blood of
a sentinel rhesus monkey and from a pool of Aedes africanus mosquitoes in Zika forest, Uganda.
Virus surveillance elsewhere has yielded more Zika virus isolations from other species of
mosquitoes (Lee, 1969). Zika virus (ZIKV), a little known arbovirus, has gained prominence
when it caused a large scale epidemic in the Pacific Island in 2007 [9]. It is a member of the
genus Flavivirus of the Family Flaviviridae. The virus is a positive single stranded RNA virus
with a 10,794 nucleotide genome that is closely related to the Spondweni virus [7]. It was first
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isolated from a febrile sentinel monkey in Uganda in 1947, but human ZIKV infection was first
reported in 1964. The virus causes dengue-like syndromes such as rash, fever, arthralgia,
headache and periorbital pain [24].

Zika is a tropical disease transmitted by day biting mosquito Aedes aegypti and like CHIKV
was a largely neglected disease, until its high epidemic potential was demonstrated in pacific
island of YAP in 2007 [9]. Currently this virus has made its presence in Central and South
American countries in 2015 and in Feburary 2016 WHO declared Zika infections as public
health emergency [32]. Like many vector-borne diseases, the absence of vaccines and specific
treatment against ZIKV means prevention and control relies heavily on vector control measure
which is needed in order to develop and implement sound mosquito control program.

2. Integrated vector control

Vector control remains the primary defense against diseases like malaria, dengue fever,
Chikungunya, zika viral infections etc. The success of vector control relies on the assumption
that vector density is related to disease transmission. Vector control and disease prevention
strategies are essentially divided into larval and adult mosquito control

1. Removal of stagnant water/ Treatment with biocide oils to prevent egg

The best method of mosquito is preventing the development of the eggs into adult
mosquitoes, by reducing the source of breeding.

2. Insectides-Treated Bed Nets (ITNs)

The insecticides that are used for treating bed nets kill mosquitoes, as well as other insects.
Only pyrethriods insecticides are approved for use on ITNs, these insecticides have been
shown to pose very low health risk to humans and other mammals.

3. Personal production creams/sprays

These type insecticides used as repellent for some human personal production creams for
control of mosquitoes against biting.

4. Biological control

Potential biological control agents such as fungi, Bacillus thuringiensis, nematodes,
parasites and kill larval mosquitoes, but they are not efficient for mosquito control and
are not widely used, likewise mosquito fish have largely been in effective except few
studies.

Mosquito control strategies for Aedes aegypti, requires special attention as it has ability to breed
in polluted water in addition to fresh water. Further this mosquito bites during day as well as
night. Ae. aegypti and Ae. albopictus also called as tiger mosquitoes are highly dangerous in their
spectral capacity of spreading dengue fever, DHF, zika and to a certain extent chikungunya
diseases among people across the world. These mosquitoes have adapted themselves to be
closely associated with human habitation. These mosquitoes breed in polluted as well as
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freshwater. They can bite at day as well as night. Their breeding sites, including overhead
tanks, water in ditches, unused tyres, container harboring water, and polluted sewage water.

The control of Aedes mosquitoes can be done by removing/cleaning waste water, emptying
unused water, keeping neighbor's wood are free of open source water bodies and treatment
of open water bodies with chemical/biolarvicides, various personal protection steps can be
undertaken like use of skin ointment/repellent, covering your bodies with cloth during day
time, use of ITNs bed nets during sleeping, households, mosquito coils and other smoke
repellents can reduce biting efficacy, similarly windows, household treatment etc., reduce
infection

In several countries public awareness programme are conducted by different government
agencies involved in mosquito control. In addition, children in schools can be educated about
the ways of controlling breeding of mosquito. These community based programme can be
successful in large scale eradiation of mosquito breeding sites.

Natural biological control of mosquitoes essentially targets the larval stages. Several predatory
insects nymphs like of dragonflies are like Toxorhynchites each larvae and pupa. In addition
like G. affinis, G. holbrooki, Guppy, and molly, found in normal/natural stress fishes, lakes are
efficient in mosquito control. These are known to be very important organisms in paddy
ecosystem and other water intensive crops. In addition other non-specific predators like
tadpoles and other aquatic predations can help in biological control of mosquitoes.

Chemical pesticides are used by state and local government agencies to control of public health
nuisance/pests dangerous to human health. Chemical pesticides are used as a last resort, to do
source reduction of mosquitoes populations or when biological control flexible biological
control is not feasible, may require larvicidal treatment to prevent the emergence of adult
mosquitoes [20]. Use of larvicides is less controversial than use of adulticides, although use of
larvicides may lead to public concern about their effects on untargeted beneficial aquatic
arthropods and vertebrates.

Effective adult mosquito control with insecticides requires small droplets that drift through
areas where mosquitoes are flying. The droplets that impinge on mosquitoes provide the
contact activity necessary to kill them. Adulticide applications, particularly aerial applications
and thermal fogging, are quite visible and contribute to public apprehension. Ground Ultra
Low Volume (ULV) application may be less alarming than aerial application but is not effective
over large or inaccessible areas. This technology is being developed and needs validation under
different conditions with different mosquito species before it can be universally used.

Several chemical insecticides have been used in mosquito control, primary they fall into 3 broad
categories viz. carbamates, organophosphate and synthetic pyrethriods, those chemical
insecticides are the most powerful tool available for control of mosquito. They are highly
effective for vector control and a reliable alternative for emergency action when insect pest
populations exceed the economic threshold [17]. Despite the hazards of conventional insecti‐
cides, some use is unavoidable. However, careful chemical choice and application can reduce
ecological damage. An array of chemicals has been developed for the killing purpose of insects.
These enter the insect body either by penetrating the cuticles or dermal entry, by inhalation
into the tracheal system, or by oral ingestion into the digestive system.
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Chemical insecticide may be synthetic or natural products. Natural plant derived products,
usually called botanical insecticides, include: alkaloids, including nicotine from tobacco,
rotenone and other rotenoids from roots of legumes, pyrethroids from flowers of Tanacetum
cinerariifolium, neem extracts from Azadirachta indica. The other major classes of insecticide are
synthetic carbamates (carbaryl, aldicarb, methiocarb, methomyl etc), organophosphates (e.g.
chlorpyrifos, dichlorvos, malathion, dimethoate and phorate) and organochlorine (aldrin,
DDT, dieldrin and endosulfan etc.). Organochlorine are stable chemicals and persistent in the
environment, have a low solubility in water and moderate solubility in organic solvents and
accumulate in mammalian fat body. The use of this chemical is banned in many countries and
they are unsuitable for use in Integrated Pest Management (IPM). Organophosphate are being
less environmentally damaging and non-persistent, are suitable for IPM [11]. Most synthetic
insecticides are broad spectrum in action and act on insect nervous system. Owing to its high
insecticidal activity, low mammalian toxicity and high photostability pyrethroid insecticides
are considered as most successful chemical classes of insecticide [4].

Today, world economy is integrated, which has led to transnational flow of goods, people,
knowledge, as well as flow of pests, pathogens and vectors across geographical range where
natural control is not available. Such kind of emerging infection diseases have become
resurgent like zika viral infection in South America and North America, Ebola in Africa and
Dengue, in India. What we thought as diseases we controlled are given becoming a threat to
people across the world today.

3. Wolbachia in the vector control

A new approach to dengue control has recently been proposed that targets mosquito longevity
rather than abundance, through the introduction of a life-shortening strain of the bacterium
Wolbachia pipientis into Ae. aegypti populations [5]. α- proteobacteria is best endosymbiotic
bacteria species present in insects and nematodes [13]. They infect diverse several arthropods,
this is known to affect reproduction and produce nutrients, provide production against
pathogens [12, 14]. Wolbachia is an intracellular inherited bacterium, predicted to naturally
infect more than 60% of all insect species worldwide [13] that is able to invade host populations
through either the induction of a number of reproductive parasitism traits [18] or by positively
influencing host fitness [3].

Wolbachia is cytoplasmically inherited, so, infected females usually give rise to females. CI
occurs when infected male mates with normal female. In reserve case the offspring are female
multiple wolbachia stains may be present in one insect.

Wolbachia is known reproduce parasite when produces cytoplasmic incompatibility, sex ratio
distorters, parthenogenesis [29]. They can also enhance reproduce fitness [8]. Mosquito control
CI incompatible mates, in Ae. aegypti which in naturally uninfected with wolbachia. Wolbachia
infected cell lines developed by embryonic microinjection [16], cathartic produces based vector
control strategy have been tested in several regions of the world. The release of Wolbachia
infected males is an approach that may suppress/reduce natural mosquito population.
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4. Future perspective

Vector control strategy essentially needs to encompass 4 broad strategies 1. Spreading and
effective way to contain diseases outbreak. 2. Adult mosquito repellant 3. Larval control in
aquatic systems 4. Personal protection gear and tools.

Environmental management is a community based approach to eradicate mosquito breeding
sites in their locality. To a large extent this exercise can reduce the mosquito population and
is rather an effective strategy in urban and sub-urban areas. This approach has its limitations
in villages due to the presence of large open water bodies for irrigation and irrigation systems,
also environment such as paddy agroecosystem is a rich reservoir of water and is an ideal
breeding ground for mosquitoes natural control by entomophagous predators and predatory
fishes contain mosquito population to a large extent.

Adult mosquito management using mosquito repellants, in the form of mosquito coils, mats
and liquid vaporizers are still in existence; however these are not a permanent solution to adult
mosquitoes as they quickly develop resistance to these insecticides in few years. Use of
entomopathogenic nematodes, fungus for adult control has limited success. However a new
method/ approach of recombinant genetic transformation of Wolbachia in Aedes and Anophe‐
les genera has been shown to be a promising method for disrupting mosquito –viral interaction
thus can be a substantially reduce the disease progression. Personal protection creams like
DEET, and other herbal products are still the better choice for person safety, ITNs have been
very successful in the control of Culex and Anopheles borne diseases, however this is rather
ineffective against day biting behavior of Aedes genera. Sterile male insect technique has met
with only limited success and transgenic mosquitoes carrying dominant lethal genes is another
method which is still in its infancy. Research needs to address the dynamics of inheritance of
these lethal genes and it should also address the sexual selection of transgenic mosquitos’ males
to others in order to fully analyse its potential in mosquito control. The recent reemergence of
mosquito borne diseases like Zika, DHF and CHIKV coupled with the problem of insecticide
resistance has both posed a danger as well as a challenge towards mosquito control. In future
novel technologies especially Wolbachia based mosquito control, nano emulsions, identifica‐
tion of novel bioactive molecules, and novel bacterial pathogens are the key to success of vector
control.
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Abstract

Chikungunya, a widely spread viral disease transmitted to human beings by Aedes aegyp‐
ti, is on rise in India, Africa and Asian subcontinent since last decade. Although chemical
insecticides are used at a large scale for the control of Chikungunya vector, their applica‐
tions have led to several undesirable effects including insecticide resistance, revival of
pests species, appearance of secondary pests, environmental pollution, noxious hazards
to human beings and non-target organisms forcing investigators to explore unconven‐
tional alternate strategies. As an environment-friendly approach, there is increased atten‐
tion to devise and adopt suitable methods to utilize wastes as value-added products to
reduce the problem of environmental pollution. Consequently, the larvicidal and adult ir‐
ritant potential of hexane and petroleum ether peel extracts of three different Citrus spe‐
cies, C. limetta, C. sinensis and C. Limon, were assessed against Ae. aegypti. The results
showed the larvicidal potential of all the three peels, C. limetta peel extracts exhibiting the
least activity. Furthermore, hexane extracts were more effective than petroleum ether ex‐
tracts, C. sinensis peels hexane extract being most effectual (LC50, 39.51 ppm) while petro‐
leum ether peels extract of C. limon was the most effective larvicide with LC50 value of
51.25 ppm. All the extracts also exhibited significant elicit response and irritant potential
against adults signifying their potential role in reduced mosquito bites and disease trans‐
mission. The qualitative phytochemical analysis of the extracts showed presence of cer‐
tain components suggesting their probable role in bioefficacy of extracts. Further studies
are needed to isolate and identify the active ingredient to formulate strategies for mosqui‐
to control.

Keywords: Aedes aegypti, citrus, larvicidal, peel waste, repellent

1. Introduction

Mosquitoes and the related mosquito-borne diseases are a growing menace around the globe.
Prevalence of mosquito-borne diseases is one of the world’s most health hazardous problems.
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Several mosquito species belonging to genera Culex, Anopheles and Aedes are vectors for the
pathogens of various diseases like filariasis, Japanese encephalitis, malaria, dengue, dengue
haemorrhagic fever, yellow fever and Chikungunya [1]. Ae. aegypti, the primary carrier for
viruses, that cause dengue and Chikungunya fever, is prevalent over wide regions of the
tropical and subtropical world. Currently, no effectual vaccine is offered for dengue and
Chikunguya fever. Recently, Zika virus disease transmitted by Aedes mosquitoes, especially
Ae. aegypti in tropical world, has been the cause of concern in the world. In today’s scenario,
the only approach that can be employed to reduce the incidence of Aedes-borne diseases is by
vector control, which is recurrently reliant on the application of conventional synthetic
chemical insecticides [2].

Ae. aegypti, thus has engrossed extensive interest at universal level because of rapid spread of
these diseases. Chikungunya is primarily centred across the urban and peri-urban areas,
having severe effects in the Asian subcontinent. WHO reports state the massive-fold increase
in the number of reported cases over the last decade. Also, the unavailability of a vaccine
against the disease further makes the scenario graver.

The first documented outbreak of Chikungunya took place in 1952 in Southern Tanzania, East
Africa [3]. Subsequently, epidemics were recorded soon in several other countries : Cambodia,
Thailand, Philippines, India, Vietnam, Burma and Sri Lanka. Ever since 2003, there have been
outbreaks in the islands of the Pacific Ocean, including Comoros, Mauritius, Madagascar and
Reunion Island [4].

The increasing population of Chikungunya vector has urged scientists to come up with
effective methods of mosquito control. Several methods have been adopted for controlling
mosquito population. In the past, control measures for insect pests and disease vectors utilizing
synthetic organic chemical insecticides have caused development of resistance to these
insecticides in the disease vector of Chikungunya and dengue fever [5]. It has been reported
that insecticide resistance may develop due to changes in the biochemical machinery of
mosquitoes, resulting in the quick detoxification or appropriation of the insecticide, or because
of the mutation in the target site inhibiting its interaction with insecticide [6]. Progressively,
the problem of insecticide resistance is augmenting leading to collapse of many vector control
programs. Moreover, the recurrent use of insecticides to manage insect pests and vectors is
causing deterioration of the ecosystem [7]. These insecticides are thus, now not a preferred
choice for mosquito control because of the environmental degradation they usher. Thus,
scientists are now on the look-out for alternative strategies to circumvent the problems posed
by the use of synthetic chemical-based insecticides.

Botanicals are one such alternative; researchers are banking upon to alleviate these problems.
Although using botanicals seems to be a relatively newer form of mosquito control but its
history dates back to the first century AD when a Greek philosopher, Pliny the Elder, wrote
‘‘Natural History’’ and recorded all the pest control methods known at that time. Simultane‐
ously, the Chinese discovered the use of Chrysanthemum flowers as an effective insecticide and
many others reported a few important phytochemical insecticides, including pyrethrum,
derris, quassia, nicotine, hellebore, anabasine, azadirachtin, d-limonene, camphor and
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turpentine, widely used earlier in developed countries before the introduction of synthetic
organic insecticides.

Though with the advent of DDT in 1939, the researchers’ quest for mosquito control agents
was over and phytochemicals saw their downfall, yet there was a re-focus on phytochemicals
because of several problems faced due to injudicious and over application of synthetic
insecticides in nature. The scientists have always appreciated the easily biodegradable nature
of the phytochemicals leading to no ill-effects on non-target organism. Almost two decades
back, phytochemicals could make up only 1 % of world’s pesticide market but now, there is a
continuous rise in the use of these environment-friendly chemicals.

By definition, phytochemicals are non-nutritive plant chemicals with defensive characteristics.
They assist the plants to endure the incessant selection pressure from herbivorous pests,
predators and other environmental factors. They are known to be the chemical factories of
nature, producing many chemicals, some of which have medicinal and pesticidal properties
[8]. Researchers have identified several groups of phytochemicals which possess insecticidal
activities. It has been reported that approximately 2000 plant species produce secondary
metabolites of importance in pest control programs [9]. Amongst these plant species, metab‐
olites of approximately 344 species have been reported to have a range of activity against
mosquitoes [10]. In 2000, Liu et al. suggested these natural plant products as possible alterna‐
tives to synthetic chemical insecticides [11]. Some of such phytochemicals include alkaloids,
steroids, terpenoids, essential oils and phenolic compounds. The intensity of the insecticidal
effect of a particular plant is not static and varies with plant species, mosquito species,
geographical varieties, part of the plant used, extraction method adopted, etc. Bio-pesticides
provide an alternative to synthetic pesticides as they are effective, easily available, safe for
manufacturers and users, biodegradable, inexpensive and environment-friendly.

Recently, there is always an increased attention in bringing useful products from waste
materials and fruit wastes are no exceptions. With the increase in production of processed fruit
products, the amount of fruit wastes generated is increasing enormously. Citrus is one of the
most important commercial fruit crops grown in all continents of the world, the fruits primarily
used by juice processing industries while the peels are considered a waste material [12]. Since
the juice yield of citrus is less half of the fruit weight, enormous quantity of peel wastes are
formed every year. Unfortunately, the peels though perishable and seasonal, they pose a big
problem of disposal to the processing industries and pollution monitoring agencies. There is
a growing interest to adopt appropriate methods for utilizing them for the conversion into
value-added products and improve the overall economics of processing units and reduce the
problem of environmental pollution considerably.

Recycling of fruit waste is one of the most imperative means of exploiting it in a number of
pioneering and ground-breaking ways leading to the yield of novel products and meeting the
requirements of indispensable products required in pharmaceutical industry. The reports are
available which confirmed the presence of nutrients and several secondary metabolites in the
citrus peels in high magnitude. This clearly indicates the probable use of citrus peel products
as drugs and harmless alternate to synthetic chemicals. Consequently, citrus plants have
attracted the attention of many workers, and thus organic extracts or essential oils of the leaves
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and fruit peels are under investigations for various purposes, especially against control of
mosquitoes. Suitable methods have to be adopted to utilize them for the conversion into value-
added products to improve the overall economics of processing units and reduce the problem
of environmental pollution considerably [13]. Many plants have been found to contain
chemicals, which are helpful for the control of insects and are useful for field applications in
mosquito control programs [14]. Limonene isolated from abraded fresh peels of Citrus
aurantium has been investigated for its toxicity against larvae of Cx. quinquefasciatus and found
effective [15]. In 2006, Lee assessed the larvicidal efficacy of Citrus bergamia essential oil against
Ae. aegypti and Cx. Pipiens [16], while Amer and Mehlhorn investigated essential oil extracted
from C. limon against three mosquito species : Ae. aegypti, Cx. quinquefasciatus and Anopheles
stephensi [17].

It is well known that the approach to combat mosquito-borne diseases largely relies on
interruption of the disease transmission cycle by either targeting the mosquito larvae at
breeding sites through spraying of stagnant water or by killing/repelling the adult mosquitoes
using insecticides. Thus, investigations were carried out to explore the efficient anti-mosquito
potential of citrus peels obtained from three species of Citrus : C. limetta, C. limon and C.
sinensis to control Ae. aegypti at larval stage and to repel at adult stage keeping in mind that
such a study would not only devise alternate strategies for mosquito control but also would
focus towards recycling of wastes, managing littering and waste-related environmental
degradation.

2. Review of literature

Citrus plants have attracted the attention of many scientists. Consequently, researchers have
carried out investigations on the organic extracts and essential oils extracted from the leaves
and fruit peels of citrus plants against different species of insect pests including mosquitoes
[18‒21]. There are reports available which confirm the larvicidal and repellent activities of the
essential oil isolated from C. sinensis against Ae. aegypti mosquitoes [22].

The larvicidal efficacy of C. sinensis peels has been documented against various species of
mosquitoes [21]. They reported the respective LC50 and LC90 values of 58.25 and 298.31 ppm
when the larvae of An. subpictus were exposed to the chloroform extract of C. sinensis peels.
On the other hand, assays with methanol extract of C. sinensis peels resulted in lower LC50 and
LC90 values of 38.15 and 184.67 ppm, respectively against the larvae of Cx. tritaeniorhynchus.
The effectiveness of the ethanolic extracts of the C. sinensis has been established by Amusan et
al. against the larvae of Ae. aegypti [23]. Likewise, Michaelakis et al. reported the strong toxicity
of essential oils extracted from peels of C. limon and C. sinensis against larvae of Cx. pipiens
resulting in the LC50 values ranging from 30.1 to 51.5 mg/l, respectively [24]. Earlier investi‐
gations have shown that the peel oil extracts of C. sinensis, C. aurantium and C. limon possessed
outstanding larvicidal potential against Cx. quinquefasciatus with lemon peel oil exhibiting the
maximum larvicidal efficacy [18,19]. The volatile extracts of C. sinensis and C. aurantifolia (lime)
peels were also observed to have cidal activity against mosquitoes [25].
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It has been reported earlier that phytochemicals play a foremost role in the mosquito control
programmes. Different secondary metabolites of plants, such as alkaloids, steroids, phenolics,
terpenoids, saponins, essential oil, etc., are coupled with an extensive range of biological
activities. Marston et al. have reported the efficacy of prenylated xanthones, tetracyclic phenols
and saponins in controlling the mosquito Ae. aegypti [26]. Likewise, the presence of carbohy‐
drates, saponins, phytosterols, phenols, flavonoids and tannins has been observed in the plant
extract exhibiting mosquito larvicidal activity [27]. Furthermore, the citrus fruit peel has been
found to be a rich source of flavanones and many polymethoxylated flavones, rare in other
plants [28]. Kumar et al. have showed the presence of alkaloids, flavonoids and terpenoids in
the petroleum ether extracts of C. sinensis peels [29]. Table 1 summarizes the larvicidal activity
of certain Citrus species against different species of mosquitoes.

S. no. Plant species Plant product Mosquito species Reference

1. Citrus aurantium Fruit peel oil Cx. quinquefasciatus Mwaiko (1992)

2. Citrus limon Fruit peel oil Cx. pipiens Dakhil and Morsy (1999)
Shalaby et al. (1998)

3. Citrus sinensis Essential oil Cx. pipiens molestus Traboulsi et al. (2002)

4. Citrus reticulata Seed extracts Cx. quinquefasciatus; Ae. aegypti Sumroiphon et al. (2006)

5. Citrus sinensis Crude peel extracts Cx. tritaeniorhynchus, An.
subpictus

Bagavan et al. (2008)

6. Citrus sinensis, Citrus
limon, Citrus aurantium

Enantiomers and
essential oils

Cx. pipiens Michaelakis et al. (2009)

7. Citrus grandis; Citrus
mitis, Citrus jhambiri,
Citrus paradise, Citrus
pseudolimon

Seed extract Ae. albopictus Akram et al. (2010)

8. Citrus limetta Fruit peel extract Ae. aegypti Kumar et al. (2011c)

9. Citrus sinensis Leaf extract Ae. aegypti Kumar et al. (2012)

Table 1. Larvicidal activity of certain Citrus species against different species of mosquitoes

3. Materials and methods

3.1. Collection of the larvae and adults of Ae. aegypti

The present investigations employ the Chikungunya fever mosquito, Ae. aegypti that originat‐
ed from fields of Delhi and surrounding areas. The larvae were collected from seven locations
spread across Delhi and NCR (National Capital Region) (Figure 1). The locations selected were:
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• Okhla, New Delhi (latitude: 28° N 34′ 2.583″, longitude: 77° E 17′ 32.039″, altitude: 214 m)

• Alipur, New Delhi (latitude : 28° N 48′, longitude : 77° E 8′ 59.999″, altitude : 211 m)

• Dwarka, New Delhi (latitude: 28° N 35′ 31.704″, longitude: 77° E 2′ 45.773″, altitude: 212
m)

• Faridabad, Haryana (latitude: 28° N 24′ 32.08″, longitude: 77° E 19′ 4.041″, altitude: 205 m)

• Shahdara, New Delhi (latitude: 28° N 41′ 10.29″, longitude: 77° E 16′ 29.987″, altitude: 211
m)

• Noida, Uttar Pradesh (latitude: 28° N 35′ 12.99″, longitude: 77° E 20′ 27.61″, altitude: 201 m)

• Ghaziabad, Uttar Pradesh (latitude: 28° N 38′ 11″, longitude: 77° E 25′ 38.1″, altitude: 384
m)

The larvae and adults collected from different locations were brought to the laboratory. The
stages were critically observed and those of Aedes were segregated and bought back to the
laboratory for rearing.

3.2. Laboratory colonization and maintenance of Ae. aegypti

The colony of Ae. aegypti was maintained in an insectary under controlled conditions of 28 ±
1°C, 80 ± 5% relative humidity and 14:10 light/ dark photoperiod [30]. Adult mosquitoes were
kept in screened cloth cages (45 cm × 40 cm × 40 cm) with a long cloth sleeve on one side to
prevent the escape of any mosquito from the cage. A wet cotton pad was kept on the top of
each cage to provide water to the mosquitoes. Deseeded, water-soaked split raisins kept in a
Petri plate were placed in the cage, primarily as a source of food for the male mosquitoes.
Female mosquitoes were provided with blood meal on alternate days by keeping a restrained
albino rat in the cage for at least 2 h during the day. The day following blood meal, an ovitrap
consisting of an enamel bowl lined on all sides with the Whatman filter paper and half-filled
with dechlorinated water was kept in the cage for the collection of eggs. Dechlorinated water
was prepared by storing tap water in large plastic buckets for 24 h. The strips of the filter paper
laden with the eggs were taken out on every alternate day and kept moist for 2 days to allow
embryonation of eggs. A few strips were subsequently dried and stored in sterilized bottles.
The bottles were stocked in the refrigerator at 4°C. The eggs, thus stored, were viable for at
least 6 months. Whenever required, the stored egg strips were dipped into deoxygenated
water, which was prepared by boiling distilled water in an Erlenmeyer flask and then cooling
it without access to the air. This resulted in synchronous and immediate hatching of larvae
within 20‒ 25 min.

The remaining egg strips were dipped in the dechlorinated water for maintenance of culture.
The newly emerged larvae were transferred in dechlorinated water-filled enamel trays (25 cm
× 30 cm × 5 cm) for rearing. Each day, food consisting of finely ground dog biscuits and yeast
(3:1 by weight) was provided to the larvae. Paramount care was taken to prevent scum
formation on the surface of water. The larval period of Ae. aegypti comprising four instars,
lasted for 9‒ 10 days. Pupae formed were isolated into an enamel bowl containing water which
was then kept in the cloth cage for adult emergence. Blood meal was provided to the female
mosquitoes on the third day after emergence.
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The remaining egg strips were dipped in the dechlorinated water for maintenance of culture.
The newly emerged larvae were transferred in dechlorinated water-filled enamel trays (25 cm
× 30 cm × 5 cm) for rearing. Each day, food consisting of finely ground dog biscuits and yeast
(3:1 by weight) was provided to the larvae. Paramount care was taken to prevent scum
formation on the surface of water. The larval period of Ae. aegypti comprising four instars,
lasted for 9‒ 10 days. Pupae formed were isolated into an enamel bowl containing water which
was then kept in the cloth cage for adult emergence. Blood meal was provided to the female
mosquitoes on the third day after emergence.
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Figure 1. Areas selected in Delhi and NCR for the collection of Aedes aegypti larvae:(a) overview; (b) enlarged view.
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3.3. Collection of plant material

The fruits of three citrus plants C. sinensis, C. limon and C. limetta were gathered from the
surrounding areas of New Delhi, India in the sterilized polythene bags. The peels were
separated from all the three species of fruits and were thoroughly washed with tap water. Care
was taken to clean dust, particles or any unwanted material stuck to them. The peels were also
observed cautiously to detect any kind of disease or infection. The infected peels were
discarded while the selected peels were kept for drying under shade at room temperature (27
± 2°C). The peels were dried completely ensuring to prevent fungal or bacterial growth.

3.4. Preparation of peel extract

The dried peels were mechanically grinded using a small blender. The grounded material was
sieved to get fine powder. The 15 g of each dried and powdered citrus peels was extracted
with 200 ml of hexane and petroleum ether, separately. The extraction was carried out for 8 h
per day and continued for consecutive 3 days, using Soxhlet extractor at a temperature not
exceeding the boiling point of the solvent. The six extracts obtained were concentrated using
a vacuum evaporator at 45°C under low pressure and stored in a refrigerator at 4°C as the
stock solution of 1000 ppm for further use.

3.5. Larvicidal bioassay

The larvicidal bioassay was performed at 28 ± 1°C on the Ae. aegypti early fourth instars in
agreement with the methodology described by WHO with minor modifications [31]. The
graded series of each peel extract was prepared using ethanol as the solvent. The early fourth
instars of Ae. aegypti were separated, in groups of 20, in plastic bowls filled with 99 ml of
distilled water. The larvae were transferred to a glass jar containing 1 ml of the particular
concentration of extract added to 100 ml of distilled water. For each dilution, four simultaneous
replicates were carried out making a total of 80 larvae for each extract concentration. On the
other hand, in controls, ethanol was added to water instead of peel extract. During the exposure
period, the larvae were not provided with any food. The dead and moribund larvae were
recorded after 24 h as larval mortality.

3.6. Data analysis

The tests with more than 20% mortality in control assays and 20% pupae formed were rejected
and performed again. In case, the control mortality ranged between 5% and 20%, it was
rectified using Abbott’s formula [32].

% Test Mortality % Control Mortality Corrected mortality   100
100 % Control Mortality

-
= ´

-

The data was subjected to the regression analysis using computerized SPSS 18.0 Programme.
The LC50 and LC90 values with 95% fiducial limits were calculated in each bioassay to measure
difference between the test samples. Other statistical parameters, such as standard error and
regression coefficient, were also recorded.
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3.7. Contact irritancy assays

Whatman filter paper circles were impregnated with 50 ppm hexane and petroleum ether peel
extracts of C. sinensis, C. limon and C. limetta, separately. These papers were completely dried
and used afresh for contact irritancy assays. Each paper was placed on a glass plate and a
Perspex funnel with a hole on the top was kept inverted over them. The 3-day- old unfed female
adults of Ae. aegypti were separated. Single female was released inside the funnel on the paper.
The opening on the top of funnel was plugged with a cotton swab. The adult was left undis‐
turbed to settle for 3 min after which the time taken for the first take-off flight was recorded.
The assay was continued for 15 min during which the total number of flights undertaken by
that mosquito was scored. Similar parallel control tests were performed with ethanol-impreg‐
nated papers. Each treatment had three replicates. Data was analysed and the relative
irritability of the extract in each case was calculated with respect to control.

3.8. Phytochemical analysis

All the extracts were subjected to preliminary screening of phytochemical investigation and
the components in each extract were identified using standard protocols as documented by
Harborne et al. [33]. Various qualitative tests were performed to discover the presence of
alkaloids, phenolic compounds, carbohydrates, flavonoids, tannins, phlobatannins, saponins
and terpenoids in the extracts.

4. Results

Present investigations were performed with an objective to formulate a safe and environment-
friendly strategy for minimization of waste in fruit juice processing industry by employing
citrus fruit peel waste as the larvicidal agent against Ae. aegypti. Keeping this in view, the
hexane and petroleum ether extracts of C. Sinensis, C. limon and C. limetta peels were assessed
for their larvicidal and irritant potential against early fourth instar larvae and non-bleed fed
females of Ae. aegypti. The comparative result of larvicidal bioassays of peel extracts performed
on early fourth instar larvae of Ae. aegypti with hexane and petroleum ether extracts of C.
sinensis, C. limon and C. limetta peels are presented in Tables 2‒ 4, respectively. The results
prove and establish the efficacy of all the extracts of citrus peels against the mosquito larvae.

Our investigations showed that the hexane extracts of peels were more effective than petro‐
leum ether extracts irrespective of the citrus species. The hexane extract of C. sinensis peels
proved to be more effectual larvicidal agent against Ae. aegypti resulting in LC50 values as low
as 39.51 ppm. Nevertheless, petroleum ether peels extract of C. limon was the most effective
larvicidal agent against Ae. aegypti with LC50 value of 51.25 ppm, while that of C. limetta peel
wastes showed least activity exhibiting LC50 value of 145.50 ppm. All treatments resulted in
complete mortality without any pupa or adult emergence. The control or untreated groups
did not show any mortality within 24 h. The larvae developed into pupae and then adults
within 48‒72 h (Figure 2).
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Extraction
solvent

LC50

(ppm)
95% Fiducial
limits

LC90

(ppm)
95% Fiducial
limits

S.E. χ2 (df) Regression
coefficient

Hexane 39.51 35.22‒43.66 61.90 54.73‒74.99 0.97 2.16 (5) 6.57

Petroleum ether 55.58 50.22‒60.62 85.05 75.56‒104.51 1.15 7.06 (5) 6.93

Table 2. Larvicidal activity of extracts prepared from the peels of Citrus sinensis against early fourth instars of Aedes
aegypti

Extract LC50

(ppm)
95% Fiducial
limits

LC90

(ppm)
95% Fiducial
limits

S.E. χ2 (df) Regression
coefficient

Hexane 46.08 40.10‒52.07 85.34 72.83‒109.29 0.68 4.78 (5) 4.78

Petroleum
ether

51.25 45.37‒57.83 93.50 79.01‒122.97 0.71 3.36 (6) 4.90

Table 3. Larvicidal activity of extracts prepared from the peels of Citrus limon against early fourth instars of Aedes
aegypti

Extraction
solvent

LC50

(ppm)
95% Fiducial
limits

LC90

(ppm)
95% Fiducial
limits

S.E. χ2 (df) Regression
coefficient

Hexane 96.15 83.52‒112.11 163.27 139.21–241.30 1.08 7.58 (6) 5.57

Petroleum ether 145.50 118.05‒180.58 371.48 278.83–596.47 0.47 6.52 (4) 3.14

Table 4. Larvicidal activity of extracts prepared from the peels of Citrus limetta against early fourth instars of Aedes
aegypti
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Figure 2. Comparison of LC50 value of hexane and petroleum ether extracts prepared from the peels of Citrus sinensis,
Citrus limon and Citrus limetta against early fourth instars of Aedes aegypti.
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Figure 2. Comparison of LC50 value of hexane and petroleum ether extracts prepared from the peels of Citrus sinensis,
Citrus limon and Citrus limetta against early fourth instars of Aedes aegypti.
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When the females of Ae. aegypti were subjected to contact irritancy assays, a significant
response was observed (Table 5). The results revealed the more irritant potential of petroleum
ether extracts as compared to hexane extracts. The petroleum ether extract of C. limon was
found to be the most effective against Ae. aegypti with first time of flight recorded as 14s with
maximum irritability effect of 25-fold (Table 5).

Solvent of extraction
Mean time lapse before

first take-off (in s)
Mean no. of take- offs for

females (in 15 min)
Relative irritability

Control

‒ 410.00 (258.30) 1.00 (1.00) 1.00

(a) Citrus sinensis

Hexane 29.66 (33.8) 6.00 (4.35) 6.00

Petroleum ether 38.60 (21.00) 10.00 (2.00) 10.00

(b) Citrus limon

Hexane 39.33 (35.55) 12.00 (11.26) 12.00

Petroleum ether 14.00 (4.00) 25.33 (9.60) 25.33

(c) Citrus limetta

Hexane 66.33 (54.81) 18.30 (6.50) 18.30

Petroleum ether 53.00 (13.07) 18.60 (4.16) 18.60

Figures in parentheses indicate standard deviation.

Table 5. Response of of non-blood fed females of Ae. aegypti to papers impregnated with extracts of Citrus sinensis,
Citrus limon and Citrus limetta in the contact irritancy assays

S. no. Phytochemical constituents Hexane extract Petroleum ether extract

1 Alkaloid – +

2 Carbohydrates – –

3 Saponins – –

4 Phenolic compounds – –

5 Tannins – –

6 Flavonoids + +

7 Terpenoids + +

8 Phlobatannins – –

Table 6. Phytochemical screening of Citrus peels

The preliminary qualitative phytochemical analysis of the peel extracts of all the three Citrus
sp. discovered the occurrence of terpenoids and flavonoids in both the hexane and petroleum
ether extracts (Table 6). Other components, i.e., carbohydrates, phenolic compounds, saponins,
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tannins and phlobatannins were not noticed in any of these extracts. Nevertheless, the
petroleum ether extract exhibited alkaloids, the presence of which was not observed in the
hexane extracts.

5. Discussion

It is well documented that the control of mosquito-borne diseases can be achieved either at
adult stage preventing mosquitoes to bite human beings by using repellents/irritants or at
larval stage causing mortality at a large scale in the breeding areas. Nonetheless, the wide‐
spread use of synthetic insecticides has caused environmental risks and the development of
insecticide resistance in the vector species. The adverse impact of insecticides has caused
concern and necessitated the search and development of environmentally safe, biodegradable,
economically effective and indigenous methods for mosquito control, which can be employed
with least care by human beings and communities [1].

A number of reports documented in the field of mosquito control reveal the worthiness of
diverse phytochemicals procured from various plant species against different mosquito
species. Sukumar et al. made an extensive review of botanical derivatives which have been
investigated against mosquitoes [10]. They reported a large number of plant extracts which
possess cidal or repellent activities against mosquito vectors, but indicated that very few plant
products have shown practical value for mosquito control. Plants are known to be rich sources
of complex mixtures of bioactive compounds that can be used to develop environmentally safe
vector and pest-managing agents. Nevertheless, natural pesticides derived from plants are a
promising tool especially for targeting mosquitoes in larval stage [21]. Our experiments reveal
the hexane extracts of the peels of all the three Citrus species were highly effective against Ae.
aegypti as compared to petroleum ether extracts.

Very few reports are available regarding larvicidal and contact irritancy of citrus peels against
Ae. aegypti. Our results are in agreement with that of Murugan et al. who had tested the efficacy
of C. sinensis ethanolic peel extract against Ae. aegypti and Cx. quinquefasciatus and found it to
be more effective against Ae. aegypti having LC50 value of 92.27 ppm whereas against Cx.
quinquefasciatus the value reported was 244.70 ppm [34]. The essential oils extracted from peels
of C. limon and C. sinensis have been reported to exhibit strong toxicity against larvae of Cx.
pipiens with the LC50 values ranging from 30.1 to 51.5 mg/ l [24]. Akram et al. had found extracts
prepared from the seeds of rough lemon and lemon as effective larvicides with LC50 values of
119.993 and 137.258 ppm, respectively, after 24 h of exposure and 108.85 and 119.853 ppm,
respectively, after 48 h of exposure [35]. The volatile peel extracts of C. sinensis and C.
aurantifolia (lime) were also reported to have insecticidal activity against mosquitoes [25].

Our studies also showed significant irritant potential of petroleum ether extract of C. limon
against Ae. aegypti as compared to C. sinensis and C. limetta extracts. Similar repellency
behaviour in Ae. aegypti was reported by Kumar et al. when adults were exposed to the leaf
extracts of Parthenium hysterophorus prepared in different solvents [36]. Essential oils from a
few verbenaceae plants have also shown repellent activity against Ae. aegypti, An. stephensi and
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Cx. quinquefasciatus [17]. Similarly repellency of aromatic plants and pure components was
studied by Abdallah et al. against Cx. pipiens molestus [37]. The potential of volatile oils
extracted from turmeric, citronella grass and hairy basil as topical repellents have also been
reported against Ae. aegypti, An. dirus and Cx. quinquefasciatus [38]. Thangam also studied
repellent activity of acetonic extracts of four seaweeds Caulerpa peltata, C. racemosa, C. scalpel‐
liformis and Diclyota dichotoma and eleven mangrove plant samples, Avicennia marina, A.
officinalis, Excoecaria agallocha, Lumnitzera racemosa, Rhizophora apiculata, R. lamarckii, R. mucro‐
nata, Salicornia brachiata, Sonneratia apetala, Xylocarpus granatum, against Ae. aegypti out of which
he found the stilt root of Rhizophora apiculata extract to be most effective [39]. Petroleum ether
extract of Vitex negundo leaves offered bite protection for 8 h (2 mg/cm2) by different mosquitoes
in the field [40]. This suggests that natural pesticides derived from plants are a promising tool
for mosquito control programs.

Earlier studies have showed that phytochemicals play a major role in mosquito control
programme. The secondary metabolites of plants (such as steroids, alkaloids, terpenoids,
saponins, phenolics, essential oil, etc.) are associated with a wide range of biological activities.
Marston et al. have reported the efficacy of prenylated xanthones, tetracyclic phenols and
saponins in controlling Ae. aegypti [26]. Likewise, the presence of carbohydrates, saponins,
phytosterols, phenols, flavonoids and tannins have been observed in the plant extract exhib‐
iting mosquito larvicidal activity [27]. Furthermore, the citrus fruit peel has been found to be
a rich source of flavanones and many polymethoxylated flavones, rare in other plants [28].

The present study showed the presence of flavonoids and terpenoids as the common constit‐
uents in the hexane and petroleum ether extracts of Citrus sp. These results are in conformity
with that of Kumar et al. who showed the presence of alkaloids, flavonoids and terpenoids in
the petroleum ether extracts of C. sinensis peels [29]. The presence of flavonoids and cardiac
glycosides in methanol extract of Lantana camara leaves and flowers, flavonoids in leaf and
terpenoids in the flower of ethanol extract has been shown by Sathish and Maneemegalai [41].
Rawani et al. suggested that the presence of bioactive principles such as steroids, alkaloids,
terpenes, saponins, etc. may be responsible for the larvicidal properties of crude extracts of
three plants, viz. Carica papaya, Murraya paniculata and Cleistanthus collinus against Cx. quin‐
quefasciatus [42]. Vinayachandra et al. concluded that either the presence of saponins, phenol‐
ics, steroids or terpenoids in the plant extracts of Knema attenuata or a combination of two or
more of these metabolites might be the cause for larvicidal efficacy against the Indian strains
of An. stephensi and Ae. albopictus [43]. Although our investigations have revealed the occur‐
rence of only two phytochemical constituents, the larvicidal potential of the extracts might be
because of the synergistic effects of other phytochemical constituents present in the extracts,
identified or unidentified in the present investigation.

6. Conclusion

Our studies have clearly demonstrated that waste peels of citrus fruits can be utilized as the
effective agents of mosquito control. The utilization of wastes as beneficial products would
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not only assist to reduce waste load by managing intractable waste discharge but would also
diminish the pollution load and improve the environmental profile of fruit juice processing
industry.
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