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Latin America and the Caribbean continue to be adversely affected by dengue
with the disease being endemic in several countries in this region. As a result, the
social and economic impacts of the disease have risen significantly. Currently,
there are very few solutions available to limit the spread of the virus, with vector
control being the most commonly used. However, due to increased insecticidal
resistance, scientists in the region have actively been seeking new ways to limit
the spread of the virus. This quest has led researchers to investigate the antiviral
properties of natural products. While antiviral screening activities focused on
preventing or treating infection of the human host remains a significant area of
study, some scientists have now focused their attention on preventing infection
or transmission in the mosquito vector. This review therefore aims to highlight
the use of natural products in Latin America and the Caribbean for blocking viral
transmission of dengue virus in mosquito cells. This novel approach is promising
and could ultimately be used in conjunction with other methods to help
significantly reduce dengue incidence in the region.
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Introduction

Dengue virus (DENV) is a single positive-stranded RNA virus belonging to the
Flaviviridae family (genus Flavivirus) which causes dengue infection. There are four
antigenically distinct serotypes of the virus; DENV -1, -2, -3 and -4 (1, 2) all of which
can cause infection of clinical significance. The virus is now endemic in over 100 countries
worldwide (2, 3) where its economic impact is approximately US$39 billion annually (4).
Dengue is responsible for the greatest burden of arboviral morbidity and mortality globally
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(2) and according to estimates, 390 million infections occur yearly
of which 96 million manifests with symptoms (2, 5, 6).

Transmission of the virus is primarily accomplished through
interactions between mosquitoes and humans, its natural hosts, and
is successfully transmitted via alternate cycles of viral replication in
each host (7). Primary dengue virus exposure may often result in
asymptomatic infections or mild flu-like classical dengue but may
occasionally cause the more severe dengue hemorrhagic fever/
dengue shock syndrome (DHF/DSS) (2, 5, 8-10). Primary
infection by one serotype is thought to result in lifelong
immunity to that serotype but cross protection against other
serotypes is partial and temporary (10). As such, secondary
exposure to a different serotype increases the risks of the more
severe forms of dengue (DHF/DSS) (11).

For decades, Latin America and the Caribbean (LAC) have
grappled with dengue (12, 13) and now more than ever, it is a major
public health concern with an estimated annual cost in the region of
US$1-4billion owing to lost productivity, medical bills, and
surveillance and vector control costs (4, 14, 15). With
approximately 13.3 million dengue cases, LAC accounts for 14
percent of the world’s apparent infections (5). In 2019, for example,
the region recorded nearly 3 million reported cases, the highest in
its history (16) as illustrated in Table 1. Reasons for the explosive
increase in the incidence of dengue have been attributed to rapid
population growth, increased urbanization, globalization,
international travel, changes in climate and poor and inadequate
vector control measures (4, 11, 18).

Another factor contributing to the increase in dengue cases in
the LAC region is geographic expansion of the vector responsible
for its transmission (19). Aedes aegypti the main dengue vector is
now widely distributed in various LAC countries and is highly
domesticated and feeds preferentially on humans (20). This vector
is of epidemic concern as the Ae. aegypti mosquito frequently take
several blood meals from different individuals in a single
gonotrophic cycle (21, 22). Additionally, Aedes albopictus, a
known competent vector of dengue virus in Asia, is a highly
invasive species (23) which has spread into the LAC region where
it poses an additional challenge. While some studies have suggested
that Ae. albopictus could potentially be helping to spread dengue
virus in the region (24-27), its role in dengue transmission in LAC
is still not yet well established (28).

In the absence of a suitable vaccine or effective antiviral agents,
vector control remains crucial in limiting dengue infections in LAC.
Some of the most common vector control strategies includes the use
of insecticides against larvae and adults, source reduction of
possible breeding sites and the use of insecticide-treated bed nets
and curtains (29). Due to the increased development of resistance,
the use of insecticides against the immature and adult stages of
mosquitoes has become a major challenge in LAC. Insecticide
resistance in the Caribbean, for example, dates to as far as 1955
when resistance to DDT (dichloro-diphenyl-trichloroethane) was
observed (30). By 1974, there was widespread insecticide resistance
in Ae. aegypti populations in several Caribbean countries to the
organophosphate insecticides: malathion, fenthion and temephos,
which had replaced DDT (30). A recent review by 31, noted that
resistance in mosquito populations to DDT, temephos and
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deltamethrin is serious and widespread within the region.
Furthermore, because synthetic insecticides are not specific, they
may have harmful effects on other non-targeted organisms and the
environment (32-34). Insecticides alone are ineffective at reducing
mosquito populations as health education and community
involvement are also necessary to sufficiently achieve vector
reduction (29). Targeting the breeding sites of mosquitoes in
one’s environs can help reduce mosquito populations. Removing
old tires and containers that collect and hold water aids in the
prevention of mosquito egg hatching (35). However, none of these
approaches to vector control, even in combination, can eliminate
dengue transmission.

As the search for solutions to the ongoing onslaught of dengue
on the LAC region continues, researchers have begun to focus their
attention on natural remedies. It has been estimated that up to 400
million people in LAC use herbal medicine to meet a primary health
need (36). Generally, plants have been used for the treatment of a
myriad of illnesses and health conditions such as colds, fever, flu,
diabetes mellitus, hypertension (37) and treatment of dengue fever
(38). One of the most widely used plants in the Caribbean for
dengue fever is Carica papaya (Caricaceae) (39-41) where the juice
is routinely extracted from the leaves and consumed by dengue
patients to improve platelet count (42, 43). While scientific
validation of the folkloric use of papaya for dengue treatment in
the LAC region is lacking, several studies conducted in Asia have
supported this use (44, 45). Other plants used by individuals in the
Caribbean to boost overall immunity in the treatment of dengue
include Trigonella foenum-graecum (fenugreek) seeds, Ocimum
basilicum (basil) leaves, Azadirachta indica (neem) leaves,
Psidium guajava (guava) juice, and Tinospora cordifolia (giloy)
(41). (46). Tinospora cordifolia may also help to reduce fever
during dengue infection (47).

In addition to boosting overall immunity and reducing fever
during dengue infection, several plants and their derivatives have
been shown to possess in vitro antiviral activity against dengue virus
in mammalian cells in the LAC region (48-51). Generally, most
antiviral studies for dengue only use one DENV serotype (typically
DENV-2) or observe differential inhibition of the four serotypes.
Identifying a plant/compound with significant activity against all
four dengue serotypes would be ideal as multiple serotypes are now
circulating within the region. Despite many plants showing positive
in vitro anti-dengue activity in mammalian cells, none of these
plants have progressed beyond investigational stages. The
development of antivirals to treat the infection in humans has
been difficult and remains elusive due to the need to identify safe
fast-acting agents with equal efficacy against all DENV serotypes, a
low likelihood of viral resistance and ability to reduce disease
symptoms and severity (52-54).

In recent years, the search for effective antiviral agents for
dengue infections has led scientists to the realization that
targeting infection in the mosquito vector may be a beneficial
approach to reducing virus transmission (55, 56). Like in
mammalian cells, the arboviral infection cycle in mosquito cells
undergo an initial interaction between viral surface proteins and
receptor molecules on the host cell surface. This is followed by
receptor-mediated endocytosis, which internalizes the viral particles
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TABLE 1 Reported cases of dengue in the LAC region over the past 3 decades (1992-2021).
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Country YEARS

1992-2001 2002-2011 2012-2021
Anguilla 45 24 194
Antigua & Barbuda 109 34 1,852
Argentina 2,536 32,065 168,532
Aruba 253 5,773 4,446
Bahamas 337 7,191 298
Barbados 4,618 5,728 8,249
Belize 265 4,216 42,498
Bolivia 65,808 152,030 304,101
Bonaire, Saint Eustatius and Saba 25,964 1,105 565
Brazil 2,002,681 5,332,500 11,020,892
Cayman Islands 4 23 660
Chile 0 767 245
Colombia 317,929 487,520 811,875
Costa Rica 63,449 178,464 157,015
Cuba 14,308 3,172 14,102
Curacao 19 3,540 1,286
Dominica 308 895 2,075
Dominican Republic 11,826 54,200 86,568
Ecuador 74,269 80,962 162,730
El Salvador 34,903 151,238 235,875
French Guiana 5,734 49,474 32,860
Grenada 231 387 1,729
Guadeloupe 435 53,398 39,724
Guatemala 40,827 68,011 138,053
Guyana 121 4,653 5915
Haiti 0 0 613
Honduras 114,424 221,255 355,538
Jamaica 3,731 5,442 18,436
Martinique 6,156 55,083 45,783
Mexico 210,295 472,905 1,466,205
Montserrat 88 7 53
Nicaragua 91,045 45,114 680,928
Panama 34,351 27,968 55,041
Paraguay 25,484 99,441 619,095
Peru 44,929 108,107 337,272
Puerto Rico 89,257 66,367 42,440
Saint Barthelemy 0 827 3,320
Saint Kitts & Nevis 124 143 400
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TABLE 1 Continued
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Country YEARS

1992-2001 2002-2011 2012-2021
Saint Lucia 423 1,084 2,165
Saint Martin 0 2,372 8,126
Saint Vincent and the Grenadines 535 425 2,360
Suriname 4,763 5,350 1,629
Trinidad & Tobago 17,536 17,534 4,554
Turks & Caicos Islands 0 28 1,463
Uruguay 0 0 1,786
Venezuela 240,660 488,258 340,572
Virgin Islands (UK) 27 1034 940
Virgin Islands (US) 48 73 38
TOTAL 3,550,855 8,296,187 17,231,096

Health Information Platform for the Americas (PLISA). Data reported by Ministries and Institutes of Health of the countries and territories in the Americas (17). Available from: https://
www.paho.org/data/index.php/en/mnu-topics/indicadores-dengue-en/dengue-nacional-en/252-dengue-pais-ano-en.html.

within the cytoplasm, viral assembly in the endoplasmic reticulum
(ER), and finally the secretion of mature virions (57). The arboviral
cycle offers numerous potential targets for suppressing or
interrupting viral production in mosquito cells. Ideally, antivirals
to prevent dengue replication in the mosquito should have a high
efficacy of infection prevention when delivered to the adult
mosquito to completely block the virus” development (56). These
substances should also be safe in order to avoid negative
consequences in humans (58). This review article is primarily
focused on reviewing the literature on the use of natural products
for blocking dengue viral infection/replication in mosquito cells in
the LAC region.

Antiviral activity of natural
products against dengue
virus in insect cell lines

Currently, few studies conducted in the LAC region have sought
to investigate natural products for their ability to inhibit viral
infection or replication of dengue virus in mosquito cells, and
none thus far have come from the Caribbean. These studies are
routinely performed in the C6/36 insect cell line which is the most
widely used and accepted model system of mosquito cells used for
studying the antiviral potential of substances (7). For example, 59
demonstrated by immunofluorescence assay that the sulfated
galactomannans BRS and LLS obtained from the seeds of Mimosa
scabrella (Fabaceae) and Leucaena leucocephala (Fabaceae)
respectively had significant inhibitory activity against DENV-1 in
C6/36 cells. BRS and LLS reduced DENV-1 viral titre by 100-fold at
concentrations of 347 mg L' and 37 mg L ™" respectively (Table 2).
The half maximal cytotoxic concentration (CCs,) for native
galactomannans was >8.0 g L™', and for derivative
galactomannans it was 1.5 g L' for BRS and 2.0 g L' for LLS.
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The authors alluded to the fact that the sulfated galactomannans
may be producing their antiviral activity either by inhibition of
adsorption of the virus to the host cell and/or inhibition of the step
that occurs after viral internalization but before the onset of late
viral protein synthesis (59).

In another study, the methanol:water (80:20 v/v) leaf extracts of
Spondias mombin (hog plum) (Anacardiaceae) and Spondias
tuberosa (Brazil plum) (Anacardiaceae) and their main phenolic
compounds rutin, quercetin, and ellagic acid were investigated for
their antiviral activity against DENV-2 by the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
and cytopathic effect (CPE) reduction assays in C6/36 cells
(Table 2). No cytotoxicity was observed with any of these
compounds at concentrations up to 1000 pg/mL. Of the
compounds evaluated, rutin was found to be most effective
against DENV-2 with a half maximal inhibitory concentration
(ICsp) of 362.68 + 0.04 ug/mL followed by quercetin with an ICs,
of 500.00 = 0.01 ug/mL (61). Based on these findings, the
researchers concluded that rutin and quercetin have the potential
to be developed into anti-dengue agents. They did underline,
however, that more in vitro and in vivo investigations were
needed to demonstrate the efficacy of these flavonoids against
dengue virus.

Interestingly, several studies conducted in the region have
observed differential susceptibility of vertebrate and invertebrate
cells to antiviral screening against dengue. Firstly, researchers in
Argentina demonstrated that the sulfated polysaccharides G3d and
C2S-3 obtained from the red seaweeds Gymmnogongrus griffithsiae
and Cryptonemia crenulate respectively possess varying antiviral
activity against all four dengue virus serotypes in different cell lines
(61). They found that the polysaccharides were active inhibitors of
DENV-2 and DENV-3 multiplication in Vero cells, HepG2 and
foreskin PH cells but displayed no inhibitory activity in the
mosquito C6/36 cells (Table 2). The compounds were less
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TABLE 2 Antiviral potential of natural products against dengue virus in mosquito cell lines.

Study Natural product/Com- Part of Dengue | Host Screening Reference
Location  pound plant/ serotype method

product

used

Brazil Mimosa scabrella sulfated Fabaceae Seeds DENV-1 C6/36 | IFA 100-fold decrease in (59)
galactomannans (BRS) DENV-1 ata

concentration of 347
mg 1™

Brazil Leucaena leucocephala sulfated Fabaceae Seeds DENV-1 C6/36 | IFA 100-fold decrease in (59)
galactomannans (LLS) DENV-1 at a

concentration of 37
mg 1™

Argentina Gymnogongrus griffithsiae Phyllophoraceae = Whole DENV1-4 C6/36 | Plaque Inactive against DENV | (60)
sulfated polysaccharide (G3d) plant reduction and | in mosquito cell line

virus yield
inhibition
assays

Argentina Cryptonemia crenulata sulfated Halymeniaceae Whole DENV1-4 C6/36 | Plaque Inactive against DENV | (60)
polysaccharide (C2S-3) plant reduction and | in mosquito cell line

virus yield
inhibition
assays

Argentina Commercial iota- carrageenan Solieriaceae N/A DENV-2 C6/36 | Virus yield ECs0 - 7.0+ 0.7 ugml  (7)
(isolated from Eucheuma inhibition !
spinosa) assay

Argentina M3a (homogeneous polysulfate Solieriaceae N/A DENV-2 C6/36 | Virus yield Reduced DENV-2 7)
isolated from Meristiella inhibition yields in a dose-
gelidium) assay dependent manner

with ECsy _ 4.6 % 0.6
pg ml !

Brazil Rutin (phenolic compound Anacardiaceae Leaves DENV-2 C6/36 | CPE 1Csp of 362.68 + 0.04 (61)
isolated from Spondias species reduction ug/mL
extracts)

Brazil Quercetin (phenolic compound Anacardiaceae Leaves DENV-2 C6/36 ~ CPE 1Cs - 500.00 + 0.01 (61)
isolated from Spondias species reduction ug/mL
extracts)

Brazil Caulerpa cupressoides Caulerpaceae Leaves DENV-1 C6/36 | Plate Inactive against DENV | (49)
(Chlorophyta) sulfated reduction in mosquito cell line
polysaccharidic fraction (Cc-SP1) assay

Brazil DS-01 (peptide isolated from the = Hylidae Skin DENV-2 Co6/36 | CPE ECsg - 15 ug/mL (62)
skin secretion of Brazilian frogs) secretion reduction
Phyllomedusa oreades and
Phyllomedusa hypochondrialis

IFA, Immunofluorescence assay; CPE, Cytopathic effects.

effective against DENV-4 and were totally inactive against DENV-1.
Additionally, the researchers noted that since DENV multiplication
levels in the vertebrate and invertebrate cell lines were similar, the
observed differential susceptibility of virus serotype or host cell was
not due to virus growth ability. Through mechanistic studies on
DENV-2 in Vero cells, they demonstrated that G3d and C2S-3 were
only effective inhibitors when administered in conjunction with the
virus or shortly after infection. Their findings suggested that the
primary mode of action of these compounds against DENV-2 was
virus adsorption. However, virus internalization, was also thought
to be affected (61).
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In a similar way, (7) demonstrated a differential inhibition of
DENV-2 in mammalian and mosquito cells when iota-carrageenan
which was extracted from red seaweed was screened for antiviral
activity (Table 2). No discernible decline in cell viability in either
cell lines were observed following cytotoxicity screening of iota-
carrageenan by MTT assay. In Vero cells, iota-carrageenan only
inhibited virion binding at the initiation of the infectious cycle. In
C6/36 cells, however, DENV-2 adsorption was unaffected possibly
due to the presence of insufficient heparan sulfate (HS) on the
surface of C6/36 cells (7). In the same study, the researchers also
investigated the anti-dengue potential of M3a; a homogeneous
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polysulfate isolated from Meristiella gelidium. M3a was shown to
decrease DENV-2 titre in a dose-dependent manner with half
maximal effective concentration (ECs,) values of 4.6 + 0.6 and
0.93 + 0.05 pug mL" in C6/36 and Vero cells, respectively (7).
Furthermore, the sulfated polysaccharide fraction (Cc-SP1) from
the green seaweed Caulerpa cupressoides (Chlorophyta) was
investigated for its inhibitory activity against DENV-1 by plaque
reduction assay (Table 2). The study which was conducted in Brazil
found that Cc-SP1 was a potent inhibitor of DENV-1 (96%) at 0.35
ug mL™ in Vero cell-line but was totally ineffective at inhibiting
virus multiplication in the C6/36 mosquito cell-line (49). Cc-SP1
did not cause cytotoxicity up to 1000 ug mL™". Like (7), the failure of
Cc-SP1 to inhibit DENV infection in C6/36 could be due to
inadequate heparin sulfate on the C6/36 cell surface.

On the contrary, researchers in Brazil demonstrated that
Dermaseptin 01 (DS-01), a peptide isolated from the skin
secretion of Brazilian frogs Phyllomedusa oreades and
Phyllomedusa hypochondrialis possessed greater anti-dengue
activity in insect cells than in mammalian cells (Table 2). DS-01
through MTT assay in LLCMK2 cells and CPE reduction assay in
C6/36 cells displayed antiviral activity against DENV-2 with ECs,
values of 60 ug/mL and 15 pg/mL respectively (62). The 50%
cytotoxicity concentration of dermaseptin 01 was 105 pg/mL in
insect cells (C6/36) and >1000 pg/mL in mammalian cells (Vero
and LLCMK2). DS-01, when administered shortly after DENV-2
infection, is thought to potentially interfere with viral penetration
and/or the release of viral particles from the endosomal vesicle (62).
However, the researchers suggested that additional studies were
needed to definitively determine the mechanism of DS-01’s antiviral
activity on DENV-2 replication as well as its potential application as
a therapeutic agent in the fight against dengue fever.

Approach and significance of
targeting dengue infection in the
mosquito vector

The studies highlighted above demonstrate the potential use of
natural products for blocking dengue infection in mosquito cells. As
the efficacy of these plant-based products can differ significantly
between cell lines, the use of mosquito cells is critical to ensure that
only viable candidates are further pursued in studies involving the
mosquito vector. Researchers for example have previously
demonstrated that while the antiviral drug favipiravir inhibits
replication of chikungunya virus in mammalian and mouse
models it does not do so in C6/36 cells as they lack an enzyme
needed to convert the drug to its active form (63). Indeed, there is
still much to be done as the studies discussed are all preliminary and
the efficacy of these agents in vivo need to be investigated.

As the DENV transmission cycle involves mosquitoes and
humans (64), targeting infection in either organism should
potentially reduce dengue incidence. Over the years, antiviral
research has primarily focused on human infection. However, due
to a variety of impediments, research has only slowly progressed.
Firstly, there is currently no ideal vertebrate animal model suited for
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anti-dengue screening because humans are the only known
vertebrate hosts to develop the disease after DENV infection (64).
Secondly, in the case of anti-dengue vaccines, there exists the risk of
developing severe dengue disease upon recurrent infection by a
heterologous virus serotype or immunization by a single DENV
serotype (38). Lastly, dengue fever is complicated and multifaceted.
Because DENV is an RNA virus with four unique serotypes that
appear to be constantly evolving, tailoring antivirals to effectively
target each serotype is difficult (65). Furthermore, there are usually
significant delays between the time of infection after a mosquito
bite, the onset of symptoms, and the time it takes to seek medical
assistance (65). As a result, by the time dengue is diagnosed, it may
be too late to treat it with antivirals.

Due to these ongoing challenges, preventing DENV infection/
replication in—and—transmission by mosquitoes is now
considered the most accessible and rational target for disease
control (64). Dengue virus is transmitted to the midgut of
mosquitoes following a blood meal from an infected host. There,
epithelial cells are infected and the virus replicates before
disseminating systemically through the hemocoel to secondary
tissues. Following infection of the salivary glands and release of
virions into the saliva, the virus can be transmitted to additional
human hosts following subsequent feeding (66). To suppress
dengue infection and replication in mosquitoes, antiviral
compounds should ideally be administered to adult mosquitoes in
a way that exposes them to the midgut tissue, which serves as both a
point of entry and a key site for dengue replication (57). One way
this could be achieved is by using attractive toxic sugar baits
(ATSBs), a novel technique with recent implications for the
management of adult mosquitoes in the field (57). The approach
involves taking advantage of the mosquito’s propensity to feed on
sugar and luring them into consuming artificial nectar laced with an
insecticide. However, since synthetic insecticides are known to have
deleterious effects on the environment and non-targeted organisms,
the use of natural products in the baits could render them more
environmentally safe.

Another approach is developing antivirals that hinder the
completion of the pathogen’s life cycle in the mosquito (55).
Antivirals which block viral transmission in the mosquito vector
generally prevent pathogen transmission from infected to
uninfected individuals by targeting molecules expressed on the
surface of pathogens during their developmental phases within
the insect vector or by targeting molecules expressed by the
vectors (56). Several host factors in mosquitoes have recently
been identified as playing important roles in dengue virus
infection/replication in the mosquito vector. For example,
Prohibitin, may act as a receptor protein to mediate DENV entry
into mosquito cells (67) and mosquito galactose specific C-type
lectins (mosGCTLs) act as susceptibility factors in Ae. aegypti
mosquitoes to enhance DENV infection (68). Therefore, any
substance that alters the expression or function of host factors in
mosquitoes may ultimately reduce viral transmission from vector to
uninfected hosts.

Added to this, the effect of these natural products and their
metabolites on the mosquito’s capacity to spread pathogens must
also be examined. Researchers have previously demonstrated for
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example that plant sugar meals influenced the ability of Anopheles
coluzzi to transmit Plasmodium falciparum by affecting factors such
as vector survival and fecundity, parasite development and infection
prevalence and intensity (69). Likewise, several studies have
illustrated that controlling the mosquito’s innate immune
pathways reduces dengue virus production and infection in the
mosquito (70-74). As such, how plant metabolites impact mosquito
immunity must be explored. Recently, disruption of immune and
oxidative stress pathways in addition to cuticle development was
seen in Anopheles gambiae s.s. larvae exposed to phytochemicals
from Murraya koenigii (75) and yeast-encapsulated orange oil
increased expression of genes associated with apoptosis and
innate immune responses in Ae. aegypti larvae (76).

Another important factor to consider is the effect of these
natural products on the gut microbiome as studies have also
highlighted its importance in arbovirus transmission (77). The
mosquito gut microbiota is made up of viruses, bacteria, fungi,
and protozoa, all of which have been demonstrated to play
important roles in the mosquito’s physiological processes (77, 78).
It has been previously shown that the microbiota can affect vector
competence for infections in a variety of ways, including immune
system activation or suppression, direct inhibition of the pathogen,
or resource competition (77, 79). Researchers have noted the ability
of various plant extracts to alter the gut microbiota of laboratory
reared Ae. aegyptilarvae and postulated that affecting these bacteria,
will in turn, affect the vectorial competence and disease
transmission by the mosquitoes (80).

Lastly, the concentration of the agents identified in vitro may be
insufficient to inhibit viral infection in vivo depending on the route
through which the mosquito obtains the antiviral agent. For
instance, during blood-feeding, the female mosquito is known to
excrete droplets of fluid in a process referred to as prediuresis (81,
82). Therefore, the possibility exists that a portion of the antiviral
agent could be eliminated at this point. On the other hand, during a
sugar meal, prediuresis is said to be rare or absent (82). Thus,
incorporating the antiviral agent in sugar meals could be a better
option to blood meals for evaluating anti-dengue activity of natural
products in mosquitoes. The novel approach of blocking infection
in the mosquito vector though not straightforward, could be the key
to reducing the burden of dengue infection in the LAC region.

Summary and future perspectives

Currently, overall efforts to reduce dengue virus transmission
have been insufficient to reduce the strain of dengue infection on the
health and economic systems of LAC countries. During dengue
epidemics, positive dengue cases frequently overburden hospitals
and doctors’ offices. Likewise, businesses and workplaces are often
impacted by employee absenteeism, resulting in millions of dollars
in lost productivity. So far, the focus of DENV therapeutic efforts
has been on the development of antivirals to target infection in the
human host. However, with these efforts proving difficult to achieve
and vector control strategies failing, targeting infection in the
mosquito vector has emerged as a viable alternative approach.
Some natural products have been shown to possess promising
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anti-dengue activity in mosquito cells as evident in this review.
Yet, most of these studies are limited as they predominantly screen
for anti-dengue activity in the C6/36 mosquito cell line using only
one DENV serotype; typically, DENV-2 or DENV-1. Since these are
not the only serotypes responsible for dengue infections, it is
important for studies to routinely screen against all four
serotypes. As evident by (61), not all serotypes may be equally
susceptible to natural products when being screened. Studies in
which natural products display favorable in vitro antiviral activity
against DENV in C6/36 cells should ideally be followed up with in
vivo assays such as screening in adult mosquitoes. This is because
not all compounds that are active in vitro will produce similar
results in vivo (83).

Notwithstanding the recent scientific advances in the fight
against dengue virus, more work needs to be done in the LAC
region especially in the Caribbean to combat dengue infections as
severe dengue and its negative impacts remain a real threat. Despite
the folkloric use of plants for many ailments in the Caribbean
including dengue infection, to date, no study reporting the antiviral
potential of plants has been documented in this region. This
demonstrates emphatically the necessity for Caribbean researchers
to capitalize on the untapped potential of plants in the region and
seek to identify plants with antiviral activity against DENV. The
approach of blocking dengue viral infection and or replication in
the mosquito vector is worth further exploration as limiting the
spread of the virus from vector to host is a promising avenue for
ending the region’s war on dengue fever.
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