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Abstract Arthropod-borne viruses (Arboviruses) replicate
in vertebrates and invertebrates and are mainly transmitted
by mosquitoes. Between 2000 and 2021, several arbovirus
outbreaks were recorded in African countries, including
dengue, yellow fever, Chikungunya, Zika, and O’nyong
nyong. Most often, the causes and factors involved in these
outbreaks are unknown. We aimed to understand current
knowledge regarding factors responsible for the persistent
transmission and emergence of mosquito-borne arboviruses
in Africa and to identify critical research gaps important for
preventing future outbreaks. We used a systematic literature
review between 2020 and 2021, to show that the main iden-
tified factors favoring the arbovirus outbreak in Africa are
low vaccination coverage, high density and diversity of com-
petent mosquitoes, insecticide resistance of mosquito vec-
tors, and a scarcity of data on arboviruses. Further studies
on arboviruses may include studies of competence to viral
strains and the susceptibility of mosquito vectors to insecti-
cides. Because of the detrimental effects of insecticides on
human health and the environment, viral paratransgenesis
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and other biological control methods should be explored as
alternatives or as supplements to insecticides.

Graphical abstract Illustration of factors identified for
promoting the transmission of arbovirus in Africa. The main
factors are the lack of drugs and vaccines, low coverage of
vaccination when a vaccine exists, competence of mosqui-
toes to viruses, diversity and high density of vectors. Climate
change, urbanization, deforestation and agricultural prac-
tices, lead to a richness and high density of vectors.
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Introduction

Arboviruses are viruses transmitted by arthropods and they
replicate in both vertebrates and invertebrates. They are
different from insect-specific viruses that replicate only in
invertebrates. Arboviruses are important causes of animal
and human diseases worldwide [5]. A majority of medically
important arboviruses belong to viral families Flaviviridae
(Dengue virus, Yellow fever virus), Togaviridae (Chikun-
gunya virus, O’nyong nyong virus), and Phenuiviridae (Rift
Valley fever Virus) [1, 5]. All viruses belonging to these
families have an RNA genome that allows them to adapt/
evolve rapidly to changing host and environmental condi-
tions. To date, most arboviruses responsible for disease
outbreaks are RNA viruses. For example, approximately
200,000 cases were reported in La Réunion during an out-
break of the Chikungunya virus (CHIKV) in the Indian
Ocean islands between 2004 and 2006 [63, 74]. During that
outbreak, the CHIKV transmission was highly efficient by
the secondary vector, Aedes albopictus due to a substitution
of Alanine by Valine at position 226 of the E1 structural
protein (E1-A226V), confirming point mutation (antigenic
drift) as a factor responsible for arbovirus transmission [63,
74].

In Africa, most factors involved in arbovirus outbreaks
are unknown and they are rarely studied. Recently, there
has been an emergence and re-emergence of arbovirus
outbreaks in Africa [68, 73]. In 2021, at least eight and
42 cases of yellow fever were recorded in Cameroon and
Ghana respectively [78]. The overall case fatality rate
was above 20% in both countries [78]. Other outbreaks
include dengue in Burkina Faso, yellow fever in Angola
and the Democratic Republic of Congo, and Chikungunya
in Kenya, the Democratic Republic of Congo, and Sudan
[2, 27, 38, 51, 57, 71]. Despite the involvement of mos-
quitoes in these outbreaks, the contributing factors are not
well identified.

In addition to mosquitoes, other common vectors of
arboviruses are ticks, midges, and sandflies [14]. Diseases
spread by arthropod vectors, such as mosquitoes and ticks,
are the main contributors to the global burden of infectious
diseases [24]. Based on morbidity and mortality, mosquitoes
are the most dangerous arthropods. In 2021, approximately
390 million annual dengue virus infections were recorded
worldwide due to dengue virus transmitted by Aedes mos-
quitoes [81].

In this study, we reviewed the literature to understand
current knowledge on factors responsible for the persistent
transmission and emergence of mosquito-borne arbovi-
ruses in Africa and to identify critical research gaps that are
important in preventing future outbreaks.
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Materials and methods
Search strategy

A systematic literature search was conducted following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [40]. Peer-reviewed
articles in PubMed, Web of Sciences, and LISSA databases
were searched. We first screened potentially relevant records
based on titles, abstracts, and keywords and then reviewed
full-text articles to evaluate them according to our selection
criteria. Two keyword combinations were used for searching
the PubMed database on June 1st, 2020, and on September
30th, 2021. We used (1) “Arboviruses AND Africa AND
Mosquitoes”; (2) (Arboviruses AND Africa AND Mosquito
[Title] NOT (Tick [Title]) NOT Flies [Title]). This strategy
(1) Arboviruses AND Africa AND Mosquitoes) yielded
relevant results and was, therefore, also used for the other
databases.

Criteria for selecting studies for this review

Studies found in these searches were considered eligible if
they met any of the following criteria: (1) ecological vari-
ables that may promote virus circulation, including variables
related to climate, habitat, agro-ecology, (2) the epidemiol-
ogy of arboviruses including geographical location, study
population, risk factors for transmission and mosquito vec-
tors; and (3) data from Africa. Only articles in English and
French were included. Review articles and studies describ-
ing only diagnostic methods or vaccine development were
excluded.

Results

A total of 929 articles were searched between June 2020
and September 2021. The bibliographic search of Pub-
Med, Lissa, and Web of Science produced 844 articles. The
snowball technique allowed us to find 145. After removing
articles that did not meet the selecting criteria, 215 were
obtained, which were used in this review (Fig. 1). A review
of these 215 articles showed that the factors involved in the
transmission of mosquito-borne arboviruses in Africa were:
the presence of mosquito vectors and competence to multi-
ple viral strains, the mosquito resistance to insecticides, low
vaccination coverage and the scarcity of data on mosquito-
borne arboviruses (Table 1). Insecticide resistance was the
most studied factor (28 studies) and future studies should
clarify its correlation with the transmission of mosquito-
borne viruses. The mosquito competence to viruses was
poorly studied in Africa. The second most studied factor (20
studies) was mosquito vector density and diversity, but the
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Fig. 1 The PRISMA flow diagram of our literature search to review risk factors associated with the transmission of arboviruses viruses in

Africa

contribution of climate change, deforestation, urbanization,
and agricultural practices were rarely studied.

High density and diversity of vectors

Africa is known to have a high number (density) and sev-
eral species (diversity) of mosquito vectors. For example,
in Cameroon, at least 52 Anopheles species have been iden-
tified and the density depends on several factors such as
season, area, and collection method [46]. Unlike Anopheles
species, ONNYV vectors that are well studied, Aedes and
Culex are rarely studied in Cameroon [39, 43]. However, Ae.
albopictus and Ae. aegypti are the main Aedes species and

the density of immature stages during 6 months of collec-
tion was about 646 per locality [72]. Using 1654 trap nights
in South Africa, approximately 42,000 mosquitoes belong-
ing to 10 genera, were collected between 2014 and 2017.
The most abundant mosquito vectors of arboviruses were
Ae. gambiae, Coquillettidia fuscopennata, Cx. Poicilipes,
Cx. pipiens and Ae. aegypti [32]. The latter species is also
the main abundant species in several areas of Niger, Kenya,
and Tanzania [37, 47, 60]. Factors contributing to this high
density and diversity are not well understood. However, cli-
mate, agriculture practices, deforestation, and urbanization
are associated with the high density and diversity of mos-
quitoes in Africa [15].
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Table 1 Studies on factors

contributing to the transmission

of mosquito-borne arboviruses
in Africa
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Indirect factors

Insecticides resistance

Diversity and diversity

Climate change

Agriculture practices

Lack of vaccination

Competence of vectors

Countries References

Cameroon [4,6,7,15,
19, 21, 28,
32, 37, 39,
40, 43, 46,
47,49, 52,
53, 56, 60,
61, 65, 67,
72, 83]

Burkina Faso

Senegal

Ghana

Tanzania

Ivory Coast

Cape Verde

Democratic Republic of Congo

Gabon

Nigeria

Morocco

Benin

Kenya [3, 8, 10,
16, 18, 22,
29, 33-35,
45, 48, 64,
70, 75-717,
84-86]

Cameroon

Niger

Senegal

Democratic Republic of Congo

South Africa

Ivory Coast

Cameroon [9, 11, 23,
26, 30, 50,
55, 62, 66,
80]

Senegal

Morocco

Mali

Angola

Democratic Republic of Congo
Kenya

Burkina Faso

Uganda

Tanzania

The Central African Republic

Senegal [12, 25, 69,
79, 82]

Kenya

Cameroon

NI =unindentified
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Unlike other continents such as Europe, America, and
Asia, which have a winter season where the mosquito den-
sity and diversity are almost absent because of low tempera-
ture, the climate of most countries of sub-Saharan Africa
allows the presence of mosquitoes throughout the year.
Indeed, most sub-Saharan African countries have a mean
temperature above 15 °C and receive rainfall during 6 of
the 12 months per year; these conditions are suitable for
mosquito reproduction. In Sudan, Ahmed et al. [7] reported
that rainfall is positively correlated with larval abundance,
particularly where rain-filled containers appear to be the
primary larval breeding sites. In the past, entomological
studies and vector control programs were based on rain-
fall and seasons that were well known. Nowadays, climate
change is leading to seasonal variation and thus there is a
need to redefine mosquito seasons in all countries for better
management of mosquito-borne diseases. Climate change
is projected to increase the global surface temperature by
an estimated 2.4-6.4 °C by 2100. That rise will modify the
environment of mosquito vectors, which will lead to changes
in the dynamics and biology of mosquito-borne diseases [4].
Indeed, temperature influences the availability of breeding
sites, the longevity of mosquitoes, and their competence/
capacity to microorganisms. Since it is difficult to know the
real impact of climate change, further studies should be done
to estimate its impact on mosquito-borne viruses.

The abundance of mosquitoes is also influenced by agri-
cultural practices and deforestation. Deforestation consists
of the clearing of forests for timber exploitation or agri-
cultural practices. In Cameroon, deforestation influences
the density and diversity of Culex mosquitoes with a high
number of mosquitoes collected in logged forests (900)
as compared to unlogged ones (427) [39]. Cx. simplici-
forceps, Cx. wigglesworthi were collected in both types
of forest whereas Cx. albiventris, Cx. nebulosus and Cx.
macfiei were only collected in the selected logged forest
[39]. Logged forests provide adequate aeration, humidity,
and temperature for the reproduction of mosquitoes lead-
ing to a rise in their density and diversity. As with defor-
estation, agricultural practices like irrigation, are associ-
ated with an increase in mosquito abundance and diversity.
For instance, in Ethiopia, higher numbers of Anopheles
mosquitoes were collected in zones that were near the
irrigation sites (3 km or less) [28]. In this latter study,
irrigation was used for rice cultivation after intensive
deforestation. Like irrigation, the creation of fish ponds,
which is becoming popular in Africa, influences the den-
sity and diversity of mosquitoes. Their impact should be
studied in detail. Fish ponds are used to increase the pro-
tein consumption of the population. In Brazil, fish ponds
showed a higher density of Anopheles mosquitoes than
natural water bodies meaning that fish ponds increase the
density of some mosquito species [19]. The impact of fish

ponds on mosquito fauna and arbovirus outbreaks should
be more investigated in Africa. Irrigation and fish ponds
may create breeding sites for mosquitoes promoting the
colonization by new species and better conditions for the
existing species.

The colonization of new species is also facilitated
by urbanization, which is sometimes associated with
deforestation. Eastwood et al. [21] explained that rapid
urbanization and alteration of natural habitats create the
opportunity for new species to colonize areas previously
occupied by trees leading to urban transmission of arbovi-
ruses affecting human populations. In Kenya, intact rain-
forests are now difficult to find as they are now frequented
by local villagers and are popular for ecotourism, leading
to the proliferation of certain arboreal mosquitoes [Aedes
(stegomyia) spp., e.g., Aedes africanus and Ae. Vittatus]
[21]. Some new mosquito species are attracted to the area
after the destruction of forests. This destruction and the
construction of buildings and houses leads to the arrival
of anthropophilic mosquitoes and a change in the behav-
ior of zoophilic vectors. Thus, Culex quinquefasciatus is
well known as a marker of disorganized urban areas since
it is abundant in polluted water of houses and buildings
[56]. In addition, modeling studies showed that the Asian
mosquito, An. stephensi would be more adapted to African
urban cities [65]. Luckily, An. stephensi is a poor vector
of arboviruses even though experimental infections have
shown its competence to several viruses.

Competence of vectors to viruses

Vector competence to pathogens can be defined as the abil-
ity of vectors to allow the replication of pathogens. It is
associated with the capacity of a vector to be infected and to
maintain and transmit an infectious agent [61]. Competent
mosquitoes, viruses, and susceptible hosts are required for
an arboviral transmission or epidemic. Aedes aegypti and the
invasive vector Ae. albopictus collected in Bangui, Central
African Republic, are competent to transmit CHIKV sug-
gesting a risk of an outbreak [49]. The competence of Ae.
albopictus to CHIKYV is modified by viral mutations sug-
gesting that the competence of mosquitoes to all arbovirus
strains should be assessed [63, 74]. CHIKYV strains isolated
during the Cameroon outbreak in 2006 and the Gabon out-
break in 2007 also revealed A226V mutation [52, 53]. Thus,
the possession of A226V mutation in two independent out-
breaks provided a selective advantage for CHIKV transmis-
sion [6].

In addition to viral strains, microbiota and immune
responses also influence the competence of African mosqui-
toes to arboviruses [67]. In Ae. aegypti (Rockefeller/UGAL
strain), knockdown of MYD88, a negative regulator of the
Toll immune pathway, increases more than two times the
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DENY intensity, indicating an anti-dengue function of the
Toll pathway in this arbovirus vector [83]. Carissimo et al.
showed a reduction of O’nyong nyong virus replication in
the African vector of malaria, An. coluzzi after a reduction of
microbiota by antibiotic treatments, meaning a pro-viral role
of microbiota in this Anopheles species. Viral responses of
mosquitoes and other factors involved in the mosquito com-
petence to arboviruses are under-studied in Africa because
of lack of human, material and financial resources; even
though, African mosquitoes are major vectors of arbovirus
worldwide. Most studies in Africa incriminate the competent
vectors of arboviruses but the mechanisms underpinning that
competence are not deciphered.

Insecticide resistance of vectors

Insecticide resistance is the selection of an inherited trait in
an insect population that results in an insect control product
that no longer performs as intended. Insecticides remain the
mainstay of many mosquito-borne disease control programs
in Africa; so, the risk of these programs being compromised
by insecticide resistance is a major concern. The develop-
ment of resistance depends upon many factors that enable
insects to resist insecticides. The well-studied resistance
mechanisms are target site resistance and metabolic resist-
ance. In target-site resistance, the specific binding site of an
insecticide is modified, which makes the target site incom-
patible for activation. In the case of metabolic resistance,
there is an over BNHY production/expression of detoxifying
enzymes resulting in the resistance to insecticides [35]. Nev-
ertheless, many vector species of public health importance
have already developed resistance to one or more insecti-
cides [48, 77, 84, 85]. Also, the continued use of agrochemi-
cals in vegetable production could influence the selection of
insecticide resistance in vector species [70].

Pyrethroids, carbamates, organophosphates, and organo-
chlorines are among the four main classes of insecticides
approved in public health [10]. In Ivory coast, Anopheles
mosquitoes, a vector of ONNYV, are resistant to all approved
classes of insecticides [22]. In the Republic of Congo, after
two massive outbreaks of CHIKYV, the adult populations of
Ae. aegypti were resistant to dichloro-diphenyl-trichloroeth-
ane (DDT) [33]. Aedes albopictus from Cameroon is also
resistant to DDT, propoxur, deltamethrin, and permethrin
[86]. These two latter insecticides belong to the pyrethroid
class that are used to treat bed nets across Africa. Pyrethroid
insecticide-treated bed nets (ITNs) help reduce the burden of
mosquito-borne diseases and also increase the resistance of
mosquitoes to Pyrethroid. There is, therefore, an urgent need
for an alternative class of insecticide that can be used with
nets to reduce selection pressure on pyrethroids. In addition
to ITNs, indoor residual spraying (IRS) is also used in vector
control programs in Africa but its coverage is below 50% [8,
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45]. Vector control programs should increase the coverage
of IRS with insecticides that do not belong to pyrethroids or
organochlorine like DDT.

Lack or weak coverage of vaccination

Vaccines are one of the most powerful tools of public health.
Vaccination campaigns have contributed to reduced mortal-
ity and morbidity of several infectious diseases. According
to the World Health Organization (WHO), vaccination is the
most effective prophylaxis against infectious disease. Vac-
cines are recognized as important and necessary tools to
fight the advancement of diseases [16]. Despite significant
advances in vaccine technologies in recent decades, some
arboviruses such as O’nyong nyong, Chikungunya, and Zika
still do not have an effective vaccine [76]. Vaccines are avail-
able for some arboviruses such as YFV and DENV but the
coverage is weak in endemic countries. For instance, despite
the availability of yellow fever (YF) vaccine, there are still
outbreaks in Africa. In Senegal, YFV was detected in 2015,
2020, and 2021 [18]. From 2016 to 2017, Angola, Nige-
ria, and the Democratic Republic of Congo witnessed the
re-emergence of YF [29, 64]. In Cameroon, YF outbreaks
were reported in 1990, 2006, 2007, and 2021 [34, 75]. In
Cameroon, during the 1990 YF outbreak, 125 deaths were
recorded and nine confirmed cases were reported in 2021
([70], Unpublished data) These repeated outbreaks are asso-
ciated with insufficient vaccine coverage [75]. According to
experts, immunization coverage of 80% or more is required
to prevent outbreaks by providing ‘herd immunity’ [3]. In
Cameroon, the average coverage for YF is around 57% and
most districts do not reach 80% of immunization coverage.
The weak coverage of YF vaccination is attributed to the
high price of the vaccine, poor communication about the
usefulness of taking a vaccine, and the absence of a cold
chain in most areas.

Unlike YF for which an approved vaccine exists in most
African countries, the dengue vaccine is approved in only a
few countries. The dengue vaccine is marketed as Dengvaxia
(CYD-TDV). It is a live attenuated virus protecting against
the four dengue serotypes. Because of antibody-dependent
enhancement, Dengvaxia is only recommended for dengue
seropositive people meaning that there is an urgent need for
an efficient vaccine for naive people [30]. Therefore, the
dengue vaccine is recommended in areas having at least
70% seroprevalence and only for people aged 9 years or
older [80]. This absence of dengue vaccine in most Afri-
can countries is probably the cause of multiple outbreaks
observed in Burkina Faso, Gabon, Kenya, and Sudan [50, 55,
62]. Although several outbreaks of arboviruses have been
reported in Africa, there are few data about those outbreaks
making them difficult to understand and prevent.
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Fig. 2 Comparison of Malaria and four Arboviruses. A Malaria and Yellow fever, B Malaria and Dengue, C Malaria and Chikungunya, D

Malaria and Zika

Scarcity of data on mosquito-borne arboviruses

Mosquito-borne viruses are considered neglected diseases,
though around 80% of the global population is exposed to
them. In Africa, most studies related to mosquito-borne dis-
eases focus on malaria thereby neglecting studies on arbo-
viruses [23]. Our search in PubMed shows that malaria is
at least 10 times more studied as compared to YFV, DENV,
CHIKYV and ZIKV in Africa (Fig. 2). Arboviral infections
are often misdiagnosed as malaria, due to some similar clini-
cal symptoms and also due to the absence of good diagnostic
laboratories and well-trained personnel. Health systems are
totally concerned with the burden of other co-existing febrile
illnesses like malaria. This latter situation leads to more
than 70% of febrile illnesses being treated as presumptive
malaria, without proper medical examination and laboratory
diagnosis [11].

In Africa, many patients with fever are designated as hav-
ing fever of unknown origin or malaria, and remain undi-
agnosed even if they do not respond to antimalarial drugs
[9]. Under these prevailing practices, there is a real risk of
ignoring arboviral diseases consequently resulting in an
outbreak and potentially high morbidity and mortality [68].

Therefore, it is urgent to carry out more studies on ento-
mological, virological, epidemiological, social, and anthro-
pological aspects of arboviruses in Africa. These aspects
are currently neglected during the outbreaks of infectious
diseases, even though several studies have shown the para-
mount roles of social and anthropological determinants in
the management of diseases [26]. Entomological and viro-
logical studies should help identify mosquito vectors and
their competence to viruses. The low number of studies on
mosquito competence to viruses, is due to the absence of
appropriate laboratories in Africa. Indeed, most arboviruses
require Biosafety Level 3 (BSL-3) laboratories, which are
not available in most African countries. Epidemiological
studies should provide a better overview of the severity of
arboviruses in humans and animals through accurate data of
their mortality and morbidity. Animals infected with arbovi-
ruses are rarely studied in Africa, even though several stud-
ies have shown the circulation of arbovirus in animals in
some African countries. In Madagascar: cattle, sheep and
goats, are differentially infected with RVFV and their preva-
lence depends on their sampling districts.
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Fig. 3 Illustration of factors
identified for promoting the
transmission of arbovirus in
Africa. The main factors are the
lack of drugs and vaccines, low
coverage of vaccination when

a vaccine exists, competence of
mosquitoes to viruses, diversity
and high density of vectors.
Climate change, urbanization, Increase In Vector
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Concluding remarks and future studies

The emergence and re-emergence of viruses are a huge chal-
lenge to human health as the outbreaks they cause remain
hard to predict and difficult to prevent. Better knowledge
of the factors involved in the transmission of arboviruses
will ease the fight against them. We show in this study that
the main factors causing the outbreaks of mosquito-borne
arboviruses in Africa are the presence of a high number of
competent vectors, the weak coverage of vaccines or their
absence, insecticide resistance of mosquitoes, and negli-
gence of arboviruses (Fig. 3). In addition, since most arbo-
viruses cause fever as in malaria, they are underdiagnosed
and spread insidiously because of their low mortality rate
in Africa. This low mortality rate of dengue in Africa as
compared to Asia is an enigma. Indeed, even though den-
gue outbreaks were recorded in several African countries,
the overall number of deaths is still low with less than 20
killed people per outbreak [55, 66]. However, the mortality
rate goes up when aggravating factors such as pregnancy
and other co-morbidities are present [66]. In 2018, the YF
arbovirus that killed at least 70,000 people in Africa, seems
the most dangerous arbovirus on this continent. However,
African governments and the World health organization
have adopted through an initiative called “Global strategy to
eliminate yellow fever epidemics (EYE), 2017-2026 [79]”,
some measures to reduce its spread [25]. The three primary
objectives of EYE are to protect at-risk populations, prevent
the international spread of YFV, and rapidly contain YF out-
breaks [82]. In addition, most African countries have created
national programmes for controlling YF. The main objective
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of those programmes is to better coordinate the fight against
YF via the identification of vectors and risk stratification
of areas and people. Those programmes and experts have
proved that YF outbreaks in Africa are mainly due to low
vaccination coverage and the presence of competent vec-
tors. Unlike dengue, the yellow fever vaccine is available,
but few people are vaccinated. Low coverage vaccination
is attributed to the high cost of vaccines and unavailability
in most cities since vaccines are available most time in big
cities in Africa. In addition to unvaccinated people, the cir-
culation of competent mosquitoes also contributes to arbo-
virus outbreaks in Africa. The factors contributing to a high
density of competent vectors are the presence of breeding
sites, urbanization, insalubrity, deforestation, agricultural
practices and climate change. Insecticides are mainly used to
reduce the mosquito population but the resistance of mosqui-
toes to insecticide weakens this control. With the objective
of understanding the transmission and outbreaks of mosquito
borne arboviruses in Africa, we suggest the following topics
for future studies:

Mosquito-borne viruses and insecticide resistance

Future studies should continue to characterize the mosquito
fauna in Africa and assess their susceptibility to the major
classes of insecticides used in agriculture and public health.
Most studies on the resistance of mosquitoes to insecticides
focus on main mosquito vectors such as An. gambiae, Ae.
aegypti and Cx. quinquefasciatus [12, 41, 69]; secondary
mosquitoes are, therefore, neglected. More efforts should
be placed to identify and understand the mechanisms of
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insecticide resistance in all mosquito species. The insecti-
cide resistance studies should target the four main mecha-
nisms of resistance, namely: target site alteration, metabo-
lism, cuticle, and behaviour. These two latter mechanisms
have not been studied appropriately because of difficulties to
set up protocols and standard operating procedures. Unlike
cuticular and behavioural resistances, target-site and meta-
bolic resistance are well studied, but they are not enough
molecular markers for metabolic resistance. The studies on
insecticide resistance should also determine any correlations
between insecticide resistance and mosquito competence to
viruses. Because of these multiple mechanisms of resistance,
it is urgent to find alternative methods like paratransgenesis
for mosquito management.

Paratransgenesis as an alternative to insecticides

Paratransgenesis in mosquitoes consists of reducing vector
competence by using engineered symbiotic microorganisms.
Contrary to insecticides, paratransgenesis is an environ-
mentally friendly tool and it is more specific as compared
to insecticides. Wolbachia is one of the most promising
paratransgenic candidates since it reduces or impedes the
transmission of several arboviruses such as dengue, Chikun-
gunya, and Zika [17, 20]. Releases of infected Ae. aegypti
with Wolbachia was efficient in blocking the transmission
of dengue in Australia [58]. In addition to Wolbachia spp,
some insect-specific viruses have shown interesting results.
For instance, cell fusing agent virus reduces the competence
of Aedes mosquitoes against Zika and dengue viruses [13].
Despite these interesting results, viral paratransgenesis is
less explored as compared to bacterial paratransgenesis, and
more effort should be done for characterizing insect-specific
viruses, especially their interaction with other viruses [42,
44, 54]. In the absence of vaccines and specific treatments
against arboviruses, viral paratransgenesis is a promising
approach to complement insecticides for preventing epidem-
ics and epizootics of arboviruses. Animal reservoirs play
a significant role in arbovirus epidemics and maintenance.

Animal reservoirs of arboviruses

Infected animals with arboviruses are rarely studied in
Africa, although several studies have shown epizootics of
arboviruses in some African countries. In Madagascar and
Cameroon: cattle, sheep and goats, are differentially infected
with RVFV and their prevalence depends on their sampling
locations [31, 59]. In addition, in Cameroon, the prevalence
of IgG in cattle varies by season and it is higher during
the dry season as compared to the rainy season [59]. The
impact of animal reservoirs is not well studied in most Afri-
can countries. However some studies have showed people

working with animals are more infected with RVFV than
those with no direct contact with them meaning that the
transmission from animals to humans plays a major role
during RVFV epidemics [36]. In Tanzania, RVFV is more
prevalent in old people (at least 50 years old) than the young
ones suggesting age as a risk factor [36]. The other risk fac-
tors should be identified for mitigating the negative impact
of RVFV on human health and the economy.
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