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Vector biology prospects in dengue research
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We argue that using more natural blood feeding methods to study mosquito vector competence for dengue viruses 
and exploring the effect of viral infection on other mosquito life-history traits that influence vectorial capacity will 
significantly advance our understanding of dengue epidemiology.
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Dengue disease is a growing public health burden in 
tropical and subtropical regions throughout the world. 
With at least two-fifths of the world’s population living in 
areas that are vulnerable to dengue epidemics and 50-100 
million infections each year, dengue is the most preva-
lent arboviral disease of humans worldwide (Guzman 
et al. 2010). Recent results from a vaccine trial showing 
only partial protection (Sabchareon et al. 2012) suggest 
that dengue will continue to impact global public health 
for the years to come. Dengue fever and its severe form, 
dengue haemorrhagic fever, are caused by RNA viruses 
of the genus Flavivirus that are transmitted by mosquitoes 
of the genus Aedes. At present, controlling mosquito vec-
tor populations is the primary dengue prevention strategy. 
Studying the biology of mosquito vectors and their role 
in the transmission of dengue viruses is an active field of 
research that has generated important knowledge for our 
understanding of dengue epidemiology. Failure to prevent 
the continued global expansion of dengue, however, sug-
gests that this understanding is insufficient. In this article, 
we review some of the limitations that we think have 
hampered dengue research in the field of vector biology. 
In particular, we advocate bridging the gap between field 
conditions of transmission and laboratory models of vec-
tor-virus interactions. We highlight two major research 
avenues that will further advance our understanding of 
vectorial transmission of dengue viruses and ultimately 
help to prevent or mitigate this debilitating disease: (i) 
designing experimental approaches that reproduce as 
closely as possible natural infections of mosquitoes and 
(ii) extending research on vector-virus interactions be-
yond vector competence to encompass other mosquito 
life-history traits that determine vectorial capacity. 

Vector competence is defined as the intrinsic ability of 
an arthropod to become infected and subsequently trans-
mit a pathogen (Kramer & Ebel 2003). Arthropods differ 
significantly in their vector competence for a given ar-
thropod-borne virus (arbovirus) both between and within 
vector species. Presently, the mosquito Aedes aegypti is 
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the principal dengue vector (Lambrechts et al. 2010). Due 
to its close association with humans, it has played a ma-
jor role in worldwide dengue emergence in the last half-
century. Although Aedes albopictus has been incrimi-
nated in small-scale dengue epidemics, it is considered 
a minor dengue vector compared to Ae. aegypti because 
of its lower vector competence and reduced aptitude to 
bite humans (Lambrechts et al. 2010). Nevertheless, the 
potential role of Ae. albopictus as a dengue vector has be-
come a major concern in dengue-free temperate regions 
where this mosquito has been established in the absence 
of Ae. aegypti. Whereas Ae. aegypti was, not so long ago, 
considered the primary vector of chikungunya virus, a 
single viral mutation conferred enhanced transmission 
by Ae. albopictus and was subsequently selected in plac-
es where Ae. albopictus is the dominant vector species 
(de Lamballerie et al. 2008). This invasive mosquito has 
been incriminated as the principal vector in several re-
cent chikungunya outbreaks in various locations around 
the world, including Italy (Angelini et al. 2008).

Historical methods of determining vector compe-
tence have had important experimental constraints that 
limit our ability to extrapolate to natural transmission 
and to understand the significance of data from epidemi-
ological studies with humans. In particular, this research 
has, almost exclusively, been restricted to artificial in-
fectious blood meals, largely due to ethical and logistical 
concerns associated with studies of naturally infected 
human subjects and the lack of a relevant animal model. 
Artificial infectious blood meals are generally composed 
of cultured virus mixed with animal blood presented to 
mosquitoes across a skin-simulating membrane. These 
methods are known to have a direct impact on virus-vec-
tor interactions in at least three important ways. First, 
common use of defibrinated blood in the infectious ar-
tificial blood meals can alter the distribution of virus 
within the mosquito midgut and result in a systematic 
underestimation of infection rates in experimentally ex-
posed mosquitoes (Weaver et al. 1993). Second, passage 
in cell culture can select for viral mutations that are not 
maintained in nature and may affect the ability of the 
virus to replicate in a different cell type (Weaver et al. 
1999). Third, the blood of a viraemic human may con-
tain several immune factors (e.g. rising antibody titres) 
and other blood components that can impact vector com-
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petence, but are not present in an artificial infectious 
blood meal. Variation in Ae. aegypti vector competence 
for dengue viruses has been extensively characterised 
using artificially-exposed mosquitoes challenged with 
cell-cultured dengue viruses, but presently there is little 
data available to calibrate this knowledge to what is ex-
pected during natural human-to-mosquito transmission.

There have been a few, notable exceptions to these 
standard methods. In their classic studies during the 
1920s and 1930s, Siler et al. (1926) and Simmons et al. 
(1931) were able to demonstrate, through human-to-
mosquito-to-human dengue virus transmission experi-
ments, that the intrinsic (human host) incubation period 
of the virus was on average six days, but could be as long 
as 12 days. The human infectious period typically lasted 
four to five days and Ae. aegypti females infected after 
biting viraemic people were able to transmit the virus by 
bite to a second person after a minimum of 11 days of ex-
trinsic (mosquito host) incubation. Half a century later, 
Gubler et al. (1978) examined transmission of dengue 
virus from people to mosquitoes by allowing laboratory-
reared mosquitoes to feed on the arm of dengue-infected 
patients in Tonga. In this latter study, only one out of six 
participants was infectious to mosquitoes. 

New studies based on direct exposure of people to 
mosquitoes are needed to document the extent of varia-
tion in human dengue infectiousness to mosquitoes and 
to elucidate the underlying host factors. Although we 
expect infectiousness to be positively correlated with 
viraemia, the precise shape of the relationship (between 
viraemia titre and the proportion of transmitting mos-
quitoes) and the influence of co-factors are currently 
unknown. While direct feeding methods have not been 
used extensively in arbovirology, there is a substantial 
body of work in malariology that is based on more natu-
ral feeding techniques. Several studies have explored 
interactions between Plasmodium parasites and anoph-
eline mosquitoes by feeding laboratory-reared mosqui-
toes on people with active malaria infections, alone, or 
in comparison with artificial feeding methods, provid-
ing valuable experimental models (Bonnet et al. 2000, 
Awono-Ambene et al. 2001, Diallo et al. 2008).

In addition to vector competence, several other en-
tomological parameters contribute to vectorial capacity, 
which reflects the overall contribution of the vector pop-
ulation to pathogen transmission (Kramer & Ebel 2003). 
They include the vector biting rate, vector density, vector 
survival and the duration of the virus extrinsic incuba-
tion period. To date, research on the interactions between 
dengue viruses and their mosquito vectors has primarily 
focused on vector competence. The most obvious reason 
is that other parameters, most notably the biting rate, are 
difficult to measure in an experimental setting. Howev-
er, the relative contribution of variation in vector com-
petence to changes in vectorial capacity is small com-
pared to, for example, variation in biting rate or survival. 
This is because, mathematically, vector competence is 
linearly related to vectorial capacity whereas biting rate 
and survival influence vectorial capacity according to a 
power function (Kramer & Ebel 2003). For example, the 
biting rate is elevated to the power 2 in the equation of 

vectorial capacity because a mosquito must bite a human 
twice for virus transmission to occur (the 1st time to ac-
quire the virus, the 2nd to deliver it). An important gap 
in our knowledge is to understand how these mosquito 
life-history traits, biting rate and survival, are affected 
by dengue virus infection.

Like most arboviruses, dengue viruses establish infec-
tion in many different mosquito organs, including the sali-
vary glands and the central nervous system. The salivary 
glands store the infectious viral particles that are released 
into the saliva and inoculated when the mosquito female 
probes the host skin. Both the probing time and the time 
required to acquire a blood meal may be longer in dengue-
infected mosquitoes compared to uninfected ones (Platt 
et al. 1997). This could be a mechanical consequence of 
the virus disturbing the physiology of the salivary glands 
or an indirect behavioural modification induced by viral 
invasion of the brain tissue. A recent study showed that 
Ae. aegypti odorant-binding protein genes involved in 
host-seeking or probing behaviour are modulated by den-
gue virus infection (Sim et al. 2012). From an evolution-
ary standpoint, this change in mosquito behaviour may 
provide a selective advantage to the virus and may be the 
result of natural selection. Indeed, an extended duration 
of blood feeding increases the risk of interruption by the 
host, which in turn increases the probability that the in-
fected mosquito feeds on additional host(s), thus creating 
more opportunities for virus transmission. 

Viral infection induces manifold effects in mosqui-
toes that may cause fitness costs resulting from realloca-
tion of energy resources towards viral replication to the 
detriment of life-history traits such as survival. Across 
different vector-virus systems, the effect of arboviral in-
fection on mosquito survival is modest, but significantly 
negative (Lambrechts & Scott 2009). In a striking exam-
ple, Ae. aegypti females infected with dengue virus died, 
on average, twice as fast as uninfected females (Maciel-
de-Freitas et al. 2011). Vector longevity was negatively 
associated with viral load at death, suggesting that the 
intensity of viral replication was directly related to the 
reduction in survival. In addition, the longevity of mos-
quitoes that were exposed but cleared the infection was 
reduced compared to infected mosquitoes, indicating 
that resistance mechanisms may be more costly than tol-
erance mechanisms. Presumably, the negative effect of 
viral replication on vector survival does not result from a 
direct pathogenic effect, but rather from an indirect effect 
due to metabolism disturbance. Although reduced vec-
tor survival negatively impacts the probability of virus 
transmission, evolutionary theory predicts that the over-
all outcome can be advantageous to the virus if increased 
virulence (the reduction of host fitness due to infection) 
also confers enhanced horizontal transmission (Lam-
brechts & Scott 2009). For instance, increased frequency 
of vector-host contacts resulting from the manipulation of 
blood feeding behaviour in heavily infected mosquitoes 
may counterbalance the negative effects on survival. 

Perhaps to a lesser extent, dengue infection is also 
likely to alter other mosquito life-history traits than 
survival and biting rate. Infected mosquitoes may al-
locate more resources to reproduction as a compensa-
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tory mechanism to maintain fitness in spite of a shorter 
lifespan. Alternatively, the energy diverted by viral 
replication may result in an additional fitness cost in 
infected mosquitoes in the form of reduced fecundity. 
A negative impact on egg production was observed in 
dengue-infected Ae. aegypti (Maciel-de-Freitas et al. 
2011). Dengue infection may also alter behavioural traits 
that are not directly related to blood feeding such as lo-
comotor activity (Lima-Camara et al. 2011). Increased 
locomotor activity in dengue-infected mosquitoes could 
potentially increase the chances to find a host (Luz et al. 
2011). Alternatively, dengue-infected mosquitoes could 
be less agile in their movements and therefore become 
more vulnerable to predation as was demonstrated for 
insecticide resistant mosquitoes (Berticat et al. 2004).

To date, most studies on dengue virus transmission by 
mosquitoes have focused on the outcome of direct inter-
actions between the vector and the virus that contribute 
to determine vector competence. The majority of these 
studies have relied on laboratory systems that use artifi-
cial infectious blood meals. We suggest that addressing 
both of these limitations in future studies will provide 
new insights into dengue epidemiology. Using more 
natural feeding techniques is necessary to determine the 
influence of vertebrate host factors on infectiousness to 
mosquitoes and to evaluate the relative contribution of 
infected people to virus transmission. Wherever possi-
ble, vector competence assays should be performed using 
field-derived mosquitoes from the local population that 
are exposed to the blood of viraemic people by direct-
ly feeding on them. Indirect feeding on viraemic blood 
drawn from a dengue-infected person via an artificial 
feeder is an alternative when direct feeding is not pos-
sible or deemed unethical. Finally, vector competence is 
only one of several entomological parameters underlying 
vectorial capacity and certainly not necessarily the most 
influential. The effects of dengue virus infection on other 
mosquito life-history traits that influence virus transmis-
sion need to be explored in more detail. Understanding 
the relationships between vector fitness and arboviral 
infection has important implications for predicting the 
evolution of vector-virus relationships and their role in 
the emergence and maintenance of arboviruses.
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