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Vector competence

u Vector-borne pathogens infect and                                 replicate 
or develop in both a vector and vertebrate                                              
host

u Vector competence refers to susceptibility to                            
infection, replication, and transmission of a 
pathogen

u Understanding the interactions between pathogens, vectors, and 
vertebrates allows determination of the weak links at which 
control efforts should be directed

u Here we will limit our investigation to ecological interactions and 
mosquito vector competence for arboviruses
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Extrinsic incubation period (EIP)
u EIP is an important determinant of vector competence

u EIP of virus is the time interval between ingestion of an 
infectious blood meal and oral transmission of the virus

u Duration of the EIP depends on several factors
u Temperature

u Larval rearing conditions
u Oral infectious dose

u Genotypes of vector and virus

VC=

u The average number of potentially infective bites delivered 

by all vectors feeding on a single host in 1 day
u m = vector density in relation to the host

u a = probability that a vector feeds on a host in 1 day

u p = probability that a vector survives 1 day

u n = duration of the extrinsic incubation period (in days)

u I ( infection rate) * T (transmission rate) is equal to vector competence (b)

u 1/-ln(p) = duration of the vector’s life in days after surviving the EIP

[ma2(I*T)pn]
-ln(p)

VC = Vectorial capacity

VC=

u Abundance (m) and vector competence

(b=I*T) influence the reproductive rate 

of the arbovirus linearly (weakly)

u Host feeding (a), vector longevity (p) and EIP (n) influence 

vectorial capacity more strongly (square or exponent)

[ma2(I*T)pn]
-ln(p)

Lounibos and Kramer 2016
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A. Mosquito ingests infectious blood meal
B. Virus infects midgut epithelial cells

C. Virus escape midgut and is released into the hemocoel
D. Virus infects salivary glands, muscle and other organs

E. Infected mosquito transmits virus to new host

D

D

B

AE

CCrop

Midgut

Thoracic muscle

Salivary 
Glands

Extrinsic incubation period: time from 

acquisition of pathogen to time when
transmission is possible

Barriers to biological transmission
of arboviruses
u Events that occur following ingestion of virus infected blood to 

subsequent transmission

(A) Virus is deposited in the midgut

(B) Virus infects midgut epithelial cells by crossing midgut infection barrier (MIB)

(C) After substantial replication, virus escapes to hemocoel by crossing

midgut escape barrier (MEB)

(D) Virus disseminates to other organs, including salivary glands by

crossing salivary gland infection barrier (SIB)

(E) Virus containing saliva enters host skin through crossing salivary gland 

escape barrier (SEB) upon biting
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Take home message 
(barriers to transmission of arboviruses)

u The midgut and salivary glands act as barriers to 
virus infection and escape.   

u Vector competence reflects success in overcoming 
different barriers within the vector

What types of factors influence arbovirus barriers to 
infection in mosquitoes?

u INTRINSIC FACTORS

u Midgut microbiota

u Immune responses

u EXTRINSIC FACTORS

u Temperature

u Nutrition

u Humidity

u Chemicals

u GENETIC FACTORS

u Vector genotype

u Viral genotype

Types of arbovirus transmission by mosquitoes
u Horizontal transmission: 

uVector to vertebrate
u Passed from infected female mosquito to uninfected 

vertebrate host

uVector to vector
u Venereal: passed from infected male mosquito to 

uninfected female mosquito

u Vertical transmission: female parent passes the 
virus to the offspring

horizontal

vertical
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What types of ecological interactions 
are likely encountered by mosquitoes?

Mosquitoes and their environment

u Environment consists of abiotic and biotic factors

u These environmental factors are the basis for ecological 
interactions that may alter vector competence

Biotic Abiotic

Biological interactions Various

Mutualism (+/+) Temperature

Commensalism (+/0) Nutrient resources

Competition (-/-) Chemicals (insecticides)

Predation, parasitism, herbivory (+/-) Photoperiod

Humidity

Others
Direct effects, indirect effects, cascading effects, keystone species
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Mosquitoes and ecological interactions

u May operate on different life stages to influence vector competence

u The two life stages that have been most investigated and likely to 
affect vector competence are the larval and adult stages

Crowded larval conditions, nutrient 
deprivation, exposure to predators

Outline

u Vector competence and vectorial capacity
u Barriers to transmission of arboviruses
u Ecological interactions
u Larval stages
u Adult stages

Competition

Crowded larval conditions
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Larval stage: Competition

u Competition is a mutually negative interaction between 
organisms

u Intraspecific competition: Among members of the same 
species (modeled in logistic growth)

u Interspecific competition: Between individuals of different 
species

-Interference

-Exploitative

-Apparent

Interference

Apparent

Exploitative

Case example: Methods

u Rear A. aegypti and A. albopictus alone or with the other 
species at low and high densities during the immature stages

u Allow adult mosquitoes to imbibe an arbovirus infected blood 
meal

u Later test adults mosquitoes for susceptibility to infection and 
disseminated infection

Larval competition alters susceptibility to dengue virus infection

u Proportion infected and disseminated infections after 

fed dengue-2 virus

u Competition treatments (A. albopictus:A. aegypti) 

per rearing container;

u Low 160:0 (       open circle)

u High (intra, albo) 320:0 (       filled circle)

u High (inter, albo/aeg)160:160 (     grey circle and     grey square)

u High (intra, aeg) 0:320 (       filled square)

u Low 0:160 (       open square)

= A. albopictus

= A. aegypti

Alto et al. (2008) Proc R Soc B 275: 463-471
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Larval competition alters susceptibility to LaCrosse virus infection

u A. albopictus is competitively superior (larvae) to native A. triseriatus. 

u Interspecific interactions may impose asymmetric nutritional stress on A. 
triseriatus by resource depletion and enhance susceptibility to LACV 

Bevins (2008) Biol. Invas. 10:1109-1117

Replacement series design

Treatments 1 2 3 4 5

# larvae

tris 48 36 24 12 0

albo 0 12 24 36 48

u Large A. triseriatus from interspecific treatments had higher infection and dissemination 

rates of LACV compared to intraspecific treatments of A. triseriatus

inter

intra
intra

inter

A. triseriatus infection with LaCrosse virus

Competition:
Conclusion

u Competition during the larval stages 
enhanced arbovirus infection of 
adults

u This effect was found in both intra 
and interspecific conditions, 
depending on the competing species
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Larval stage: 
Predation

Lethal effects

Non lethal effects 
(non-consumptive)

Predation

u Lethal effects (density-mediated) of predators as control 
interventions are well-characterized

u Non-lethal effects (trait-mediated) may alter potential for 
mosquitoes to transmit pathogens 

u Non-lethal effects of predation on arthropod & fish prey may exceed 
effects attributable to lethality (Priesser et al. 2005)

u Caged predator

u Predator cues 

u Exposure to predator stress shortens adult survival (Bellamy and Alto 
2018, Alto et al. 2012) 

Predatory
Midge
C. appendiculata

Predatory
mosquito
T. rutilus

Larval stage: Predation

u Predator-induced phenotypic changes may be common in prey with discrete larval and adult stages

u Natural study system (P. falciparum, An. coluzzii, predatory backswimmer A. jaczewskii)

u Treatment (predator allowed to consume mosquitoes) and Control (no predator)

u Predator exposure did not significantly alter mosquito susceptibility to P. falciparum, but it incurred 
strong fitness costs on life history traits (larval development, adult size, fecundity and longevity)

u Epidemiological model showed predator exposure significantly decrease malaria transmission

u Results highlight importance of considering environmental stressors on disease ecology 
Roux et al. (2015) Proc. R. Soc. B 282: 20152430
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Nutrition

Decomposing organic matter (plant detritus, decomposing invertebrates provides
the basal resources for microorganisms that form the diet for mosquito larvae 

Treehole with leaf detritusDead insects in water

u Nutrient deprivation as larvae may enhance adult infection 
and transmission of pathogens
¨ Aedes (LaCrosse, dengue, Sindbis viruses) 

¨ Anopheles reductions in melanization response 

u Possible mechanisms
¨ Midgut morphology

¨ Thinner basement membrane (fewer basal laminae) in small-sized 
adults than in large-sized adults 

¨ Altered cellular and humoral branch of innate immune system 
¨ Immune-related genes and hemocyte cells (A. aegypti)

¨ Differential expression of stress-specific genes (HSP70, HSP83)

Larval nutrition stress affects adult traits relevant
to potential to transmit pathogens 

Case example: Larval Nutrient Effects on vector competence of A. 
aegypti for Zika virus

Investigating a gradient of basal nutrients comprised of plant and 

animal based detritus

Different nutrient environments produce adult mosquitoes with 

different CN signatures (nutrient stoichiometry). This variation may 
have consequences for life histories and interactions with pathogens

Andrew Paige

Atoms of carbon (C)

Atoms of nitrogen (N)
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Methods

Incubate animal : plant detritus in 2L 

water and 1mL tire inoculum 

Larval Density 0.08 Lava/mL

Treatment Groups 

1 unit = 0.15 g Detritus

Animal (g) Plant (g) Ratio

0.15 0.00 1:0

0.30 0.00 2:0

0.60 0.00 4:0

0.00 0.75 0:5

0.00 1.50 0:10

0.15 0.75 1:5

0.15 1.50 1:10

0.30 0.75 2:5

0.30 1.50 2:10

0.60 1.50 4:10

Methods

u Rear larvae in animal and plant detritus treatments

u Adult females fed on Zika virus infected blood 

u Tested separately for presence of virus

u Legs (disseminated infection)

u Saliva (horizontal transmission potential)

u Tested C and N by an elemental combustion system 

Blood feed Hold fully engorged ♀♀
(14 d) 

Plaque assay and qRT-PCR Collect saliva 
(capillary tube)

Results (Zika virus infection)

u Zika virus disseminated infection decreased with % nitrogen

u Disseminated infection and saliva infection decreased with availability of 

animal detritus
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Larval stage: Insecticides

u Rear mosquitoes in presence and absence (control) of a 

low dose of malathion at 20°C (low) or 30°C (high) temperatures

u The presence of malathion induced similar mortalities among 

immature stages (25-30%)

u Significant interaction between temperature and malathion

with higher rates of infection and disseminated infection in 

malathion-exposed females than control treatments

Muturi and Alto (2011) Vector-Borne and Zoonotic Dis.

Larval stage: Insecticides

u Rear mosquitoes in presence and absence (control) of a 

low dose of malathion at 20°C (low) or 30°C (high) temperatures

u The presence of malathion induced similar mortalities among 

immature stages (25-30%)

u Significant interaction between temperature and malathion

with higher rates of infection and disseminated infection in 

malathion-exposed females than control treatments
*

*
n.s.

n.s.

Muturi and Alto (2011) Vector-Borne and Zoonotic Dis.

Larval stage: 
Temperature
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Larval stage: Temperature

u Temperature influences growth and development of 
mosquitoes

Cooler rearing temperatures destabilize
RNA interference 

u Transgenic mosquitoes used to identify immune                         

responses under different rearing temperatures                  

(18°C or 28°C)

u Identified a correlation between virus-susceptibility phenotype 
and temperature-dependent deficiencies in antiviral immunity 

(RNAi impaired in mosquitoes reared at cooler temperatures)

u Provides a molecular mechanism for previously               

described observations

Adelman et al. (2013) PLoS Negl. Trop. Dis.

Outline

u Vector competence and vectorial capacity
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Adult stage: Temperature

u Temperature affects virus susceptibility, EIP, and viral replication

u Increase in susceptibility upon increasing temperature (Tabachnick 2013)

Adult stage: Temperature
u A study examined vector competence of Cx. pipiens biotypes and hybrids after 14 d 

incubation after exposed to WNV (intrathoracic or ingestion)

u Temperature differentially affected vector competence of Cx. pipiens biotypes and hybrids

u Transmission rates of Cx. pipiens (0-32%) and hybrids (0-14%) increased with temperatures, but not Cx. 
molestus (6-10%). A similar pattern was observed for infection

u Results suggest an important role of the midgut in determining vector competence and an interaction 

between vector genotype and temperature

Vogels et al. (2016) Parasites & Vectors 9: 393

intrathoracic

ingestion

intrathoracic

ingestion

Adult stage: Temperature
u Temperature fluctuations between day and night influence vector competence

u Large temperature fluctuations may facilitate disseminated infection of DENV in A. 
aegypti, thus reducing the EIP (at low but not high temperatures) 

Dengue-1 virus

Carrington et al. (2013) PLoS Negl Trop Dis

The picture can't be displayed.

The picture can't be 
displayed.

Low
temperatures

High 
temperatures
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Adult stage: 
Microbiome 
(Wolbachia 
symbionts)

Wolbachia and alterations in vector competence 
of arboviruses as mediated by creating less 
competent vectors via two pathways:

Direct: lower susceptibility to infection, 
replication, disseminated infection and 
transmission potential

Indirect: Shortened lifespan reduced probability 
completing the EIP and lower contact rates 
between infectious mosquitoes and vertebrate 
hosts 

u Determine the molecular mechanism underlying 
Wolbachia-mediated resistance to DENV in A. aegypti

u The presence of Wolbachia wAlbB strain induces the                      
Toll signaling pathway through oxidative stress

u Toll pathway leads to expression of antimicrobial molecules 
(defensins and cecropins) to enhanced resistance to viral infection

u Wolbachia primes the mosquito innate immune system and 
potentially competition for limiting cellular resources required for 
pathogen replication

u Implications for control Proc Natl Acad Sci (2012) 109: E23-E31

Wolbachia symbionts 

Case example: Interactions between mosquitoes and pathogens

u Wolbachia blocks Zika virus 
infection in A. aegypti

u Wolbachia are maternally inherited 
bacterial symbionts found in >60% insects

u ZIKV prevalence, intensity, and disseminated infection were reduced

u Saliva from Wolbachia-harboring mosquitoes did not contain infectious ZIKV
Dutra et al. (2016) Cell Host & Microbe 19: 771-774
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Adult stage: Microbiota

u Removal of gut bacteria thru antibiotic treatments results in higher 
dengue-2 viral loads in A. aegypti (Xi et al. 2008)

u Authors suggested innate immune responses elicited by midgut 
bacteria (Toll pathway) may have been compromised

u Paratransgenesis: genetic modification of insect microbiota to inhibit 
human pathogens

u Yeasts can be genetically modified to inhibit arboviruses through 
secretion of antiviral anti-microbial peptides possessing anti-DENV and 
anti-CHIKV activity (Luplertlop et al. 2011)

End

Thank you

Contact

Barry Alto

bwalto@ufl.edu


