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Arbovirus Vectors: Influence of Anopheles 
Mosquito Saliva on Plasmodium Infection

Abstract
Malaria, a life-threatening disease caused by the Plasmodium parasite, continues to 
pose a significant global health challenge. The transmission of malaria primarily occurs 
through the bite of infected female Anopheles mosquitoes. While the mechanism 
of Plasmodium transmission is well-established, recent research has unveiled the 
substantial influence of Anopheles mosquito saliva on Plasmodium infection. This 
review article explores the complex interactions between mosquito saliva and the 
malaria parasite, shedding light on the various ways in which mosquito saliva impacts 
different stages of Plasmodium infection. Understanding these interactions can pave 
the way for innovative strategies in malaria control and prevention.
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Introduction
Malaria is a widespread disease affecting millions of people 
worldwide, particularly in tropical and subtropical regions. 
The primary vectors responsible for transmitting malaria are 
female Anopheles mosquitoes. In addition to serving as a 
mechanical means of parasite transmission, the saliva of these 
mosquitoes contains bioactive molecules that play a significant 
role in modulating the host immune response and influencing 
Plasmodium infection [1].

Mosquito saliva composition
Anopheles mosquito saliva is a complex mixture of bioactive 
molecules. These include immunomodulatory proteins, enzymes, 
anticoagulants, vasodilators, and anti-inflammatory compounds. 
The composition of mosquito saliva can vary among different 
Anopheles species, geographical locations, and mosquito feeding 
behaviors [2].

Immunomodulatory effects
Mosquito saliva components possess immunomodulatory 
properties that can alter the host immune response to 
Plasmodium infection. These molecules can suppress innate and 
adaptive immune responses, thereby creating an environment 
that facilitates parasite survival and establishment.

Impact on plasmodium development
Mosquito saliva has been shown to affect various stages of the 
Plasmodium life cycle. Salivary proteins can influence the survival 
and development of Plasmodium within the mosquito vector, 
affecting the intensity and duration of infection. Additionally, 
saliva-mediated interactions can enhance the infectivity of 
sporozoites, increasing the likelihood of successful transmission 
to humans.

Altered Disease Severity
Components of mosquito saliva can modulate blood coagulation 
and inflammation at the site of the mosquito bite. These 
effects can contribute to increased disease severity, leading to 
more severe symptoms and complications in malaria-infected 
individuals [3, 4].

Implications for Malaria control
Understanding the influence of Anopheles mosquito saliva on 
Plasmodium infection has significant implications for malaria 
control strategies. Exploiting this knowledge can help develop 
novel interventions that specifically target mosquito saliva. 
Potential avenues include the development of vaccines that 
target salivary proteins, combination interventions that integrate 
mosquito control measures with anti-saliva approaches, and the 
design of personal protective measures that inhibit the interaction 
between mosquito saliva and the human host.
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Challenges and future directions
While research on the influence of mosquito saliva on Plasmodium 
infection has made significant progress, several challenges 
remain. Standardization of experimental approaches, elucidation 
of specific molecular mechanisms, and comprehensive studies 
on different Anopheles species are necessary to further our 
understanding in this field. Additionally, the translation of 
findings into practical interventions and their evaluation in real-
world settings is crucial for effective malaria control [5, 6].

Monitoring malaria and arbovirus vectors is essential for effective 
vector control and disease surveillance programs. Here are some 
details on monitoring methods commonly used for these vectors:

Entomological surveys
Entomological surveys involve the collection, identification, and 
analysis of mosquitoes in a particular area. These surveys provide 
valuable information about mosquito species composition, 
abundance, distribution, and their potential role in disease 
transmission. Different sampling techniques can be employed, 
including:

Human landing catches: Trained collectors capture mosquitoes 
attracted to humans by exposing themselves and using mouth 
aspirators to collect the mosquitoes landing on their skin [7-10].

Indoor and outdoor resting collections: Mosquitoes resting 
indoors or outdoors are captured using aspirators, sweep nets, 
or insecticide-treated surfaces such as window traps or resting 
boxes.

Larval surveys: Aquatic habitats, such as stagnant water bodies, 
are inspected for mosquito larvae and pupae. Larval surveys 
help identify breeding sites and assess larval density and species 
distribution.

Light traps: Light traps attract and capture adult mosquitoes using 
artificial light sources. These traps are often set up indoors or 
outdoors, and collected mosquitoes are subsequently identified 
and analyzed.

Molecular Techniques
Molecular techniques play a crucial role in vector surveillance 
and identification. These methods involve DNA-based analyses to 
determine the species, genetic diversity, and infection status of 
mosquitoes. Some commonly used molecular techniques include

Polymerase chain reaction (PCR): PCR is employed to amplify 

and detect specific DNA sequences of vector species or 
pathogens present in mosquitoes. It helps identify vector species, 
differentiate between sibling species, and detect the presence of 
pathogens like Plasmodium or arboviruses.

Real-time PCR: Real-time PCR allows for the quantitative 
detection and monitoring of specific DNA sequences in real-time. 
It is particularly useful for tracking disease transmission dynamics 
and assessing vector population densities.

Next-generation sequencing (NGS): NGS technologies enable 
the sequencing of mosquito genomes and the identification 
of novel genetic markers associated with vector competence 
and insecticide resistance. NGS can also reveal the diversity of 
pathogens carried by vectors (Table 1).

Insecticide resistance monitoring
Monitoring insecticide resistance in malaria and arbovirus 
vectors is crucial for ensuring the effectiveness of vector control 
interventions. Standardized protocols, such as the WHO Pesticide 
Evaluation Scheme (WHOPES) guidelines, are followed to assess 
vector susceptibility to commonly used insecticides. Bioassays, 
involving exposing mosquitoes to insecticide-treated papers, 
help determine resistance levels and inform decision-making 
regarding the choice of insecticides [11].

Sentinel animal surveillance
Sentinel animal surveillance involves monitoring animals, such as 
non-human primates or domestic animals, for the presence of 
arboviruses. Blood samples are collected from sentinel animals, 
and serological tests or viral isolation techniques are used to 
detect the presence of arbovirus infections. This surveillance 
approach provides an early warning system for arbovirus activity 
in specific areas.

Geographic information systems (GIS)
GIS technology is utilized to spatially analyze and visualize vector 
and disease data. It helps identify high-risk areas, track vector 
distribution patterns, and optimize resource allocation for vector 
control activities. GIS can integrate various data sources, such 
as entomological surveys, environmental variables, and human 
population data, to generate risk maps and guide targeted 
interventions (Table 2).

Longitudinal surveillance
Longitudinal surveillance involves continuous monitoring of 

Surveillance Technique Description
Human Landing Catches Trained collectors capture mosquitoes landing on humans.
Indoor and Outdoor Resting Collections Mosquitoes resting indoors or outdoors are captured using various tools.
Larval Surveys Inspection of aquatic habitats to collect mosquito larvae and pupae.
Light Traps Traps using artificial light sources to attract and capture adult mosquitoes.
Molecular Techniques (PCR, real-time PCR, NGS) DNA-based methods to identify mosquito species and detect pathogens.
Insecticide Resistance Monitoring Assessment of vector susceptibility to insecticides.
Sentinel Animal Surveillance Monitoring animals for arbovirus infections.
Geographic Information Systems (GIS) Analysis and visualization of vector and disease data.
Longitudinal Surveillance Continuous monitoring of vector populations and disease prevalence over time.

Table 1. Mosquito surveillance techniques.
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vector populations, disease prevalence, and environmental 
factors over an extended period. It provides valuable insights into 
seasonal variations, trends, and changes in vector dynamics and 
disease transmission patterns. Longitudinal surveillance helps 
identify early warning signs and enables timely and targeted 
interventions [12-14].

Discussion 
The influence of Anopheles mosquito saliva on Plasmodium 
infection is an emerging area of research that has unveiled the 
intricate interactions between the mosquito vector and the 
malaria parasite. Understanding the impact of mosquito saliva on 
Plasmodium infection is crucial for developing effective strategies 
for malaria control and prevention. Here, we discuss the influence 
of Anopheles mosquito saliva on Plasmodium infection and 
highlight the importance of monitoring malaria and arbovirus 
vectors for effective disease management.

Anopheles mosquito saliva is a complex mixture of bioactive 
molecules that are injected into the human bloodstream during 
a mosquito bite. Initially considered a mere mechanical aid for 
blood uptake, recent studies have revealed that mosquito saliva 
plays a significant role in modulating the host immune response, 
blood coagulation, and inflammation. These effects have a 
profound influence on Plasmodium infection dynamics.

One of the key aspects of mosquito saliva is its immunomodulatory 

Parameter Description
Mosquito Species Composition Identification of mosquito species present.
Mosquito Abundance and Density Estimation of mosquito population densities.
Pathogen Infection Rates Determination of the prevalence of pathogens (e.g., Plasmodium, arboviruses) in mosquitoes.
Vector Competence Assessment of the vector's ability to transmit pathogens.
Insecticide Resistance Monitoring the susceptibility of mosquitoes to insecticides.
Blood Meal Analysis Identification of host species from mosquito blood meals.
Environmental Variables Monitoring climatic and ecological factors influencing vector populations.
Seasonal Variation Tracking changes in vector dynamics and disease transmission patterns across seasons.
Spatial Distribution Mapping the geographical distribution of vector populations and disease hotspots.
Vector Behavior Studying mosquito behaviors such as host-seeking, biting preferences, and resting habits.

Table 2. Commonly monitored parameters in vector surveillance.

properties. Saliva components can suppress the host immune 
response, allowing the Plasmodium parasite to evade detection 
and establish infection. By altering the balance of pro-
inflammatory and anti-inflammatory signals, mosquito saliva 
creates an immunosuppressive environment that favors parasite 
survival and replication.

Furthermore, mosquito saliva has been found to enhance the 
survival and development of Plasmodium within the mosquito 
vector. Salivary molecules can support the growth and maturation 
of the parasite, increasing the intensity and duration of infection. 
Additionally, certain components of mosquito saliva can enhance 
the infectivity of sporozoites, the stage of the parasite that is 
injected into the human bloodstream during a mosquito bite. 
This facilitates the successful transmission of Plasmodium from 
the mosquito to the human host [15].

Conclusion
The influence of Anopheles mosquito saliva on Plasmodium 
infection represents a fascinating area of research with profound 
implications for malaria control. Understanding the intricate 
interactions between mosquito saliva and the malaria parasite 
can provide valuable insights into the development of innovative 
strategies to combat this global health burden. Continued 
investigations in this field hold great promise for reducing malaria 
transmission, improving treatment outcomes, and ultimately 
eradicating this devastating disease.
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