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Abstract 

This study examined the effects of plasmodium infections on the lifespan of 

female anopheles mosquitoes. Mosquitoes are the only known vector for plasmodium, 

which causes malaria. Malaria continues to be one of the leading causes of mortality in 

Sub-Saharan Africa, and one of the leading causes of infant mortality worldwide. 

Research has been underway to understand the relationships between vectors and the 

parasite in controlling the spread of diseases. There had been conflicting results about the 

effects, if any, of plasmodium infections on the lifespan of mosquitoes.  

This study reviewed literature from various researches to explore the relationships 

between plasmodium infections and the lifespan of mosquitoes. A total of 22 articles 

were reviewed and results were analyzed. Some of the studies did not show a significant 

relationship between plasmodium infections and the lifespan of mosquitoes, others 

showed a positive relationship and yet others a negative relationship. The review found 

that plasmodium infections do affect the lifespan of mosquitoes, but not independently. 

This study helps fill the gap in knowledge about plasmodium and mosquito relationships.  
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Chapter I 

Introduction 

Malaria continues to affect many people globally with someone dying from 

malaria every 30 seconds. It remains the third leading cause of death for children under 5 

years of age globally and the second leading cause of death in sub-Saharan Africa 

(“WHO | World Malaria Report 2016,” n.d.). With about half the world population at risk 

of developing malaria, fighting malaria is a global concern. There have been reductions 

in the morbidity and mortality of malaria over the last two decades, but for a disease that 

is treatable and preventable, any death is one too many. Efforts including residual indoor 

spraying and the use of insecticide treated mosquito nets have yielded forthcoming results 

but more needs to be done to completely eradicate malaria as mosquitoes have become 

resistant to many insecticides (Chaumeau et al., 2017). This will include tackling malaria 

from the parasite that causes it and the vectors that transmit it from one person to another.  

Malaria is caused by the parasite plasmodium and transmitted by the female 

anopheles mosquito. Efforts to control malaria will go a long way if they address the 

interactions between the parasite and vector. Studying the effects plasmodium has on 

mosquitoes, including changes in their lifespan, will go a long way to understand if 

interventions at that level correspond to enhancing global efforts of controlling 

mosquitoes, and thereby the malaria epidemic. Reducing the length of time the mosquitos 

live may reduce the amount of time they are able to infect humans, and potentially reduce 
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the number of infections in their lifetime. This can help the fight against malaria by 

reducing the incidence and prevalence.  

Malaria usually presents as with flu-like symptoms including chills and fever, but 

can develop complications including splenic failure, anemia, cerebral problems and 

subdural hemorrhage (Mallela, Hariprasad, Koya, Acharya, & Krishna, 2016). Other 

complications that have recently developed in malaria include disseminated intravascular 

coagulation, thrombocytopenia,  hepatic imbalances and renal complications (Sharma et 

al., 2013). Elimination of malaria has been challenged both at the prevention and 

treatment levels. There is no effective vaccine against malaria, making preventive 

treatment difficult (World Health Organization, 2017). Anti-malarial prophylaxis 

treatments have side effects that make them not appeal to residents of endemic areas. 

Previously used mosquito coils and chemicals like DDT became questionable because of 

the health and environmental consequences (Hogarh, Antwi-Agyei, & Obiri-Danso, 

2016). Resistance building has rendered many chemicals used in treating mosquito nets 

or sprays ineffective (Greenwood, 2017). Treatment for malaria has also faced many 

obstacles. As quinine lost its effectiveness in treatment of malaria, artesunate was 

considered more effective and became more widely used. Studies have shown side effects 

of artesunate, including delayed hemolytic anemia and mild hepatitis (Roussel et al., 

2017). Failure in treatment has also been seen in other medications that were considered 

effective (Sondén et al., 2017). Even projecting into 2030, there are concerns about 

eradicating malaria because of problems in producing a safe and effective cure for 

plasmodium vivax (Thriemer et al., 2017). Another problem eradicating malaria is that 

some of the plasmodium species not previously thought to cause malaria are being shown 
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to add to problems eradicating malaria (Burke et al., 2017). Most of the 52 countries in 

which malaria is endemic are developing nations with limited laboratory facilities and 

surveillance capabilities. Lack of laboratory facilities impedes quality assessment tests 

which are essential in ensuring accuracy of results and data collection (Carter, 2017). 

Further compounding the problems of preventing and treating malaria is the disposition 

of residents in endemic areas towards malaria programs due to preconceived notions 

(Tichenor, 2017). Rather than attack malaria after infections have happened, studying 

how to prevent and minimize infections is a prudent technique. As with other vector 

diseases, the interactions between the vector-host-environment are essential for studying 

the epidemiology and prevention.  

 

(Picture courtesy Human Health) 

Sustainable vector control is an effective and proven method of controlling 

diseases (Allardyce, Dyson, & Grätzel, 2016). With mosquitoes being the only vector for 

malaria (Neafsey et al., 2015), interactions between plasmodium and mosquitoes are of 

prime concern in the fight against malaria. There are different species of mosquitoes, and 

many of them reach their peak density during rainy seasons when the weather is humid 
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(Adde et al., 2017). Vector control is important in controlling the spread of malaria and 

has taken making steps, including trapping adult mosquitoes (Baldacchino et al., 2017), 

(Urquhart, Paulsen, Moncayo, & Trout Fryxell, 2016). Insecticide treated mosquito nets 

provided some control of mosquitoes, but since these insects have developed resistance to 

the treatments used, the gains have been offset (Keita et al., 2017). Some of the resistance 

has been linked to ATP-binding Cassette (ABC) transporters that are involved in 

insecticide detoxification (Mastrantonio et al., 2017). Some other forms of resistance are 

linked to mutations in a gene terms kdr gene. The mutation was initially identified in East 

Africa and there is evidence that it has spread to parts of West Africa (Chouaïbou, 

Kouadio, Tia, & Djogbenou, 2017).  With insecticide resistance spreading, it has become 

even more challenging to control mosquitoes and thereby the spread of malaria.  

Another challenge in controlling mosquitoes is the change in behavior they 

develop with time (Sougoufara, Doucouré, Backé Sembéne, Harry, & Sokhna, 2017). 

The change in their behavior exacerbates problems in controlling these insects (Masud, 

Kim, & Kim, 2017). Planning programs for malaria eradication becomes increasingly 

difficult because it is hard to predict and address the changing vector behaviors. Plasticity 

in mosquito behavior influences the probability of epidemics, not excluding instances of 

imported infections (Yakob et al., 2017). The frameworks for studying their feeding and 

movements have to be continuously re-examined for maximum effectiveness in disease 

control (Smith et al., 2014).  

In light of these challenges, there is a need to consider other ways of limiting 

mosquitoes lifetimes and their ability to infect humans. Any reduction in the lifespans of 

vectors reduces their potential to infect humans and transmit malaria. Changes in feeding 
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behaviors affect the lifespan of mosquitoes, as they survive the longest on their preferred 

food sucrose (Kessler, Vlimant, & Guerin, 2015). Other influences on mosquito lifespans 

include infections by plasmodium.  

Plasmodium infections affect the mosquito’s midgut cells and disrupt processes 

like the JNK (c-Jun NH(2)-terminal protein Kinases) pathway and apoptosis (Garver, 

Oliveira, & Barillas-Mury, 2013). Other signaling pathways, including the AKT 

(serine/threonine kinase) pathways, get activated in plasmodium infections, and affect the 

intensity of malaria (Corby-Harris et al., 2010). Besides the midgut cells, parasitic 

infections affect the reproductive system of mosquitoes. Parasites impair vitellogenesis, 

and reduces the reproductive success of the females (Hurd, 2009). There is also the effect 

on the immune system, with plasmodium infections affecting TEP 1 (Thioester-

containing proteins 1), and knockdowns of the gene causing resistance to plasmodium 

(Kamareddine, Nakhleh, & Osta, 2016). The different systems of mosquitoes affected by 

plasmodium highlight the importance of studying their relationships and the effects each 

one has on the other.  

Overexpression of certain genes in mosquito’s midgut that prevented plasmodium 

infections tended to reduce their lifespan (Luckhart et al., 2013). Signaling pathways that 

reduce mosquito lifespans increase their susceptibility to plasmodium infections (Drexler 

et al., 2013). A reduction in the infectivity of mosquitoes reduced their lifespan as well 

(Corby-Harris et al., 2010). Silencing genes that protect mosquitoes from plasmodium 

increase their lifespan and impair their reproductive fitness (Clayton, Cirimotich, Dong, 

& Dimopoulos, 2013).  
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Studies had shown conflicting results about the effects of plasmodium infections 

the lifespan on the female anopheles mosquito. Some had shown that it increases the 

lifespan while reducing fecundity (Vézilier, Nicot, Gandon, & Rivero, 2012), others had 

shown a decrease in lifespan and others show no difference in lifespan (Mendes et al., 

2008). This study systematically reviewed original studies about plasmodium infections 

and mosquito lifespans. This will assist in the study of mosquito control in the global 

fight against malaria. This study explored literature about the different results and drew a 

conclusion from the different studies based available evidence. The different results 

obtained by these studies helped draw a conclusion about the effects of plasmodium 

infection on the lifespan of mosquitoes complicated.  
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Chapter II 

Research Methods 

This study was done using a systematic review of existing literature about the 

impact of plasmodium infections on mosquito lifespans. In my analysis, I explored the 

impact of the plasmodium species, the environment, temperatures, diet and the role of the 

immune system of the mosquitoes. 

The study was conducted using literature from PubMed, CINAHL and Medline 

databases. The first part of was exploring articles by title and abstracts. As much as 

possible the most recent studies were utilized for most current information. Studies that 

explored the topics of interest and showed valid results were saved. After compilation of 

enough studies, both of those conducted in the laboratory and in the wild, a review was 

made of their findings. This was followed by an interpretation of the findings. 

 

 

Research Limitations 

The study was done using existing literature, so results were subject to the results 

of those studies. Geographic location, type and focus of the study and the materials used 

may affect results and cause differences to be seen where they may not necessarily exist.  
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Chapter III 

Results 

Chapter III discusses the results of the literature search and review. 

Review 

Malaria continues to be one of the leading causes of mortality in Sub-Saharan 

Africa (World Health Organization, 2016). Efforts to control malaria involve factors 

affecting the lifespan of mosquitoes, as there has been increasing resistance to 

insecticides and anti-malarial medications (Das et al., 2016). A number of studies have 

yielded conflicting results regarding the effects of plasmodium on the lifespan of 

mosquitoes (Cohuet, Harris, Robert & Fontenille, 2010). 

Thirty articles were reviewed, and their findings were analyzed. The studies 

yielded different results as described below.  

One of the articles showed that insulin like growth factors in certain species of the 

Anopheles mosquito improved resistance to plasmodium infections (Drexler et al., 2013). 

The same study showed that there was in increase in the lifespan of mosquitoes, but this 

was due to the insulin like growth factors, rather than the plasmodium infection.  

Another study found that the action and secretion of insulin like peptides are 

affected by plasmodium infections (Marquez et al., 2011). The study suggested that since 

insulin like peptides functioned in mosquito immunity and lifespan, and was affected by 

plasmodium infections, then plasmodium infections affected the lifespan of infected 

mosquitoes.  
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Another study researched the effects of inactivating plasmodium in blood feeds to 

mosquitoes. This study found that heat inactivation did not affect the longevity or 

fecundity of mosquitoes that fed on them (Sangare et al., 2013). This study realized that 

other factors, mostly the size of the mosquito, and how much blood was ingested, 

affected the lifespan of the mosquitoes.  

Another study realized a change in lifespan of mosquitoes due to plasmodium 

infections but identified hat the changes were dependent on environmental conditions 

(Sangare et al., 2014). This acknowledged a change but attributed it to environmental 

conditions rather than the mere infection.  

Studies regarding the effect of plasmodium on different species of mosquitoes 

have shown that the immune responses to plasmodium are infection density dependent 

(Mendes et al., 2011). This study explored G-protein coupled receptors, their role in 

apoptosis and in processes in the midgut. The study explored changes plasmodium had in 

mosquitoes but did not say if it affected the lifespan of mosquitoes.  

A different study found that plasmodium infections increased mortality and 

reduced the lifespan of mosquitoes (Tripet et al., 2008). This study utilized models using 

different species of anopheles mosquitoes and the plasmodium parasite. This study also 

highlighted the effects of environmental stressors on mosquito survival. While this study 

discovered differences in lifespan, it could not definitively attribute it to the plasmodium 

infection itself, because other variables, like environmental conditions and feeding could 

have confounded the results.  
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Yet a different study was able to genetically modify mosquitoes such that they 

were resistant to plasmodium (Simkovic, 2017). In this study the control mosquitoes, 

which were not resistant, and the experimental mosquitoes, which were resistant, had a 

similar lifespan and reproductive life cycle. They laid a similar number of eggs, and lived 

just as long. 

Another study realized that plasmodium infections hurt mosquitoes and reduce 

their lifespan (McNeil, 2006). The study said plasmodium infections reduce the 

reproductive capacity of mosquitoes, depress their immune system and impede their 

ability to fly.  

A different study, which incorporated the use of antibiotics, found that antibiotics 

that reduced plasmodium infections also reduced the lifespan of the mosquitoes (Gendrin, 

Yerbanga, Ouedraogo, Lefèvre, Cohuet & Christophides, 2016). This study, however did 

not directly study the effect of plasmodium infection on the mosquitoes, making it hard to 

tell whether the effect was merely from the antibiotic, or whether the reduced infectivity 

of plasmodium caused the reduced lifespan.  

Another study of the phosphorylation of mosquito midgut kinases an increase in 

lifespan of the mosquito that occurred with increased resistance to the plasmodium 

parasite (Drexler et al., 2014). Again, this study simply showed that the plasmodium 

resistance and increased lifespan occurred together but was unable to establish a cause 

and effect relationship.  

A different study that examined over expression of phosphatase and tensin 

homologs showed an increased lifespan of the mosquitoes and increased their resistance 
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to infection of plasmodium parasites (Hauck et al., 2013). This study also could not 

depict a causation but simply implied that the lifespan of the mosquito and plasmodium 

infectivity were linked in their mechanisms. 

Studies that infected mosquitoes with the plasmodium parasite showed 

that plasmodium weakened the immune system of mosquitoes, decreasing 

their ability to respond to bacteria both encapsulated and unencapsulated, and 

affects the quality of blood of the mosquitoes (Boëte, Richard, Paul & 

Koella, 2004). These direct and indirect effects of the plasmodium infection 

on the mosquito somehow lengthened the amount of time the mosquitoes 

were infected by plasmodium, which has been related to the mosquitoes’ 

lifespan.  

Older studies found a change in mortality among plasmodium infected 

mosquitoes, howbeit the change was dependent on the genotype of the parasite, 

availability of nutrients and infection diversity (Ferguson & Read, 2002). A change was 

established, but due to changes in environmental conditions it was not clear if the mere 

infection caused the change in life span and if the environmental conditions themselves 

cold have caused those changes.  

A different study realized a coadaptation between plasmodium and the female 

anopheles mosquitoes and plasmodium affected the effect plasmodium had on 

mosquitoes (Mendes et al., 2011). The study acknowledged changes to mosquitoes 

caused by plasmodium, and the role of RNAi and other post -transcriptional 

modifications whose effects on mosquitoes depend on the density of the infection.  
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One of the studies of the effect of plasmodium infections on mosquitoes showed a 

decrease in fertility (Jahan & Hurd, 1997). This study found a decrease in size of eggs, 

the number of eggs laid, and the number hatched. This affects the next generation of 

mosquitoes and subsequent generations.  

Another study found a decrease in lifespan of mosquitoes infected with 

plasmodium in the gonotrophic stage but not at the sporozoite stage (Hogg & Hurd, 

1997). The study found a decrease in fecundity that was not due to the size of blood 

feeding or other environmental factors.  

A study of the effect of plasmodium infections on mosquito survival showed 

decreased survival of mosquitoes related to increased plasmodium oocytes ingested 

(Ferguson, Mackinnon, Chan & Read, 2003). This study further studied the relationship 

between parasite virulence and transmission of malaria and found a positive relationship.  

A study about induced immunity showed that plasmodium infections reduced the 

lifespan of mosquitoes fed in vivo and reduced fecundity of those fed both in vivo and in 

vitro (Almeida & Billingsley, 1998).  

A different study realized no difference in survival of mosquito larvae from 

infected eggs even though there was a realized decrease in fertility and fecundity after 

plasmodium infections (Ahmed, Maingon, Taylor & Hurd, 1999).  

Another study realized an increase in survival of mosquitoes after infection with 

the plasmodium parasite (Vézilier, Nicot, Gandon & Rivero, 2012).  

The differences in survival of infected mosquitoes was observed in different 

settings. Studies in natural and artificial environments yielded results that showed 
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increased mortality among mosquitoes infected with plasmodium compared to their 

counterparts that were not infected with plasmodium.  

These results show that plasmodium infections affect the lifespan of mosquitoes. 

Nine different studies showed the effects of environmental conditions working with the 

plasmodium infections. It is not clear if the infections themselves cause the difference in 

lifespan, or are simply related to other processes that affect the lifespan. The effects on 

the immune system and gastrointestinal processes have been studied more expensively. 

Further research is required to definitely determine causation of the lifespan changes in 

mosquitoes infected with plasmodium.  
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Chapter IV 

Discussion 

The study of plasmodium and its interactions with mosquitoes is of great 

importance to the field to public health and biology. Plasmodium causes malaria, which 

affected 216 million people in 2016, killing 445,000 of them (CDC, n.d.). The 

interactions between plasmodium and mosquitoes are quite complex and involve different 

cascades and immune  responses. The study of whether or not plasmodium infections 

affect the lifespan of mosquitoes has been studied for a while with inconsistent outcomes. 

The literature review searched various pieces of publications with some having 

conflicting results. Finding whether the lifespan of mosquitoes is affected by plasmodium 

infections helps with the vector control efforts for malaria, being that mosquitoes are the 

only vector for plasmodium. 

The plasmodium lifespan is 10-14 days, so mosquitoes capable of transmitting 

malaria are ones that have had a good lifespan to begin with (Merrick, 2016). There have 

been other efforts to control the lifespan of mosquitoes. Studies have used DNA plasmids 

to reduce the lifespan of mosquitoes, so they do not live long enough to transmit 

plasmodium (Beal, 2010).  

Studies have found different effects of plasmodium to the mosquito, including 

attracting mosquitoes to humans (Lacroix, Mukabana, Gouagna & Koella, 2005). Other 

studies found negligible effects of plasmodium infection on the life activities of 

mosquitoes (Jahan, Docherty, Billingsley & Hurd, 1999).  Plasmodium infection 

increased gravidity but decreased fecundity in mosquitoes (Ferguson et al., 2005). The 
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congruent results most studies have found regard the decrease in fertility of mosquitoes 

infected with plasmodium. This addresses the survival of the next generation, rather than 

the one infected. 

Upon review of literature, some studies found a difference in lifespan of 

mosquitoes while others did not (Simkovic, 2017). Some found an increase in lifespan 

(Vézilier, Nicot, Gandon & Rivero, 2012), some found a decrease (McNeil, 2006). Other 

findings with the decrease in lifespan reflected on immune system depression and 

reduced flight ability among infected mosquitoes.  Some found indirect effects due to 

primary effects on the immune system (Boëte, Richard, Paul & Koella, 2004). Some 

found an increase in lifespan of mosquitoes linked to their resistance to plasmodium 

infections but could not determine causation of the change in lifespan (Hauck et al., 2013; 

Drexler et al., 2014). These studies reflected on different cascades and procedures 

occurring in the mosquitoes. Others found a decrease in lifespan co-occurring with a 

decrease in plasmodium infections secondary to antibiotic treatments (Gendrin, 

Yerbanga, Ouedraogo, Lefèvre, Cohuet & Christophides, 2016). This could not 

determine causality or determine whether the effects were due to the antibiotic use.  

 While some literature found there were differences in the lifespan of mosquitoes 

after infection by plasmodium, some of these differences were due to environmental 

conditions (Sangare et al., 2014), insulin-like growth factors (Drexler et al., 2013), body 

size and blood ingestion (Sangare et al., 2013), environmental stressors (Tripet et al., 

2008), genotype of the parasite, availability of nutrients and infection diversity (Ferguson 

& Read, 2002), amount of oocyte ingested (Ferguson, Mackinnon, Chan & Read, 2003), 
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density of infection (Mendes et al., 2011), stage at which the infection occurred (Hogg & 

Hurd, 1997) or the manner of feeding (Almeida & Billingsley, 1998).   

There is a consensus that plasmodium infections affect the lifespan of mosquitoes 

but not independently.   
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