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Abstract 
Malaria is a highly debilitating vector-borne parasitic infection which has been known to be mortal and 

morbid to human beings for centuries now. As of today, the success rate of effective control strategies is 

less; however there have been several riveting developments. These include: 1. A global incidence of 

decrease in malaria cases; 2. The development of several non-malaria transmissible transgenic 

mosquitoes and 3. The launch of the vaccine has been a game changer as it is now being given to 

children with the success rate being high. In this review, we discuss if the current control strategies in 

place and the launch of the vaccine and its speculated success in children has become/been a game 

changer. Our take on the coevolution of parasites and vector can be the answer to the questions above. 

We highlight that parasites and vectors have evolved together for millions of years now, and to break this 

liaison will not be as easy. 

 

Keywords: Mosquirix, RTS, S vaccine, R21/Matrix-M malaria vaccine, the global technical strategy for 

malaria 2016–2030, transgenic mosquitoes, decrease in malaria cases 

 

1. Introduction 

Malaria is a vector-borne disease caused by the parasites Plasmodium falciparum (P. 

falciparum) and Plasmodium malariae (P. malariae). It is transmitted by the vector female 

Anopheles mosquito during blood-feeding [5]. Malaria causes a sizable impact on 

socioeconomic well-being of the human population in the tropical and subtropics [4]. Malaria 

infection results in a wide variety of symptoms like absence or very mild fever, sometimes 

severe that may result in death. As stated by the World Malaria Report (WMR) 2021, the 

caseload of malaria is said to have increased from 227 million in 2019 to 241 million in 2020 
[62]. The malaria-linked mortality has reduced from 148 per 100,000 cases to 56 per 100,000 

cases between 2000 and 2019. However, in 2020 it rose to 60 and decreased again to 58 in 

2021. These numbers are within the range of yearly fluctuations and coinciding with the global 

Covid-19 pandemic. This rise might also be because of changes in the norms for calculating 

cause-of-death based upon the revelations suggesting an updated series of cause-specific 

mortality for neonates and children in 2000 to 2019 [46]. This is contrary to several reports 

stating decline in Malaria cases and mortality [61]. In this review we discuss recent 

developments in malaria control and whether the century-long battle against malaria is finally 

over. 

 

2. Recent developments in malaria management 
Current focus in malaria control involves continual development, upgradation of existing 

drugs and design of novel agents with improved efficacy. One of the major challenges is to 

counter the ever-increasing drug and insecticide resistance in pathogens having effect on 

epidemiological outcomes [67]. As part of the integrated malaria control program enhanced 

vector control strategies, awareness of sanitation and waste management are being promoted. 

Experts have pointed out that controlling the menace of malaria requires a multi-pronged 

strategy rather than fighting it in isolation [30]. However, with advancement in science and 

technology, tactics to control malaria have changed. It has led to development of new 

technologies like, 1. A speculated global incidence of decrease in malaria cases; 2.  
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The approval of the much awaited launch of the anti-malarial 

parasite vaccine, the Mosquirix (RTS, S). 3. Besides, the 

development of several non-malaria transmissible transgenic 

mosquitoes. These groundbreaking developments have 

certainly raised our hopes, whether the century long quest and 

battle for the control of malaria is in hindsight. 

 

1.1 Is there really a decrease in malaria cases?  

The World Malaria Report (WMR) estimated 247 million 

cases in 2000 worldwide which more or less remained 

unchanged in 2020 (226–260 million) [66]. From this, we can 

clearly say that there is no clear trend in case of endemic, 

reduction of mortality, decrease in number cases and overall 

disease burden. While in 2015 ninety-three countries were 

endemic, by 2020 forty-three countries achieved reduction in 

mortality [66]. During 2010-2018, the load of cases is said to 

have dropped by 76% in South-East Asian countries, and the 

death rates related to malaria fell significantly by 95% [23]. 

India reported a huge reduction in infections with 2.6 million 

fewer cases in the year 2018 than in 2017 [43].  

However, in the WHO South-East Asia region, India reported 

about 82% of overall malaria deaths [66, 13]. This reflects a 

sizable burden of vector-borne diseases in the country. Hence 

it is unclear if there is a decrease in malaria incidence. 

Between 2005 and 2015, the mortality rate of children was 

halved. This was achieved by better implementation of 

preventive measures like bed nets, improved methods of 

diagnosis and treatment. However, these cases have since then 

reached a plateau. A major problem with the WMR is that the 

method of calculation changes every year [61]. This suggests 

two things, there is neither consistency nor a clear trend to 

draw figures and in a short time-span one cannot affirmatively 

claim anything. While the WHO claims a decrease in malaria 

mortality on a global scale, it also requests a hefty increase in 

international funding. There is no clarity about what is 

happening, where we are going wrong and a justification for 

the application of the funding [61]. 

 

1.2 The development and approval of anti-Malarial 

vaccines 

An important development which can be seen as an important 

milestone of the century, in 2021 the WHO approved 

GlaxoSmithKline’s Mosquirix (RTS,S/AS01) [26]. It is the 

only malaria preventive vaccine for application in children at 

high risk African countries. This development has the 

potential to create an impact on the disease which has plagued 

humans for centuries. The Mosquirix is designed to affect the 

sporozoite phase of the mosquito. It blocks the maturation 

phase in the liver so that it does not infect the erythrocytes 

after re-entering the bloodstream [2, 34, 65, 71]. This vaccine has 

been reported to show up to 56% efficacy in preventing 

childhood malaria related mortality. The approval of RTS, S 

was the first-ever vaccine approval for a human parasitic 

infection, and clearly it is a paradigm shift, a step towards 

prophylactic control [53, 54]. Recently, WHO has given 

permission to clinically evaluate (phase-3) R21/Matrix-M 

malaria vaccine, which is widely claimed to be up to 80% 

effective [18, 19]. There is an upcoming mRNA-based vaccine 

for malaria being developed by Bio NTech. Apart from this, a 

large program of monoclonal antibody-based treatment to opt 

for clinical trials [71, 38]. It is anticipated that vaccine strategy 

could dent the impact of disease control. A multipronged 

strategy like vaccinating right before the rainy season while 

also using the other tools simultaneously may produce 

maximum effect. New technology interventions have 

provided interesting armaments in the fight against malaria.  

 

1.3 The development of transgenic non-malaria 

transmitting mosquitoes 

A major development in malaria control is the transgenic non-

malaria-transmitting mosquitoes. This technique has the 

potential to break-down the vector-pathogen liaison 

responsible for disease spread. Various techniques reported 

are: 1) Release of gene-modified male mosquitoes comprising 

a lethal gene with ability to kill their offspring after mating 

with wild species [48]; 2) In the Wolbachia method, 

endosymbiont bacterium developed in the laboratory is 

introduced in Ae. aegypti mosquitoes which are then released 

into the environment [25, 39, 42]. The Wolbachia-infected 

mosquitoes breed with their wild counterparts and ultimately 

increase the number of desired transgenic mosquitoes. 

Although this approach is reported for Ae. aegypti but it could 

also be applicable to An. gambiae [15]. 3) Another method is 

Gene drives – in which certain hereditary genetic elements 

tend to spread through the population at a fast rate. This is a 

rapidly emerging approach to vector and pathogen control [9, 

22, 24]. The gene drive method could be applied to fieldwork in 

about two ways: a) suppression of insect populations by 

targeting genes associated with parameters such as insect 

fecundity, lifespan, or mortality; or b) reducing the vector 

competency through targeting pathogen associated genes. 4) 

Oxitec Mosquito Technology has put to use two simple genes 

which create mosquitoes that are safe, non-biting, self-

limiting as well as non-persistent male mosquitoes [45]. 

The effectiveness of these mosquitoes has been tested in parts 

of Brazil, India, Singapore, the Cayman Islands, and Panama 

to control the Ae. Aegypti mosquito population [10]. These 

types of experiments are being carried out in significant 

numbers. A drawback of this method is that it works to reduce 

only the target mosquito species but most communities have 

various types of mosquitoes [48]. The future of modern 

biotechnology and enhanced genetic modifications relies on 

regulations that govern their release into the environment and 

our ability to monitor their impact [28]. However, it would be 

interesting to cross-examine whether comparative genomics 

provides suggestions for evolutionary mechanisms between 

vectors and pathogens [52]. 

 

2 Other latest developments in malaria control 

Using artemisinin in combination with other drugs for 

treatment of malaria at an early stage, preventive treatment for 

pregnant women, and residual spraying or mosquito nets have 

proven to be effective tools in malaria control [8, 49]. New tools 

developed are production of new drugs with better efficiency, 

vaccines for treatment and prevention, new diagnostic tests, 

innovative materials that can be treated with insecticide, better 

systems for delivering and evaluating malaria control [11]. 

Another task is understanding the efficacy, effectiveness and 

safety of the new interventions and advising endemic 

countries about when and where to introduce them [12]. 

In remote health facilities of endemic communities, it is 

difficult to diagnose malaria due to absence of pathology 

laboratories and unavailability of functioning microscopes. 

Rapid malaria diagnostic tests expand laboratory diagnosis to 

health facilities in remote health facilities of endemic 

countries. Experts in the field always emphasized that in order 
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to fight/control malaria only a multi-pronged strategy might 

work. Nevertheless, despite all the promising developments in 

malaria cases and decrease in related deaths, there is 

significant prevalence of the disease based on recent data [43, 

44]. 

 

3. Is the centuries-long battle of malaria control nearing 

end? 

So a bigger question arises - whether the century long battle 

against malaria is finally coming to an end? Have we finally 

defeated this vicious malaria, which was believed to be 

impossible once upon a time? Before we celebrate, we should 

look into history and its evolution. Biggest threat to these 

early conclusions might come from the rising challenge of 

development of resistance in malaria parasites. The 

emergence of drug-resistant parasites represents one of the 

greatest threats to malaria control and results in increased 

morbidity and mortality [64]. This is because malaria 

pathogens are rendering the drugs in-effective and insisting on 

upgradation of existing drugs from time to time [6, 59]. This 

uprising represents formidable challenges to existing 

treatment regimens. To deal with problems like drug-

resistance requires coordinated action, greater innovation, 

investments in operational research along with development 

of new drugs, vaccines, diagnostic tools as well as innovative 

ways to vector control [63]. 

Even though many early signs look promising, assuming 

anything as big as control over much complicated infection 

like malaria on a short-term lead would be a mis-calculation. 

Sometimes, the pathogen's infectivity may bend down 

temporarily, take a pause and re-emerge powerfully in 

resistant forms. In recent history, there have been several 

incidents like this. Familiar problems with challenges to the 

efficacy vaccines might arise from variation in pathogen 

genotype and antigenic characteristics or rendering vaccines 

ineffective. There have been numerous reports with regards to 

genetic and phenotypic mutations in P. falciparum [14, 17, 41, 57, 

58, 68]. A few infamous examples are frequently-emerging 

Influenza virus and one of the most prevalent Mycobacterium 

tuberculosis, which are known for their remarkable ability to 

change its genetic and antigenic structures. It is possible for 

the pathogens to cause a pandemic because the human 

immune system is not prepared to recognize and defend 

against the new variants and existing medications are 

ineffective. For a huge shift in these genetic changes to occur 

and pass into humans, we have coexisted in close proximity 

with farm animals such as chickens, ducks and pigs. 

 

4. Do evolutionary factors hold the key? 

Until recent times, there has been little evidence to show the 

evolutionary forces underlying the vectorial capacity of 

anopheline mosquitoes for malaria parasites [37, 47, 51]. In order 

to find the cure, the main focus has to be Plasmodium and the 

evolution of vectors, unfortunately this crucial aspect has 

received less importance [21]. Various factors have contributed 

to opportunities for parasite adaptation for local vector species 

and populations such as 1. Genetic composition of the 

mosquito species, 2. The genetic inter-relatedness and 

compatibility between malaria pathogens and their target 

vectors. Which exists at the interspecies (mosquitoes, birds, 

gorillas and humans) and at the intra-species (P. falciparum, 

P. malariae and An. gambiae) level. 

Uninfected mosquitoes are attracted to humans that contain 

gametocytes of malaria [20, 31]. By biting those humans, the 

transmission rate of P. falciparum increases in vectors. 

Infected mosquitoes containing sporozoites are unable to feed 

properly due to the reduction of apyrase activity in their saliva 
[7, 32]. They are unable to consume enough blood in a meal, 

which leads to more meals and subsequently increases the 

number of hosts infected [7, 32]. The selection of uninfected 

mosquitoes in the race of survival of the fittest seems 

favorable since evolution of mosquito biting and transmission 

rates affect the reproductive success of the vector. However, 

experimental evidence demonstrates that most mosquitoes are 

prone to malaria [16, 40]. By altering the sex and reproduction 

mechanism of their hosts, parasites could improve their 

survival which results in evolution of sex [27, 60]. 

The resistance of mosquitoes to malaria has always focused 

on the genetic angle. However, it also depends on various 

immune responses, which are initiated by pattern recognition 

receptors that undergo signal modulation and transduction that 

helps in regulating downstream effector mechanisms [1, 71]. 

However, the relationship between malaria and the human 

immune system is a highly complex mechanism to 

comprehend. Resistance has not developed due to a single 

gene modification or mutation; there have been multiple gene 

mutations in the parasite and the vector. It results in resistant 

variants and permutation-combination in the vector 

population. Thus, when we search for genes immune to 

malaria infection, it becomes difficult to find the same genes 

in different malaria hosts. The huge number of variants in the 

environment make it difficult to find concrete evidence 

between the host, vector and parasite [33, 50]. This is why 

ecological approaches can bring answers to the questions 

about malaria-mosquito interactions [35, 55, 56]. 

The vector population intervention strategy, a genetic 

modification method for producing transgenic mosquitoes, 

could reflect several defects in the evolutionary aspect. The 

parasite could develop a sense of refractoriness to malaria 

infection which could impact the overall control program on 

malaria prevalence in the human population. To avoid this co-

evolutionary balance, we could transform the natural 

mechanisms of mosquitos and increase their resistance to 

refractoriness. It is less likely that such mechanisms are 

known to occur in the parasites. The co-evolutionary response 

could remain un-unnoticed until necessary changes have taken 

place [7, 29]. 

Another important factor to be considered is the evolutionary 

response of the wild vector population. There might be a 

significant risk to the suppression strategies in the population 

due to the release of mosquitoes comprising a predominant, 

subdued, fatal genetic construct. Several models which make 

the use of mathematics and statistics, have illustrated that 

resistant alleles are incapable of spreading the fixation. 

However, alternative susceptible alleles can become 

widespread and could have an adverse impact on the field 

applications [3, 36]. Several factors must be considered while 

designing experiments for future research such as; they must 

emulate more closely with the natural conditions for parasite 

transmission, the influence of abiotic factors, and the 

mechanistic link between environmental heterogeneity and 

vectorial capacity. These are some of the critical points that 

have to be considered if we wish to decipher the mosquito-

parasite dynamics and co-evolution. 

 

5. Tables and Figures 
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Fig 1: Schematic representation of recent developments in malaria control 

 

 
 

Fig 2: Illustration of physiological and evolutionary relationship between pathogen and mosquito 

 

6. Conclusion 

Mosquito-borne infectious diseases like malaria, dengue, and 

chikungunya have been a threat to global health for hundreds 

of years. Recent developments in science and technology are 

promising and equip the integrated malaria control program. 

However, recent examples suggest some of these pathogens 

are showing signs of resurgence; which were conquered 

through large-scale and coordinated public health efforts. In 

the past whenever new initiatives were launched; authorities 

nodded their heads affirmatively in accordance with the 

mandate, only to realize later that the problem persisted. 

Majority of the treatment and prevention methods for malaria 

pivot on vectors and their transmission. However, focusing on 

the evolution of the vectors and pathogens might provide 

answers for their resistance capacity. Unfortunately, this 

aspect remains largely ignored. Diseases that were believed to 

be eradicated are making come-back such as Polio, Measles, 

Mumps, and Grover's disease. The reasons could be vaccine 

refusal, waning or insufficient immunity, drug resistance, and 

climate change. Hence it is difficult to identify if the decline 

in cases suggests eradication of the disease or the calm before 

a storm. 

 

7. Acknowledgments  

The authors are thankful to Dr. J. K. Pal, Dr. Neelu Nawani 

and Dr Minal Wani for their encouragement and support. 

 

8. References  

1. Adedeji EO, Ogunlana OO, Fatumo S, Beder T, Ajamma 

Y, Koenig R, et al. Anopheles metabolic proteins in 

malaria transmission, prevention and control: a review. 

Parasites and Vectors; c2020. p. 13. Doi: 

10.1186/s13071-020-04342-5. 

2. Africa Renewal site (WHO) Historic funding to expand 

roll-out of first-ever malaria vaccine in Africa; c2022. 

https://www.un.org/africarenewal/magazine/july-

2022/historic-funding-expand-roll-out-first-ever-malaria-

vaccine-africa 

3. Alphey N, Bonsall MB, Alphey L. Modeling resistance to 

genetic control of insects. J Theor Biol. 2011;270:42-55. 

https://www.dipterajournal.com/


International Journal of Mosquito Research https://www.dipterajournal.com 
 

43 

4. Asase A, Akwetey GA, Achel DG. 

Ethnopharmacological use of herbal remedies for the 

treatment of malaria in the Dangme West District of 

Ghana. Journal of Ethno pharmacology; c2010 p. 367-76. 

pmid:20382213 

5. Asase A, Oppong-Mensah G. Traditional antimalarial 

phytotherapy remedies in herbal markets in southern 

Ghana. Journal of Ethnopharmacology. 2009;126:492-9. 

pmid:19761827  

6. Ashley EA, Dhorda M, Fairhurst RM, Amaratunga C, et 

al. Tracking Resistance to Artemisinin Collaboration 

(TRAC). Spread of artemisinin resistance in Plasmodium 

falciparum malaria. N Engl J Med. 2014;371:411-23. doi: 

10.1056/NEJMoa1314981 

7. Boëte C, Koella JC. A theoretical approach to predicting 

the success of genetic manipulation of malaria 

mosquitoes in malaria control. Malar J; c2002. p. 1. DOI: 

10.1186/1475-2875-1-3 

8. Calixto JB. Twenty-five years of research on medicinal 

plants in Latin America: a personal view. Journal of 

Ethno pharmacology; c2005. p. 131-4. pmid:16006081 

9. Caragata EP, Dong S, Dong Y, Simoes ML, Tikhe CV, 

Dimopoulos G. Prospects and pitfalls: next-generation 

tools to control mosquito transmitted disease. Ann Rev 

Microbiol. 2020;74:455-75. 

10. Carvalho DO, McKemey AR, Garziera L. Suppression of 

a field population of Aedes aegypti in Brazil by sustained 

release of transgenic male mosquitoes. PLoS Negl Trop 

Dis. 2015;9:e0003864. 

11. Castelli F, Tomasoni LR, Matteelli A. Advances in the 

treatment of malaria. Mediterr J Hematology Infect Dis:e; 

c2012. p. 064. Doi: 10.4084/MJHID.2012.064.  

12. CDC Homepage. National Center for Emerging and 

Zoonotic Infectious Diseases (NCEZID), Division of 

Vector-Borne Diseases (DVBD). 

13. CDC, Global Health, Division of Parasitic Diseases and 

Malaria; c2021.  

https://www.cdc.gov/malaria/malaria_worldwide/impact.

html 

14. Chenet SM, Okoth SA, Huber CS, et al.Independent 

emergence of the Plasmodium falciparum kelch propeller 

domain mutant allele C580Y in Guyana. J Infect Dis. 

2016;213:1472-1475. 

15. Chrostek E, Gerth M. Is Anopheles gambiae a Natural 

Host of Wolbachia? M Bio; c2019. p. 11. DOI: 

https://doi.org/10.1128/mBio.00784-19 

16. Damena D, Denis A, Golassa L, Chimusa ER. Genome-

wide association studies of severe P. falciparum malaria 

susceptibility: progress, pitfalls and prospects. BMC Med 

Genomics; c2019. p. 12. Doi: 10.1186/s12920-019-0564-

x. PMID: 31409341; PMCID: PMC6693204 

17. Das S, Manna S, Saha B, et al. Novel pfkelch13 gene 

polymorphism associates with artemisinin resistance in 

eastern India. Clin Infect Dis; c2019. p. 69. 

18. Datoo MS, et al. Efficacy and immunogenicity of 

R21/Matrix-M vaccine against clinical malaria after 2 

years’ follow-up in children in Burkina Faso: a phase 

1/2b randomized controlled trial. Lancet Infect Dis; 

c2022 p. 1-9. https://doi.org/10.1016/S1473-

3099(22)00442-X 

19. Datoo MS, et al. Efficacy of a low-dose candidate 

malaria vaccine, R21 in adjuvant Matrix-M, with 

seasonal administration to children in Burkina Faso: a 

randomized controlled trial. Lancet Infect Dis. 

2021;397:10287, 1809-18187.  

DOI: https://doi.org/10.1016/S0140-6736(21)00943-0 

20. Ebert D, Fields PD. Host-parasite co-evolution and its 

genomic signature. Nat Rev Genet. 2020;21:754-768. 

Doi: 10.1038/s41576-020-0269-1.  

21. Gachelin G, Garner P, Ferroni E, et al. Evidence and 

strategies for malaria prevention and control: a historical 

analysis. Malar J; c2018. p. 17,  

https://doi.org/10.1186/s12936-018-2244-2  

22. Godfray HCJ, North A, Burt A. How driving 

endonuclease genes can be used to combat pests and 

disease vectors. BMC Biol. 2017;15:1-12. 

23. Guglielmi G. Malaria cases are falling worldwide. 

Nature; c2019. DOI: 10.1038/d41586-019-03746-3 

24. Hammond A, Galizi R, Kyrou K, et al. A CRISPR-Cas9 

gene drive system targeting female reproduction in the 

malaria mosquito vector Anopheles gambiae. Nat 

Biotechnol. 2016;34:78-83. 

25. Hancock PA, Sinkins SP, Godfray HC. Strategies for 

introducing Wolbachia to reduce transmission of 

mosquito-borne diseases. PLOS Neglected Tropical 

Diseases. 2011;5(4):e1024.  

Doi: 10.1371/journal.pntd.0001024. 

26. Hill AV. Vaccines against malaria. Philos Trans R Soc 

Lond B Biol Sci. 2011;366:2806-2814. Doi: 

10.1098/rstb.2011.0091 

27. Jog M, Watve M. Role of parasites and commensals in 

shaping host behavior. Curr. Sci; c2005. p. 89.  

28. Knols BGJ, Bossin HC, Mukabana WR, Robinson AS. 

Transgenic Mosquitoes and the Fight against Malaria: 

Managing Technology Push in a Turbulent GMO World. 

Am. J Trop. Med. Hyg. 2007;77:232-242. 

29. Koella JC, Zaghloul L. Using evolutionary costs to 

enhance the efficacy of malaria control via genetically 

manipulated mosquitoes. Parasitology. 2008;135:1489-

96. 

30. Kormos A, Lanzaro GC, Bier E, Dimopoulos G, et 

al.Application of the Relationship-Based Model to 

Engagement for Field Trials of Genetically Engineered 

Malaria Vectors. Am J Trop Med Hyg; c2020. Doi: 

10.4269/ajtmh.20-0868. 

31. Lacroix R, Mukabana WR, Gouagna LC, Koella JC. 

Malaria infection increases the attractiveness of humans 

to mosquitoes. PLoS Biol. 2005;3:e298. 

32. Lambrechts L, Chavatte JM, Snounou G, Koella JC. 

Environmental influence on the genetic basis of mosquito 

resistance to malaria parasites. Proc Biol Sci. 

2006;273(1593):1501-6. Doi: 10.1098/rspb.2006.3483. 

33. Lambrechts L, Koella JC Evolutionary aspects of 

Anopheles-Plasmodium interactions. In: Ecology of 

parasite-vector interactions. Ecology and control of 

vector-borne diseases, Wageningen Academic Publishers, 

Wageningen; c2013. p. 3. https://doi.org/10.3920/978-90-

8686-744-8_6 

34. Laurens MB. RTS, S/AS01 vaccine (Mosquirix™): an 

overview. Hum Vaccin Immunother. 2020;16:480-489. 

Doi: 10.1080/21645515.2019.1669415.  

35. Lefevre T, Ohm J, Dabiré KR, Cohuet A, Choisy M, 

Thomas MB, et al. Transmission traits of malaria 

parasites within the mosquito: Genetic variation, 

phenotypic plasticity, and consequences for control. Evol 

Appl; c2017. p. 11. Doi: 10.1111/eva.12571.  

https://www.dipterajournal.com/


International Journal of Mosquito Research https://www.dipterajournal.com 
 

44 

36. Leftwich PT, Bolton M, Chapman T. Evolutionary 

biology and genetic techniques for insect control. Evol 

Appl; c2015. p. 9. Doi: 10.1111/eva.12280. 

37. Mackinnon MJ, Marsh K. The selection landscape of 

malaria parasites. Science. 2010;328:866-71. 

38. Malaria Vaccine. Global Health, Division of Parasitic 

Diseases and Malaria. Vaccines; c2021. 

https://www.cdc.gov/malaria/malaria_worldwide/reductio

n/vaccine.html. 

39. McMeniman CJ, Lane RV, Cass BN, Fong AW, Sidhu 

M, Wang YF, et al. Stable introduction of a life-

shortening Wolbachia infection into the mosquito Aedes 

aegypti. Science. 2009;323:141-144. 

40. Menge DM, Zhong D, Guda T, Gouagna L, Githure J, 

Beier J, et al. Quantitative trait loci controlling 

refractoriness to Plasmodium falciparum in natural 

Anopheles gambiae mosquitoes from a malaria-endemic 

region in western Kenya. Genetics. 2006;173:235-41. 

41. Miotto O, Sekihara M, Tachibana S-I, et al. Emergence 

of artemisinin-resistant Plasmodium falciparum with 

kelch13 C580Y mutations on the island of New Guinea. 

PloS Pathog, 2020, 16. 

42. Moreira LA, Iturbe-Ormaetxe I, Jeffery JA, Lu G, Pyke 

AT, Hedges LM, et al. A Wolbachia symbiont in Aedes 

aegypti limits infection with dengue, Chikungunya, and 

Plasmodium. Cell. 2009;139(7):1268-1278. Doi: 

10.1016/j.cell.2009.11.042.  

43. Nigam M, Shrivastava A, Patil G. Prevalence of Malaria 

and Dengue in India: In view of the 2021 Dengue 

outbreak. Sci Res J Med Sci. 2022;2:1-10. 

44. NVBDCP, National Vector Borne Control Disease 

Program website, India.  

https://nvbdcp.gov.in/index4.php?lang=1&level=0&linki

d=431&lid=3715 

45. Oxitec Press Release. Oxitec announces landmark 

approval of Florida Keys pilot project to combat 

mosquito that transmits Dengue, Zika; c2021. 

46. Perin J, Mulick A, Yeung D, Villavicencio F, Lopez G, 

Strong KL, et al. Global, regional, and national causes of 

under-5 mortality in 2000-19: an updated systematic 

analysis with implications for the Sustainable 

Development Goals. The Lancet Child and Adolescent 

Health. 2022;6:106-115. 

47. Rodrigues PT, Valdivia HO, de Oliveira TC, et al. 

Human migration and the spread of malaria parasites to 

the New World. Sci Rep 8. 2018; c1993. 

https://doi.org/10.1038/s41598-018-19554-0 

48. Sabet A, Goddard J. Promise or Peril: Using Genetically 

Modified Mosquitoes in the Fight against Vector-Borne 

Disease. The American Journal of Medicine; c2022. p. 

135. 

49. Shah PJ, Koshy J, Everett N, Attia E. Severe Plasmodium 

falciparum Malaria Treated With Investigational 

Artesunate in the United States. Journal of Pharmacy 

Practice. 2020;33:108-112.  

DOI: 10.1177/0897190018782367 

50. Slotman MA, Parmakelis A, Marshall JC, Awono-

Ambene PH, Antonio-Nkondjo C, Simard F, et al. 

Patterns of selection in anti-malarial immune genes in 

malaria vectors: evidence for adaptive evolution in 

LRIM1 in Anopheles arabiensis. PLoS One. 2007;2:e793. 

51. Tanabe K, Mita T, Jombart T, Eriksson A, Horibe S, et 

al. Plasmodium falciparum accompanied the human 

expansion out of Africa. Curr Biol. 2010;20:1283-9. 

52. Terenius O, Marinotti O, Sieglaff D, James AA. 

Molecular Genetic Manipulation of Vector Mosquitoes. 

Cell Host Microbe. 2008;4:417-423. Doi: 

10.1016/j.chom.2008.09.002. 

53. The Lancet, Editorial: Malaria vaccine approval: a step 

change for global health The Lancet. 2021, 398. DOI: 

https://doi.org/10.1016/S0140-6736(21)02235-2 

54. The Lancet. Malaria vaccine approval: a step change for 

global health. Lancet; c2021. p. 398. Doi: 

10.1016/S0140-6736(21)02235-2.  

55. Tripet F. Ecological immunology of mosquito-malaria 

interactions: Of non-natural versus natural model systems 

and their inferences. Parasitology. 2009;136:1935-42. 

56. Tripet F, Aboagye-Antwi F, Hurd H. Ecological 

immunology of mosquito-malaria interactions. Trends 

Parasitol. 2008;24:219-27. 

57. Uwimana A, Legrand E, Stokes BH, et al. Emergence 

and clonal expansion of in vitro artemisinin-resistant 

Plasmodium falciparum kelch13 R561H mutant parasites 

in Rwanda. Nat Med. 2020;26:1602-1608. 

58. Uwimana A, Umulisa N, Venkatesan M, et al. 

Association of Plasmodium falciparum kelch13 R561H 

genotypes with delayed parasite clearance in Rwanda: an 

open-label, single-arm, multicentre, therapeutic efficacy 

study. Lancet Infect Dis; c2021. doi.org/10.1016/S1473-

3099(21)00142-0 

59. van Lenthe M, van der Meulen R, Lassovski M, et al. 

Markers of sulfadoxine–pyrimethamine resistance in 

Eastern Democratic Republic of Congo; implications for 

malaria chemoprevention. Malar J. 2019;18:430. 

https://doi.org/10.1186/s12936-019-3057-7 

60. Werren JH. Invasion of the Gender Benders: by 

manipulating sex and reproduction in their hosts, many 

parasites improve their own odds of survival and may 

shape the evolution of sex itself. Natural History. 

2003;112:58.  

61. White NJ, Day NPJ, Ashley EA, et al. Have we really 

failed to roll back malaria? Lancet. 2022;399:799-800. 

62. World Health Organization. WHO recommends a 

groundbreaking malaria vaccine for children at risk. 

Historic RTS,S/AS01 recommendation can reinvigorate 

the fight against malaria; c2021. 

63. World Health Organization fact-sheet on Vector-borne 

diseases; c2020.  

64. World Health Organization fact-sheets. Antimicrobial 

resistance; c2021. https://www.who.int/news-room/fact-

sheets/detail/antimicrobial-resistance 

65. World Health Organization News release WHO issues 

new guidance for research on genetically modified 

mosquitoes to fight malaria and other vector-borne 

diseases; c2021 

66. World Malaria Report. The Global technical strategy for 

malaria 2016–2030 (GTS); c2021.  

https://www.who.int/publications/i/item/9789240040496 

67. World Malaria Report; c2022.  

https://www.who.int/publications-detail-

redirect/9789240064898  

68. WWARN K13 Genotype–Phenotype Study Group. 

Association of mutations in the Plasmodium falciparum 

kelch13 gene (Pf3D7_1343700) with parasite clearance 

rates after artemisinin-based treatments-a WWARN 

individual patient data meta-analysis. BMC Medicine. 

https://www.dipterajournal.com/


International Journal of Mosquito Research https://www.dipterajournal.com 
 

45 

2019;17:1. 

69. Yang T, Ottilie S, Istvan ES, Godinez-Macias KP, et al 

and Malaria Drug Accelerator Consortium. MalDA, 

Accelerating Malaria Drug Discover. Review Trends 

Parasito. 2021;37:493-507.  

Doi: 10.1016/j.pt.2021.01.009. 

70. Yassine H, Osta MA. Anopheles gambiae innate 

immunity. Cell Microbiol. 2010;12:1-9. 

71. Zavala F. RTS, S: the first malaria vaccine. J Clin Invest; 

c2022. p. 132. Doi: 10.1172/JCI156588. PMCID: 

PMC8718142. PMID: 34981788 

https://www.dipterajournal.com/

