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ABSTRACT 

Lymphatic filariasis and malaria are mosquito-transmitted diseases that are simultaneously 

endemic in several regions of Kenya. Despite control efforts, malaria continues to cause 

significant morbidity and mortality globally, with an estimated 249 million cases and over 

610,000 deaths reported in the year 2025 while lymphatic filariasis is associated with chronic 

disability including lymphoedema and hydrocele, with approximately 657 million people in 

44 countries still requiring preventive chemotherapy. This cross-sectional study evaluated 

the simultaneous presence of the parasites responsible for lymphatic filariasis and malaria, 

namely Wuchereria bancrofti and Plasmodium falciparum, in both human hosts and 

anopheline mosquito populations from Matayos Constituency in Busia County, western 

Kenya where new cases of Lymphatic filariasis had been newly reported.292 Adult 

Anopheles mosquitoes were collected inside the houses of the 92 participants who tested 

positive by Filarial Test Strip. Field sampling was conducted to obtain mosquitoes belonging 

to the Anopheles gambiae and Anopheles funestus species complexes, which were 

subsequently analyzed by Polymerase Chain Reaction (PCR) to detect infections with 

Wuchereria bancrofti and Plasmodium falciparum. A total of 292 female Anopheles 

mosquitoes, together with 92 human blood specimens, were obtained and processed for 

laboratory analysis. PCR-based species identification was successful for 288 mosquitoes, 

corresponding to 98.63% of the collected specimens. Among the identified mosquitoes, 

members of the An. funestus complex predominated, accounting for 247 individuals 

(85.76%), whereas the An. gambiae complex contributed 41 specimens (14.24%). No 

specimens belonging to An. parensis or An. vaneedeni, both recognized members of the An. 

funestus complex, were detected in the sample population. Molecular screening revealed two 

mosquito infections with Wuchereria bancrofti, one occurring in An. leesoni and the other 

in An. funestus. These findings correspond to infection prevalences of 0.46% and 4.17% for 

the respective species. No evidence of Plasmodium falciparum infection was observed in 

either the mosquito specimens or the human blood samples analyzed. In contrast, 

Wuchereria bancrofti was detected in two blood samples, corresponding to a prevalence of 

2.17%. Phylogenetic characterization based on partial 18S rRNA gene sequences of W. 

bancrofti demonstrated a high degree of genetic similarity to isolates previously reported in 

other studies. Furthermore, neither the mosquito samples nor the human blood specimens 

showed concurrent infections involving both P. falciparum and W. bancrofti. Overall, the 

predominance of Anopheles funestus mosquitoes within the study area calls for the 

implementation of effective vector control strategies to reduce mosquito population and 

minimize disease transmission. The detection of Wuchereria bancrofti in both Anopheles 

mosquitoes and human blood samples in Busia County indicates ongoing transmission of 

lymphatic filariasis. Therefore, there is a need to strengthen case detection and implement 

appropriate treatment programs for affected individuals to reduce the disease burden and 

interrupt transmission. The strong phylogenetic similarity observed between the isolates 

analyzed in this study and those reported from other endemic areas underscores the 

importance of ongoing molecular epidemiological monitoring. Continuous surveillance can 

support the timely identification of novel genetic changes, inform disease elimination 

strategies, and enhance understanding of the spatial distribution and transmission patterns of 

Wuchereria bancrofti strains across different regions.
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

Lymphatic filariasis and Malaria are mosquito-borne parasitic diseases that share 

Anopheles mosquitoes as their primary vectors. Consequently, co-infections may 

occur in areas where both diseases are endemic (World Health Organization, 2024; 

Snow et al., 2021). Across tropical Africa, transmission of these diseases is facilitated 

by several common Anopheles species, including An. arabiensis, An. funestus, An. 

merus, An. melas and An. gambiae (Sinka, 2013). In Kenya, malaria vectors An. 

funestus and An. gambiae have been documented in locations where transmission of 

both Plasmodium falciparum and Wuchereria bancrofti occurs, indicating the 

potential for overlapping disease transmission (Bartilol et al., 2024; Njenga et al., 

2017). The presence of these vectors has also been reported in Kenya’s western and 

Nyanza provinces near Lake Victoria, as well as in the coastal region (Orondo et al., 

2021; Wanjala & Kweka, 2018). 

Malaria remains a major parasitic infection affecting populations in subtropical and 

tropical areas worldwide. It is transmitted through the bites of infected female 

Anopheles mosquitoes and continues to contribute significantly to global mortality, 

with recent estimates reporting more than 600,000 deaths annually (World Health 

Organization, 2024). The disease is caused by various species of Plasmodium 

parasites, which include P. falciparum, P. vivax, P. ovale and P. malariae with humans 

being their intermediate hosts (Lai et al., 2025). P. falciparum is the most common 

causal agent of malaria in Africa, the Caribbean, South-East Asia and South America, 

while P. vivax infections are commonly reported in America, Asia, and North Africa 

(World Health Organization, 2024). In 1998, the Roll Back Malaria (RBM) partnership 

was launched with the aim of reducing the impact and transmission of malaria 

worldwide (Roll Back Malaria Partnership, 2023). Despite these efforts, malaria 

remained a public health concern, with over 3 billion people exposed to the risk of 

infection across 97 countries by 2015. During the same period, the disease continued 

to cause hundreds of thousands of deaths and more than 200 million cases each year 
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(WHO, 2015). The WHO adopted the Global Technical Strategy for Malaria 2016–

2030, together with the Action and Investment to defeat Malaria 2016–2030 

framework, to help in the fight against malaria globally (WHO, 2021). 

In Kenya, malaria is endemic to the coastal, Nyanza and Western regions where Busia 

has consistently reported among the highest prevalence rates (Kenya National Malaria 

Programme, 2020). Transmission is higher in these regions compared to low 

transmission areas such as Nairobi, Machakos, Kitui, Embu, Marigat as well as 

Ngurumani (President’s Malaria Initiative, 2022). In the past years, there has been the 

threat of failing malaria treatment leading to a change of first-line drugs. The first 

change was in 1998 where Sulfadoxine-pyrimethamine (SP) replaced Chloroquine 

(CQ), while the second change was in 2004 when Artemisinin therapy was named as 

the first-line treatment against malaria (Ministry of Health Kenya, 2023). However, 

SP is recommended for intermittent preventive treatment in pregnancy only in endemic 

regions. 

Lymphatic filariasis, on the other hand, is one of the neglected tropical vector-borne 

diseases that cause swelling of limbs (lymphoedema), testis (hydrocoele) and 

elephantiasis (World Health Organization, 2024). This disabling swelling is the 

consequence of damage caused by thread-like nematodes to the lymphatic system. The 

lymphatic system is part of the immune system which moves fluids through the body 

while removing waste, bacteria, and viruses via lymph nodes (Standring, 2020). 

Damage to the lymphatic system causes fluid accumulation in tissues resulting in 

disabling swellings. The thread-like nematodes responsible are Brugia malayi, Brugia 

timori and Wuchereria bancrofti transmitted by mosquitoes from the genus Anopheles 

and Culex. (WHO, 2024). 

In 2000, the WHO launched the Global Programme to Eliminate Lymphatic Filariasis 

(GPELF) as a strategy aimed at reducing the transmission of lymphatic filariasis in 

endemic areas. The programme focused on mass drug administration (MDA), 

involving the distribution of medicines such as albendazole, ivermectin, and 

diethylcarbamazine to at-risk populations (World Health Organization, 2023). In 

addition to reducing transmission, the programme seeks to improve the quality of life 
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of affected individuals by promoting morbidity management and preventing disability 

that comes with lymphatic filariasis (WHO, 2024). 

In Kenya, lymphatic filariasis (LF) is endemic to the coastal region since ecological 

conditions favor transmission (World Health Organization, 2023). The LF elimination 

programme was first launched in Kilifi County where the entire population was treated 

with diethylcarbamazine citrate and albendazole. By 2011, the programme had 

expanded to Tana River and Lamu counties (Njenga et al., 2017). The programme has 

not been implemented in Busia County since no infections had been reported there at 

that time. 

There are several methods used to diagnose malaria and filariasis including antibody 

detection (Mackenzie et al., 2022), microscopy, antigen detection (Rodgers et al., 

2021) and molecular diagnostic methods. Antigen and antibody detection methods rely 

on detection of parasite-derived proteins in blood during infection (World Health 

Organization, 2023; Farrar et al., 2023). 

Both diseases lymphatic filariasis and Malaria are transmitted by Anopheles 

mosquitoes, creating the potential for mixed infections in both the vector and human 

populations in endemic regions. In tropical Africa, key vectors include An. gambiae, 

An. funestus, An. arabiensis, and others. In Kenya, these primary vectors have been 

documented in coastal regions and western areas near Lake Victoria, including the 

Nyanza and Western provinces where Busia County is located.  

Critically, the background states that the LF elimination programme has not been 

implemented in Busia County because no infections had been reported there at that 

time. Studies suggested that Anopheles mosquitoes co-infected with W. bancrofti and 

Plasmodium may exhibit altered parasite loads. For instance, W. bancrofti-infected An. 

gambiae have been found to carry higher numbers of Plasmodium sporozoites, and 

vice-versa, possibly due to microfilariae disrupting the mosquito midgut and 

facilitating parasite migration. Conversely, other research indicates that co-infection 

might reduce mosquito survival, potentially altering transmission dynamics. This 

complex interaction suggests that controlling one disease could inadvertently impact 

the transmission of the other in co-endemic areas. 
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Despite the ongoing malaria control efforts, the core problem is that Busia County is 

still suffering from persistently high malaria transmission. Concurrently, there is a lack 

of knowledge regarding the presence and prevalence of lymphatic filariasis in the 

region, as no LF cases had been historically reported, and consequently, no LF 

elimination programme such as mass drug administration has been deployed. This 

presents a critical gap: the status of potential co-infections of W. bancrofti and 

Plasmodium in both the Anopheles mosquito vectors and the human population of 

Busia County is unknown. Given the documented interactions between these parasites 

in vectors elsewhere, understanding whether both pathogens are circulating in Busia 

is a prerequisite for designing effective, integrated vector management and disease 

control strategies. The study is justified by the need to gather baseline data on mixed 

infections before any intensified filariasis control such as mass drug administration is 

considered for the area, as such interventions could have unforeseen consequences on 

malaria transmission dynamics. 

The study was designed to address this problem by implementing objectives focusing 

on vector species identification, detection of mixed infections in mosquitoes, and 

genetic analysis of any parasites found. The background highlights that important 

malaria vectors, including Anopheles gambiae and Anopheles funestus, exist as species 

complexes composed of closely related species that are difficult to distinguish based 

on morphology alone. Despite their similarities, these species may exhibit substantial 

differences in their behavioral characteristics, ecological preferences, and ability to 

transmit malaria parasites. For instance, members of the Anopheles gambiae complex, 

Anopheles gambiae sensu stricto, Anopheles arabiensis and Anopheles melas each 

demonstrates different varying capacities and ecological adaptations that favor malaria 

transmission.  

The aim of this study was to determine the occurrence of Anopheles funestus and 

Anopheles gambiae using molecular method (PCR) to identify the specific sibling 

species present in Matayos. This is crucial because knowing which vector species are 

present determines the most effective control measures such as indoor residual 

spraying vs. larval source management and helps predict transmission potential. The 

study used Anopheles mosquitoes collected from the study site "Matayos" and tested 
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them for the presence of infection with both Wuchereria bancrofti and Plasmodium 

falciparum. This objective directly addresses the problem statement by providing the 

first empirical data on the extent of dual-pathogen carriage in the local mosquito 

population. The findings revealed whether the ecological conditions in Busia allow for 

frequent mixed infections, which, as the background suggests, could influence 

transmission dynamics of both diseases. A high proportion of co-infected mosquitoes 

supported the hypothesis that integrated control is necessary. 

Lastly, the study performed sequencing of the parasite DNA. These sequences were 

then used to construct a phylogenetic tree, which is a diagram showing the 

evolutionary relationships between different W. bancrofti isolates. By comparing the 

W. bancrofti sequences from Matayos to those from other regions (the Kenyan coast, 

or other African countries), the study aimed to determine the evolutionary origin and 

relatedness of the local strain. Understanding the parasite's genetic diversity and 

evolutionary history provides insights into its transmission patterns, potential 

responses to drugs, and help track the spread of the parasite, which is valuable 

information for elimination programme. 

The study moved beyond simple disease surveillance by: (i) identifying the precise 

vector species present, (ii) measuring the rate of mixed P. falciparum and W. bancrofti 

infections in those vectors for the first time in Busia County, and (iii) performing a 

genetic fingerprint of any W. bancrofti found to understand its origins and evolution. 

Therefore, the ultimate goal was to generate evidence that will guide integrated disease 

control strategies in a region where the filariasis status is unknown but malaria is 

endemic. 

 

1.2 Statement of the Problem 

Malaria and lymphatic filariasis are transmitted by Anopheles mosquito vectors and 

are co-endemic in Kenya (Njenga et al., 2017; Sinka, 2013). Malaria causes significant 

morbidity and mortality with an estimated 249 million cases and over 600,000 deaths 

reported in 2023 (World Health Organization, 2024), while lymphatic filariasis is 
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associated with chronic disability including lymphoedema and hydrocele, with 

approximately 657 million people in 44 countries still requiring preventive 

chemotherapy (World Health Organization, 2023). Filariasis may also result in acute 

adenolymphangitis (ADL), an inflammatory condition of the lymph vessels and nodes 

characterized by recurrent fever, chills and headache (Babu & Nutman, 2014). 

The 2024 World Malaria Report reported that the malaria burden remained highest in 

countries such, the Democratic Republic of Congo, Nigeria, Mozambique and Uganda 

in sub–Saharan Africa. The African Region continues to experience the greatest impact 

of the disease, contributing to more than 90% of malaria-related cases and fatalities 

globally reflecting persistent transmission despite ongoing interventions (World 

Health Organization, 2024). 

On the other hand, WHO estimates that in 2023, 657 million people across 44 countries 

required preventive chemotherapy for lymphatic filariasis, while over 850 million 

people no longer required treatment due to successful elimination efforts in several 

countries (World Health Organization, 2023). In addition, approximately 40 million 

people were reported to be living with chronic manifestations of Lymphatic filariasis, 

including 25 million men living with hydrocele and millions affected by lymphoedema 

(Ndeffo-Mbah & Galvani, 2017). 

Lymphatic filariasis causes physical disability due to chronic swelling of the limbs 

(lymphoedema), which significantly affects mobility and daily activities such as 

walking, standing, household chores and toileting. Affected individuals also 

experience social stigma, which can lead to reduced educational attainment and loss 

of employment opportunities due to reduced productivity and discrimination (Zhao & 

Shen, 2025). 

Studies on co-infection of Anopheles mosquitoes with Plasmodium falciparum and 

Wuchereria bancrofti have reported that An. gambiae infected with Wuchereria 

bancrofti may harbor a higher number of Plasmodium sporozoites (Muturi et al., 

2006). Similar observations have been reported in other countries such Papua New 

Guinea, where Anopheles punctulatus mosquitoes carrying Plasmodium infections 

were observed to contain greater quantities of Wuchereria bancrofti larvae than 
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mosquitoes without the infection (Wilairatana et al., 2022). This association may be 

attributed to the disruption of physiological processes within the mosquito midgut 

caused by migrating microfilariae, facilitating parasite penetration into the haemocoel 

(Wilairatana et al., 2022). 

Further studies suggest that co-infection of mosquitoes with filarial and malarial 

parasites may reduce mosquito survival and transmission efficiency, leading to the 

hypothesis that control of one disease in co-endemic areas could influence 

transmission dynamics of the other (Coulibaly, 2016). Reduced survival of co-infected 

mosquitoes may alter vector population structure and transmission potential (Amimo, 

2023; Muturi et al., 2006). 

Given continued malaria transmission in Busia County and the persistent risk of 

lymphatic filariasis in endemic regions of Kenya (World Health Organization, 2024), 

it is important to investigate mixed infections of mosquitoes with Wuchereria 

bancrofti and Plasmodium species prior to intensified filariasis control interventions. 

The findings will support evidence for integrated vector management strategies 

targeting both diseases simultaneously. 

1.3 Justification  

Based on estimates provided by the WHO and CDC, malaria remains a significant 

public health challenge in Kenya, with an estimated 3–5 million clinical cases reported 

each year and over 10,000 associated deaths. The greatest impact of the disease is 

observed among communities living in the western regions of the country, where 

malaria transmission and burden remain particularly high. (WHO, 2024, CDC 2023). 

A study conducted in western Kenya by Bashir et al. (2019) reported Busia County as 

having the highest malaria prevalence at 37%, while Bungoma County recorded the 

lowest prevalence at 18%. In contrast, an estimated 3.6 million people remain at risk 

of lymphatic filariasis in the coastal endemic regions of Kenya, with cross-sectional 

surveys reporting an overall prevalence of approximately 1%–2% in endemic coastal 

counties (Njenga et al., 2017; World Health Organization, 2023).  
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Higher focal prevalence has previously been reported in Ndau Island, Lamu County, 

whereas Kwale and Kilifi counties continue to demonstrate low but persistent 

transmission below 2% (Njenga et al., 2017). Despite the presence of abundant 

competent mosquito vectors in Busia County, limited information is available 

regarding the distribution, prevalence, and transmission patterns of lymphatic filariasis 

within the region. Therefore, this study was designed to investigate the potential 

occurrence of concurrent transmission of malaria and lymphatic filariasis through 

Anopheles mosquito vectors in Busia County. The study was driven by the observation 

of the major vectors of Plasmodium falciparum and Wuchereria bancrofti, namely 

Anopheles gambiae and Anopheles funestus (Sinka et al., 2012; Muturi et al., 2006), 

which may support simultaneous transmission of both parasites. In addition, suspected 

filarial cases have occasionally been referred to diagnostic laboratories, including 

KEMRI, through routine surveillance systems, suggesting the possible presence of 

undetected transmission. Surveillance and health facility records remain critical in 

identifying disease hotspots and informing elimination programmes (World Health 

Organization, 2023). 

Previous experimental and field studies have shown that mosquitoes infected with 

Wuchereria bancrofti may under certain conditions harbor higher Plasmodium 

falciparum sporozoite loads compared to uninfected mosquitoes (Muturi et al., 2006). 

However, vector co-infection with both parasites has also been associated with reduced 

mosquito survival, which may subsequently influence disease transmission dynamics 

(Wilairatana et al., 2022; Coulibaly, 2016). It has further been hypothesized that 

interventions targeting either malaria or lymphatic filariasis in co-endemic regions 

may indirectly affect the transmission patterns of the other disease through changes in 

vector population structure, parasite development, and mosquito survival rates. There 

is therefore a need to investigate vector co-infection and co-transmission patterns in 

Busia County to support evidence-based integrated vector management strategies. 

The findings from this study are expected to provide important baseline data on the 

occurrence of malaria and lymphatic filariasis co-transmission in Busia County, 

thereby contributing to improved surveillance and targeted vector control 

interventions. The study may also strengthen integrated disease prevention 
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programmes by informing public health policies aimed at reducing transmission of 

both diseases simultaneously. Ultimately, the outcomes of this study are expected to 

benefit communities in Busia County through improved disease monitoring, enhanced 

vector control strategies, reduced disease burden, and better allocation of public health 

resources, thereby contributing to improved health and quality of life among 

populations living in endemic areas. 

1.4 Objectives of the Study 

1.4.1 General Objective 

To determine the prevalence of Wuchereria bancrofti and Plasmodium falciparum 

infections in Anopheles mosquitoes and human blood sampled from Busia County, 

Western Kenya and to characterize the parasites using phylogenetic analysis. 

1.4.2 Specific Objectives 

i. To determine the diversity of species within the collected An. gambiae and 

An. funestus complexes. 

ii. To determine whether Anopheles mosquitoes and blood samples from the 

study area are co-infected with Plasmodium falciparum and Wuchereria 

bancrofti. 

iii. To characterize Plasmodium falciparum and Wuchereria bancrofti parasites 

by Phylogenetic analysis 

1.5 Research Questions 

i. How diverse are the species of field-collected An. gambiae and An. funestus 

complexes? 

ii. What proportion of Anopheles mosquitoes and human blood samples are co-

infected with Wuchereria bancrofti and Plasmodium falciparum? 

iii. What are the phylogenetic relationships of Wuchereria bancrofti and 

Plasmodium falciparum isolates compared to previously reported sequences? 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Global Distribution and Epidemiology of Malaria 

The World Malaria Report (2025) estimated 282 million malaria cases in 2024 

globally, reflecting a continued rise compared to previous years. This represents an 

increase of about 9 million cases from 2023, with transmission remaining highest in 

endemic regions (World Health Organization, 2025). The continuing rise in malaria 

burden is largely attributed to countries in Africa such as the Democratic Republic of 

Congo, Mozambique, Uganda, Nigeria, and Ethiopia, in which the highest number of 

malaria infections and deaths have been reported. Collectively two-thirds of the global 

malaria burden have been reported in these countries (World Health Organization, 

2025). In comparison, the WHO South-East Asia Region contributes a relatively 

smaller fraction of global malaria cases, although transmission remains a concern in 

several areas. 

India remains the dominant contributor, while countries such as Sri Lanka and Bhutan 

continue to maintain malaria-free status following WHO certification (World Health 

Organization, 2025). In the Eastern Mediterranean Region, Sudan, Yemen, and 

Pakistan continue to report the highest malaria burden, while countries such as Saudi 

Arabia and the Islamic Republic of Iran have maintained zero indigenous malaria 

transmission for several consecutive years (World Health Organization, 2025). In the 

WHO Region of the Americas, Brazil, Colombia, and Venezuela account for most 

malaria cases, while countries such as Paraguay, El Salvador, and Argentina have been 

certified malaria-free (World Health Organization, 2025). 

The report further indicated that global malaria deaths were estimated at approximately 

610,000 in 2024, representing a slight increase compared to 2023 (World Health 

Organization, 2025). Despite this burden, cumulative global malaria control efforts 

since 2000 have averted approximately 2.2 billion cases and over 12 million deaths, 

largely through vector control, improved diagnosis, and treatment interventions 

(World Health Organization, 2025). 
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2.2 Global Distribution and Epidemiology of Lymphatic Filariasis 

Lymphatic filariasis (LF) transmission is influenced by environmental factors, 

increasing with temperature, rainfall, and vegetation cover, and decreasing with 

altitude (World Health Organization, 2023). Non-endemic areas are defined as those 

with infection prevalence below 1% (Cromwell et al., 2020; World Health 

Organization, 2023). LF remains endemic in many tropical and subtropical regions 

despite elimination in countries such as China, Japan, and South Korea. In Asia and 

the Americas, transmission is still predicted or sustained in countries including Sri 

Lanka, India (eastern regions), Australia’s northern coast, New Guinea, Brazil, 

Guyana, Central America, and the Caribbean (Asare et al., 2024). 

Following the establishment of the Global Programme to Eliminate Lymphatic 

Filariasis in 2000, considerable advancements have been achieved in efforts aimed at 

controlling and eliminating the disease. Initially, 81 countries were endemic, with over 

886 million people at risk and more than 120 million infected globally (World Health 

Organization, 2023). Between 2002 and 2012, large-scale preventive chemotherapy 

using albendazole and diethylcarbamazine reached billions of treatments, preventing 

or curing millions of cases (Ottesen et al., 2008). Recent reports suggest that about 657 

million individuals in 44 countries are still in need of interventions such as mass drug 

administration (MDA) while over 850 million no longer need treatment due to 

successful control efforts. However, around 40 million people continue to suffer from 

chronic conditions such as lymphoedema and hydrocele (World Health Organization, 

2023; Ndeffo-Mbah & Galvani, 2017). 

Progress in elimination has been substantial, with over 20 countries validated as having 

eliminated LF transmission in their communities including Togo, Malawi, Egypt, Sri 

Lanka, Thailand, and Vanuatu (World Health Organization, 2024). Despite this, LF 

remains endemic in 43 countries, mainly in Africa, where more than 30 countries 

including Kenya, Nigeria, Madagascar, Ethiopia, and Tanzania still require MDA. 

Nigeria remains the highest-burden country, followed by Madagascar and the 

Democratic Republic of Congo (Sinha et al., 2023; World Health Organization, 2024). 

LF remains a major public health challenge particularly in Africa, where sustained 
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transmission continues to require ongoing preventive chemotherapy and integrated 

vector control strategies. 

2.3 Taxonomy 

Filarial worms belong to the phylum Nematoda, class Chromadorea, order Rhabditida, 

suborder Spirurina, and family Onchocercidae, which includes a wide range of 

parasitic nematodes responsible for human diseases such as lymphatic filariasis and 

onchocerciasis (Wang, 2021; WHO, 2022). The family Onchocercidae comprises over 

60 genera of filarial nematodes that are transmitted through insect vectors and are 

responsible for significant global morbidity (De Souza & Bockarie, 2025). Lymphatic 

filariasis is caused by three nematode species, Brugia malayi, Brugia timori and 

Wuchereria bancrofti but W. bancrofti accounts for approximately 90% of global 

infections (WHO, 2022; Stolk et al., 2015). 

Plasmodium parasites belong to the phylum Apicomplexa, class Aconoidasida, order 

Haemosporida, and family Plasmodiidae, representing protozoan parasites 

responsible for malaria in humans (WHO, 2023; CDC, 2024). Over 100 species of 

Plasmodium have been documented worldwide; however, the principal species known 

to infect humans are P. ovale, P. vivax, Plasmodium falciparum, P. knowlesi and P. 

malariae (Lai et al., 2025; Haldar et al., 2018). However, P. falciparum causes the 

majority of malaria-associated deaths globally, especially in Africa (WHO, 2023; 

Lopez & Koepfli, 2021). 

2.4 Pathogenesis of Malaria 

Infection with malaria begins when female Anopheles mosquitoes inject the 

sporozoites of Plasmodium parasites into the host’s bloodstream (Figure 2.1). These 

sporozoites then undergo asexual replication in after travelling to the liver forming 

merozoites. The merozoites are then released into the bloodstream (Cowman et al., 

2016). These merozoites then invade the red blood cells, where they develop into 

trophozoites and eventually schizonts, leading to rupture of the infected cells and 

release of parasites that infect additional erythrocytes (World Health Organization, 
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2023). A proportion of the merozoites develop into sexual forms called gametocytes, 

which remain circulating within the host's bloodstream. (Cowman et al., 2016). 

During a blood meal the circulating gametocytes are taken up by mosquitoes and 

transported to the midgut. In the mosquito gut, female and male gametes fuse to form 

zygotes, which develop into motile ookinetes and subsequently into oocysts (World 

Health Organization, 2023). The oocysts formed on the midgut wall eventually 

rupture, releasing sporozoites into the haemocoel of the mosquito. These sporozoites 

migrate to the salivary glands, where they become infective to a new human host 

during subsequent blood feeding. Once introduced into the human bloodstream, the 

parasite life cycle is reinitiated (Cowman et al., 2016). 

 

Figure 2.1: The Life Cycle of Plasmodium falciparum 

Source: CDC 2019 
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The clinical symptoms experienced during malaria infection, such as fever, arise 

primarily from the cyclical rupture of infected red blood cells and the subsequent 

release of parasites and cellular debris into the bloodstream (White et al., 2014). This 

process triggers inflammatory responses that contribute to disease manifestation. 

Other symptoms include chills, severe anaemia, cough, headache, muscle pain, 

vomiting, abdominal discomfort, seizures, and respiratory distress, particularly in 

severe cases of Plasmodium falciparum infection (World Health Organization, 2023). 

2.5 Pathogenesis of Lymphatic Filariasis 

Mosquitoes that transmit filarial worms, as well as Plasmodium parasites and some 

arboviruses, acquire microfilariae when taking a blood meal from an infected 

individual (World Health Organization, 2023). The microfilariae then lose their 

sheaths and develop into first- and second-stage larvae before maturing into third-stage 

infective larvae within the thoracic muscles of the mosquito, after which they migrate 

through the haemocoel to the proboscis (Goel & Goel, 2016). During a blood meal, 

the infective larvae on the mosquito proboscis, are released onto the skin of a human 

host. The larvae then enter the body through the bite site and migrate to the lymphatic 

vessels, where they mature into adult worms. These adult worms produce sheathed 

microfilariae that circulate in the bloodstream. The microfilariae are again ingested 

when another mosquito feeds on an infected individual and later shed their sheaths and 

develop into infective larvae within approximately one to two weeks completing the 

transmission cycle (World Health Organization, 2023; Centers for Disease Control and 

Prevention, 2024). 
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Figure 2.2: The Life Cycle of Wuchereria bancrofti 

Source: CDC 2019 

2.6 Vectors of Malaria and Lymphatic filariasis 

Malaria is not transmitted by all mosquito species but is instead exclusively spread by 

specific species of female Anopheles mosquitoes, which serve as the biological vectors 

responsible for parasite transmission (World Health Organization, 2024). 

Transmission occurs when an infected female mosquito inoculates Plasmodium 

parasites into a human host during blood feeding. In Africa, the main malaria vectors 

include Anopheles funestus, Anopheles arabiensis, as well as members of the 

Anopheles gambiae complex, all of which are highly efficient in transmitting malaria 

due to their strong preference for human blood and close association with human 

settlements (WHO, 2024; Coetzee et al., 2020). These vector species differ in their 
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ecology, biting behavior, and breeding habitats, which significantly influences malaria 

transmission dynamics across different ecological zones. 

In contrast, lymphatic filariasis (LF) is transmitted by a wider range of mosquito 

genera, reflecting a more complex vector ecology. The disease is caused by filarial 

parasites such as Wuchereria bancrofti, and transmission can be mediated by 

mosquitoes belonging to the genera Anopheles, Aedes, Culex, and Mansonia, 

depending on geographical and environmental conditions (WHO, 2023). The wide 

diversity of vector species plays a key role in the worldwide spread and continued 

transmission of lymphatic filariasis in both rural and urban environments. In Africa, 

Anopheles funestus and Anopheles gambiae remain the primary vectors of lymphatic 

filariasis, especially in rural regions where environmental conditions support their 

breeding and where malaria is also highly endemic (WHO, 2023; Cano et al., 2014). 

The shared transmission of malaria and lymphatic filariasis by these mosquito species 

illustrates the complex epidemiology of mosquito-borne infections in the region and 

emphasizes the need for integrated vector control approaches. 

2.7 Identification Features of Anopheles funestus and Anopheles gambiae 

Complexes 

In Africa, the Anopheles funestus and the Anopheles gambiae complex group are the 

two major malaria vectors and are also involved in the transmission of Wuchereria 

bancrofti, the parasite responsible for lymphatic filariasis. Although both groups 

contain highly efficient vectors, they differ significantly in morphology, ecology, and 

behaviour, which influences their role in disease transmission dynamics (Sinka, 2013). 

The Anopheles gambiae complex members are morphologically indistinguishable and 

include sibling species such as An. coluzzii, An. gambiae sensu stricto and An. 

arabiensis. These species are generally small, slender mosquitoes with lightly scaled 

bodies and distinctly spotted wings. A key morphological feature used in field 

identification is the palpal banding pattern in females, where alternating dark and pale 

bands are present, along with a relatively uniform wing spotting pattern. However, 

despite these external features, species-level identification within the complex is not 
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reliable using morphology alone, as members are cryptic and require molecular 

techniques such as PCR for accurate differentiation. 

In contrast, the Anopheles funestus group, particularly An. funestus sensu stricto, is 

generally larger, darker, and more robust in appearance. The wings of An. funestus 

show more uniform pale spots along the veins, and the body is covered with darker 

scales compared to An. gambiae. Females also exhibit long, slender palps with distinct 

but less contrasting banding patterns than those of the An. gambiae complex. These 

morphological differences, although subtle, allow for preliminary separation of the 

two groups under stereomicroscopic examination (Kyalo et al., 2017). 

 

Figure 2.3: An. funestus and An. gambiae Mosquito Species ((MalariaGEN, 2021)) 

Ecologically, the two groups occupy different larval habitats, which further supports 

their differentiation. The Anopheles gambiae complex typically breeds in temporary, 

sunlit water bodies such as rain pools, puddles, and hoof prints. These habitats are 

often short-lived and appear following rainfall events, contributing to the rapid 

population expansion of An. gambiae during wet seasons. Conversely, An. funestus 

prefers permanent or semi-permanent water bodies with emergent vegetation, such as 

swamps, irrigation canals, and stream margins. This ecological preference allows An. 

funestus populations to persist during dry seasons, maintaining year-round 

transmission potential (St. Laurent et al., 2021). 

Behaviorally, both groups are highly anthropophilic and endophilic, meaning they 

preferentially feed on humans and often enter houses to blood-feed at night. However, 

An. gambiae tends to exhibit more opportunistic breeding and rapid population 

fluctuations in response to rainfall, whereas An. funestus demonstrates more stable 
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population dynamics due to its reliance on permanent aquatic habitats (Beloconi et al., 

2023). These differences directly influence seasonal malaria transmission patterns and 

also affect the transmission dynamics of Wuchereria bancrofti, which requires longer 

mosquito survival times for parasite development. 

From a disease transmission perspective, both mosquito groups are capable vectors of 

Plasmodium falciparum and Wuchereria bancrofti, but their efficiency differs. An. 

gambiae is considered one of the most efficient malaria vectors globally due to its 

strong human preference and high vector competence. Anopheles funestus is also a key 

vector in many parts of Africa, largely due to its long lifespan and its capacity to 

maintain transmission even during dry periods (WHO, 2023). This complementary 

ecological function means that both vector groups are essential in sustaining the 

endemic transmission of Plasmodium falciparum and Wuchereria bancrofti in co-

endemic regions such as western Kenya. 

Given their cryptic nature, molecular identification remains essential for 

distinguishing sibling species within each group. While morphological characteristics 

provide a useful preliminary classification, PCR-based assays targeting ribosomal 

DNA and mitochondrial markers are required for definitive identification and for 

accurate entomological surveillance in epidemiological studies. 

2.8 Diagnosis 

Several methods that have been used historically to detect malaria and lymphatic 

filariasis which include the following;  

2.8.1 Light Microscopy 

The microscopy is recommended by the WHO as the standard method for the diagnosis 

of malaria and it involves the microscopic examination of stained blood films using 

Giemsa or other Romanowsky stains (World Health Organization, 2023; Agarwal et 

al., 2020). Blood samples are typically obtained through finger prick or earlobe 

collection, as parasite density is often higher in capillary blood (World Health 

Organization, 2023). Blood films are prepared following standard procedures, 
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including the preparation of thick and thin smears, staining, and examination under a 

100× oil immersion objective for parasite detection and species identification (World 

Health Organization, 2023). 

Microscopy is also a standard method for the diagnosis of lymphatic filariasis and 

involves detection of circulating microfilariae in peripheral blood (World Health 

Organization, 2023). Because many filarial parasites exhibit nocturnal periodicity, 

blood samples are preferably collected at night to increase the likelihood of detection, 

and thick smears are commonly prepared for examination (Goel & Goel, 2016). The 

smears are stained using Giemsa or similar stains and examined microscopically for 

the presence of microfilariae. This method is most effective during the early stages of 

infection when microfilariae are present in peripheral circulation, whereas in advanced 

disease stages such as lymphoedema, microfilariae may be absent or reduced in the 

blood (World Health Organization, 2023; Goel & Goel, 2016). 

2.8.2 Antigen Detection Test 

This method relies on the detection of antigens released into the host bloodstream 

during infection with malaria or lymphatic filariasis. For malaria diagnosis, parasite-

derived antigens such as aldolase, Plasmodium lactate dehydrogenase (pLDH) and 

histidine-rich protein 2 (HRP2) produced during erythrocytic stages are detected using 

rapid diagnostic tests (RDTs) (World Health Organization, 2023; Agarwal et al., 

2020). An example of such an RDT is the BinaxNOW malaria test. 

In addition, other methods detect circulating filarial antigens released by adult worms 

in the human bloodstream and are performed using ELISA or rapid card-based assays 

(World Health Organization, 2023; Mackenzie et al., 2022). These methods have 

advantages over microscopy in that blood samples obtained by finger prick can be 

collected at any time of day, unlike microscopy for microfilariae which often requires 

night sampling due to periodicity. However, antigen detection is most useful when 

adult worms are alive, particularly during the early stages of infection (Mackenzie et 

al., 2022). Examples of such tests include the Og4C3 ELISA and 

immunochromatographic card tests (ICT), including the more recent filarial test strip 

(FTS) (World Health Organization, 2023). However, most of these antigen detection 
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assays are specific for Wuchereria bancrofti, with limited applicability for detecting 

Brugia malayi infections (Mackenzie et al., 2022). 

2.8.3 Antibody Detection 

This technique is designed to identify antibodies generated in response to parasitic 

infections. In the diagnosis of malaria, the indirect fluorescent antibody (IFA) assay 

has also been used, however, it is not routinely applied because it primarily detects 

past exposure rather than active infection (World Health Organization, 2023; Bousema 

et al., 2014). In this method, antigens derived from Plasmodium species form 

complexes with antibodies present in the patient’s serum. Following this, a 

fluorescein-labelled anti-human antibody is added to bind to the antigen–antibody 

complexes, which are then visualized under a fluorescence microscope. A sample is 

considered positive when characteristic apple-green fluorescence is observed 

(Bousema et al., 2014). 

Recombinant filarial antigens are used in the diagnosis of lymphatic filariasis, to detect 

anti-filarial antibodies, and unlike antigen detection methods, these tests can indicate 

both past and current exposure (World Health Organization, 2023; Mackenzie et al., 

2022). An example is the Brugia Rapid test, which utilizes recombinant antigens of 

Brugia malayi to detect IgG4 antibodies against filarial parasites, although it 

demonstrates reduced sensitivity for Wuchereria bancrofti infections (Mackenzie et 

al., 2022). 

2.8.4 Molecular Diagnosis 

Molecular diagnosis involves detection of parasite DNA.The method relies on specific 

primers for the amplification of parasite DNA using Polymerase Chain Reaction 

(PCR). Commercial kits like the Qiagen kit are used to extract DNA after which it is 

amplified and detected through real-time PCR assays which significantly improve 

sensitivity and allow precise quantification of parasite load (Lazrek et al., 2023; e et 

al., 2025). Real-time PCR has become a widely accepted molecular tool due to its high 

sensitivity and ability to detect low-density infections that are often missed by 

conventional diagnostic methods (He et al., 2024; WHO, 2023). However, because 
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molecular diagnostic laboratories remain limited in many routine healthcare settings, 

particularly in low-resource countries, this method is often used as a confirmatory test 

following initial diagnosis using rapid diagnostic tests (RDTs) or microscopy (CDC, 

2024; WHO, 2023). 

This molecular approach has been further refined to improve the sensitivity and 

specificity of detecting parasitic infections, including filarial nematodes, using PCR-

based techniques. It relies on the identification of highly repeated DNA sequences 

within the parasite genome, which serve as reliable molecular targets for amplification 

(Elaagip & Higazi, 2024; Frontiers in Parasitology, 2024). Commonly targeted genetic 

markers include multicopy ribosomal RNA gene regions, which are highly conserved 

and widely used in modern diagnostic assays due to their diagnostic reliability 

(Nyenke, 2024; Mbanefo & Kumar, 2020). Once these conserved sequences are 

identified, specific primers are designed and synthesized to target them in PCR assays, 

enabling rapid and highly specific detection of filarial nematodes and significantly 

reducing diagnostic turnaround time compared to traditional microscopy (Mahale et 

al., 2023; PLOS NTD, 2024). 

2.9 Treatment of Lymphatic Filariasis and Malaria  

Treatment of malaria especially in endemic areas is always guided by national 

protocols that outline the management of severe malaria, malaria in pregnancy and 

uncomplicated cases. Artemisinin-based combination therapies (ACTs) is currently 

recommended by WHO as the first-line treatment for uncomplicated Plasmodium 

falciparum malaria due to their high efficacy and ability to delay resistance 

development (WHO, 2023; CDC, 2024). ACTs remain the most effective antimalarial 

regimen because they combine two drugs with different mechanisms of action, thereby 

improving parasite clearance and reducing the likelihood of drug resistance emergence 

(White & Chotivanich, 2024; Lai et al., 2025). 

Infections caused by Plasmodium vivax are also treated using ACTs, while chloroquine 

may still be used in areas where resistance is not documented (WHO, 2023). 

Tafenoquine or primaquine is used the treatment and elimination of liver hypnozoites 

of P. vivax, thereby preventing relapse infections (Taylor et al., 2015; WHO, 2023). 
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Severe malaria cases are treated with injectable artesunate followed by a full 3-day 

course of ACT once the patient can tolerate oral medication, as this approach 

significantly reduces mortality compared to older therapies (WHO, 2023; Sinclair et 

al., 2012). 

The Global Programme to Eliminate Lymphatic Filariasis (GPELF) was established 

by WHO with the goal to support the elimination of lymphatic filariasis (LF) by 

reducing the transmission and development of disability in affected populations. The 

programme is primarily implemented through preventive chemotherapy delivered via 

mass drug administration (MDA), (WHO, 2022). Drugs effective against filarial 

nematodes include ivermectin, albendazole, diethylcarbamazine (DEC), and in some 

settings, combination regimens depending on co-endemicity with other parasites 

(Stolk et al., 2015; WHO, 2022). GPELF recommends annual MDA with albendazole 

(400 mg) combined with diethylcarbamazine citrate (6 mg/kg) or ivermectin in 

endemic populations aged two years and above to reduce microfilarial levels and 

interrupt transmission (WHO, 2022; De Souza & Bockarie, 2025). 

Acute adenolymphangitis (ADL), caused by secondary bacterial and fungal infections 

of lymphoedematous limbs, is managed through symptomatic and supportive care. 

Treatment includes analgesics for pain relief and antibiotics to control bacterial 

infection, alongside antifungal agents when indicated (WHO, 2023; Negussie et al., 

2018). ADL episodes typically present with painful swelling of lymph nodes, fever, 

chills, headache, nausea, and vomiting, lasting several days and contributing to 

disability in affected individuals. Management focuses on improving hygiene, 

including washing affected limbs with soap and water, preventing entry lesions, and 

reducing recurrence (WHO, 2023). 

In chronic cases of lymphatic filariasis, surgical intervention such as hydrocelectomy 

is performed to manage hydrocele, a condition characterized by abnormal fluid 

accumulation in the scrotum leading to swelling and discomfort. Surgical management 

remains the most effective treatment for advanced hydrocele cases and significantly 

improves quality of life in affected patients (WHO, 2022; Capuano & Capuano, 2012). 
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2.10 Co-Infections 

2.10.1 Co-Infection of Wuchereria bancrofti and Plasmodium falciparum  

In co-endemic areas, especially in sub-Saharan Africa, co-infection with Wuchereria 

bancrofti and Plasmodium falciparum remains an important public health concern. 

Recent studies continue to confirm that both parasites share common Anopheles 

mosquito vectors, enabling simultaneous transmission within the same ecological 

settings (Abraham et al., 2024; Muturi et al., 2006). 

2.10.2 Co-Infection in Mosquito Vectors 

Recent molecular xenomonitoring studies demonstrate that Anopheles gambiae s.l. can 

harbor both P. falciparum and W. bancrofti simultaneously, confirming the biological 

feasibility of co-infection in mosquito vectors (Abraham et al., 2024). Field-based 

evidence from East Africa has shown that a proportion of wild-caught mosquitoes 

contain both malaria sporozoites and filarial larvae, although co-infected mosquitoes 

remain relatively rare due to reduced mosquito survival following multiple infections 

(Muturi et al., 2006; Abraham et al., 2024). A 2024 Kenyan coastal study further 

confirmed that Anopheles gambiae populations exhibited concurrent infections with 

both parasites, with co-infection rates ranging from low but measurable proportions in 

field populations (Muturi et al., 2006). These findings indicate that a single mosquito 

bite has the potential to transmit both malaria and lymphatic filariasis, although 

transmission efficiency is influenced by parasite load and vector survival dynamics. 

2.10.3 Co-Infection in Human Blood 

Human co-infection occurs in populations exposed to high mosquito biting rates in 

endemic regions. Recent field studies in Kenya and other parts of East Africa report 

that individuals can simultaneously harbor P. falciparum parasites in red blood cells 

and W. bancrofti microfilariae in peripheral blood (Muturi et al., 2006; Abraham et al., 

2024). Although co-infection is documented, prevalence levels vary widely depending 

on transmission intensity, vector control coverage, and mass drug administration 

programs targeting lymphatic filariasis. Studies suggest that while co-infection is 
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biologically common, its detection in cross-sectional surveys is often underestimated 

due to the periodic nature of microfilarial circulation and submicroscopic malaria 

infections (Abraham et al., 2024). 

2.11 Parasite Interactions and Transmission Implications 

Evidence suggests that interactions between W. bancrofti and P. falciparum within 

both the human host and mosquito vector may influence transmission dynamics. In 

mosquitoes, dual infection may reduce survivorship, potentially limiting onward 

transmission despite co-ingestion of both parasites (Muturi et al., 2006). This indicates 

a possible biological constraint on co-transmission efficiency. In humans, co-infection 

may also influence disease dynamics through immune modulation. Helminth 

infections such as lymphatic filariasis are known to induce regulatory immune 

responses that may alter host susceptibility to malaria infection (World Health 

Organization, 2023). However, recent field evidence suggests that the direction and 

magnitude of this effect remain inconsistent across endemic settings, with some studies 

reporting increased malaria susceptibility and others showing no significant effect 

(Muturi et al., 2006). 

2.12 Public Health Implications 

Recent literature emphasizes that co-endemicity of malaria and lymphatic filariasis 

necessitates integrated surveillance and control strategies. Studies recommend 

combining vector control interventions (such as the use of insecticide-treated nets) to 

reduce transmission of these parasites simultaneously (World Health Organization, 

2023; Abraham et al., 2024). Molecular xenomonitoring of mosquito populations is 

increasingly being used to detect co-infections and evaluate intervention impact in real 

time (Abraham et al., 2024). Despite progress, key gaps remain in understanding the 

epidemiological significance of co-infection, particularly regarding how parasite 

interactions within mosquitoes’ influence transmission efficiency and how human 

immune responses are modulated during simultaneous infection. 
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2.13 Summary and Critique of Existing Literature 

2.13.1 Summary 

Two vector-borne diseases, malaria and lymphatic filariasis, are important public 

health problems in tropical and subtropical countries, with a large and extensive body 

of literature on the global distribution, epidemiology, pathogenesis and diagnosis of 

both. The review is a compilation of what is known from the peer reviewed studies, 

data from global elimination programme, and WHO reports within the last 20 years. 

In the year 2025, World Malaria Report reported that there were about 282 million 

cases of malaria and at least 610,000 deaths globally in the year 2024. 90% of these 

cases were reported in African countries of Mozambique, Democratic Republic of 

Congo, Nigeria, Uganda and Ethiopia contributing to two-thirds of the reported cases 

and deaths. Since 2000 when the programme to eliminate Lymphatic filariasis was 

established, substantial progress has also been reported. When the programme began, 

over 120 million individuals had been reported to be infected with the disease in 81 

countries. Recent estimates have reported a reduction in the number of people infected 

and requiring mass drug administration to 657 million people in 44 countries while 

about 850 million people no longer needing treatment. In addition, at least 20 countries 

have been validated as having eliminated lymphatic filariasis as a public health 

problem. 

Wuchereria bancrofti is believed to cause around 90% of LF infections worldwide 

while Plasmodium falciparum is the most virulent species of malaria. They both have 

some important characteristics: they are spread by female Anopheles mosquitoes, 

particularly the Anopheles gambiae complex and An funestus group in Africa. The life 

cycles of both are known, and the malaria parasites replicate in the liver before 

invading erythrocytes, while filarial worms grow in the lymphatic vessels and release 

microfilariae which show nocturnal periodicity.  

One of the many strengths of the literature reviewed is that species of vectors have 

been characterized in detail. Morphologically indistinguishable, the Anopheles 

gambiae complex consists of sibling species, An. arabiensis, An. coluzzii, and An. 
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gambiae s.s., which can only be definitively distinguished using molecular methods. 

They are ephemeral (temporary) and inshore (sunlit) species. An. funestus, on the other 

hand, is associated with permanent or semi-permanent water bodies where there is 

emergent vegetation, allowing the parasites to be transmitted throughout the year. 

Anthropophilic and endophagic, with greater longevity and dry season persistence for 

An. funestus. There are four literature-diagnostic categories for both diseases. The 

WHO recommended standard is light microscopy, which is sensitive depending on the 

parasite load and for LF, the timing of sampling is best in the dark. There are some 

assays which have the advantage of any-time sampling, such as antigen detection tests 

(including rapid diagnostic tests (RDTs) for malaria HRP2, pLDH, aldolase) and LF 

tests (Og4C3 ELISA, immunochromatographic card tests, Filarial Test Strip). 

Antibody detection techniques are useful for the diagnosis of past exposure but not for 

diagnosis of acute infection. Molecular diagnosis by PCR on 18S rRNA and repeated 

DNA is most sensitive and specific, but is only available in specialist labs. 

Artemisinin-based combination therapies (ACTs) are WHO recommended first-line 

drugs for uncomplicated P. falciparum malaria. GPELF recommends an annual mass 

drug administration of albendazole with either diethylcarbamazine or ivermectin for 

LF. Chronic LF treatment involves hydrocelectomy surgery for advanced cases of 

hydrocele and lymphoedema management via hygienic procedures.  

In the mosquito vector and in humans, co-infection of W. bancrofti and P. falciparum 

are discussed in the literature. Molecular Xeno monitoring studies conducted in East 

Africa, such as the studies carried out on the Kenyan coast (2024), have shown the 

compatibility of Anopheles gambiae in harboring both parasites at the same time, albeit 

with low co-infection percentages. Although two parasites are ingested 

simultaneously, evidence indicates the dual infection lowers the mosquito's 

survivorship, which may limit the spread of other parasites. Helminth-induced 

regulatory immune responses can influence the susceptibility to malaria in humans, 

with some studies showing an increased susceptibility in certain endemic areas but 

other studies finding a decreased susceptibility. 
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2.13.2 Critique of Existing Literature 

The review of the literature available on the problem of malaria and LF co-infection 

has yielded a strong background of knowledge, however there are some 

methodological, conceptual and contextual limitations to be critically examined. 

Even though the global reports from world health organization are authoritative, these 

reports are a limitation in providing the understanding to the local level. 

Epidemiological estimates (e.g., 282million malaria cases, 657million people to 

receive LF preventive chemotherapy) combine very different transmission situations. 

These figures are not very useful for predicting or comparing for Matayos, which is in 

Busia County. Though western Kenya is known as a co-endemic region, there is no 

sub-national stratification of the literature for the country of Kenya. There are no 

prevalence data available for Matayos constituency, and this methodology makes an 

assumption of 50% prevalence, but this study addresses that gap. It is correct to state, 

as has been done in the literature, that the species of the An. gambiae complex are 

morphologically indistinguishable and PCR is needed for species identification. 

However, this review does not critically assess the performance traits of various 

molecular markers in the field. The 18S rRNA gene has been extensively used for P. 

falciparum detection, while there are no reports of other limitations like copy number 

variation, or the fact that it is detecting residual DNA rather than active infection. The 

review does not consider the potential of cross reactivity or the possibility of antigen 

persistence following successful treatment, which is important in assessing mass drug 

administration programs, for antigen detection tests, and only briefly mentions that 

they are applicable to W. bancrofti but not to Brugia species. 

Mosquito co-infection studies (Muturi et al., 2006; Abraham et al., 2024) are reported 

to show that Plasmodium sporozoite levels are higher in An. gambiae infected with W. 

bancrofti. The direction of the causality, however, and confounding factors have not 

been critically examined in the literature. The role of filarial infection in facilitating 

the development of the malaria parasite is not known, nor is it known whether both 

infections are merely a reflection of greater exposure of mosquitoes to infected human 

blood. The mechanism suggested (physical disruption of midgut by migrating 
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microfilaria) is stated as fact, but is based on a few experimental studies, many of 

which were carried out in the laboratory, which may not reflect field transmission 

dynamics. References in the literature include those ranging from 2006 to 2025, though 

there are some important references that are dated. The 2002-2012 data on treatment 

coverage are taken from Ottesen et al., 2008 which is now more than 10 years old. 

Systematic reviews in the literature would benefit from more recent reviews, as 

GPELF has had several country validations for elimination since 2015. Furthermore, 

the continental-level geographical coverage is highly biased towards sub-Saharan 

Africa, and there is a lack of attention to intra-country heterogeneity. Kenya is cited as 

being in need of MDA for LF, but no data are available for the county of interest, 

Busia, which is the study site in this study. 

According to the literature, both An. gambiae and An. funestus breed in temporary 

water bodies, the latter in permanent water bodies associated with vegetation. It doesn't 

consider, however, how changes in land use, agricultural activities or climate 

variability within Busia County specifically may affect these habitat distributions. 

There is also no discussion of insecticide resistance which is a major determinant of 

the effectiveness of vector control in Western Kenya. As both diseases are targeted, 

insecticide resistance patterns have direct implications for understanding the 

transmission persistence. There is conflicting information in the literature about the 

outcomes of co-infection, with one mechanism arguing that co-infection would 

facilitate transmission via disruption of the midgut, and another that it would limit 

transmission via the reduced survival of mosquitoes. These conflicting results are not 

summarized nor are testable hypotheses suggested to account for the discrepancy. In 

addition, the discussion on human immune modulation is rather superficial, with 

respect to mentioning that helminth infection causes regulatory response but does not 

specify the cytokine profiles (e.g., IL10, TGF β), T-cell subsets involved, or whether 

these are different in the various stages of filarial infection. The literature suggests that 

using insecticide treated nets and mass drug administration together is recommended 

for an integrated approach; however, it does not critically analyze the operational 

challenges around taking up mass drug administration in populations where insecticide 

treated nets were also introduced, or logistical feasibility of running simultaneous 

campaigns, or potential drug interactions. No cost-effectiveness, sampling frequency 
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and thresholds for interventions are discussed for the recommendation to implement 

molecular Xeno monitoring. 

The literature available provides background information on the epidemiology and 

epidemiology of malaria and LF, vector biology, and diagnostic techniques, but there 

are still gaps in the literature regarding Matayos, Busia County. They are the lack of 

local prevalence data, need for more critical evaluation of the co-infection mechanisms 

in the field, outdated reference values of key data from the elimination programme, 

insufficient awareness of insecticide resistance, and limited guidance on integrated 

control.  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study Design 

The mosquito and blood samples used in this study were collected from Busia County 

in Matayos constituency, Busibwabo ward under the project mapping emerging 

infectious diseases in selected sites in Kenya within the context of climate change. 

This was a cross-sectional study assessing the prevalence of Wuchereria bancrofti and 

Plasmodium falciparum infections in Anopheles mosquitoes and human blood samples 

collected from Matayos, Busia County, Western Kenya. The sampling design used in 

the selection of samples for this study was based on purposive sampling where only 

Anopheles mosquitoes collected in the main project were selected to be used in the 

study because malaria parasites are only transmitted by these mosquitoes. Blood 

samples that were used are those that were collected from consenting participants who 

had tested positive for filariasis infection by the Filarial Test Strip. 
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3.2 Sampling Site 

 

Figure 3.1: A Map of Kenya showing the Sampling Site in Matayos Constituency, 

Busibwabo Ward, Busia County  

Source: Generated using the QGIS Software 

The samples used in this study were collected in Matayos constituency, Busibwabo 

ward, in Busia County where cases of filarial infection had been reported in June 2019 

and March 2020 and stored at KEMRI. Busia County borders Lake Victoria to the 

South and Busia District, Uganda to the West which makes it susceptible to the 

diseases with the lake providing a suitable breeding site the Anopheles mosquito 

vectors of filarial nematodes as well as Plasmodium falciparum. In addition, Uganda 

is not only an LF-endemic area but according to WHO (2018), 5% of the total deaths 

due to malaria reported in the WHO African region occurred in this country, while in 

2022, 5% of the malaria cases also occurred in Uganda. Therefore, there is the 

possibility of transmission of both malaria and filariasis in the bordering region of 

Busia County. Busia is also a malaria endemic region (Bashir et al., 2019). All 
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mosquitoes collected from this study were preserved dry in silica gel and transported 

to the the Centre for Biotechnology Research and Development at the Kenya Medical 

Research Institute where laboratory analyses were carried out.  

3.3 Collection of Mosquito and Blood Samples 

Before consent was sought from the study participants, the purpose and importance of 

the study was first explained after which each participant was asked to sign a consent 

form. Blood samples from children were only collected after informed consent was 

sought and obtained from their parents and guardians and assent by the children while 

samples from adults that is those above 18 years was taken after informed consent. 

Blood samples were collected from consenting participants who had tested positive for 

filariasis infection by the FTS (Filarial Test Strip). First, approximately 75 μl of blood 

was obtained from finger pricks to test for the presence of circulating filarial antigen 

using the Filarial Test Strip (FTS). An additional 2ml of blood was taken through the 

venipuncture of the median cubital vein from both adults 18 years and above and 

children 5-17 years who tested positive after the FTS.  

This study used a purposive sampling study design where only Anopheles mosquitoes 

were selected because malaria parasites are only transmitted by these mosquitoes. 

Anopheline mosquitoes were identified using standard morphological character keys 

to distinguish them from the other species (Gillies and Meillon, 1968). Adult 

mosquitoes were collected inside the identified houses of those who tested positive for 

Filarial Test strip as well as outdoor. CDC light traps were used for the indoor 

collection mounted within 1 metre of the bed at 6 pm as well as the outdoor collection 

by hanging the traps near the houses and under trees. The light traps were retrieved the 

following day at 6 am.  

3.4 Sample Size Determination 

To determine the number of people from Matayos constituency to be tested for 

lymphatic filariasis, a prevalence of 50% was assumed since the prevalence of 
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filariasis was unknown in this area. The sample size was determined using the 

Fischer’s method as follows; 

N=Z2PQ 

             d2 

Where; 

N = The minimum sample size 

Z = the standard score at 1.96 

P = the proportion of the target population estimated to be infected 0.5 

Q = 1-P (1-0.5) = 0.5 

D = the minimum expected error= (100-95)/100= 0.05. 

N = (1.96)2 x 0.5 x 0.5 

                 (0.05)2 

     N= 385 

Using the formula, a total of 385 participants were screened for filariasis in Matayos 

Constituency as part of the broader project Mapping emerging infectious diseases in 

selected sites in Kenya within the context of climate change. 92 tested positive for 

Wuchereria bancrofti and this was the number of samples that was used in this study 

for detection of Plasmodium falciparum and Wuchereria bancrofti via PCR. 

Mosquitoes were also collected from the houses of participants who tested positive 

after a filarial test strip. A total of 1304 mosquitoes were collected from all houses 

sampled, 292 of which were identified as Anopheles mosquitoes based on 

morphological characteristics. Therefore, for this study a total of 292 Anopheles 

mosquitoes were used.  
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3.5 Inclusion and Exclusion Criteria 

Human participants were recruited from the study area based on predefined eligibility 

criteria. Individuals who provided written informed consent to participate in the study 

were eligible for inclusion. For participants below 18 years of age, written parental or 

guardian consent was obtained, and assent was sought from children aged 5-17 years. 

Participants who tested positive for Lymphatic filariasis by the Filarial Test Strip 

(FTS) provided blood samples for further molecular analysis. 

Individuals who declined to provide informed consent or assent, were severely ill at 

the time of recruitment or were unable to provide a blood sample were excluded from 

the study. Participants who tested negative for circulating filarial antigen using the 

FTS were also excluded from blood sample collection and subsequent laboratory 

analyses. 

For the entomological component, only adult female Anopheles mosquitoes collected 

from the study area were included in the study because they are the primary vectors 

responsible for the transmission of both Plasmodium falciparum and Wuchereria 

bancrofti in Kenya. Mosquitoes belonging to genera other than Anopheles, such as 

Culex and Aedes, were excluded from the study. This ensured that both the human and 

mosquito samples analyzed were relevant to the study objectives of investigating the 

co-transmission of lymphatic filariasis and malaria in Busia County. 

3.6 Ethical Consideration 

Before implementation, this study was reviewed and approved by the Scientific and 

Ethics Review Unit (SERU) at KEMRI, Approval no. SERU/3561.  

3.7 Laboratory Methods 

The mosquito vectors collected from Matayos constituency were used. Anopheles 

mosquitoes were first identified by morphological keys (Gillies and Coetzee 1987). 

After the morphological identification, the presence of the parasites P. falciparum and 

W. bancrofti was tested in the Anopheles mosquitoes by PCR with primers targeting 

the gene encoding the Plasmodium 18S Ribosomal rRNAs (Rougemont et al., 2004) 
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and the long DNA repeat (LDR) GenBank accession number AY297458 respectively 

(Erttmann et al, 1987).  

3.7.1 DNA Extraction 

The DNA from the 92 blood samples was isolated using the procedure of Lahiri and 

Nurnberger (Lahiri et al., 1992). Briefly, 300 μl of NaOH plus 1% triton was added 

into sterile Eppendorf tubes containing 200 μl of the blood sample and vortexed gently. 

After vortexing, the mixture was warmed at 65°C for 30 minutes in a thermomixer 

then the pH adjusted to 8 with HCl 1:4 (dilution) or 1M NaOH. The mixture was then 

span in a centrifuge at 4°C, 14000 rpm for 5 minutes and the supernatant transferred 

into clean Eppendorf tubes. Once in the clean Eppendorf tubes, the samples were 

heated again at 100°C for 5 minutes in a thermomixer and later cooled quickly on ice 

and incubated overnight at -80°C. The next day, 500 µl of absolute ethanol was added 

to the mixture and spun at 4°C, 14000 rpm for 20 minutes. The supernatant was then 

poured out and the pellet washed thrice with 70% alcohol, dried and suspended in 50 

μl   elution buffer. The samples were stored in a fridge at -20°C for use when needed. 

DNA was extracted from the 292 mosquitoes following the alcohol precipitation 

method of Collins et al., (Collins et al., 1987). Briefly, heads and thoraces of 

mosquitoes were individually placed in 1.5ml tubes and ground in 50 µl of grinding 

buffer.  Potassium acetate was then added, the contents of the tube mixed thoroughly, 

and the tubes cooled on ice water or crushed ice for 30 minutes. The samples were 

then centrifuged at 10,000 rpm for 10 minutes and the supernatant transferred into 

clean tubes. 200 l cold 95% Ethanol was added, and the sample stored in the freezer 

overnight at ­20°C. The following day, the mixture was centrifuged, and DNA eluted 

through addition of 200 l 70% ethanol, centrifugation and then pouring off, followed 

by addition of 200 l 95% ethanol, centrifugation and again pouring off. The DNA 

pellet was re-suspended using 100 μl of PCR water after drying overnight at room 

temperature and stored at -20°C ready for use in PCR. 
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Table 3:1. PCR Primers for Molecular Identification of Mosquito Species, W. 

bancrofti, and P. falciparum Parasites 

Primer 

name 

Primer sequence Target 

gene 

Target 

organism 

Amplicon 

size 

Primer 

source 

UN GTGTGCCCCTTCCTCGATG

T 

rDNA 

intergeni

c spacer 

region 

Universal 

primer for 

Anopheles 

gambiae 

complex 

  

 

[39] 
GAM CTGGTTTGGTCGGCACGTT

T 

An. gambiae s.s. 390 

MER TGACCAACCCACTCCCTTG

A 

An. merus 464 

ARA AAGTGTCCTTCTCCATCCT

A 

An. arabiensis 315 

QUA CAGACCAAGATGGTTAGTA

T 

An. 

quadrianulatus 

153 

UV TGT GAA CTG CAG GAC 

ACA T 

Internal 

transcrib

ed spacer 

2 region 

of 

nuclear 

rDNA 

Universal 

primer for An. 

funestus 

complex 

  

 

[22] 
FUN GCA TCG ATG GGT TAA TCA 

TG, 

An. funestus s.s. 500 

VAN TGT CGA CTT GGT AGC CGA 

AC 

An. vaneedeni 550 

RIV CAA GCC GTT CGA CCC TGA 

TT 

An. rivulorum 450 

OAR TGC GGT CCC AAG CTA GGT 

TC 

An. parensis 250 

LEES TAC ACG GGC GCC ATG 

TAG TT 

An. leesoni 150 

NV1 CGTGATGGCATCAAAGTAG

CG 
18S 

rRNA 

gene 

W. bancrofti 

 

188 

 

[47] NV2 CCCTCACTTACCATAAGAC

AAC 

rFAL1 TTAAACTGGTTTGGGAAAA

CCAAATATATT 
18S 

rRNA 

gene 

P. falciparum 

 

205 

 

[37] rFAL2 ACACAATGAACTCAATCAT

GACTACCCGTC 

3.7.2 Molecular Identification of Mosquitoes 

Extracted DNA was used to identify members of the An. funestus s.l. and An. gambiae 

s.l. complexes by PCR using established protocols (Kabbale et al., Koekemoer et al., 

2002; 2016 Scott et al., 1993;). The An. gambiae complex was identified using the 

primers QUA, GAM, ARA, MER and UN (Table 3.1). The primers used to identify 

the An. funestus complex were UV, FUN, VAN, RIV, PAR, LEE (Table 3.1). The PCR 

reaction was performed in 30 µl volumes including 6μl HOT FIREPol® Blend Master 
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Mix (Solis BioDyne, Tartu, Estonia), 1.5 μl of 10 µM forward and reverse primers and 

25 ng of template DNA and topped up to reaction volume using nuclease free water. 

The PCR reaction was run in a 96-well Gene Amp® PCR system with the conditions 

consisting of a single initial denaturation step at 94°C for 12 minutes followed by 35 

cycling steps of denaturation at 94°C for 30 seconds, annealing at 50°C for 30 seconds 

and extension at 72°C for 30 seconds and final extension at 72°C for 7 minutes. PCR 

products were resolved in ethidium bromide-stained 2% agarose gel electrophoresis 

and visualized under ultraviolet (UV) light using a gel documentation system (EZ 

Imager, Bio Red, CA). Known positive samples were used as controls for each 

mosquito species, including Anopheles gambiae sensu stricto and Anopheles 

arabiensis from the Anopheles gambiae complex, and Anopheles leesoni and 

Anopheles funestus sensu stricto from the Anopheles funestus complex while PCR 

water was used as the negative control. In addition, to minimize contamination during 

PCR analysis, PCR preparation was conducted in a laminar flow hood under sterile 

conditions using filter tips and dedicated reagents. Separate areas were maintained for 

DNA extraction, PCR setup, and post-amplification analysis. 

3.7.3 Molecular Detection of Wuchereria bancrofti 

Species-specific primers NV1 forward primer and the reverse primer NV2 (Table 3.1) 

 were used to detect and amplify a non-coding DNA sequence target of W. bancrofti 

which is 188 bp long from the DNA extracted earlier from the blood and mosquitoes. 

The PCR reaction mix contained 12 µl of 10× buffer Bioline (with MgCl2 and dNTPs), 

5 pmol/µl of NV1 and NV2 primers each, 5 µl DNA template and PCR water to top 

up the reaction volume to 25 µl. The PCR reaction was run in a PCR system with the 

conditions consisting of a single initial denaturation step at 95°C for 5 minutes, 40 

cycling steps of denaturation at 94°C for 30 seconds, annealing at 54°C for 45 seconds 

and extension at 72°C for 30 seconds and a final extension step of 72°C for 10 minutes. 

PCR products were resolved in ethidium bromide-stained 2% agarose gel 

electrophoresis and visualized under ultraviolet (UV) light. PCR water was used as the 

negative control while known positive samples containing Wuchereria bancrofti DNA 
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were included as positive controls during PCR amplification to confirm successful 

detection and amplification. 

3.7.4 Molecular Detection of Plasmodium falciparum  

The DNA extracted from the mosquitoes and blood samples were also used to check 

for the presence of P. falciparum using PCR with forward primer rFAL1 and reverse 

primer rFAL2 (Table 3.1) to detect and amplify the 18S rRNA sequence target of P. 

falciparum, approximately100 base pair long. The PCR reaction mix contained PCR 

buffer, dNTPs, Taq polymerase, 18Sf and 18Sr primers each, DNA template and water 

to top up the reaction volume to 30 µl. The PCR reaction was run in a PCR system 

machine with the conditions consisting of a single initial denaturation step at 94°C for 

3 minutes, 30 cycling steps of denaturation at 94°C for 1 minute, annealing at 55°C 

for 2 minutes and extension at 72°C for 2 minutes and a final extension step of 72°C 

for 10 minutes. PCR products were then detected by agarose gel electrophoresis on 

2% ethidium bromide-stained agarose gel and visualized under ultraviolet (UV) light. 

Known positive samples containing Plasmodium falciparum DNA were used as 

positive controls during PCR amplification to verify successful detection of the 

parasite while PCR water was used as the negative control. 

3.7.5 Sequencing 

Four PCR-positive amplicons for Wuchereria bancrofti, comprising two from human blood 

samples and two from mosquito samples, were purified using the ISOLATE II PCR and Gel 

Kit (Bioline, UK) according to the manufacturer's protocol and subsequently submitted to 

Macrogen Inc. (The Netherlands) for Sanger sequencing. 

3.8 Data and Phylogenetic Analysis  

Data on co-infections were recorded in laboratory books and entered into Microsoft 

Excel. Data on mosquito infections with Wuchereria bancrofti and Plasmodium 

species were analyzed using percentage and frequency distribution methods, with 

cross-tabulation employed to estimate infection rates and graphical representations of 

infection across different mosquito species were produced using SPSS statistical 

software version 28. The nucleotide sequences from this study were edited and aligned 
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alongside reference sequences from GenBank in the database using the MAFFT plugin 

in Geneious Prime software. The PhyML v. 3.0 plugin in Geneious software was used 

to compute nucleotide similarities and to estimate phylogenetic relationships using the 

maximum likelihood (ML) method with 1000 bootstrap replications. Dendrogram 

trees were constructed using Figtree v1.4.4. 
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CHAPTER FOUR 

RESULTS  

4.1 Introduction 

This section presents the study descriptive statistics, sequential analysis, maximum 

likelihood dendrogram tree of W. bancrofti 18S rRNA gene and discussion. 

4.2 Diversity of Species within the Collected An. gambiae and An. funestus 

Complexes 

For Anopheles funestus group species identification using PCR, electrophoresis gels 

were visualized under ultraviolet light, where specific band sizes were used for 

identification: 450 bp corresponded to An. rivulorum, 250 bp to An. parensis, 150 bp 

to An. leesoni, 550 bp to An. vaneedeni, and 500 bp to An. funestus s.s. (Figure 4.1).  

 

Figure 4.1: Gel Electrophoresis of PCR Products of An. funestus Species Complex 

Mosquito Samples  

Wells indicated as L indicate 100 base pair (bp) DNA ladder/marker.  Wells 1, 13,28,32,49, 51 and A: 

An. rivulorum showing 450bp band. Well 18, 21, 24, 28, 38, 46 bands and NEG did not amplify for An. 

funestus. The rest of the wells from 2 to 54 and G: An. leesoni showing 150 bp band.A was used as a 

positive control for An.rivulorum while G was used as a positive control for An.leesoni 
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A total of 1304 mosquitoes were collected from all houses sampled, 292 of which were 

identified as Anopheles mosquitoes based on morphological characteristics. Out of 292 

mosquitoes analyzed, 288 (98.63%) were successfully identified using PCR. No 

Plasmodium falciparum infections were detected, while only two mosquitoes were 

positive for Wuchereria bancrofti, giving an infection rate of 0.68%. The majority of 

identified specimens belonged to the Anopheles funestus complex, which accounted 

for 85.76% (247/288), whereas those from the An. gambiae complex constituted 

14.24% (41/288). From the An. funestus complex, the majority were from An. leesoni 

(87.04%, 215/247), then An. funestus at (9.72%, 24/247) and An. rivulorum (3.24%, 

8/247). However, An. parensis or An. vaneedeni were not identified. Among the An. 

gambiae complex, An. gambiae s.s. represented 87.80% (36/41), while An. arabiensis 

accounted for 12.20% (5/41). 

 

Figure 4.2 Distribution of Mosquito of Species in the An. funestus Complex (a) 

and (b) Mosquito Species in the An. gambiae Complex (b) 

4.3 Infections with W. bancrofti and P. falciparum 

Two Wuchereria bancrofti infections were identified in mosquitoes, with one detected 

in An. leesoni (1/215; 0.46% infection rate) and one in An. funestus (1/24; 4.17% 

infection rate). Among the 92 human blood samples analyzed, no Plasmodium 

falciparum infections were observed, while two samples were positive for W. 

bancrofti, giving an infection rate of 2.17%. 
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Table 4:1: Number of Positive and Negative Infections of Plasmodium and 

Filariasis from Mosquito Species 

Species Type of infection 

 Filariasis Plasmodium 

 Negative Positive Negative Positive 

An. arabiensis     5 0 5 0 

An. funestus         23 1 24 0 

An. gambiae    36 0 36 0 

An. leesoni     214 1 215 0 

An. rivulorum    8 0 8 0 

The infection rates for Plasmodium and filarial across five Anopheles mosquito species 

show that there was no detection of Plasmodium infection in any of the samples, which 

indicates that none of the mosquito species were carrying malaria Plasmodium 

falciparum parasites during sampling. Two species tested positive for wuchereria 

bancrofti, An. funestus (4.17%) and An. leesoni (0.46%) while An. arabiensis, An. 

gambiae, and An. rivulorum had no filarial infections. These results indicate that An. 

funestus and An. leesoni plays a role in transmitting lymphatic filariasis, while none of 

the species are currently contributing to malaria transmission. Therefore, the data 

highlight species-specific differences in vector competence for filariasis, where An. 

funestus came out as the most relevant potential vector. 

Table 4:2: Infection Rate of Mosquito Species 

Species Infection Rate Estimates 95%Confidence Interval 

 Plasmodium Filariasis 

An. arabiensis     0.00 0.00 (0.00-0.00) 

An. funestus         0.00 4.17 (0.00-12.16) 

An. gambiae    0.00 0.00 (0.00-0.00) 

An. leesoni     0.00 0.46 (0.00-1.37) 

An. rivulorum    0.00 0.00 (0.00-0.00) 

not amplified    0.00 0.00 (0.00-0.00) 

 

The Figure 4.3 Describes distribution of the number of negative infections indicated 

as figure (a) and the number of positive infections indicated as figure (b) from 

plasmodium and filariasis for each of the mosquito species. The figure shows that there 

was only one positive filariasis infection attributed to mosquito species An. fenestus 
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and one positive filariasis infection attributed to mosquito species An. leesoni. The 

number of negative Plasmodium and filariasis infections for all the cases were many 

with An. leesoni having the largest number. 

 

Figure 4.3: Number of Negative Infections (a) and Positive Infections (b) from 

plasmodium and filariasis for Each Mosquito Species  
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Figure 4.4: Gel Electrophoresis of PCR Products for Plasmodium falciparum 

Detection  

The gel electrophoresis band is PCR amplified DNA that was used to detect the 

presence of Plasmodium DNA in the mosquitoes’ samples. The band in the lane PC 

shows that the target Plasmodium gene was amplified (positive sample), and no bands 

in lane indicate that target Plasmodium gene was not amplified (negative samples). 

“L” lanes are DNA ladders, which are used as molecular size markers. The positive 

control was used to verify the validity, specificity and reliability of the PCR 

amplification results obtained. The well labelled NC was the negative control (PCR 

Water was used as the negative control). 
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Figure 4.5: Gel Image  

Well indicated as L indicate 100 base pair (bp) DNA ladder/marker. PC indicates the 

positive control while the wells A, B, C and D indicate the positive amplicons, two 

detected from the mosquitoes and two detected from the blood samples. 

4.4 Sequencing Analysis 

The four positive amplicons obtained from this study were sequenced and submitted 

to the GenBank and provided with GenBank accession numbers; PQ429114, 

PQ429115, PQ429116 and PQ429117. 

Sequencing analysis of the 18S rRNA gene of W. bancrofti obtained from this study 

were identical to each other and shared 97 to 100% nucleotide (nt) similarity with 

reference W. bancrofti sequences available on GenBank nr database 

(https://blast.ncbi.nlm.nih.gov/ Blast.cgi) (4.3). BLAST analysis of the 188 bp 18S rRNA 

gene sequences from the four samples BM2_NV, BM3_NV, BM9_NV, and 

BM16_NV confirmed their identity as Wuchereria bancrofti. The sequences were 

identical indicating a genetically homogeneous parasite population circulating in 

Matayos. BLAST search against GenBank non-redundant database returned a high 

https://blast.ncbi.nlm.nih.gov/%20Blast.cgi
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sequence homology (97.90-99.15%) to multiple W. bancrofti reference sequences. The 

four samples showed strong matches E-values ranging from 1e-49 to 3e-58; 97.90 - 

99.15% identity to the nuclear scaffold attachment region sequence Accession No. 

AY297458.1. Samples BM3_NV, BM9_NV, and BM16_NV also matched the W. 

bancrofti Ssp 1 repeat DNA sequence L20344.1 with 98.61-99.15% identity and 

highly significant E-values (1e-48 to 2e-60). Sample BM9_NV showed a lower but 

notable match 86.90% identity, E-value 2e-17 to the W. bancrofti mitochondrial DNA 

complete genome (AP017705.1) (Table 4.3). There were no other nematode sequences 

that showed significant similarity, therefore confirming the specificity of the PCR 

amplification. Phylogenetic analysis of the 18S rRNA gene (188 bp) revealed that all 

Wuchereria bancrofti sequences generated in this study clustered closely with 

reference sequences from Israel, the Cook Islands, and Kenya.  

Table 4.3: Showing the Sequences from this Study were Identical to Each Other 

and Shared 97 to 100% Nucleotide (nt) Similarity with Reference W. bancrofti 

Sequences available on GenBank 

Sample ID Gene description E-value % 

Identity 

Accession No. 

BM2_NV W. bancrofti nuclear scaffolf / 

matrix attachment region 

3e-58 97.90 AY297458.1 

BM3_NV W. bancrofti nuclear scaffolf / 

matrix attachment region 

W. bancrofti Ssp 1 repeat DNA 

sequence 

2e-61 

 

2e-60 

98.61 

 

98.61 

AY297458.1 

 

L20344.1 

BM9_NV W.bancrofti nuclear 

scaffolf/matrix attachment region 

W. bancrofti Ssp 1 repeat DNA 

sequence 

W. bancrofti mitochondrial DNA 

complete genome 

1e-57 

 

4e-57 

 

2e-17 

98.54 

 

98.55 

 

86.90 

AY297458.1 

 

L20344.1 

 

AP017705.1 

BM16_NV W.bancrofti nuclear 

scaffolf/matrix attachment region 

W. bancrofti Ssp 1 repeat DNA 

sequence 

W. bancrofti mitochondrial DNA 

complete genome 

1e-49 

 

 

1e-48 

99.15 

 

 

99.15 

AY297458.1 

 

 

L20344.1 
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Figure 4.6: Maximum Likelihood Dendrogram Tree of W. bancrofti 18S rRNA 

Gene.  

The information provided include GenBank accession numbers, species identifications 

and countries of origin.  Sequences obtained from this study are bolded 

The sequence of Myripristis murdjan was used as an outgroup because it is 

evolutionarily distant from the filarial nematodes analysed in this study. Its inclusion 

provided a baseline for rooting the phylogenetic tree and allowed the evolutionary 

divergence among the Wuchereria bancrofti isolates from Busia and reference filarial 

sequences from different geographical regions to be inferred. The clear separation of 

the outgroup from the ingroup taxa supports the reliability of the phylogenetic 

reconstruction. 
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CHAPTER FIVE  

DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

5.1 Discussion 

This study was designed to generate baseline information to support integrated control 

strategies for lymphatic filariasis and malaria in the study site. The results showed a 

higher number of mosquitoes from the Anopheles funestus group, indicating its 

possible ecological dominance. This finding aligns with other studies which report that 

An. funestus prefers to breed in semi-permanent and permanent stagnant water bodies 

that persist year-round, particularly in vegetated swamps, river margins, and other 

stable aquatic habitats. (Kahamba et al., 2022). The presence of Lake Victoria and the 

Sio River in the locality provides stable aquatic habitats that support the continuous 

proliferation of these vectors. 

In contrast, Anopheles gambiae sensu stricto typically breeds in temporary and 

transient aquatic habitats such as rain pools, puddles, hoof prints, agricultural fields, 

and other sunlit water collections that are frequently associated with human activity 

and seasonal rainfall patterns. Recent studies have also documented shifts in malaria 

vector composition in several African regions, with Anopheles arabiensis increasingly 

replacing An. gambiae sensu stricto as the dominant vector, partly due to selective 

pressure associated with the widespread use of long-lasting insecticidal nets (LLINs) 

and indoor vector control interventions (Bayoh et al., 2010; Sougoufara et al., 2016). 

High LLIN coverage and utilization in Busia County have similarly been reported 

following mass distribution campaigns aimed at achieving universal household 

coverage (Bertozzi-Villa et al., 2021, World Health Organization, 2023). 

Behavioral adaptations of malaria vector species play an important role in transmission 

dynamics and the mosquito behavior also influences the effectiveness of vector control 

interventions. Anopheles arabiensis tends to feed and rest outdoors as it is largely 

exophilic and exophagic. In addition, the species shows flexible host preferences such 

as feeding on livestock reducing its contact with control measures such as indoor 

residual spraying (IRS) and long-lasting insecticidal nets (LLINs) (Mwanga et al., 
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2019; WHO, 2024). In contrast, Anopheles funestus is highly anthropophilic and 

endophilic, with a strong preference for feeding on human hosts and resting indoors, 

characteristics that enhance its efficiency in malaria transmission (Kaindoa et al., 

2017). 

The low observed infection rates in both human blood and in the mosquito samples in 

the study site may partly be explained by the presence of the relatively higher 

abundance of Anopheles funestus compared to members of the An. gambiae. However, 

An. gambiae sensu lato still remains one of the most efficient vectors of lymphatic 

filariasis and Plasmodium falciparum because of its strong anthropophilic feeding 

behavior and high vector competence, the contribution of An. funestus to transmission 

varies depending on ecological and environmental conditions (Ogola et al., 2018; 

Kahamba et al., 2022). Furthermore, reduced abundance of An. gambiae during peak 

transmission periods may contribute to lower vector infectivity rates and reduced 

transmission intensity. 

The absence of Plasmodium falciparum in mosquito samples from Busia County may 

reflect reduced transmission intensity rather than true absence of the parasite. High 

LLIN coverage and other vector control interventions likely reduce human–vector 

contact and lower infection rates in mosquito populations (World Health Organization, 

2023). In addition, malaria transmission is often spatially and temporally focal, and 

low sporozoite prevalence can make detection difficult in cross-sectional sampling due 

to the small proportion of infectious mosquitoes at any given time (McCann et al., 

2014; Russell et al., 2010). 

The reduction in malaria infections observed in Busia County may also be associated 

with intensified malaria control strategies implemented around and after 2019 by the 

Government of Kenya and its partners. These interventions included indoor residual 

spraying (IRS) and long-lasting insecticide-treated nets (LLINs),), prompt diagnosis 

and treatment of malaria cases, and strengthened community awareness programmes. 

Studies conducted in western Kenya around 2019 reported that integrated vector 

control interventions, particularly the combined use of LLINs and IRS, contributed 

significantly to reductions in malaria transmission, vector density, and malaria 
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prevalence in endemic regions such as Busia County (Bashir et al., 2019, Dulacha et 

al. 2022). Therefore, the absence or reduced occurrence of malaria infections in the 

study area may be attributed to the effectiveness of these ongoing malaria prevention 

and control measures. 

The sustained use of LLINs has also been shown to significantly reduce human-vector 

contact and suppress transmission of Wuchereria bancrofti, the causative agent of 

lymphatic filariasis and malaria (WHO, 2023; WHO, 2024). As a result, reduced 

blood-feeding opportunities may also decrease the likelihood of mosquitoes acquiring 

simultaneous infections with both malaria parasites and filarial worms. The absence 

of co-infection in mosquito samples in the current study is consistent with previous 

findings that report the rarity of concomitant infections in Anopheles mosquitoes, 

particularly in natural field populations (Wilairatana et al., 2022). 

Previous studies conducted in Kenya and other endemic regions have similarly 

reported low levels of malaria and lymphatic filariasis co-transmission, suggesting that 

simultaneous infection and transmission within natural mosquito populations may be 

relatively uncommon (Coulibaly et al., 2021; Kotepui et al., 2023). This phenomenon 

may be attributed to ecological and biological constraints that limit the concurrent 

development and survival of both parasites within the same mosquito vector. 

One possible explanation for the low occurrence of co-infection is the relatively short 

lifespan of mosquito vectors such as Anopheles gambiae, which may die before both 

malaria parasites and filarial worms complete their extrinsic developmental cycles 

within the mosquito host. This reduces the likelihood of simultaneous transmission of 

both pathogens (Slater et al., 2013; Kotepui et al., 2023). In addition, recent studies 

suggest that vector immune responses, physiological constraints, and potential 

competition between parasites within the mosquito may further limit the successful 

development of co-infecting organisms (Slater et al., 2013, Muturi et al., 2008). 

In conclusion, the results from this study suggest that mosquitoes from the An. funestus 

complex plays an important role in the transmission of Wuchereria bancrofti in the 

study site Matayos, Busia County. This aligns with recent molecular studies conducted 

in East Africa that have detected filarial infections across members of the An. funestus 
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complex (Bartilol et al., 2024; WHO, 2023). However, it is important to note that 

molecular detection methods used in this study did not distinguish between infective 

and non-infective stages of the parasite, which may influence interpretation of 

transmission potential. 

Phylogenetic analysis also collaborates with earlier results where the sequences of W. 

bancrofti from this study branched with other sequences reported from Kenya 

(MK471348) and Israel among others. (Kinyatta et al., 2019). The results suggest that 

the parasites from this study are highly similar to other W. Bancroft, but different from 

other filarial worms such as D. immitis and B. timori while considering the partial 18S 

rRNA gene sequences. 

5.2 Conclusion 

1. Analysis of species diversity within the Anopheles funestus and Anopheles 

gambiae complexes indicated that a majority of the collected mosquitoes 

belonged to the An. funestus complex at 85.76% (247/288), with the An. 

gambiae complex accounting for 14.24% (41/288). Within the An. funestus 

complex, An. leesoni was the most abundant species at 87.04% (215/247) with 

An. funestus at 9.72% (24/247) and An. rivulorum at 3.24% (8/247). However, 

the An. gambiae complex showed a lower diversity with the highest number 

belonging to the An. gambiae at 87.80% (36/41) and An. arabiensis at 12.20% 

(5/41). Overall, both vector complexes were present, although the An. funestus 

complex exhibited higher species diversity. The absence of other documented 

sibling species may reflect ecological or geographical factors limiting their 

occurrence in the study area. 

2. The analysis revealed no evidence of mixed infections with Wuchereria 

bancrofti and Plasmodium falciparum among the anopheline mosquitoes 

examined. All blood samples tested negative for P. falciparum, indicating the 

absence of detectable malaria parasite infection in the mosquito population 

during the sampling period. In contrast, filarial infections were detected in a 

small proportion of mosquitoes, specifically in An. funestus (1/24; 4.17%) and 

An. leesoni (1/215; 0.46%). However, none of the infected mosquitoes 
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harbored P. falciparum concurrently. Furthermore, no specimens of An. 

arabiensis, An. gambiae, or An. rivulorum were positive for either mixed 

infections or co-carriage of the two pathogens. These findings indicate that 

there was no evidence of concurrent transmission of lymphatic filariasis and 

malaria parasites within the sampled anopheline mosquito population. 

3. The sequence analysis confirmed that the detected parasites were Wuchereria 

bancrofti and showed a high degree of genetic similarity to known reference 

sequences in GenBank. BLAST results revealed sequence identities ranging 

from 97.90% to 99.15%, with highly significant E-values between 1e-49 and 

3e-58. All four samples closely matched the W. bancrofti nuclear scaffold 

attachment region sequence (Accession No. AY297458.1), while three 

samples (BM3_NV, BM9_NV, and BM16_NV) also showed strong similarity 

(98.61%–99.15% identity) to the W. bancrofti Ssp I repeat DNA sequence 

(Accession No. L20344.1), with E-values ranging from 1e-48 to 2e-60. These 

findings indicate that the W. bancrofti isolates detected in this study are 

genetically closely related to previously reported W. bancrofti strains and 

show no evidence of substantial genetic divergence. This indicates that the 

parasites circulating in the study area are part of a broadly distributed genetic 

lineage and that the genetic markers employed are appropriate for detecting 

and characterizing local Wuchereria bancrofti populations. 

5.3 Recommendations 

1. The presence of a high proportion of Anopheles funestus in the study area calls 

for the implementation of effective vector control strategies to reduce mosquito 

population and minimize disease transmission. 

2. The detection of Wuchereria bancrofti in both Anopheles mosquitoes and 

human blood samples in Busia County indicates ongoing transmission of 

lymphatic filariasis. Therefore, there is a need to strengthen case detection and 

implement appropriate treatment programmes for affected individuals to 

reduce the disease burden and interrupt transmission. 

3. The close phylogenetic relationship between the isolates from this study and 

reference isolates from other endemic regions highlights the need for continued 
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molecular epidemiological surveillance. Continued molecular surveillance of 

Wuchereria bancrofti should be maintained to monitor any emerging genetic 

variations in parasite populations over time. Regular genetic characterization 

of circulating strains will help ensure that the molecular markers currently used 

for detection remain effective and will provide valuable information to support 

lymphatic filariasis surveillance and elimination programs. 

5.4 Study Limitations 

1. A key limitation of this study was the absence of night-time blood sampling 

for microfilariae detection. 

2. Only a limited number of human samples and mosquitoes were analyzed, 

which could have led to the low level of infections. 

3. The study used purposive sampling based on clinical case reports, which may 

have led to an overestimation or underestimation of the true prevalence, as the 

sample was not representative of the general population. 

4. The quality of the DNA was not determined 
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