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Abstract Article History 
Insect vectors play a critical role in the transmission of bacterial pathogens that cause significant morbidity 

and mortality worldwide. This comprehensive review examines the current understanding of transmission 
dynamics between insect vectors and bacterial pathogens, focusing on the physiological, ecological, and 

environmental factors that facilitate disease spread. We analyze the diverse mechanisms of transmission 

employed by major insect vectors including mosquitoes, flies, lice, fleas, and ticks, highlighting both historical 

context and emerging public health threats. The review explores the complex interactions between bacterial 
pathogens and their arthropod vectors, from initial infection and persistence within the vector to successful 

transmission to human hosts. Special attention is given to the growing threat of antimicrobial resistance in 

vector-borne bacterial diseases and the potential role of insects in disseminating resistance genes. Additionally, 

we discuss the impact of climate change, urbanization, and global travel on the expanding geographic range 
of vector-borne diseases. The public health implications are substantial, with vector-borne diseases 

collectively accounting for more than 17% of all infectious diseases globally. This review synthesizes current 

knowledge on intervention strategies and identifies critical gaps in understanding that merit further research. 

By integrating perspectives from entomology, microbiology, and public health, this review aims to inform 
more effective strategies for prevention, surveillance, and control of insect-vectored bacterial diseases. 
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1. Introduction 
Vector-borne diseases have historically represented some of 

the most devastating threats to human health, with insects 

serving as efficient transporters of pathogenic microorganisms 

that cause significant morbidity and mortality worldwide. The 

complex relationships between insect vectors, bacterial 

pathogens, and human hosts continue to challenge public 

health systems globally, particularly in tropical and subtropical 

regions where ecological conditions favor vector proliferation. 

According to the World Health Organization, vector-borne 

diseases account for more than 17% of all infectious 

diseases and cause more than 700,000 deaths annually, 
representing a substantial portion of the global infectious 

disease burden . While much attention has historically focused 

on mosquito-vectored viral and parasitic diseases such as 

malaria, dengue, and yellow fever, bacterial diseases 

transmitted by insects remain a relatively neglected area of 

medical entomology despite their significant impact on human 

health through the centuries. 

 

The resurgence and emergence of vector-borne diseases in 

recent decades can be attributed to multiple interconnected 

factors, including the rapid expansion of global travel and 

trade, unplanned urbanization, climate change, and the 

evolution of insecticide resistance in vector populations. These 

trends have facilitated the geographic spread of both vectors 

and the bacterial pathogens they carry, introducing diseases 

into new regions and populations. The continuous discovery of 

new vector-pathogen relationships further complicates the 

epidemiological landscape, requiring ongoing vigilance and 

research to develop effective countermeasures. 

 
This review aims to synthesize current knowledge on the 

transmission dynamics of bacterial pathogens by insect vectors 

and their implications for public health. We examine the 

diverse mechanisms by which insects acquire, maintain, and 

transmit bacterial agents, the ecological and evolutionary 

factors that influence these relationships, and the burden of 

resulting diseases on human populations. Additionally, we 

explore emerging challenges such as the role of insects in the 
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dissemination of antimicrobial resistance and the impact of 

environmental change on disease distribution. Finally, we 

discuss integrated approaches to disease prevention and 

control, highlighting the importance of One Health strategies 

that address the interconnectedness of human, animal, and 

environmental health. By providing a comprehensive 

overview of the current state of knowledge in this field, this 

review seeks to identify critical gaps and future directions for 

research and public health intervention. 

 

2. Major Insect Vectors of Bacterial Pathogens 
Various insect species serve as competent vectors for bacterial 

pathogens, each with unique biological characteristics that 

influence their efficiency in disease transmission. 

Understanding the ecology, behavior, and physiological 

adaptations of these vectors is essential for developing targeted 
control strategies (Iheukwumere et al., 2025a). The major 

insect vectors of medical importance include mosquitoes, flies, 

lice, fleas, and several other arthropods that interact with 

humans in ways that facilitate pathogen transmission. 

 

2.1 Mosquitoes 

Despite their well-established role as vectors for viral and 

parasitic diseases, mosquitoes' capacity to transmit bacterial 

pathogens has been less thoroughly investigated. Recent 

research, however, has demonstrated that mosquitoes can 

serve as competent vectors for certain bacterial species of 

particularly significance, is Rickettsia felis (Iheukeumere et 

al., 2025b). This obligate intracellular bacterium causes febrile 

illness in humans. Studies have shown that Anopheles 

gambiae mosquitoes, primary vectors of malaria in Sub-

Saharan Africa, can acquire R. felis through infected blood 

meals and maintain the bacteria for at least 15 days post-
infection (Iheukwumere et al., 2025c). The bacteria have been 

detected in the salivary glands and ovaries of infected 

mosquitoes, suggesting potential transmission through biting 

and possibly transovarial transmission. Additionally, 

mosquitoes have been investigated as potential mechanical 

vectors for Francisella tularensis, the causative agent of 

tularemia, with speculation that adult mosquitoes might 

acquire the pathogen from aquatic larval 

habitats (Iheukwumere et al., 2025d). The vector 

competence of different mosquito species for various bacterial 

pathogens represents an important area for further 

investigation, particularly given the global distribution of 

mosquitoes and their frequent contact with human populations. 

 

2.2 Flies 

Flies, particularly houseflies (Musca domestica), are notorious 

mechanical vectors of bacterial pathogens due to their 

synanthropic nature and feeding habits. The biology and 
behavior of flies make them ideal candidates for pathogen 

transmission; they feed on animal and human feces, decaying 

organic matter, and garbage, subsequently contaminating 

human food and environments. Houseflies can carry more than 

130 human pathogens, including Klebsiella 

spp., Salmonella, Pseudomonas aeruginosa, Campylobacter 

jejuni, and Escherichia coli (Iheukwumere et al., 2025e; 

Iheukwumere et al., 2025f). Their ability to transmit 

pathogens is enhanced by several morphological adaptations, 

including sticky leg pads, body hairs, and 

an electrostatically charged exoskeleton that facilitate 

external carriage of bacteria. A single housefly can carry up to 

2 × 10¹² E. coli cells and transfer approximately 0.1 mg of 

contaminated material between landing sites (Iheukwumere et 

al., 2025g). Beyond mechanical transmission, evidence 

suggests that flies may also serve as biological vectors for 

some pathogens, with bacteria multiplying within the digestive 

tract before being shed in feces. The internal carriage of 

pathogens in flies presents an additional transmission route, 

with studies demonstrating that bacterial loads in the digestive 

tract can be three times higher than on external surfaces due to 

bacterial replication. The mobility of flies, with documented 

movement up to 20 miles during their lifespan, further 

enhances their potential to disseminate pathogens across 

considerable distances. 

 
2.3 Lice 

Lice have played a significant role in human history as vectors 

of devastating bacterial diseases. Three ecotypes parasitize 

humans: head lice, body lice, and pubic lice, with body lice 

being the primary vectors of infectious diseases. Lice are 

responsible for transmitting the agents of several serious 

diseases, including epidemic typhus caused by Rickettsia 

prowazekii, trench fever caused by Bartonella quintana, 

and louse-borne relapsing fever caused by Borrelia 

recurrentis (Iheukwumere et al., 2025h; Iheukwumere et al., 

2025i). These diseases have caused explosive outbreaks 

throughout history, particularly in conditions of overcrowding 

and poor hygiene, such as during wars and humanitarian crises. 

Paleomicrobiological evidence has detected B. quintana DNA 

in human remains dating back 4,000 years, illustrating the 

long-standing relationship between lice and human disease. 

More recently, research has suggested that body lice may also 
serve as vectors for Yersinia pestis, the causative agent of 

plague, potentially explaining the rapid dissemination of 

historical plague pandemics that conventional rat-flea 

transmission models struggle to account for 

completely (Iheukwumere et al., 2025j). The continued 

presence of lice in vulnerable populations, such as homeless 

communities and conflict zones, maintains the potential for 

resurgence of these diseases under conducive conditions. 

 

2.4 Fleas and Other Vectors 

Fleas are renowned vectors of Yersinia pestis, the bacterium 

responsible for plague, which has caused devastating 

pandemics throughout human history. Plague transmission 

occurs through a unique mechanism in which blocked fleas 

regurgitate bacteria into bite sites while attempting to feed. 

Beyond Y. pestis, fleas also transmit Rickettsia felis, the agent 

of flea-borne spotted fever, with the cat flea (Ctenocephalides 

felis) being the primary vector (Iheukwumere et al., 2025k). 
Other insects of medical importance include triatomine bugs, 

which transmit Trypanosoma cruzi (the causative agent of 

Chagas disease) through fecal contamination, and ticks, which 

transmit numerous bacterial pathogens including those causing 

Lyme disease, anaplasmosis, and rickettsial diseases. While 

ticks are arachnids rather than insects and thus beyond the 

scope of this review, their role in bacterial disease transmission 

underscores the diversity of arthropod vectors impacting 

human health (Iheukwumere et al., 2025l). The vector 

competence of each species depends on a complex interplay 
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of factors including host preference, feeding behavior, immune 

response, and ecological adaptability, all of which influence 

their efficiency in acquiring, maintaining, and transmitting 

bacterial pathogens.

 

Table 1: Major Insect Vectors and Their Associated Bacterial Pathogens 

Vector Bacterial Pathogen Disease Transmission Mechanism 

Body Lice Rickettsia prowazekii Epidemic typhus Fecal contamination of bite sites 

Body Lice Bartonella quintana Trench fever Fecal contamination of bite sites 

Body Lice Borrelia recurrentis Louse-borne relapsing fever Crushing lice or fecal contamination 

Fleas Yersinia pestis Plague Regurgitation during feeding 

Fleas Rickettsia felis Flea-borne spotted fever Salivary transmission 

Mosquitoes Rickettsia felis Flea-borne spotted fever Potential salivary transmission 

Houseflies Salmonella spp. Salmonellosis Mechanical transmission via body parts and feces 

Houseflies E. coli Various intestinal illnesses Mechanical transmission via body parts and feces 

 

3. Mechanisms of Transmission 
The transmission of bacterial pathogens by insect vectors 

occurs through diverse mechanisms that can be broadly 

categorized as either mechanical or biological transmission 

(Ekechukwu et al., 2025a; Ekechukwu et al., 2025b). These 

pathways determine the dynamics of disease spread and have 

important implications for prevention and control strategies. 

Understanding these mechanisms at the physiological, 
cellular, and molecular levels is essential for developing 

interventions to disrupt transmission cycles. 

 

3.1 Mechanical Transmission 

Mechanical transmission represents the passive carriage of 

pathogens on the external surfaces or within the digestive tract 

of insects without replication or biological development of the 

pathogen within the vector. This process is largely incidental, 

resulting from the insect's contact with contaminated 

substances followed by subsequent contact with human food, 

water, or living environments. Houseflies exemplify efficient 

mechanical vectors due to their attraction to feces, decaying 

organic matter, and human food. Their morphological 

characteristics, including hairy bodies, sticky pulvilli on their 

feet, and sponging mouthparts, facilitate the pickup and 

transfer of pathogenic bacteria. Studies have demonstrated that 

flies can mechanically transmit diverse bacterial pathogens 
including Salmonella enterica, Klebsiella pneumoniae, 

and Staphylococcus aureus (Dim et al., 2025a; Dim et al., 

2025b; Dim et al., 2025c). The efficiency of mechanical 

transmission depends on factors such as the bacterial load 

acquired, the duration of bacterial survival on the insect's body 

or in its digestive system, and the frequency of contact between 

the insect and human substrates. Unlike biological 

transmission, mechanical transmission does not require a 

specific incubation period within the vector, potentially 

enabling immediate transmission following pathogen 

acquisition. 

 

3.2 Biological Transmission 

Biological transmission involves more complex interactions 

between pathogens and vectors, typically requiring the 

bacteria to complete part of their life cycle within the insect 

before transmission can occur. This process often includes 

replication of the bacteria within the vector and may involve 

passage through various tissues and biological barriers. 

The vector competence of an insect—its intrinsic ability to 
acquire, maintain, and transmit a pathogen—depends on 

overcoming these barriers, which include the midgut, 

hemocoel, and salivary glands (Ike et al., 2025a) . For 

example, Rickettsia felis must infect the salivary glands 

of Anopheles gambiae mosquitoes to be transmitted during 

feeding, as demonstrated by immunofluorescence detection of 

the bacteria in this tissue. The extrinsic incubation period—

the time between acquisition of the pathogen by the vector and 

when the vector becomes infectious—varies depending on the 

pathogen-vector combination and environmental conditions, 

particularly temperature (Ike et al., 2025b). Biological 

transmission can be further categorized into several modes: 

 

Salivary transmission: Pathogens are injected directly into 

the host during probing or blood feeding, as occurs with many 

arboviruses and some bacterial pathogens like R. felis in 

mosquitoes. 

 
Fecal transmission: Pathogens are excreted in vector feces 

and enter the host through contamination of bite wounds or 

mucous membranes, characteristic of louse-borne diseases like 

epidemic typhus. 

 
Regurgitative transmission: Pathogens are expelled from the 

vector's foregut during feeding, as exemplified by flea 

transmission of Yersinia pestis. 

 

The specific mechanisms of biological transmission often 

reflect complex co-evolutionary relationships between 

pathogens and their vectors, resulting in adaptations that 
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enhance transmission efficiency while minimizing 

pathogenicity to the vector. 

 

3.3 Horizontal and Vertical Transmission 

Beyond the transmission from vectors to vertebrate hosts, the 

maintenance of bacterial pathogens within vector populations 

involves both horizontal and vertical transmission pathways 

(Ike et al., 2025c). Horizontal transmission occurs when 

vectors acquire pathogens from infected hosts during blood 

feeding or from their environment. This represents the typical 

route of initial infection for vectors and maintains the 

circulation of pathogens between vectors and reservoir hosts 

(Ike et al., 2025d). Recent research has revealed that 

the digestive tract of insects can serve as a site for horizontal 

gene transfer between bacteria, facilitating the dissemination 

of antimicrobial resistance genes (Ike et al., 2025e). Studies 
have demonstrated the transfer of tetracycline resistance genes 

among Enterococcus faecalis and the exchange of Shiga toxin 

and antibiotic resistance genes in E. coli within the gut of 

houseflies (Ugwu et al., 2025a; Ugwu et al., 2025b). This 

phenomenon raises concerns about insects as potential 

amplifiers of antimicrobial resistance in the environment. 

Vertical transmission, also known as transovarial 

transmission, occurs when infected female vectors pass 

pathogens to their offspring, directly infecting subsequent 

generations. This transmission route is particularly important 

for maintaining pathogens in the environment when suitable 

vertebrate hosts are scarce or seasonal. Evidence suggests that 

vertical transmission occurs in several vector-pathogen 

systems, including Salmonella enterica and Cronobacter 

sakazakii in houseflies, with bacteria detected in the eggs of 

the next generation (Nwike et al., 2017). Similarly, insect-

specific viruses (ISVs) within mosquitoes are known to be 

maintained primarily through efficient vertical transmission . 

The efficiency of vertical transmission varies among 

pathogen-vector combinations and can be influenced by 

environmental factors, vector physiology, and the specific 

tissues infected in the parent vector. The capacity for both 
horizontal and vertical transmission enhances the persistence 

of bacterial pathogens in nature and complicates control 

efforts. 

 

 

Table 2: Comparison of Transmission Mechanisms for Insect-Vectored Bacterial Pathogens* 

Transmission 

Mechanism 
Description Examples Key Characteristics 

Mechanical 

Transmission 

Passive carriage without 

pathogen replication 

Houseflies transmitting E. 

coli and Salmonella 

Immediate transmission potential; no 
specific vector-pathogen adaptation 

required 

Biological 

Transmission - 

Salivary 

Pathogen injected with saliva 

during blood feeding 

Rickettsia felis transmission 

by mosquitoes 

Requires pathogen to infect salivary 

glands; specific vector-pathogen 
relationships 

Biological 

Transmission - Fecal 

Pathogen excreted in feces, 

enters through bite wounds or 
mucous membranes 

Body lice 

transmitting Rickettsia 
prowazekii 

Requires contamination of feeding site; 

pathogen survival in vector digestive 
tract 

Biological 

Transmission - 

Regurgitative 

Pathogen expelled from foregut 

during feeding 

Fleas transmitting Yersinia 

pestis 

Associated with foregut infection and 

blockage; unique to specific vector-
pathogen systems 

Vertical 

Transmission 

Pathogen passed from infected 

female to offspring 

Salmonella enterica in 

houseflies 

Maintains pathogen in vector 

populations; independent of vertebrate 
hosts 

 

4. Public Health Burden and Epidemiology 
Vector-borne diseases collectively represent a significant 

burden on global public health, with bacterial pathogens 
transmitted by insects contributing substantially to morbidity, 

mortality, and economic costs, particularly in resource-limited 

settings. The epidemiology of these diseases is influenced by 

a complex interplay of demographic, environmental, and 

social factors that determine their distribution and impact on 

human populations. 

 

4.1 Global Impact and Distribution 

The World Health Organization estimates that vector-borne 

diseases account for more than 17% of all infectious diseases 

globally, causing more than 700,000 deaths annually. While 

this burden includes viral and parasitic diseases, bacterial 

vector-borne diseases contribute significantly to these figures. 

Diseases such as plague, typhus, and trench fever have caused 

massive epidemics throughout history, with the potential to 

reemerge under conducive conditions. The distribution of 
vector-borne bacterial diseases is disproportionately 

concentrated in tropical and subtropical regions, where 

environmental conditions favor vector proliferation and where 

socioeconomic factors may limit access to effective prevention 

and health care services. The poorest populations typically 

bear the greatest burden, as conditions of poverty often include 

limited access to housing that provides protection from 

vectors, inadequate water and sanitation infrastructure that 

may create breeding sites, and reduced access to health care 

services for diagnosis and treatment. Recent decades have 

witnessed the expansion of vector-borne diseases into new 

geographic regions, attributed to factors including climate 

change, increased global travel and trade, and unplanned 
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urbanization. This changing distribution pattern introduces 

diseases into populations with no prior immunity and health 

systems with limited experience in diagnosis and management, 

potentially leading to more severe outcomes. 

 

4.2 Historical and Resurgent Diseases 

Several bacterial diseases transmitted by insects have played 

significant roles in human history, with the capacity to resurge 

under appropriate conditions. Epidemic typhus, caused 

by Rickettsia prowazekii and transmitted by body lice, has 

been associated with mortality rates up to 40% in untreated 

cases during historical epidemics. This disease has typically 

flourished in settings of overcrowding and poor hygiene, such 

as during wars, famines, and natural disasters. 

Similarly, plague—caused by Yersinia pestis and primarily 

transmitted by fleas—has caused three major pandemics 
throughout history, resulting in hundreds of millions of deaths. 

Despite its historical reputation, plague remains endemic in 

many parts of the world, with periodic outbreaks that require 

rapid public health response. In the late 20th century, civil 

conflicts in Rwanda and Burundi facilitated the proliferation 

of body louse populations, leading to resurgences of epidemic 

typhus that caused approximately 10,000 deaths. During these 

outbreaks, Bartonella quintana—the agent of trench fever—

was found to be co-circulating with R. prowazekii in the same 

population, illustrating how similar social and environmental 

conditions can favor the transmission of multiple vector-borne 

diseases simultaneously. These historical examples underscore 

the continued relevance of these diseases and their potential to 

reemerge when conditions deteriorate. 

 

4.3 Economic and Social Impact 

Beyond their direct health consequences, vector-borne 
bacterial diseases impose substantial economic costs on 

affected individuals, communities, and health systems. These 

costs include both direct medical expenses for diagnosis and 

treatment and indirect costs related to lost productivity, 

disability, and premature mortality. The economic impact is 

particularly severe in low-income countries, where these 

diseases may affect working-age adults, potentially 

undermining economic development and perpetuating cycles 

of poverty. Outbreaks of vector-borne diseases can also disrupt 

travel and trade, as witnessed during plague outbreaks in India 

and other regions, where concerns about disease spread led to 

restrictions on movement and commerce. The social impacts 

of these diseases extend beyond economics, including stigma 

associated with conditions like plague, chronic disability 

resulting from inadequately treated diseases, and the 

disruption of social structures during epidemics. The fear and 

uncertainty generated by outbreaks of diseases with historical 

reputations for high mortality, such as plague, can magnify 
their social impact far beyond their actual epidemiological 

footprint, challenging public health communication and 

response efforts. 

 

5. Emerging Challenges and Future Directions 
The epidemiology of insect-vectored bacterial diseases 

continues to evolve in response to changing environmental 

conditions, human behavior, and pathogen adaptation. Several 

emerging challenges threaten to complicate prevention and 

control efforts, requiring innovative approaches and 

strengthened public health infrastructure. 

 

5.1 Antimicrobial Resistance 

The emergence and spread of antimicrobial 

resistance represents one of the most serious challenges in 

managing bacterial diseases, including those transmitted by 

insect vectors. Insects may play multiple roles in the 

epidemiology of antimicrobial resistance, serving not only as 

vectors of resistant bacterial pathogens but also as potential 

sites for the transfer of resistance genes between bacteria. 

Studies have demonstrated that the digestive tract of 

flies provides a suitable environment for horizontal gene 

transfer, with the successful transfer of extended-spectrum 

beta-lactamase genes observed between E. coli and other 

bacterial species within houseflies (Amadi et al., 2017). This 
phenomenon raises the concerning possibility that insects may 

act as mobile reservoirs for the amplification and 

dissemination of antimicrobial resistance genes across 

different environments. The presence of multidrug-resistant 

bacteria in insects has been documented in healthcare settings, 

with studies revealing robust colonization of insect vectors 

with resistant pathogens, though direct links to transmission 

require further investigation. The globalization of resistance 

mechanisms underscores the need for enhanced surveillance of 

resistance in both clinical and environmental settings, 

including monitoring of insect populations that may serve as 

sentinels or contributors to resistance dissemination. 

 

5.2 Climate Change and Environmental Factors 

Climate change is profoundly influencing the distribution and 

incidence of vector-borne diseases through multiple pathways. 

Changes in temperature, precipitation patterns, and the 
frequency of extreme weather events can alter the geographic 

range of insect vectors, their population dynamics, and their 

feeding behavior. Several vector species have already 

demonstrated expansions in their latitude and altitude 

ranges, and the length of season during which they are active 

is increasing in many regions. These trends are expected to 

continue as global temperatures rise, potentially introducing 

vector-borne diseases into previously unaffected populations 

with limited immunity. Beyond climate change, other 

environmental factors such as deforestation, urbanization, 

and changes in land use can create new opportunities for 

contact between humans, vectors, and reservoir hosts 

(Ekesiobi et al., 2025). Unplanned urbanization in particular 

may create ideal environments for some vector species, such 

as the proliferation of container-breeding mosquitoes in areas 

with inadequate water storage and waste management. 

Understanding and predicting the impact of these 

environmental changes on vector-borne disease transmission 
requires multidisciplinary approaches that integrate 

entomology, epidemiology, climatology, and ecology to 

develop proactive strategies for prevention and control. 

 

5.3 Diagnostic and Surveillance Limitations 

Accurate diagnosis and effective surveillance are fundamental 

components of public health response to vector-borne 

diseases, yet significant limitations persist in both areas. Many 

vector-borne bacterial diseases present with non-specific 

febrile illness that can be difficult to distinguish clinically 
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from other common infections, leading to underdiagnosis or 

misdiagnosis. This challenge is particularly acute in resource-

limited settings where access to laboratory confirmation may 

be limited. Surveillance systems for vector-borne diseases face 

multiple challenges, including the need to integrate human 

case data with entomological surveillance, the logistical 

difficulties of monitoring vector populations and infection 

rates, and the limited resources dedicated to these activities in 

many endemic countries. The development and 

implementation of rapid diagnostic tests for vector-borne 

bacterial diseases has lagged behind similar advances for other 

infectious diseases, though molecular techniques such as PCR 

have improved detection capabilities in reference laboratories. 

Strengthening surveillance capacity will require not only 

improved laboratory infrastructure but also training of 

personnel in medical entomology and vector biology, fields 
that have experienced declining expertise in recent decades. 

The implementation of integrated surveillance systems that 

adopt a One Health approach, connecting human, animal, and 

environmental health, holds promise for more effective 

detection of and response to emerging threats. 

 

6. Prevention and Control Strategies 
Effective management of insect-vectored bacterial diseases 

requires a multifaceted approach that integrates vector control, 

personal protection, clinical management, and community 

engagement. The development and implementation of 

evidence-based strategies must consider local epidemiology, 

vector ecology, and available resources to achieve sustainable 

impact. 

 

6.1 Vector Control Approaches 

Vector control remains the primary approach for reducing 
transmission of insect-vectored diseases, employing a variety 

of chemical, biological, and environmental 

methods. Chemical control through insecticides has 

historically played a central role in vector control programs, 

but the emergence and spread of insecticide resistance in 

many vector species has diminished the effectiveness of this 

approach in some settings. This challenge has stimulated 

increased interest in alternative control strategies, including 

biological control using natural predators or pathogens, 

genetic approaches such as the release of sterile or genetically 

modified males, and environmental management to reduce 

breeding sites. The Global Vector Control Response 

(GVCR) 2017–2030 adopted by the World Health Assembly 

provides strategic guidance for strengthening vector control as 

a fundamental approach to preventing disease and responding 

to outbreaks. This comprehensive framework emphasizes the 

need for increased technical capacity, improved infrastructure, 

strengthened monitoring and surveillance systems, and greater 
community mobilization. Effective vector control typically 

requires integrated vector management that combines 

multiple approaches based on local vector ecology and disease 

epidemiology, moving beyond reliance on any single method. 

The implementation of vector control programs must also 

address community acceptance and participation, as the 

success of many interventions depends on changes in behavior 

and practices at the household and community levels. 

 

6.2 Personal Protection and Community Mobilization 

Personal protection measures play a crucial role in reducing 

individual exposure to insect vectors, particularly in endemic 

areas or during outbreaks. These measures include the use of 

insecticide-treated bed nets, wearing protective clothing, 

application of insect repellents, and installation of window and 

door screens to prevent vector entry into living spaces. The 

effectiveness of personal protection depends on consistent and 

correct use of these measures, which in turn relies on 

community knowledge, attitudes, and practices related to 

vector-borne diseases. Community mobilization and 

education are therefore essential components of 
comprehensive prevention strategies, empowering individuals 

and communities to take ownership of vector control and 

protection measures. Successful health education campaigns 

should be culturally appropriate, linguistically accessible, and 

tailored to local understandings of disease and prevention. 

Engaging communities in participatory surveillance and 

control activities can enhance the sustainability of 

interventions and foster capacity building at the local level. 

The crucial element in reducing the burden of vector-borne 

diseases is behavioral change, which requires ongoing 

education and increased public awareness so that people know 

how to protect themselves and their communities from vectors. 

 

6.3 Novel Approaches and Research Directions 

The evolving challenges in controlling insect-vectored 

bacterial diseases have stimulated research into novel 

approaches that leverage advances in biotechnology, ecology, 
and social science. One promising area involves the use 

of insect-specific viruses (ISVs) that can modulate vector 

competence or reduce vector populations. Some ISVs have 

been shown to induce superinfection exclusion, whereby 

infection with an ISV inhibits subsequent infection with 

pathogenic arboviruses . While most research in this area has 

focused on viral diseases, similar approaches might be 

developed for bacterial pathogens, potentially using 

endosymbiotic bacteria such as Wolbachia to reduce vector 

competence. Advances in genetic technologies such as gene 

drive systems offer the potential for modifying vector 

populations to reduce their ability to transmit pathogens, 

though these approaches raise important ethical and regulatory 

considerations. The development of new diagnostic tools, 

including rapid tests for field use and molecular techniques for 

pathogen detection in vectors, can enhance surveillance and 

early response capabilities. Additionally, ecological 

interventions that restore predator populations or modify 
habitats to reduce vector breeding sites offer sustainable 

approaches to vector control. Implementation research is 

needed to determine how best to integrate these novel 

approaches with existing strategies and to scale successful 

interventions across different ecological and social contexts.
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Table 3: Integrated Prevention and Control Strategies for Insect-Vectored Bacterial Diseases* 

Strategy 

Category 
Specific Approaches Key Considerations Implementation Challenges 

Vector Control 

Insecticide application, 

environmental management, 

biological control, genetic 

approaches 

Must be based on local vector 

ecology and behavior; 

resistance monitoring essential 

Insecticide resistance; 

environmental impact; 

community acceptance; 

sustainability 

Personal 

Protection 

Insecticide-treated nets, 

protective clothing, repellents, 

household screening 

Requires consistent and correct 

use; cultural acceptability 

important 

Adherence; cost; availability; re-

treatment of nets 

Community 

Engagement 

Health education, participatory 

surveillance, community-based 
control activities 

Should build on local 

knowledge and practices; 
empowerment approaches 

Resource mobilization; 

sustaining participation; 
measuring impact 

Health System 

Strengthening 

Improved diagnosis, clinician 

education, surveillance 

systems, outbreak response 

Integration with primary health 

care; cross-sectoral 

collaboration 

Resource limitations; laboratory 

capacity; training needs 

Research and 

Innovation 

Novel insecticides, biological 

control, genetic approaches, 

vaccine development 

Balancing immediate needs 

with long-term solutions; 

ethical considerations 

Funding; regulatory frameworks; 

technology transfer 

 

7. Conclusion 
Insect vectors play an indispensable role in the transmission of 

bacterial pathogens that cause significant disease burden 

worldwide. This review has examined the complex 

transmission dynamics between insect vectors and bacterial 

pathogens, highlighting the diverse mechanisms that facilitate 

disease spread and the substantial public health implications of 

these relationships. From the mechanical transmission of 

enteric pathogens by houseflies to the sophisticated biological 

transmission of rickettsial pathogens by lice and fleas, the 

interactions between insects and bacteria represent the 

outcome of long evolutionary relationships with profound 

consequences for human health. 
 

The major challenges in controlling insect-vectored bacterial 

diseases include the expanding geographic range of many 

vectors due to climate change, the emergence and spread of 

antimicrobial resistance, and the limitations of current 

diagnostic and surveillance systems. Addressing these 

challenges requires integrated approaches that combine 

vector control, personal protection, clinical management, and 

community engagement within a One Health framework that 

acknowledges the interconnectedness of human, animal, and 

environmental health. The continued burden of these diseases, 

particularly among the world's most vulnerable populations, 

underscores the urgency of strengthening public health 

systems and devoting resources to prevention and control. 

 

Several critical research needs emerge from this review. 

First, a better understanding of the vector competence of 

different insect species for bacterial pathogens would help 
identify potential vectors before disease emergence in new 

regions. Second, investigation into the role of insects in the 

amplification and dissemination of antimicrobial resistance 

genes could inform strategies to mitigate this growing threat. 

Third, development of novel control approaches, including 

biological and genetic strategies, might provide additional 

tools to complement existing methods. Finally, 

implementation research is needed to determine the most 

effective and sustainable ways to deliver prevention and 

control interventions in different social and ecological 

contexts. 

 

The history of insect-vectored bacterial diseases reminds us of 

their potential to cause immense human suffering, while 

contemporary trends highlight their continuing capacity to 

emerge and reemerge in response to environmental and social 

change. Addressing these diseases effectively will require 

sustained commitment to surveillance, research, and control, 
backed by sufficient resources and political will. By building 

on current knowledge and pursuing innovative solutions, we 

can reduce the burden of these diseases and move closer to the 

goal of health equity for all populations affected by insect-

vectored bacterial pathogens. 
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