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Abstract: 
NTDs persist in animals’ populations because of complicated interactions between livestock and wildlife reservoirs, 
vectors, and the environment. The present review offers the in-depth analysis of the current developments and the 
current issues in the control of NTDs with particular attention to the animal-based data and environmental 
determinants. It outlines the importance of animal reservoirs in perpetuating transmission cycles and explores how 
ecological factors like climate variability, land-use alterations and the dynamics of vectors affect disease 
persistence. The review also analyzes the progress of next-generation diagnostics, such as molecular, biosensors, 
and environmental DNA (eDNA), which have contributed to a considerable enhancement in the accuracy of 
detection and surveillance. Nevertheless, constraints connected to field applicability, expensive nature, and 
disjointed surveillance systems remain a barrier to successful implementation. The results highlight the need to 
consider the incorporation of both animal health surveillance and environmental surveillance to improve early 
detection and control interventions. Moreover, review indicates important gaps in research such as the 
underrepresentation of wildlife reservoirs and the lack of scalable and cost-effective diagnostic tools. On the whole, 
it highlights the need to implement interdisciplinary and combined solutions to ensure sustainable and effective 
management of NTDs in animals. 
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1. INTRODUCTION 
Neglected Tropical Diseases (NTDs) refer to a category of infectious diseases and are mostly 
prevalent in tropical and subtropical areas due to intricate relationships among animal vectors, 
hosts, and environmental factors1. Trypanosomiasis and other parasitic infections are some of the 
diseases that are sustained in animal populations by livestock and wildlife reservoirs which 
frequently serve as asymptomatic hosts and perpetuate the cycle of transmission within an 
ecosystem. Disease distribution and persistence is further affected by environmental 
determinants such as climate variability, land-use changes, and the ecology of vectors. Despite 
the recent breakthroughs in next-generation diagnostics, including molecular, biosensors and 
environmental DNA (eDNA) techniques, issues of field applicability and incorporation of 
surveillance systems remain a barrier to effective control. 

 

Figure 1: Neglected Tropical Diseases2 

The purpose of this review is to investigate the current developments and ongoing challenges in 
the NTD control with respect to animal and environmental aspects as well as the application of 
the latest diagnostic methods. It emphasizes the need to combine animal surveillance and 
environmental surveillance to gain a better understanding of the dynamics of transmission and 
enhance the management of the disease. This review highlights the importance of creating 
scalable, cost-effective, and sustainable ways of controlling NTDs by identifying the gaps that 
exist and the necessity to adopt interdisciplinary approaches3. 

1.1 Background and Context 

NTDs are a heterogeneous family of infectious diseases that continue to thrive primarily in 
tropical and subtropical areas due to the intricate interactions between hosts, vectors, and the 
environment. Diseases like trypanosomiasis and parasitism are also perpetuated in animal 
populations by livestock and wildlife reservoirs which can be the silent carriers of the disease 
and which also perpetuate the cycle of infection within an ecosystem. Climate variability, land-
use changes, and ecology of vectors are also environmental determinants that can affect the 
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distribution and persistence of diseases. Even when recent developments in next-generation 
diagnostics, including molecular tools, biosensors, and environmental DNA (eDNA), have 
enhanced the accuracy of detection and the ability to detect at an earlier stage, issues pertaining 
to field implementation, infrastructure, and integration of surveillance systems still remain a 
challenge to effective control4. 

1.2 Objectives of the Review 

This review aims to: 

• To analyze the role of animal reservoirs and environmental factors in sustaining NTD 
transmission dynamics 

• To evaluate current and emerging methodologies, including next-generation diagnostics, 
in animal-based NTD surveillance 

• To examine key findings from animal-based studies regarding disease persistence and 
ecological interactions 

• To identify strengths, limitations, and gaps in existing research and surveillance systems 
• To propose integrated animal–environmental strategies and policy approaches for 

effective and sustainable NTD control 
1.3 Importance of the Topic 

All efforts to address NTDs should be integrated through a holistic approach, where animal 
hosts, environmental factors and sophisticated diagnostic systems are all considered intertwined. 
The animal reservoirs and ecological conditions are critical in the maintenance of these diseases 
and there is need to go beyond the traditional methods of control. Combining the next generation 
diagnostics and animal and environmental surveillance also gives a promising avenue to early 
detection, better intervention and long-term management of diseases. Thus, the subject is very 
crucial in coming up with viable, sustainable and long term solutions to alleviate the burden of 
NTDs5. 

2. ANIMAL-BASED NTD RESEARCH: ADVANCES, METHODOLOGIES, AND 
KEY INSIGHTS 

Animal studies indicate that NTD is maintained in the animal and wildlife reservoirs by a series 
of intricate interactions between living organisms and their environment. State-of-the-art 
diagnostics enhances the detection, yet the field constraints, expensive nature, and poor 
surveillance integration are some of the challenges6. 

2.1 Overview of Animal-Based NTD Research 

Studies involving animals have been critical to the development of knowledge on Neglected 
Tropical Diseases (NTDs), especially regarding disease ecology, transmission, and reservoir 
biology. Research into livestock infections, including animal African trypanosomiasis, has been 
able to clearly show how intricate interactions between vectors (e.g., tsetse flies) and animal 
hosts maintain endemic cycles of transmission in tropical ecosystems. These studies emphasize 
that livestock are not only reservoirs of infection but also amplifiers of infection; hence, 
facilitating the persistence of diseases7. 
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Correspondingly, wildlife research has put significant emphasis on the role of sylvatic reservoirs 
as a means of hosting parasitic life cycles not dependent on domesticated animals. Different wild 
mammals are long-term carriers of pathogens, which do not always show any clinical signs, 
hence are silent reservoirs. These results highlight the importance of including domestic and 
wild animals in surveillance systems to comprehend the NTD transmission pathways 
comprehensively. 

2.2 Methodologies in Animal-Based NTD Studies 

A wide range of methodologies has been employed in animal-based NTD research to improve 
detection, monitoring, and understanding of disease dynamics: 

• Parasitological techniques: Conventional microscopic techniques are still essential to 
detect parasites directly on blood, tissue or fecal samples. These are cost-effective but 
have a low sensitivity particularly when there is low parasitemia.  

• Serological tests: ELISA and other widely used techniques are used to identify 
antibodies in livestock and wildlife populations, which can give a history of exposure and 
prevalence of infection. Nevertheless, they might not be able to differentiate between 
past and active infections.  

• Molecular diagnostics: Molecular diagnostics, including Polymerase Chain Reaction 
(PCR) and quantitative PCR (qPCR), have greatly enhanced detection sensitivity by 
detecting pathogen-specific genetic material. These are very sensitive and specific 
methods but demand laboratory facilities8.  

• Environmental sampling: Indirect detection of pathogens through analysis of soil, 
water, and vectors (e.g., insects) can be used to map ecological hotspots of disease 
transmission.  

Recent technological advancements have further enhanced diagnostic capabilities: 

• Loop-mediated isothermal amplification (LAMP): An efficient, fast, inexpensive 
molecular method that can be used in the field allowing detection of pathogens in 
animals on-site.  

• Metagenomic sequencing: Simultaneously identifies multiple pathogens in a sample, 
providing detailed information on the diversity of pathogens in animals.  

• Environmental DNA (eDNA): Non-invasive method that identifies the presence of 
pathogen DNA released into the environment, avoiding the necessity of physical contact 
with animals and allowing the practice on a large scale to monitor the ecology.  

2.3 Key Findings from Animal Studies 

Animal studies have always proved that animal reservoirs are the determinants of the persistence 
and transmission of NTDs. The livestock and wildlife populations both play a role in ensuring 
the continuation of the infection cycles and in most cases, they are the carriers that are 
asymptomatic and spread the infection freely9. 
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The cover of the vegetation, humidity, and temperature have been found to have a significant 
impact on the distribution and survival of vectors, therefore, impacting the prevalence of 
diseases. As an example, climatic conditions directly affect the breeding habitats and seasonal 
abundance of vectors, which results in changes in animal populations in terms of infection rates. 

Also, there has been an increase in contact between animals and livestock, which has been 
brought about by habitat encroachment, agricultural growth, and environmental alterations, 
hence exacerbating cross-species transmission. Such an interface opens up new routes of 
pathogen circulation and makes it more difficult to control the disease. 

Although molecular diagnostic tools have enhanced the sensitivity and specificity of detection, 
their use is still not as effective in field-based surveillance because of the logistical limitations, 
which indicates a discrepancy in technology development and feasibility10. 

2.4 Strengths and Weaknesses of Current Research 

Strengths 

Molecular techniques have greatly increased the accuracy and reliability of detecting pathogen in 
animal hosts, and animal studies have provided additional insight into the dynamics of 
transmission, the reservoir ecology, and the interactions between vectors and hosts. Also, there 
are developments in non-invasive techniques, including environmental DNA (eDNA) and 
environmental sampling, that reduced the necessity to handle animals directly, and thus, 
surveillance methods have become more ethical, efficient, and can be scaled11. 

Weaknesses 

Nevertheless, there are still tremendous challenges such as difficulty in scaling diagnostic tools 
in resource-constrained field environments because of the lack of infrastructure. The high costs 
and technical expertise demands also limit their widespread use, whereas the disjointed 
surveillance systems and the lack of data on wildlife make understanding and adequate long-
term control of NTDs challenging12. 

3. ANIMAL AND ENVIRONMENTAL DYNAMICS IN NTD TRANSMISSION 
The NTD transmission is maintained by the complex interactions between the host and the 
vectors in the form of animal reservoirs and environmental conditions. Advanced diagnostics 
and embedded surveillance enhances detection and control but has challenges in field level 
implementation13. 

3.1 Animal Reservoirs and Disease Persistence 

Neglected Tropical Diseases (NTDs) depend on animal reservoirs as a component of their 
ecosystem maintenance and persistence, both in livestock and wildlife species. Such reservoirs 
tend to harbor pathogens over a long time, and in many cases, they do not show any apparent 
clinical signs, thus becoming silent vectors of infection that perpetuate the cycle of infection. As 
an illustration, the transmission of the pathogens by chronic infection in animals may persist 
even without the active outbreaks of the disease14. 
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Figure 2: Animal Reservoirs Diversity15 

The competence of a species to acquire, retain and transmit a pathogen is known as reservoir 
competence; this differs greatly among the animal species. Other species are incidental hosts 
with low transmission potential and some are highly efficient reservoirs. This diversity makes it 
hard to control the disease, because interventions designed to affect a single host species might 
fail to affect the entire transmission cycle16. 

There is also the special challenge of wildlife reservoirs as they are mobile, ecologically diverse 
and difficult to monitor. The presence of the pathogens in these populations results in an 
unending source of infection which can cross over to domesticated animals further justifying the 
use of extensive surveillance systems which encompass both the wild and domestic hosts17. 

3.2 Environmental Determinants of NTD Transmission 

The environmental factors are important determinants of the dynamics of distribution and 
transmission of NTDs in animals. Ecological conditions including temperature, humidity and 
water availability are very important in the presence, abundance and activity of vectors18. 

• Vector breeding habitats: There are numerous vectors that survive only under certain 
environmental conditions, e.g., stagnant water bodies or wet vegetation. The alterations 
in the rainfall patterns and water availability directly affect the population density of 
vectors and, thus, the intensity of disease transmission.  

• Land-use changes: This includes deforestation, urban sprawl and agriculture increase, 
which alters the natural habitats and introduces wildlife, livestock and vectors into closer 
proximity. This augmented interface augments prospects of intraspecific pathogen 
transmission.  
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• Seasonal changes: Seasonal changes have a great influence on the dynamics of 
infections. An example of this is that wet seasons can cause more breeding of vectors and 
hence more animals are infected, whereas dry seasons can cause less intense 
transmission.  

Environmental surveillance, such as remote sensing and ecological mapping, has emerged as a 
tool that is necessary in order to establish the high-risk areas and forecast the disease outbreaks. 
Environmental indicators provide researchers with the ability to predict changes in disease trends 
and take preventive measures in time19. 

3.3 Next-Generation Diagnostics in Animal NTD Surveillance 

The latest development in diagnostic technologies has changed the face of animal NTD 
surveillance by making it more accurate, quick and comprehensive in detecting pathogens20. 

 

Figure 3: Next-Generation Diagnostics in Animal21 

• Molecular Diagnostics: PCR, quantitative PCR (qPCR), and CRISPR-based assays are 
techniques offering very sensitive and specific detection of genetic material of a 
pathogen. Such techniques enable the detection of infections early even when the 
pathogen load is low and this is very important in the control of the disease spread in 
animals.  

• Point-of-Care Tests (POCT): Portable diagnostic tests have been created to support 
field tests on a fast and on-site basis. These devices limit the necessity of centralized 
laboratory facilities and allow making decisions in real-time in the livestock management 
and disease control.  
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• Biosensors: New biosensor technologies have the potential to identify pathogen-specific
biomarkers in animal fluids like blood, saliva or milk. These systems can be used to
monitor in real-time and can have prospects of constant monitoring on farms22.

• Environmental DNA (eDNA): eDNA methods allow the identification of the genetic
material of pathogens in the environment (water, soil, or in the habitat of vectors). This is
a non-invasive technique, which is especially useful to monitor diseases in the population
of animals when direct sampling is challenging.

In spite of their merits, these technologies have several problems associated with their cost, field 
flexibility, and the necessity to be proved in a variety of ecological conditions. Overcoming the 
barrier between the laboratory innovation and field implementation is a priority23. 

3.4 Integration of Animal and Environmental Surveillance 

Animal and environmental surveillance integration is a multifaceted way of comprehending and 
managing NTDs. This strategy will offer a better overview of the dynamics of the disease and 
strengthen the system of warning in the early stage by integrating various sources of data24. 

Common features of integrated surveillance systems are: 

• Animal health monitoring: Routine screening of livestock and where feasible, wildlife
populations in order to identify infections and monitor disease occurrence.

• Surveillance of the vectors: Distribution, density, and infection status of the vectors to
learn about the patterns of transmission.

• Analysis of environmental data: Inclusion of climatic factors, water resources,
vegetation cover and land-use patterns to determine the ecological factors that drive the
spread of diseases25.

With this type of integrated frameworks, disease outbreaks can be predicted through modulation 
of environmental changes in relation to the change in the populations of both vectors and hosts. 
This method is used to support specific interventions, like vectors control or habitat 
management, and enhance the effectiveness of the resource allocation26. 

Nevertheless, to be successfully integrated, there needs to be a close coordination between 
veterinary, ecological and environmental sectors and creating common data collection and 
sharing procedures. These interdisciplinary connections need to be strengthened to promote 
sustainable and effective NTD control strategies27. 

4. CHALLENGES AND POLICY IMPLICATIONS IN ANIMAL-BASED NTD
CONTROL

The use of animals to control Neglected Tropical Diseases (NTDs) has multiple operational and 
structural issues, which restrict the potential of the existing policies. The major ones include the 
lack of proper infrastructures to support surveillance and diagnostics in remote and resource 
restricted locations where most NTDs have been common. Sophisticated diagnostic devices, 
though very sensitive, are usually costly and need a skilled workforce and lab facilities, which 
are hard to implement at the field level. Moreover, livestock and wildlife mobility makes it 
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difficult to monitor, resulting in reporting gaps in disease reporting and delays in interventions. 
Further constrained by the insufficient representation of wildlife reservoirs in surveillance 
programs, a more comprehensive knowledge of disease persistence and transmission cycles is 
not possible28. 

Policy wise, there is a lack of coordination and fragmented governance between the veterinary, 
environmental and agricultural sectors that act as a major obstacle in successful NTD control. 
The current policy tends to put more emphasis on the livestock health and ignore the fact that 
wildlife and other environmental conditions are of importance in the perpetuation of the 
diseases. This compartmentalization leads to inadequate strategies which do not take into 
consideration the ecological nature of NTDs. In addition, a gap in data integration and lack of 
standardized surveillance systems are impediments to evidence-based decision-making and 
prompt action against the emergent disease risks. 

To overcome these issues, there is urgent need to have integrated and multidisciplinary policy 
frameworks that harmonize animal health and environmental monitoring. Infrastructure 
reinforcement at field level, investments in affordable and transportable diagnostic solutions, and 
fostering data exchange across sectors are critical towards bettering the surveillance systems. 
Long-term monitoring of the wildlife reservoirs should also be a priority of policies and 
collaboration between research should be encouraged to fill in knowledge gaps. These all-
inclusive and well-coordinated strategies are vital in sustainable and effective control of NTDs in 
animals29. 

Table 1: Summary of Selected Literature on NTDs30 

Author(s) & 
Year 

Study Title Focus Area Methodology Key Findings 

Paniz-
Mondolfi & 

Ramírez 
(2024)31 

FDA’s proposed 
rule and its 

regulatory impact 
on emerging and 

reemerging 
neglected tropical 

diseases in the 
United States 

Regulatory 
frameworks 
and policy 
impact on 

NTDs 

Policy analysis 
and review 

Regulatory policies 
significantly 

influenced the 
development, 
approval, and 

accessibility of 
diagnostics and 

therapeutics, 
improving 

preparedness and 
disease control 

strategies 
Roadmappers 

(2020)32 
A roadmap for the 

development of 
ivermectin as a 
complementary 
malaria vector 

control tool 

Vector control 
using 

ivermectin 

Strategic 
framework and 

conceptual 
analysis 

Ivermectin showed 
potential in reducing 
vector populations 
and interrupting 

transmission cycles 
when integrated with 
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vector control 
strategies 

Rohde & 
Rupprecht 

(2020)33 

Update on 
lyssaviruses and 
rabies: progress 

towards elimination 

Rabies 
surveillance 

and 
elimination 

Review study Highlighted 
advancements in 
surveillance and 
vaccination, but 

emphasized the need 
for sustained efforts 
and coordination for 
global eradication 

Rupprecht & 
Salahuddin 

(2019)34 

Current status of 
human rabies 

prevention 

Vaccine 
accessibility 

and 
prevention 
challenges 

Analytical 
review 

Identified disparities 
in vaccine availability 

and affordability, 
stressing improved 

distribution and 
policy support for 

disease elimination 
Sargsyan et al. 

(2025)35 
Intracellular 

parasitic infections 
and vaccine 

advances 

Parasitic 
infections and 
transmission 

dynamics 

Narrative 
review 

Emphasized 
complexity of 

parasite life cycles 
and the need for 

integrated approaches 
combining 
diagnostics, 

surveillance, and 
immunological 

strategies 
5. DISCUSSION 

The interactions between the animal reservoirs, environment and vectors lead to the persistence 
of the NTD transmission even though better diagnostics have been achieved. Effective control 
requires integrated surveillance, increased field applicability, and targeted research of wildlife 
and ecosystems36. 

5.1 Interpretation and Analysis of Findings 

The results of this review demonstrate that there is a strong influence of animal reservoirs, 
environmental factors, and vector relationships in the persistence and transmission of Neglected 
Tropical Diseases (NTDs) in animals. Livestock and wildlife are long-term reservoirs, and they 
tend to harbor infections without showing any symptoms, which enables the pathogens to keep 
on circulating in the ecosystems. The environmental conditions, climate variability, land-use 
alteration, and habitat alteration have additional effects on the distribution of vectors, contact 
between hosts that perpetuate disease transmission. The next-generation diagnostics are more 
effective in detection, but the field of usage is limited, which leads to the gap between the 
technological advancement and the practical use37. 
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5.2 Implications and Significance 

The findings highlight the importance of integrated and multidisciplinary measures to control 
NTDs. Historical efforts to control transmission by targeting individual host species, or isolated 
interventions are not enough. Rather, animal health surveillance alongside environmental 
surveillance and tracking of vectors is very important in managing diseases. The application of 
the modern diagnostic methods, such as molecular techniques and eDNA, has high potential of 
early diagnosis and interventions. But their effectiveness is determined by the enhancement of 
access, affordability and field level implementation which makes capacity building and 
infrastructure development critical parts of NTD control programs38. 

5.3 Research Gaps and Future Directions 

In spite of improvements, current research and surveillance systems still have critical gaps39. 
Reservoirs of wildlife are not well represented and this restricts a complete analysis of disease 
persistence. Also, the inability to have unified data integration and fragmented surveillance 
systems impedes proper monitoring and response plans. Further studies are required on the 
development of cost-efficient and field-versatile diagnostic tools and on long-term ecological 
studies that consider wildlife and the environment. Interdisciplinary cooperation and combining 
veterinary, ecological, and environmental data will be essential to develop sustainable and 
efficient strategies to combat NTDs in animal populations40. 

6. CONCLUSION
In conclusion, this review highlights that the persistence and transmission of Neglected Tropical 
Diseases (NTDs) in animal populations are driven by complex interactions among livestock and 
wildlife reservoirs, environmental conditions, and vector dynamics. Although a lot has been 
achieved in development of animal based research and the creation of next generation diagnostic 
methods like molecular based methods and eDNA methods, the issues of field applicability, cost 
and inconsistent surveillance systems still hamper their use. The results highlight that traditional, 
segregated control measures are not adequate, and there is an urgent necessity to introduce 
integrated methods of animal health monitoring and environmental surveillance and control of 
vectors. It will be necessary to fill the existing gaps, especially underrepresentation of wildlife 
reservoirs and absence of coordinated data systems, in order to enhance the disease control 
outcomes. Thus, it is important to embrace interdisciplinary, scalable and cost-effective 
approaches that are backed up by robust policy frameworks and improved field infrastructures to 
ensure sustainable and effective control of NTDs in animal populations. 
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