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ABSTRACT: Working across disciplines is essential to tackle the complex global health challenges faced today.
One such challenge is the proliferation of Aedes mosquitoes in recent decades, which has led to a significant and
growing public health burden. According to the WHO, half of the world's population is at risk of contracting Aedes
mosquito-borne viral diseases (MBVDs) such as dengue, and this is expected to rise as climate change expands
the predicted geographic reach of these mosquitoes as far north as Denmark by 2050. There is currently limited
vaccines or preventative therapeutics for these MBVDs, which means mosquito control remains the most viable
approach to reduce them. Modifications to the built environment present numerous opportunities to reduce this
disease burden, such as designing drainage that prevents stagnant water that can become larval sites or utilising
screening to prevent mosquito entry. Significant advancements in vector control strategies have been made in the
fields of public health and entomology; however, these have not effectively disseminated into the building
profession. This paper explores the development and application of a proof-of-concept chatbot platform that utilises
Large Language Models (LLMs) to bridge architecture and public health disciplines, aiding the integration of
evidence-based mosquito control strategies into the early stages of building and landscape design. This LLM
chatbot draws information from peer-reviewed articles from leading global health journals, identified in a previous
literature review. Users can easily access information on vector control approaches for their projects by asking
simple questions such as, ‘How can | improve my entrance space to prevent mosquitoes?’. By curating the LLM'’s
source information, we aim to reduce Al hallucinations, where fictious generated information is presented as fact.
This paper reflects upon the opportunities and challenges of LLM tools for interdisciplinary projects identified during
the chatbots development.
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1.0 INTRODUCTION

1.1 The increasing global health burden of Aedes mosquito-borne viral diseases

Many of the global health challenges faced today, such as infectious diseases and healthcare access, are impacted
by factors spanning multiple disciplines, including fields such as epidemiology, public health, environmental science
and the built environment. One such health challenge is the increasing risk of mosquito-borne viruses transmitted
by Aedes Aegypti and Aedes Albopictus. Presently around half of the world’s population are at risk of contracting
one of the multitude of viruses these mosquitoes are vectors of (World Health Organisation, 2023). These diseases
include dengue, chikungunya, Zika and yellow fever. Of these diseases, there is only a readily available and
universally recommended vaccine for yellow fever.

The population and geographic spread of Aedes mosquitoes has risen dramatically in the last two decades. This is
due to a variety of factors. Increased global populations, travel, trade, and urban expansion have helped these
mosquito species spread across the globe (Shragai et al. 2017). Aedes mosquitoes demonstrate significant
ecological plasticity and have adapted from laying their eggs in small water-filled tree-holes, to deposit their eggs
in a wide range of artificial water bodies found in places of human habitation, such as water storage containers,
discarded waste, drains and slumps. Higher temperatures, increased humidity and more erratic precipitation
patterns exacerbated by climate change, has led to an increase in Aedes mosquito populations, their capacity as
disease vectors and habitat range (Watts et al. 2021; Murray et al. 2020). This habitat expansion is expected to
increase over the coming decades. A study by Oliveira, S. et al shown in Figure 1, modelling climate suitability for
Aedes albopictus mosquitoes in 2050, predicts that 47% of Europe will be climatically suitable for this mosquito
(Oliveira et al. 2021).
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Figure 1: Projected climate suitability of Aedes albopictus mosquitos in 2050. Source: (Oliveira, S. et al. 2021).

1.2 Integrating Aedes vector control into building design

Given the growing population and habitat spread of Aedes mosquitoes and the limited vaccinations or treatment
options for the diseases they transmit, it is crucial to implement effective vector control methods to reduce this
escalating public health burden. Preventative vector control measures targeting Aedes mosquitoes can be a cost-
effective strategy compared to therapeutic interventions or vaccinations, as they prevent the transmission of multiple
diseases transmitted by a single vector. Furthermore, many of these measures are also effective against other
mosquito vectors, thereby enhancing their overall public health impact. In order to develop these preventative
approaches, the WHO has called for integrated and co-creational approach to vector control, bringing together
specialists across different disciplines (Achee et al. 2015; WHO 2017). One such approach is the incorporation of
vector control methods into the built environment. Recent studies pictured in Figure 2, have utilised building design
as means to protect against mosquitoes, including novel screened facades, improved ventilation to reduce the
internal concentrations of mosquito attractants such as carbon dioxide, and elevated sleeping spaces (Mshamu et
al. 2022; Carrasco-Tenezaca et al. 2021; von Seidlein et al. 2017).

Figure 2: (Left) Exterior view of a Star Home in Tanzania, that utilises a variety of design strategies to reduce the risk of
inhabitants contracting Malaria, including screened windows, increased ventilation and raised bedrooms. Source: (Mshamu et al.
2022). (Right) Experimental houses in the Gambia designed to test the relationship between building elevation and mosquito
entry. Source: (Carrasco-Tenezaca et al. 2021)

These studies have brought together building professionals, entomologists, global health specialists and
communities at risk of MBDs to develop novel approaches for vector control integrated within the built environment.
Such approaches can offer other co-benefits such as improved housing conditions. Many regions affected by
mosquito-borne viral diseases (MBVDs), such as Sub-Saharan Africa, are expected to experience significant
population growth and increased built infrastructure demands over the coming decades. Incorporating vector control
measures into future building designs could effectively mitigate the rising threat of Aedes-transmitted diseases while
meeting the growing needs. Figure 3 highlights the different areas of building design that can be used to reduce the
risk of MBVD transmission, identified in a previous literature review by the authors. These include landscape and
water management strategies to reduce larval breeding sites, architectural and building component design to block
mosquito entry and building user mobilisation to increase awareness and adoption of preventative methods.
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WATER MANAGEMENT

Figure 3: Diagram outlining the different areas within built environment design that can be adapted to reduce the reduce of
mosquito-borne diseases. Source: (Author 2023)

1.3 Barriers to accessing vector control information for building professionals

Excluding the earlier studies mentioned, progress in built approaches to vector control has been fairly limited within
the architectural discourse. Knowledge and the incorporation of vector control methods, particularly in the early
stages of the design process, could dramatically reduce MBVD risk for building users and have the high cost to
gain ratio when compared to retrofitting control measures (Obonyo, Pareek, and Woldu 2019). One reason for this
lack of uptake may be that academic journals serve as the primary publication medium for vector control
interventions, posing access barriers for building designers, contractors, and self-builders due to challenges such
as academic writing style, paywalls or lack of integration into the architecture school curriculum. For built
environment professionals interested to learn more, a further barrier may be the overabundance of literature
available on the topic presents challenges in terms of find relevant information and staying up to date. For example,
at the time of writing, a search of articles on ‘Aedes aegypti’ using Google Scholar presents over 400,000 results.

1.4 Utilising large language models for information retrieval from text data sources

Large Language Models (LLMs) offer a potential tool to help improve access to relevant information for building
professionals on Aedes vector control interventions and the latest research on other health burdens related to the
built environment. LLMs are a form of artificial intelligence algorithm which use large data sets, typically consisting
of text-based articles, combined with deep learning techniques to understand and summarise written information
as well as creating new content. LLMs are the primary technology behind ChatGPT, (Generative Pre-trained
Transformer) developed by OpenAl that was released in 2018 as well as Google’s BERT (Bidirectional Encoder
Representations from Transformers). LLMs can work with large text datasets which could include thousands of
articles and therefore offer a powerful tool in enabling building professionals to access the wealth of information
within public health and entomology literature and translate this into design approaches that could help reduce the
risk of Aedes transmitted diseases. There are a variety of LLM projects developed by academics to utilise this
technology for research purposes, such as BLOOM (BigScience Large Open-science Open-access Multilingual
Language Model), an opensource model aimed to provide transparency over its 1.6TB of training data (Scao et al.
2022) or GatorTron, which is trained on over 90 billion words of text from health records, and has been tested to
answer health related questions (Yang et al. 2022).

A key barrier for the use of existing Al chatbots such as ChatGPT to provide information on Aedes control methods
and other research questions, is the likelihood of receiving fictious results known as ‘Al hallucinations’. Al
hallucinations are a phenomenon that occurs when an LLM misinterprets patterns within its training data, generating
outputs that are not grounded in factual reality. Due to these results being based on existing factual data, these
hallucinations can be highly convincing. Another challenge is a lack of control over the source and reference data
from which the LLM is trained and draws the information to answer a query. It is often difficult to determine the
source of an answer from a chatbot and harder to know whether this has gone through the scrutiny of the peer
review process. The lack of interpretability of answers given by LLMs, like the free version of ChatGPT, raise other
concerns when interpreting responses, such as the lack of clarity over why certain information was prioritised and
present above other information (Kasneci et al. 2023).

This paper describes the development and application of an LLM chatbot platform, designed to help bridge the gaps
between architecture and public health domains and enable better integration of evidence-based mosquito control
strategies into building and landscape design. This LLM chatbot, nicknamed ‘Aedes Assistant’, takes information
from a database of select peer-reviewed articles from leading global health journals. Users can then easily access
information on vector control strategies appropriate to their projects by asking simple questions such as, ‘How can
I improve entrance space to prevent mosquitoes?’. By selecting the LLM'’s article-based source information, we aim
to reduce fictitious Al hallucinations.
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2.0 METHOD

2.1 Development of the Aedes chatbot

To reduce the likelihood of generated Al hallucinations and ensure responses were based on high quality sources
and improve interpretability, we aimed to create a chatbot that was powered by an LLM, such as OpenAl, but used
information to answer queries based on a curated knowledge database of peer reviewed journals. An electronic
literature review was conducted using the PubMed database with the search term ‘Aedes’ and mesh term ‘vector
control’ or ‘insect control’. From the body of literature available on Aedes vector control interventions (3,367 articles),
we screened for doubles using Zotero and whether they concerned or could be applied to the built environment.
For example, the large body of articles focused on the sterilisation of aedes mosquitoes or genetic modification as
a means of control were not included. From this, 82 articles were identified that contained relevant control methods
related to the built environment.

2.2 Building a knowledge database

At the time of creating the project, whole PDFs could not easily be uploaded or copied pasted directly into commonly
available, low-cost LLMs such as the free version of ChatGPT. When uploading large documents, there is a risk of
hitting the token limit due to the amount of information the LLM must decipher, therefore making it uneconomical to
retrieve data. We therefore needed to create a database from selected PDFs articles that the LLM could easily draw
information from. The PDFs were split into smaller ‘chunks’ of text, the length of which is smaller than the token
size that the LLM supports. Each text chunk is then vectorised and given a series of embeddings that measure the
relatedness of the text. These embeddings enable easier searching, clustering, anomaly detection and classification
of the text (OpenAl Platform 2023). This allows for the smaller embeddings to be compared rather than the larger
chunks of text. These embeddings are combined into a Semantic Index which forms the knowledge base. We used
LangChain (Langchain 2024) to connect OpenAl’s LLM to our own knowledge base.

A copy of the code for the Aedes chatbot is available here:
https://colab.research.google.com/drive/1tPY Qfs9Xw5jsq0tF6hwX1zcoVFVPKWb5?usp=sharing.

2.3 Creating queries for the Aedes chatbot

Figure 4 describes the process of information retrieval from the article database and how this is used to generate a
response to a given query. In order for the user to ask a question to the chatbot, an embedding is made based on
the question’s text. A semantic search is then carried out on the knowledge base from the question embedding. A
series of ranked results are retrieved from the knowledge base, correlating to the relatedness to the query. These
results are then interpreted by the LLM to generate a comprehensible response that is fed back to the user as an
answer to their initial question.
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Figure 4: Process of information retrieval, showing how PDFs are separated into smaller chunks that are then embedded and
stored in a vector data base. When a query is raised by the used, this vector database is searched to find which chunk is likely to
contain relevant information. Those chunks are then fed to the LLM along with the query that is used as the basis of the response.
Source: (Author 2023)

2.4 Testing the prototype Aedes chatbot

A first working prototype chatbot using python was developed in Google Colab (Google 2017), shown in Figure 5.
For initial testing of the application, 11 articles were chosen at random from a previous literature review of Aedes
vector control interventions and stored in an online Google Drive root folder which the language model can access.
UnstructuredPDFloader (Langchain 2024b) was used to read the PDF files which were then divided into chunks
based on length and vectorised to create a database of embeddings for the LLM to draw on using LangChain. The
model was connected to the OpenAl GPT 3.5 LLM (OpenAl 2022) with a unique OpenAl key. The chatbot was
designed to provide simple recommendations on how to alter or modified the built environment to reduce the risk
of contracting an Aedes-borne disease, such as dengue, based on the literature contained in the knowledge
database. Additional code was added to provide the reference of the source paper that the answer was taken from.
The quality of the responses was assessed by asking the chatbot a series of simple questions and follow up
questions, prepared and reviewed by the authors, a qualified architect and computer scientist. We identified issues
with the chatbot’s responses and identified strategies to improve the quality of the answers for a future version of
the chatbot.
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TV B EPE
7 @ index.query_with_sources('How can I adapt my house design to reduce the likelihood of Aedes mosquitoes entering?')
[> {'question': 'How can I adapt my house design to reduce the likelihood of Aedes mosquitoes entering?',
'answer': ' To reduce the likelihood of Aedes mosquitoes entering, one can use indoor residual spraying targeting Aedes aegypti, store domestic water at the

household level, manage solid waste, ycreen housing, and reduce the surface treated with residual insecticides to ~12% of total interior wall surface area.\n',
"sources': ''}

=R NN B
7 @ index.query with_sources('Do you have any suggestions specifically for doors?')
{'question’: 'Do you have any suggestions specifically for doors?’,
‘answer': ' Suggestions specifically for doors include installing a double screened-door vestibule, sealing sinks, drains and toilets with window screening, and
X placing ant baits next to each door.\n',

"sources': '28-pl, 24-pl, 5-pl, /content/gdrive/My Drive//data/Efficacy of novel .pdf, /content/gdrive/My Drive//data/Biology and Behaviour of Aedes aegypti in the
Human Environment- Opportunities for Vector Control of Arbovirus Transmission.pdf'}

Figure 5: Image of chatbot interface developed in Google Colab, showing a query entry and response. Source: (Author 2023)

3.0 RESULTS

Table 1: Sample questions and responses from the Aedes LLM chatbot. Source: (Author 2023)

Query Response
“How can | adapt my house design to reduce the “To reduce the likelihood of Aedes mosquitoes entering,
likelihood of Aedes mosquitoes entering?” one can use indoor residual spraying targeting Aedes

aegypti, store domestic water at household level,
manage solid waste, screen housing, and reduce the
surface treated with residual insecticides to ~12% of the
interior wall surface area.”

“Do you have any suggestions specifically for “Suggestions specifically for doors include installing a

doors?” double screened vestibule, sealing sinks, drains and
toilets with window screening, and placing anti baits
(traps) next to each door.”

“What plants could | use to reduce mosquitoes?” “Plants such as O.gratissimum, moringa oleifera and
fungi have been reported to be used as repellants
against mosquitoes.”

Example questions and responses are given in Table 1. A qualitative assessment of the responses found that for
most queries given, an appropriate response was returned that was both relevant to the built environment and
based on information from within the scientific literature, however there were some limitations to the answers
received. We outlined the limitations and issues identified in Table 2. These included: a limited variability in the
responses, with different questions receiving the same or similar answers, inclusion of irrelevant information, the
cost associated with making each query, source biases and limited length of the responses. For each of these
limitations we were able to identify strategies that could improve the quality of the query responses. These
improvements included: increasing the number of articles in the knowledge database, optimising the LLM’s
response persona, improved PDF chunking and exploring the use of Opensource LLM’s, such as LLaMa, Alpaca
or GPT4AII.

Table 2: Summary of issues identified during testing of the Aedes LLM chatbot, and potential areas of improvement. Source:
(Author 2023)

Issues Identified Strategies for Improvement

1 Responses are relatively limited in variety, in | 1,2, | Increase the number of articles included in the
some cases different questions received the | 4,5 | knowledge database.

same or very similar answers.
2 | Some responses include information that is still | 4,5 | Modify the ‘persona’ of how the LLM responds.

related to Aedes mosquito prevention, however, For example, the model can be programmed to
has little relevance to the query, for example ask with the persona of a researcher to obtain a
describing drain modifications to a query more academic response.
concerning doors.

3 | Thereis a cost associated with every query due | 3 Utilise an opensource language model such as
to the OpenAl being a paid LLM. The test cost LLaMa, Alpaca or GPT4AIl

was approximately $0.1-0.3 per query with the
test database.

4 Preference for certain sources over others in 1, 4, | Create text chunks that have overlap between the
the test database. 5 paragraphs to improve information retrieval.

5 | Responses are often short in length, around | 1, 2, | Optimise how the PDF text is ‘chunked’, i.e. if it
one sentence, lack detail. 4,5 | split by paragraph compared with divided based

on text length then information is less likely to be
split across multiple ‘chunks’.
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4.0 DISCUSSION

Given the rapid advancements in the field of artificial intelligence (Al) and the significant investment required to
develop well-functioning large language model (LLM) applications, the Aedes Assistant chatbot was created as a
proof-of-concept to investigate the challenges and potential benefits of integrating these technologies into cross-
disciplinary architectural projects. The assessment of the chatbot demonstrated its potential as an advisory tool for
building environment professionals during the early stages of the design process, particularly in contexts with a high
prevalence of Aedes-borne diseases. The chatbot was able to identify relevant control strategies and apply them
to the design of the built environment. However, there were still several areas where the quality of the responses
could be improved.

The ability to create a custom knowledge database presents various opportunities for ensure oversight over the
quality of the source information and carry out tasks on large datasets that would otherwise be very time-consuming.
For instance, a landscape architect seeking to identify local plants that mask or absorb mosquito attractants like
CO: could provide the chatbot with botanical studies and text on the local flora in their context. The chatbot could
then quickly pinpoint the plants that are both local and meet the requirements to absorb attractants, a task that
would be labor-intensive if done manually.

One limitation of the text-based chatbot format is that the responses will inherently be descriptive rather than visual.
In its current capacity, the chatbot can provide text information on different design approaches, which can then be
interpreted and developed further by building professionals using the interface. To address this limitation, the
chatbot could be integrated with a text-to-image generator, such as DALL-E 3 or Midjourney, to create visual
representations of the generated responses.

The financial cost of using OpenAl's LLM presents a barrier to the adoption of such technologies. Open source
LLMs, such as LLaMa, Alpaca or GPT4AIl, offer a promising alternative. This is particularly relevant for Aedes-
borne diseases which disproportional affect Low- and Middle-Income countries, and therefore free and open-source
tools could allow great access and impact. There are also access barriers to the articles needed to build a robust
database for LLMs to drawing information from, such as journal paywalls and the cost to research teams and
scholars publishing open access articles. Given the pace of change within the field of Al and the continuous updating
required, these open-source models are reliant on a strong community of unpaid programmers to maintain them.

The use of LLMs for interdisciplinary projects would still require extensive oversight of source information and
responses to ensure that the included research meets rigorous academic standards. It would also require a
thorough understanding of how these answers are generated and their interpretability, which will become
increasingly difficulty as the complexity of these models increases over time. LLMs are still largely in their infancy,
and there are numerous resource, socio-economic and political challenges these tools will bring, such as the
environmental impact of the energy required to compute each query, ensuring job security for previously human
done tasks replaced by Al, and how to navigate intellectual property laws for algorithm training when these models
have access to the entire internet (Thirunavukarasu et al. 2023).

CONCLUSION

The development of the Aedes Assistant chatbot highlights the potential of customisable LLM applications to assist
building professionals working on interdisciplinary projects by helping them gather relevant information, particularly
in the early design stages, from fields outside their own expertise. These tools can help facilitate greater
understanding and collaboration between disciplines, enabling the synthesis of knowledge and perspectives from
various fields. This interdisciplinary approach is crucial for tackling complex issues, such as the increasing health
burden of Aedes-borne diseases, which require coordinated efforts across sectors. However, there are also
significant challenges with LLM tools. As these generative Al technologies rapidly advance, it will be essential for
users to maintain critical oversight of the source data and responses to ensure their interpretability, validity, and
applicability. This will require careful evaluation of the data quality, biases, and limitations inherent in the LLM's
knowledge base and staying up to date with developments within the field of Al.
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