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    ABSTRACT

    Objective: To describe the development and evaluation of a chatbot designed to guide nurses regarding the investigation and treatment of toxoplasmosis during pregnancy in prenatal care. Methods: An applied research study with a technological development approach, conducted in two stages: development of a chatbot and evaluation of the target audience’s experience. The study was carried out in a municipality in the state of Espírito Santo, Brazil, from August 2023 to July 2024. Results: The chatbot Toxobot was developed based on artificial intelligence and natural language processing. The tool consists of 16 screens organized in a logical sequence, structured to promote human-computer interaction and navigation guided by the information provided. Usability was evaluated by 15 nurses and was classified as excellent, with a total score of 80.6 points. Conclusion: The use of Toxobot enabled the dissemination of synthesized and appropriate information on the investigation and treatment of pregnant women with toxoplasmosis during prenatal care.
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    What is already known:

    
      	
        Toxoplasmosis during pregnancy can cause serious complications when not diagnosed and treated early;

      

    

     

    
      	
        Health professionals face difficulties in following updated protocols in prenatal care;

      

    

     

    
      	
        Chatbots show potential to support clinical practice and expand the dissemination of health information.

      

    

     

    What this article adds:

    
      	
        Develops and evaluates Toxobot, an artificial intelligence-based chatbot designed to support prenatal care;

      

    

     

    
      	
        The technology facilitates rapid access to reliable information on the investigation and treatment of pregnant women with toxoplasmosis.

      

    

     

    INTRODUCTION

    Toxoplasmosis is one of the most prevalent chronic infections worldwide, affecting approximately one-third of the global population. An international meta-analysis estimated an overall prevalence of acute Toxoplasma gondii infection in pregnant women of 0.6% (95% CI 0.4%-0.7%), with approximately 201,600 annual cases of congenital toxoplasmosis in newborns(1). In Brazil, studies indicate high seroprevalence among women of reproductive age (50%-80%), which highlights the magnitude of the problem and the persistent risk of primary infection during pregnancy(2,3).

    Surveillance, early detection, and timely management of toxoplasmosis during prenatal care are essential to reduce or prevent fetal and neonatal complications, such as spontaneous abortion, stillbirth, prematurity, hydrocephalus, intracranial calcifications, chorioretinitis, seizures, delayed neuropsychomotor development, and permanent visual impairment(4).

    Improving the quality of prenatal care is part of national strategies aimed at reducing maternal and infant morbidity and mortality. These actions are currently reinforced by the Alyne Network, established by the Brazilian Ministry of Health, whose objective is to ensure surveillance of health conditions during pregnancy, prevent avoidable deaths, and improve professional practices, especially in addressing clinical conditions sensitive to prenatal care, such as congenital infections(5).

    Health professionals play a central role in the identification, treatment, and surveillance of communicable diseases during prenatal care(6). However, weaknesses in their knowledge have been identified, including gaps related to transmission routes, the period of greatest gestational risk, interpretation of serological tests, indication of the IgG avidity test, and appropriate therapeutic management. Such limitations may compromise clinical decision-making and the effectiveness of actions aimed at preventing vertical transmission(7).

    There has been a growing incorporation of digital technologies in health care, particularly conversational agents (chatbots), recognized as promising tools for clinical decision support, continuing education, and improvement of health communication. Digital technologies have become increasingly present in the daily lives of individuals and organizations. Among them, chatbots stand out as effective resources for promoting interpersonal communication and educational applications related to human behavior(8,9).

    A chatbot is a conversational agent structured with clear and previously programmed messages, whose purpose is to facilitate the transmission of information through text or voice(10). In the health field, these resources have been used to organize care activities, support patient health education, prevent and control infections, and monitor diseases(11,12). However, no conversational agents specifically aimed at guiding clinical practice related to the investigation and treatment of toxoplasmosis during pregnancy were identified in the databases consulted.

    This study is justified by the need to strengthen qualified prenatal care, in line with the guidelines of the Brazilian Ministry of Health and the Alyne Network. In addition, it addresses the National Agenda of Priorities in Health Research, particularly in the areas of maternal and child health and communicable diseases, contributing to the achievement of Sustainable Development Goal 3, which aims to ensure healthy lives and promote well-being for all, with emphasis on reducing avoidable maternal and neonatal mortality.

    Thus, the objective of this study was to describe the development and evaluation of a chatbot designed to guide nurses regarding the investigation and treatment of pregnant women with toxoplasmosis during prenatal care.

     

    METHOD

    This is an applied research study of technological development conducted in two stages: i) development of the chatbot and ii) evaluation of its usability by the target audience. The study was performed in a city in the state of Espírito Santo, Brazil, from August 2023 to July 2024.

    The development of the technology followed four stages: i) content development; ii) definition of the items composing the script; iii) development of the chatbot structure and design; and iv) definition of interface alternatives and implementation on the platform.

    In the first stage, the chatbot content was defined based on questions raised by physicians and nurses from primary health care (PHC) and forwarded to the municipal technical reference for toxoplasmosis over a 1-year period. Based on the questions received, the principal researcher, responsible for the city’s technical reference, organized the content that subsequently composed the chatbot interaction flows.

    The development of the content was based on technical notes, manuals, and protocols from the Brazilian Ministry of Health related to the investigation and treatment of toxoplasmosis during pregnancy in prenatal care(13-15). The chatbot was developed using artificial intelligence (AI) and natural language processing (NLP).

    The structure and design of the chatbot were developed using the Botpress platform, which was selected for offering free resources and its own implementation service. NLP technology enabled the automation of natural language through algorithms incorporated into the system, allowing the recognition of keywords or entities, classification of questions into predefined categories, and conversational interaction with the user through previously structured responses based on the script developed for the investigation and treatment of toxoplasmosis during pregnancy in the prenatal care context.

    The usability evaluation of the chatbot was conducted with PHC nurses from the municipality participating in the study. The sample was selected by convenience. Nurses with at least 1 year of experience in conducting prenatal consultations were included. As an exclusion criterion, professionals on vacation or leave during the data collection period were excluded. All nurses who met the inclusion criteria were invited to participate, totaling 15 participants, with no refusals recorded.

    The nurses were contacted through a messaging group used for communication between the municipal technical reference and PHC professionals. An electronic form was sent via Google Forms containing an invitation letter describing the objectives and stages of the study, the informed consent form (ICF), and the link to access the chatbot. After signing the ICF, participants completed a characterization form including the following variables: age, gender, academic background, time since graduation, complementary training for the care of pregnant women with toxoplasmosis, and experience in prenatal care. They then completed the usability evaluation scale.

    The usability of the chatbot was evaluated using the System Usability Scale (SUS), composed of 10 items that measure user experience in the use of digital technologies. The instrument uses a Likert-type scale ranging from 1 to 5 points, from “strongly disagree” (1 point) to “strongly agree” (5 points)(16).

    Data obtained from the SUS application were analyzed using descriptive statistics, considering the calculation of the total scale score and its interpretative classification. To calculate the SUS score, the responses to the odd-numbered questions (1, 3, 5, 7, and 9) were first summed, and the value 1 was then subtracted from this total, resulting in value X. Next, the responses to the even-numbered questions (2, 4, 6, 8, and 10) were summed, and the value 5 was subtracted from this total, resulting in value Y.

    The sum of the scores (X + Y) was multiplied by 2.5, resulting in the final scale score, which ranges from 0 to 100 points. Based on this result, usability was classified as follows: 0-20.5 (worst imaginable); 21-38.5 (poor); 39-52.5 (fair); 53-73.5 (good); 74-85.5 (excellent); and 86-100 (best imaginable)(16).

    The study was approved by the research ethics committee involving human subjects under CAAE No. 81248224.4.0000.5060. To ensure greater reliability, validity, and quality in the preparation and reporting of the research, the Revised Standards for Quality Improvement Reporting Excellence was adopted as a supporting tool.

     

    RESULTS

    The theoretical content of the chatbot was organized into two main axes: disease description and therapeutic options. The material covered all stages of pregnancy, from the first trimester to the time of delivery, with emphasis on screening pregnant women with infection and ensuring the necessary interventions. The content was synthesized in a clear and objective manner to facilitate understanding by health professionals and to support clinical decision-making.

    Manuals, technical notes, and protocols from the Brazilian Ministry of Health were used in the development of the content, as they are official sources based on scientific evidence. Based on this synthesis, the interaction flows of the chatbot, named ToxoBot, were structured (Figures 1 and 2).
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    Figure 1 – Toxoplasmosis flow: pregnant woman under investigation and ≤ 16th gestational week. Vitória, ES, Brazil, 2025

    Source: prepared by the authors, 2025.
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    Figure 2 – Toxoplasmosis flow: pregnant woman under investigation and > 16th gestational week. Vitória, ES, Brazil, 2025

    Source: prepared by the authors, 2025.

     

    The flowcharts summarized the sequence of information and served as the basis for the development of the script and the chatbot screens. This structure provided a clear view of the simulated dialogues between nurses and the system, favoring the use of humanized language, an essential aspect for the effectiveness of virtual assistants.

    After the development and organization of the content, the chatbot development process began. A guided interaction architecture based on previously structured dialogues was adopted for building the tool. This approach enabled continuous editing of the content, organized access to stored information, and clear presentation through the interface. In addition, it enabled intuitive navigation, providing a smoother user experience and facilitating interaction with the system.

    To increase user engagement and the sense of realism in the interaction, the main character used was the nurse Flora, a member of the CuidarTech Laboratory. The character has already been used in other technologies developed by the laboratory to improve interaction between technology and the user, making the tools more attractive and promoting more humanized and welcoming communication (Figure 3).
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    Figure 3 – Caricature of the character Flora from ToxoBot. Vitória, ES, Brazil, 2025

    Source: CuidarTech, 2022.

     

    Subsequently, the chatbot modules were developed in screen format following the informational sequence established in the flowcharts. In total, 16 screens were created, designed to optimize human-computer interaction (Figure 4). ToxoBot is available for consultation from https://toxobot.crebs.dev.
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    Figure 4 – Human-machine interactions in ToxoBot. Vitória, ES, Brazil, 2025

    Source: prepared by the authors, 2025.

     

    In the usability evaluation stage, 15 nurses participated. Most were women (73.3%), with a predominance of age between 31 and 40 years (53.4%). Regarding time since graduation, 53.3% had completed their degree more than 11 years earlier, and 86.7% had a specialization as their highest academic qualification.

    Regarding complementary training for the care of pregnant women with toxoplasmosis, only one of the evaluators reported having specific training or updating in this area. Regarding experience in prenatal care, 41.6% of the participants had between 1 and 15 years of clinical practice.

    Regarding the usability of ToxoBot, agreement above 80% was observed among evaluators regarding the functionality of the tool, which was considered useful for providing the information necessary for toxoplasmosis screening during care. All participants agreed that the system is easy to use, allowing its application in clinical practice without difficulty.

    The system’s functionalities were also well evaluated. More than 83% of the nurses agreed that the features are well integrated and that the presented content is clear and understandable. When asked about frequency of use, 75% stated that they would use ToxoBot regularly, highlighting the tool’s ability to provide direct and synthesized information.

    Regarding the learning curve, 91% of the evaluators indicated that they would not encounter difficulties in learning how to use the chatbot and that the tool is aligned with the recommendations of the Brazilian Ministry of Health. The final score assigned to ToxoBot was 80.6 points, classifying its usability as excellent.

     

    DISCUSSION

    With advances in computational technologies, particularly in the field of AI, chatbots have become increasingly present in people’s daily lives, especially through instant messaging platforms(17). In the health field, the use of conversational agents represents an emerging technology that is rapidly being incorporated into different care and educational contexts(18).

    These systems enable the development of innovative solutions in various environments, offering educational support in a more accessible, user-friendly, intelligent manner(13). Recent studies highlight the positive impact of chatbots in supporting well-being and in the management of chronic diseases, demonstrating that these technologies can expand access to reliable and personalized information(10-12,17-21). In addition to providing guidance and information, chatbots can function as tools to support health management, encouraging disease prevention and the adoption of healthy behaviors(20).

    Literature reviews report the use of chatbots to assist patients in managing chronic physical and mental pain as well as to provide guidance on healthy lifestyles and the monitoring of vital signs, such as in pediatric patients with asthma. Applications are also described for the management of conditions such as sexually transmitted infections, obesity, Parkinson’s disease, and cancer(10,18-21).

    In the context of prenatal care, chatbots have been used to support pregnant women by providing guidance related to health practices during pregnancy(20). Evidence indicates that the use of these conversational agents can contribute to reducing maternal anxiety and improving adherence to prenatal follow-up(22).

    The chatbot ToxoBot presents an innovative approach by focusing on supporting health professionals, especially those working in PHC, by providing specific and updated information on the investigation and treatment of toxoplasmosis during prenatal care. To date, no similar tools specifically directed toward clinical support for the management of this condition have been identified.

    Despite the existence of public policies aimed at the care of pregnant women with toxoplasmosis, the management of this condition still represents a challenge for health professionals. Studies demonstrate that physicians and nurses in PHC frequently present knowledge gaps related to the diagnosis, clinical management, and treatment of the disease(7,23). This scenario highlights the need for tools that support clinical practice and contribute to improving the quality of prenatal care, benefiting both the mother and the newborn.

    In this context, the use of digital technologies, such as chatbots, emerges as a promising alternative. For nurses and other professionals involved in prenatal care, the availability of technological tools that assist in the systematization of information and in the teaching-learning process is essential for promoting more efficient and evidence-based care(24,25). These technologies can optimize clinical decision-making, reduce response time, and expand the coverage of care, strengthening nursing practice and contributing to improvements in the quality of care(26).

    ToxoBot illustrates the potential of digital technologies in transforming clinical practice. Through the use of NLP, the chatbot establishes a dynamic interaction between the health professional and the system, ensuring that the information presented is clear, accessible, and objective(17). By automating interactions and simplifying communication, ToxoBot helps reduce barriers to access to information and supports the appropriate management of toxoplasmosis cases during prenatal care(6-27).

    Technologies of this type, by facilitating professionals’ access to investigation steps and therapeutic options for toxoplasmosis, can become important instruments in the organization and qualification of health care(18). The conversational interface used by ToxoBot enables more engaging and interactive interactions, contributing to improvements in clinical practice and in the quality of care.

    As a practical contribution, ToxoBot constitutes an interactive digital tool that compiles and organizes the content of the Brazilian Ministry of Health manual on the investigation and treatment of toxoplasmosis during pregnancy. In this way, it facilitates health professionals’ access to the information necessary for managing the disease during prenatal care, reducing the complexity of consulting official documents.

    It is expected that the results of this study will contribute to the incorporation of new technologies in the health field, particularly as information systems capable of supporting clinical reasoning, care planning, and the screening of infected pregnant women.

     

    CONCLUSION

    This study described the development of the ToxoBot chatbot, designed to support health professionals in the investigation and treatment of toxoplasmosis during pregnancy in prenatal care. The usability evaluation was conducted with 15 nurses, and the system was classified as excellent, with a total score of 80.6 points.

    ToxoBot constitutes an innovative tool aimed at promoting knowledge and supporting clinical practice. The technology contributes to facilitating the care process during prenatal consultations by providing appropriate and synthesized information that supports decision-making and improves the effectiveness of care.

    As a limitation of the study, the need for internet access to use the tool should be highlighted, which may restrict its use in contexts with connectivity limitations.

    Future studies are recommended to evaluate the impact of ToxoBot use in clinical practice, particularly regarding health professionals’ satisfaction and the effectiveness of the technology in the investigation and treatment of toxoplasmosis during pregnancy in prenatal care.

     

    *This article was derived from the Master’s dissertation entitled “Chatbot to support nursing consultations for pregnant women under investigation for toxoplasmosis and those infected,” presented to the Graduate Program in Nursing at Universidade Federal do Espírito Santo, Vitória, Espírito Santo, Brazil, in 2024.
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TOXOPLASMOSIS FLOWCHART - PREGNANT WOMAN UNDER INVESTIGATION AND < 16™ GESTATIONAL WEEK

GESTATIONAL TOXOPLASMOSIS

Every pregnant woman, as part of routine prenatal care, should undergo serological testing (IgG and IgM) to investigate infection, regardless of the presence of symptoms

Pregnant woman under investigation and < 16® gestational week

() and IgM (9:
Seoigie pegaan woran_|—>)

Dusing the investigation, a sample should be collected for "

Iaboratory analysis to determine whether the pregnant
woman is infected or not. Complete the mandatory
notification form for gestational foxoplasmosis.

Attention!! Toxoplasmosis is investigated during —-| Ilsc“g"“'m""“"w‘;
pregnancy as part of routine prenatal care because it is

asymptomatic in most cases. Request IgM and IgG at
the first visit, as well as the avidity test.

Attention: the avidity test is only performed up to the
16th gestational week. Biological sample collection is
performed at the health unit:

. Low avidity — recent infection;
. High avidity — past infection.

Pregnant woman >
1eG () and IeM ()

Maintain primary prevention:
- Repeat the test every month and at delivery.

 Infection acquired before pregnancy, no need
for additional serological tests.

. Maintain infection prevention guidance.

_Very recent infection or false-positive IgM.
Start spiramycin  immediately and repeat
serology in 2-3 weeks. Evaluate the new result
as follows:

1eG(+) and IgM(+) = Acute infection
(soroconversdo) maintain treatment (From the
16% week replace spiramycin with sulfadiazine,
pyrimethamine. and folinic acid).

Refer to high-risk prenatal care.

12G(-) and IgM(+/-) = Discontinue spiramycin
and repeat serology after 1 month.

If serology remains unchanged, consider the
pregnant woman susceptible repeat serology

every 3 months and at delivery.
-IfIgG () and IeM (). —f
_IfIgG (+) and IgM (). _ Possible infection during pregnancy.
_IfIgG (-) and IgM (+) therefore. start using Spiramycin immediately.
-If1gG (+) and IgM (+). Pregnant woman with
1gG (+) and IgM () . Check the IgG avidity test result.
Low IgG avidity/weak High IsG
or moderate Vi
Acute infection Probable infection prior to
Recommendations: pregnancy
Recommendations:

. Maintain spiramycin until the 16% week;

- Monthly or quarterly fetal ultrasound;
. Refer to high-risk prenatal care.

. From the 16® week onward replace with SD/P/FA until the end of pregnancy;

. Discontinue medication (spiramycin);
_Rule out the disease in the notification
form and do not exclude it (i.e.. do not
keep only positive case forms in the
system):

. Maintain routine and vigilant prenatal
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Pregnant woman under investigation and > 16* gestational
week

I

During the investigation, a sample should be collected
for laboratory analysis to determine whether the
pregnant woman is infected or not. complete the
mandatory  notification form  for  gestational
toxoplasmosis.

Attention!! Toxoplasmosis should be investigated in
pregnant women as part of routine prenatal care,
regardless of the gestational age at first visit, It is
asymptomatic in most cases. Request IgM and IgG for
toxoplasmosis at the first visit.

Attention: do not request the avidity test after the 16%

186 (-) and IgM (-): Seronegative pregnant woman
Maintain primary prevention
- Repeat the test every month and at delivery.
Pregnant woman with . Infection acquired before pregnancy. No need
1gG (+) and IgM () for additional serological tests.

. Maintain infection prevention guidance

Pregnant woman with

gestational week. Ministry of Health protocol.
Test results:

.IfIgG () and IgM ():

. If pregnant woman IgG (+) and IgM (-);
. If pregnant woman IgG (-) and IgM (+):
. If pregnant woman IgG (+) and IgM (+).

TgG () and IgM (+)

. Very recent infection or false-positive IgM. Start

spiramycin immediately and repeat serology in 2-3

weeks. Evaluate the new result as follows:

1g6(+) and IgM(+) = Acute infection
(seroconversion) from the 16® week replace
spiramycin with SD/P/FA until delivery.

1gG(-) and IgM(+/-) = Discontinue spiramycin e
sepeat serology after 1 month.

. If serology remains unchanged, consider the

pregnant woman susceptible repeat serology every 3
‘months and at delivery.

Pregnant woman with

IgG (+) and IgM (+)

. Possible infection during pregnancy, start
[~ spiramycin immediately;

. Check the IgG avidity test result.

l

Acute infection
Recommendations:

Maintain spiramycin until the 16th week:

Probable/suspected
during pregnancy

Recommendations:

From the 16th week onward replace with |  Maintain treatment with the triple-

SD/P/FA until the end of pregnancy:

Monthly or quarterly fetal ultrasound:

Refer to high-risk prenatal care for
amniocentesis after the 18th gestational week
(At least 4 weeks after the probable infection).

drug regimen.






OEBPS/images/image004.png





OEBPS/images/image005.png
“ Ola, sou a Flora! Estou aqui para ajudar.

|A|

Sejam bem-vindos! Sou Flora, assistente virtual do ToxoBot.
Estou aqui para lhe ajudar com a Toxoplasmose na gestacao.

Vamos |a!

A toxoplamose € uma infeccao comum e de manifestacao

clinica rara, mas que pode causar dano importante ao feto.
Por esse motivo, toda gestante devera ter um pré-natal de
qualidade.

Nas consultas para o rastreamento da infec¢ao, independente
da presenca dos sintomas, solicitar a sorologia (IgG e IgM).

Que tipo de atendimento vamos fazer?

‘ Gestante em Investigacgao H Gestante infectada M Sair—J
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