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RESUMO

Objetivo: Descrever o desenvolvimento e a avaliacdo de um chatbot destinado a orientar enfermeiros quanto & investigagdo e ao tratamento da
toxoplasmose na gestagdo, no contexto do pré-natal. Métodos: Estudo de pesquisa aplicada com enfoque em desenvolvimento tecnoldgico, conduzido
em duas etapas: desenvolvimento de um chatbot e avaliagdo da experiéncia do ptblico-alvo. A pesquisa foi realizada em um municipio do Espirito
Santo, Brasil, no periodo de agosto de 2023 a julho de 2024. Resultados: O chatbot Toxobot foi desenvolvido com base em inteligéncia artificial e
processamento de linguagem natural. A ferramenta € composta por 16 telas organizadas em sequéncia l6gica, estruturadas para favorecer a interagao
humano-computador e a navegacao orientada pelas informacdes. A usabilidade foi avaliada por 15 enfermeiros, sendo classificada como excelente,
com pontuagdo total de 80,6 pontos. Conclusdo: O uso do Toxobot possibilitou a disseminagdo de informagdes sintetizadas e adequadas sobre a
investigagdo e o tratamento da gestante com toxoplasmose no pré-natal.

Descritores: Enfermagem; Gestante; Toxoplasmose; Tecnologia conversacional; Cuidado Pré-Natal.

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 Espirito 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.

Descriptors: Nursing; Pregnant Woman; Toxoplasmosis; Conversational Technology; Prenatal Care.

RESUMEN

Objetivo: Describir el desarrollo y la evaluacion de un chatbot destinado a orientar a enfermeros sobre la investigacion y el tratamiento de la
toxoplasmosis durante el embarazo, en el contexto del control prenatal. Métodos: Estudio de investigacion aplicada con enfoque en desarrollo
tecnoldgico, realizado en dos etapas: desarrollo de un chatbot y evaluacion de la experiencia del piblico objetivo. La investigacion se llevé a cabo
en un municipio de Espirito Santo, Brasil, en el periodo de agosto de 2023 a julio de 2024. Resultados: El chatbot Toxobot fue desarrollado con
base en inteligencia artificial y procesamiento de lenguaje natural. La herramienta estd compuesta por 16 pantallas organizadas en secuencia l6gica,
estructuradas para favorecer la interaccién humano-computadora y la navegacién guiada por la informacién. La usabilidad fue evaluada por 15
enfermeros, siendo clasificada como excelente, con una puntuacién total de 80,6 puntos. Conclusién: El uso de Toxobot permiti6 la difusion de
informacion sintetizada y adecuada sobre la investigacion y el tratamiento de la gestante con toxoplasmosis en el control prenatal.

Descriptores: Enfermeria; Gestante; Toxoplasmosis; Tecnologia conversacional; Atencién Prenatal.
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Zamboni RC, Lima EFA, Almeida MVS, Reis APC, Nascimento MGB, Primo CC, Prado TN, et al.

What is already known:
* Toxoplasmosis during pregnancy can cause serious compli-
cations 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". In Brazil, studies indicate
high seroprevalence among women of reproductive age
(50%-80%), which highlights the magnitude of the prob-
lem and the persistent risk of primary infection during
pregnancy>?.

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

Improving the quality of prenatal care is part of national
strategies aimed at reducing maternal and infant morbid-
ity and mortality. These actions are currently reinforced
by the Alyne Network, established by the Brazilian Min-
istry 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®.

Health professionals play a central role in the iden-
tification, treatment, and surveillance of communicable
diseases during prenatal care®. 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”.

There has been a growing incorporation of digital tech-
nologies in health care, particularly conversational agents
(chatbots), recognized as promising tools for clinical deci-
sion 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®?,

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'9, In the health field, these resources have been used
to organize care activities, support patient health education,
prevent and control infections, and monitor diseases!! 112,
However, no conversational agents specifically aimed at
guiding clinical practice related to the investigation and
treatment of toxoplasmosis during pregnancy were identi-
fied 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 de-
velopment 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
Espirito Santo, Brazil, from August 2023 to July 2024.

The development of the technology followed four stages:
i) content development; ii) definition of the items compos-
ing 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 tox-
oplasmosis during pregnancy in prenatal care'*>!. 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
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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 re-
sponses 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 de-
scribing 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, aca-
demic 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){®),

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)'®.

The study was approved by the research ethics
committee involving human subjects under CAAE No.
81248224.4.0000.5060. To ensure greater reliability, va-
lidity, 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 Brazil-
ian 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).

The flowcharts summarized the sequence of informa-
tion 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 interac-
tion 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).

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.

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 preg-
nant 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 partic-
ipants had between 1 and 15 years of clinical practice.

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

}

Pregnant woman under investigation and < 16® gestational week

A 4

l

Dunng the mvestigation, a sample should be collected for
laboratory amalysis to determine whether the pregnant

IgG () and IgM (-): Maintain primary prevention:
Seronegative pregnant woman 3 - Repeat the test every month and at delivery.
Pregnant w i'lnf;:'mn aclq}ure]d befc;r[e ptregnancy, no need
I2G (+) and IeM (=) >| for additional serological tests

woman 1s infected or not. Complete the mandatory
notification form for gestational toxoplasmosis

l

. Maintain infection prevention guidance.

Very recent infection or false-positive IgM

Attention!! Toxoplasmosis 1s investigated during
pregnancy as part of routine prenatal care because 1t is

Pregnant woman with

Start spiramycin immediately and repeat
| serology in 2-3 weeks. Evaluate the new result
as follows:

IgG (-) and IgM (+)

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

Attention: the avidity test 1s only performed up to the
16th gestational week. Biological sample collection 1s
performed at the health umt:

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

l

 IfIgG (-) and IgM (-).
_IfIgG (+) and 1gM (-).
IfIgG (-) and IgM (+)

IgG(+) and IgM(+) = Acute infection
(soroconversdo) maintamn treatment (From the
16% week replace spiramycin with sulfadiazine,
pynmethamine, and folinic acid).

Refer to high-risk prenatal care

IgG(-) 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.

. Possible infection during pregnancy.
therefore. start using Spiramycin immediately.

 IfIgG (+) and IgM (+).

Pregnant woman with

IeG (+) and IgM (+) Check the IgG avidity test result.

l

High IgG
avidity/strong

Low IgG avidity/weak
or moderate

A

Acute infection
Recommendations:
. Maintain spiramycin until the 16% week:

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

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

Probable  infection

pregnancy

prior to

Recommendations:

Discontinue medication (spiramycin);
. Rule out the disease in the notification
form and do not exclude 1t (1.e_. do not

keep only positive case forms in the
system):

. Maintain routine and vigilant prenatal

Figure 1 - Toxoplasmosis flow: pregnant woman under investigation and < 16th gestational week. Vitéria, ES, Brazil, 2025

Source: prepared by the authors, 2025.

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, highlight-
ing the tool’s ability to provide direct and synthesized
information.

Regarding the learning curve, 91% of the evaluators in-
dicated 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, particu-

larly in the field of Al, chatbots have become increasingly
present in people’s daily lives, especially through instant
messaging platforms!!”. In the health field, the use of
conversational agents represents an emerging technology
that is rapidly being incorporated into different care and
educational contexts!'®.

These systems enable the development of innovative
solutions in various environments, offering educational
support in a more accessible, user-friendly, intelligent
manner!®. Recent studies highlight the positive impact
of chatbots in supporting well-being and in the manage-
ment of chronic diseases, demonstrating that these tech-
nologies can expand access to reliable and personalized
information!%-1217-2D I addition to providing guidance
and information, chatbots can function as tools to support
health management, encouraging disease prevention and
the adoption of healthy behaviors??.
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TOXOPLASMOSIS FLOWCHART - PREGNANT WOMAN UNDER INVESTIGATION AND > 16™ GESTATIONAL WEEK

Pregnant woman under investigation and > 16® gestational » 186G (-) and 1gM (-): > Seronegative pregnant woman
week Maintain primary prevention
l - Repeat the test every month and at delivery.
During the investigation, a sample should be collected
for laboratory analysis to determine whether the Pregnant woman with »| - Infection acquired before pregnancy. No need
pregnant woman 1is infected or not, complete the IgG (+) and IgM (-) for additional serological tests.
mandatory  notification form for gestational

. Maintain mfection prevention guidance

toxoplasmosis.

- Pregnant woman with . Very recent infection or false-positive IgM. Start
Attention!! Toxoplasmosis should be investigated in IeG () and IgM (+) spiramycin immediately and repeat serology in 2-3
pregnant women as part of routine prenatal care. weeks. Evaluate the new result as follows:
regardless of the gestational age at first visit, It is
asymptomatic in most cases. Request IgM and IgG for 1g6(+) and 1gM(+) = Acute nfection

(seroconversion) from the 16® week replace

toxoplasmosis at the first visit. spiramycin with SD/P/FA until delivery.

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

gestational week. Minustry of Health protocol. 1gG(-) and IgM(+/-) = Discontinue spiramycin e

repeat serology after 1 month.
l . If serology remamns unchanged, consider the

Test results: pregnant woman susceptible repeat serology every 3

) ths and at delivery.
.IfIgG () and IgM (-): months and at delivery
. If pregnant woman IgG (+) and IgM (-): >
. If pregnant woman IgG (=) and IgM (+):
. If pregnant woman IgG (+) and IgM (+). . Possible infection during pregnancy, start

Pregnant woman with
IgG (+) and IgMI (+)

sprramycin immedhately;

. Check the IgG avidity test result.

l

Low IgG avidity/weak or moderate High IgG avidity/strong

Prohable/suspected infection

Acute infection N
during pregnancy

Recommendations:

i R dations:
Maintain spiramycin until the 16th week: ccommendations:

From the 16th week onward replace with | . Maintain treatment with the triple-
SD/P/FA until the end of pregnancy: drug regimen.

Monthly or quarterly fetal ultrasound:

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

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

@ OI3, sou a Flora! Estou aqui para ajudar.

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

Vamos la!

A toxoplamose é uma infeccdo 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.

F I Nas consultas para o rastreamento da infec¢ao, independente
O ra da presenga dos sintomas, solicitar a sorologia (IgG e IgM).

Que tipo de atendimento vamos fazer?

Figure 3 - Caricature of the character Flora from ToxoBot. | Gestante em Investigagio || Gestante infectada || sair \
Vitéria, ES, Brazil, 2025. . o ) )
Source: CuidarTech. 2022. Figure 4 - Human-machine interactions in ToxoBot.

Vitéria, ES, Brazil, 2025.
Source: prepared by the authors, 2025.
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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 manage-
ment of conditions such as sexually transmitted infections,
obesity, Parkinson’s disease, and cancer(!%!8-2D)

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

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 toxo-
plasmosis during prenatal care. To date, no similar tools
specifically directed toward clinical support for the man-
agement of this condition have been identified.

Despite the existence of public policies aimed at the
care of pregnant women with toxoplasmosis, the manage-
ment 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?®. 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®*?>.
These technologies can optimize clinical decision-making,
reduce response time, and expand the coverage of care,
strengthening nursing practice and contributing to improve-
ments in the quality of care®®®.

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 infor-
mation presented is clear, accessible, and objective!!”. 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®?7.

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!'®. The conver-
sational interface used by ToxoBot enables more engaging
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and interactive interactions, contributing to improvements
in clinical practice and in the quality of care.

As a practical contribution, ToxoBot constitutes an in-
teractive digital tool that compiles and organizes the content
of the Brazilian Ministry of Health manual on the investi-
gation 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 preg-
nancy in prenatal care. The usability evaluation was con-
ducted 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 pro-
moting knowledge and supporting clinical practice. The
technology contributes to facilitating the care process dur-
ing prenatal consultations by providing appropriate and
synthesized information that supports decision-making and
improves the effectiveness of care.

As alimitation 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 enti-
tled “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 Espirito Santo, Vitdria, Espirito
Santo, Brazil, in 2024.

CONFLICT OF INTERESTS
The authors declare that there are no conflicts of interest.
FUNDING

This study was supported by the Coordenagdo de Aper-
feicoamento de Pessoal de Nivel Superior and the Federal
Council of Nursing under process no. 8§887.69064.2022-00.

Trop Dis. 2019;13(10):e0007807. https://doi.org/10.1
371/journal.pntd.0007807. PMID: 31609966.

2. Lozano T da SP, Benitez A, Santos JC, Navarro IT, Na-
gata WB, Pinto M dos S, et al. Seroprevalence of Toxo-

Online Braz J Nurs. 2026;25(1):¢20266892 | 6


https://doi.org/10.1371/journal.pntd.0007807
https://doi.org/10.1371/journal.pntd.0007807
https://pubmed.ncbi.nlm.nih.gov/31609966/

DEVELOPMENT OF A CHATBOT FOR THE INVESTIGATION AND TREATMENT OF TOXOPLASMOSIS DURING PREGNANCY
Zamboni RC, Lima EFA, Almeida MVS, Reis APC, Nascimento MGB, Primo CC, Prado TN, et al.

10.

11.

12.

13.

plasma gondii and Associated Risk Factors in Pregnant
Women in Aracatuba, Sdo Paulo, Brazil: A Multi-
Level Analysis. Microorganisms. 2024;12(11):2183.
https://doi.org/10.3390/microorganisms12112183.
PMID: 39597572.

. Salari N, Rahimi A, Zarei H, Abdolmaleki A, Ra-

soulpoor S, Shohaimi S, et al. Global seroprevalence
of Toxoplasma gondii in pregnant women: a systematic
review and meta-analysis. BMC Pregnancy Childbirth.
2025;25(1):90. https://doi.org/10.1186/s12884-025-0
7182-2. PMID: 39885489.

. Silva HF, Silva JC, Ferreira JO, Cecim MMPM,

Oliveira LB, Trindade EL. Complicac¢des associadas
a toxoplasmose gestacional - congénita: uma revisao
integrativa. Res Soc Dev. 2024;13(8):e14813846674.
https://doi.org/10.33448/rsd-v13i8.46674.

. Ministério da Sadde (BR). Secretaria de Atencdo

Primdria a Saude; Secretaria de Atencdo Especial-
izada a Sauide. Nota Técnica Conjunta n°® 220/2024-
DGCI/SAPS/MS e DAHU/SAES/MS. Dispde sobre
a Rede Alyne, instituida pelas Portarias GM/MS n°
5.350 e n® 5.359, de 12 de setembro de 2024 [Internet].
Brasilia: Ministério da Saudde; 2024 [cited 2025 May
25]. Available from: https://www.gov.br/saude/pt-br/
centrais-de-conteudo/publicacoes/notas-tecnicas/20
24/nota-tecnica-conjunta-no-220-2024-dgci-saps-m
s-e-dahu-saes-ms.pdf.

. Ahmed M, Sood A, Gupta J. Toxoplasmosis in preg-

nancy. Eur J Obstet Gynecol Reprod Biol. 2020;255:44-
50. https://doi.org/10.1016/j.ejogrb.2020.10.003.
PMID: 33075679.

. Inagaki AD de M, Souza IES, Araujo ACL, Abud ACF,

Cardoso NP, Ribeiro CJN. Knowledge of toxoplasmosis
among doctors and nurses who provide prenatal care.
Cogitare Enferm. 2020;26:e70416. https://doi.org/10
.5380/ce.v26i0.70416.

. Azevedo RFL, Morrow D, Graumlich J, Willemsen-

Dunlap A, Hasegawa-Johnson M, Huang TS, et al.
Using conversational agents to explain medication
instructions to older adults. AMIA Annu Symp Proc.
2018;2018:185-194. PMID: 30815056.

. Gabarron E, Larbi D, Denecke K, Arsand E. What

Do We Know About the Use of Chatbots for Public
Health?. Stud Health Technol Inform. 2020;270:796-
800. https://doi.org/10.3233/shti200270. PMID:
32570492.

Luo B, Lau RYK, Li C, Si YW. A critical review
of state-of-the-art chatbot designs and applications.
WIREs Data Mining Knowl Discov. 2022;12(1):e1434.
https://doi.org/10.1002/widm.1434.

Battineni G, Chintalapudi N, Amenta F. AI Chatbot
Design during an Epidemic Like the Novel Coronavirus.
Healthcare (Basel). 2020;8(2):154. https://doi.org/10
.3390/healthcare8020154. PMID: 32503298.

Silva AB, Correia BR, Zaccaro KR, Campos JF, Souto
JS, Adba YB, et al. Development of a chatbot prototype
to assess arteriovenous fistula maturation. Acta Paul
Enferm. 2023;36:eAPE012322. https://doi.org/10.376
89/acta-ape/2023A00123222.

Ministério da Saidde (BR). Nota Técnica N° 163/2018,
16 de agosto de 2018. Informa aos entes federados

14.

15.

16.

17.

18.

19.

20.

21.

22.

acerca da disponibilizagdo dos medicamentos para
o tratamento de Toxoplasmose Gestacional e solici-
tar informacdes relativas ao consumo desses medica-
mentos [Internet]. Brasilia: Ministério da Saude;
2018 [cited 2025 Feb 15]. Available from: https:
/Iwww.saude.sc.gov.br/index.php/pt/servicos/comuni
dades-terapeuticas/documentos-relacionados/nota-t
ecnica-n-163-2018-cgafme-daf-sctie-ms/download.
Ministério da Saude (BR). Nota Técnica N°® 133/2022,
de 13 de junho de 2023. Trata-se de informagdes que
devem acompanhar a andlise de dados das notificacdes
de toxoplasmose adquirida na gestacio e toxoplasmose
congénita do Sistema de Informacgdo de Agravos de
Notificacdo (Sinan) nos canais de transparéncia ativa
[Internet]. Brasilia: Ministério da Sadde; 2022 [cited
2025 Jul 02]. Available from: https://www.gov.br/sau
de/pt-br/centrais-de-conteudo/publicacoes/notas-tec
nicas/2022/nota-tecnica-no- 133-2022-cgzv-dedt-svs
a-ms.pdf/view.

Ministério da Satdde (BR). Secretaria de Aten¢ao
Primdria a Sadde. Nota Técnica n° 14/2020-
COSMU/CGCIVI/DAPES/SAPS/MS: fluxograma da
Diretriz Nacional para condugdo clinica do diag-
nostico e tratamento da toxoplasmose gestacional e
congénita [Internet]. Brasilia: Ministério da Sadde;
2020 [cited 2025 Jul 25]. Available from: https:
/Iwww.gov.br/saude/pt-br/centrais-de-conteudo/
publicacoes/notas-tecnicas/2020/nota-tecnica-no- 1
4-2020-cosmu-cgcivi-dapes-saps-ms.pdf.

Brooke J. “SUS—A Quick and Dirty Usability Scale,”.
In: Jordan PW, Thomas B, Weerdmeester BA, McClel-
land AL, editores. Usability Evaluation in Industry.
London: Taylor and Francis; 1996.

Lin CC, Huang AYQ, Yang SJH. A Review of
Al-Driven Conversational Chatbots Implementation
Methodologies and Challenges (1999-2022). Sustain-
ability. 2023;15(5):4012. https://doi.org/10.3390/sul5
054012.

Tudor Car L, Dhinagaran DA, Kyaw BM, Kowatsch T,
Joty S, Theng Y, et al. Conversational Agents in Health
Care: Scoping Review and Conceptual Analysis. J
Med Internet Res. 2020;22(8):e17158. https://doi.org/
10.2196/17158. PMID: 32763886.

Bin Sawad A, Narayan B, Alnefaie A, Magbool A,
Mckie I, Smith J, et al. A Systematic Review on Health-
care Artificial Intelligent Conversational Agents for
Chronic Conditions. Sensors (Basel). 2022;22(7):2625.
https://doi.org/10.3390/s22072625. PMID: 35408238.
Santos Junior JB, Gomes J, Dias JS, Souza LNO,
Zanotti ACN, Dias RP, et al. Uma proposta de chatbot
para apoio a gestantes no contexto do sistema de
saude brasileiro. Rev Ibér Sist Tecnol Inf. [Internet].
2021 [cited 2025 Jul 25];(E42):344-52. Available from:
https://www.proquest.com/docview/2493869965.
Mendonga V de M, Mendonca A de M, Maciel N
de S, Matos M de F, Sousa IM, Oliveira AWN, et al.
Desenvolvimento de chatbot para adolescentes sobre
infeccdes sexualmente transmissiveis. Enferm Foco.
2021;12(3):533-39. https://doi.org/10.21675/2357-7
07x.2021.v12.n3.4284.

Carvalho L, Albuquerque M, Nogueira R, Lochter

Online Braz J Nurs. 2026;25(1):¢20266892 | 7


https://doi.org/10.3390/microorganisms12112183
https://pubmed.ncbi.nlm.nih.gov/39597572/
https://doi.org/10.1186/s12884-025-07182-2
https://doi.org/10.1186/s12884-025-07182-2
https://pubmed.ncbi.nlm.nih.gov/39885489/
https://doi.org/10.33448/rsd-v13i8.46674
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2024/nota-tecnica-conjunta-no-220-2024-dgci-saps-ms-e-dahu-saes-ms.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2024/nota-tecnica-conjunta-no-220-2024-dgci-saps-ms-e-dahu-saes-ms.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2024/nota-tecnica-conjunta-no-220-2024-dgci-saps-ms-e-dahu-saes-ms.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2024/nota-tecnica-conjunta-no-220-2024-dgci-saps-ms-e-dahu-saes-ms.pdf
https://doi.org/10.1016/j.ejogrb.2020.10.003
https://pubmed.ncbi.nlm.nih.gov/33075679/
https://doi.org/10.5380/ce.v26i0.70416
https://doi.org/10.5380/ce.v26i0.70416
https://pubmed.ncbi.nlm.nih.gov/30815056/
https://doi.org/10.3233/shti200270
https://pubmed.ncbi.nlm.nih.gov/32570492/
https://doi.org/10.1002/widm.1434
https://doi.org/10.3390/healthcare8020154
https://doi.org/10.3390/healthcare8020154
https://pubmed.ncbi.nlm.nih.gov/32503298/
https://doi.org/10.37689/acta-ape/2023AO0123222
https://doi.org/10.37689/acta-ape/2023AO0123222
https://www.saude.sc.gov.br/index.php/pt/servicos/comunidades-terapeuticas/documentos-relacionados/nota-tecnica-n-163-2018-cgafme-daf-sctie-ms/download
https://www.saude.sc.gov.br/index.php/pt/servicos/comunidades-terapeuticas/documentos-relacionados/nota-tecnica-n-163-2018-cgafme-daf-sctie-ms/download
https://www.saude.sc.gov.br/index.php/pt/servicos/comunidades-terapeuticas/documentos-relacionados/nota-tecnica-n-163-2018-cgafme-daf-sctie-ms/download
https://www.saude.sc.gov.br/index.php/pt/servicos/comunidades-terapeuticas/documentos-relacionados/nota-tecnica-n-163-2018-cgafme-daf-sctie-ms/download
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2022/nota-tecnica-no-133-2022-cgzv-dedt-svsa-ms.pdf/view
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2022/nota-tecnica-no-133-2022-cgzv-dedt-svsa-ms.pdf/view
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2022/nota-tecnica-no-133-2022-cgzv-dedt-svsa-ms.pdf/view
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2022/nota-tecnica-no-133-2022-cgzv-dedt-svsa-ms.pdf/view
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2020/nota-tecnica-no-14-2020-cosmu-cgcivi-dapes-saps-ms.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2020/nota-tecnica-no-14-2020-cosmu-cgcivi-dapes-saps-ms.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2020/nota-tecnica-no-14-2020-cosmu-cgcivi-dapes-saps-ms.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/notas-tecnicas/2020/nota-tecnica-no-14-2020-cosmu-cgcivi-dapes-saps-ms.pdf
https://doi.org/10.3390/su15054012
https://doi.org/10.3390/su15054012
https://doi.org/10.2196/17158
https://doi.org/10.2196/17158
https://pubmed.ncbi.nlm.nih.gov/32763886/
https://doi.org/10.3390/s22072625
https://pubmed.ncbi.nlm.nih.gov/35408238/
https://www.proquest.com/docview/2493869965
https://doi.org/10.21675/2357-707x.2021.v12.n3.4284
https://doi.org/10.21675/2357-707x.2021.v12.n3.4284

DEVELOPMENT OF A CHATBOT FOR THE INVESTIGATION AND TREATMENT OF TOXOPLASMOSIS DURING PREGNANCY
Zamboni RC, Lima EFA, Almeida MVS, Reis APC, Nascimento MGB, Primo CC, Prado TN, et al.

23.

24.

J. Dra. Lara: assistente virtual de apoio e acompan-
hamento ao pré-natal. In: Miranda P, Costa C, Isaias P,
Santoro FM, editores. Proceedings of the IADIS Ibero
American on Applied Computing 2019 [Internet]. Lis-
boa: TADIS; 2019 [cited 2025 Jul 02]:5-6. Available
from: https://www.iadisportal.org/digital-library/dra
-lara-assistente- virtual-de-apoio-e-acompanhament
0-20-pr%C3%A9-natal.

Mizuhira V, Domingues Wysocki A, Andrade RL de
P, Branddo CC. Knowledge of primary healthcare
professionals about gestational toxoplasmosis. Arq.
Cién. Saud. 2025;31(01):1-6. https://doi.org/10.17696
/2318-3691.31.01.2025.229.

Barros DMV, Guerreiro AM. Novos desafios da ed-
ucacao a distancia: programacao e uso de Chatbots.
REP. 2019;26(2):410-431. https://doi.org/10.5335/rep.

25.

26.

27.

v26i2.8743.

Grassini E, Buzzi M, Leporini B, Vozna A. A sys-
tematic review of chatbots in inclusive healthcare:
insights from the last 5 years. Univ Access Inf Soc.
2025;24(1):195-203. https://doi.org/10.1007/s10209
-024-01118-x.

Xue J, Zhang B, Zhao Y, Zhang Q, Zheng C, Jiang
J, et al. Evaluation of the Current State of Chatbots
for Digital Health: Scoping Review. J Med Internet
Res. 2023;25:e47217. https://doi.org/10.2196/47217.
PMID: 38113097.

Kim H. The Effects of Artificial Intelligence Chatbots
on Women'’s Health: A Systematic Review and Meta-
Analysis. Healthcare (Basel). 2024;12(5):534. http
s://doi.org/10.3390/healthcare12050534. PMID:
38470645.

AUTHOR CONTRIBUTIONS

Study conception: Zamboni RC, Prado TN, Lima EFA.
Data collection: Zamboni RC, Primo CC.

Data analysis: Almeida MVS, Nascimento MGB, Zamboni RC.
Data interpretation: Zamboni RC, Prado TN, Lima EFA, Primo CC, Reis APC.

All authors are responsible for the textual preparation and critical revision of the intellectual content, for the final
published version, and for all ethical, legal, and scientific aspects related to the accuracy and integrity of the study.

Copyright © 2026 Online Brazilian Journal of Nursing

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Online Braz J Nurs. 2026;25(1):¢20266892 | 8


https://www.iadisportal.org/digital-library/dra-lara-assistente-virtual-de-apoio-e-acompanhamento-ao-pr%C3%A9-natal
https://www.iadisportal.org/digital-library/dra-lara-assistente-virtual-de-apoio-e-acompanhamento-ao-pr%C3%A9-natal
https://www.iadisportal.org/digital-library/dra-lara-assistente-virtual-de-apoio-e-acompanhamento-ao-pr%C3%A9-natal
https://doi.org/10.17696/2318-3691.31.01.2025.229
https://doi.org/10.17696/2318-3691.31.01.2025.229
https://doi.org/10.5335/rep.v26i2.8743
https://doi.org/10.5335/rep.v26i2.8743
https://doi.org/10.1007/s10209-024-01118-x
https://doi.org/10.1007/s10209-024-01118-x
https://doi.org/10.2196/47217
https://pubmed.ncbi.nlm.nih.gov/38113097/
https://doi.org/10.3390/healthcare12050534
https://doi.org/10.3390/healthcare12050534
https://pubmed.ncbi.nlm.nih.gov/38470645/

	INTRODUCTION
	METHOD
	RESULTS
	DISCUSSION
	CONCLUSION
	CONFLICT OF INTERESTS
	FUNDING

