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Introduction: Mobile technology as support to the diagnosis of Tuberculosis in childhood. Mobile technologies have been increas-
ingly used as a means of supporting medical education. In contrast to technological innovation, the diagnosis of tuberculosis in
children is still a public health problem, especially due to the lack of specific profiling of the disease and the impossibility, in most
cases, to bacteriologically confirm it in childhood. In this vision are inserted mobile technologies such as Decision Support Systems
(DSS), defined as capable of promoting rapid access to information, as well as the automation of processes, in the case of health
as support for decision-making in the face of a problem. Objective: This article aims to describe the development of a DSS, avail-
able in the application format, for automating the calculation of the score for the Diagnosis of Tuberculosis in Children, based on
the Ministry of Health criteria. Method: Several steps: Search the Store and Apple Store for applications on Tuberculosis; Validation
of concepts used for the development of DSS; Development of tools with proofs and corrections. Results: 42 applications were
found in Tuberculosis. Of these, 28 provide general information, 11 do not address pathology, 4 are games, 3 multidrug-resistant
tuberculosis and 1 alternative treatment. A DSS for childhood tuberculosis was developed. In addition to this main topic, other
sessions will be available, as illustrative clinical cases, which help the professional to recognize signs and symptoms that alert to the
suspicion of tuberculosis; radiological images, which allow the user to recognize the common changes in the pediatric patient; and
georeferencing map, highlighting locations with the largest recorded cases. Conclusion: With the creation of DSS, it is expected to
expand the diagnosis of Tuberculosis.

Keywords: Medical education; Tuberculosis; Health applications; Mobile Applications.



=== Moble technology as support to the diagnosis of Tuberculosis in childhood

Tecnologia movil como apoyo al diagnostico de la Tuberculosis en la infancia.

Introduccion: Las tecnologias moviles han sido cada vez mas utilizadas como medio de apoyo a la educacion médica. En contrafiujo
a la innovacion tecnoldgica, el diagnostico de la tuberculosis en el nifio sigue siendo un problema de salud publica, sobre todo
por las formas de presentacion poco especificas de la enfermedad y por la imposibilidad, la mayoria de las veces, de comprobarla
bacteriolégicamente en la infancia. En esta vision, se insertan las tecnologias moviles como los Sistemas de Apoyo a la Decision
(SAD), definidos como capaces de promover acceso rapido a la informacion, asi como la automatizacion de procesos, en el caso
de la salud como apoyo a la toma de decision frente a un problema. Objetivo: Este articulo tiene como objetivo describir el desa-
rrollo de un SAD, disponible en el formato de aplicacion, para automatizacion del calculo de la puntuacion para el Diagndstico de
la Tuberculosis en el Nifio, basado en los criterios del Ministerio de Salud. Método: Varias etapas recorridas: Busqueda en el Play
Store y Apple Store de aplicaciones sobre Tuberculosis; Validacion de conceptos utilizados para el desarrollo de SAD; Desarrollo
de herramientas con pruebas y correcciones. Resultados: Se han encontrado 42 aplicaciones en Tuberculosis. De estas, 28 traen
informaciones generales, 11 no dirigen a la patologia, 4 son juegos, 3 Tuberculosis multirresistente y 1 tratamientos alternativos.
Se desarrollo una SAD para la Tuberculosis en la infancia. Ademas de este topico principal, otras sesiones estaran disponibles,
como casos clinicos ilustrativos, que ayudan al profesional a reconocer signos y sintomas que alertan sobre la sospechosa de
tuberculosis; imagenes radioldgicas, que permiten al usuario reconocer los cambios comunes en el paciente pediatrico; y mapa de
georreferenciacion, destacando localidades con los mayores casos registrados. Conclusion: Con la creacion del SAD se espera
ampliar el diagndstico de Tuberculosis.

Palabras-clave: Educacion para la salud; Tuberculosis; Aplicaciones de salud; Aplicaciones Moviles.

Resumen

Tecnologia mével como apoio ao diagndstico da Tuberculose na infancia.

Introducéo: Tecnologias mdveis tém sido cada vez mais utilizadas como meio de apoio a educacdo medica. Em contrafluxo a
inovacéo tecnoldgica, o diagndstico da tuberculose na crianca ainda é um problema de satde publica, sobretudo pelas formas de
apresentacdo pouco especificas da doenca e pela impossibilidade, na maioria das vezes, de comprova-la bacteriologicamente na
infancia. Nessa viséo, estdo inseridas as tecnologias maoveis como os Sistemas de Apoio a Decisao (SAD), definidos como capazes
de promover acesso rapido a informacéo, assim como a automagao de processos, no caso da saude como apoio a tomada de
deciséo frente a um problema. Objetivo: Este artigo tem como objetivo descrever o desenvolvimento de um SAD, disponibilizado
no formato aplicativo, para automatizacdo do calculo da pontuacdo para o Diagndstico da Tuberculose na Crianca, baseado nos
critérios do Ministério da Satde. Método: Varias etapas percorridas: Busca no Play Store e Apple Store de aplicacbes sobre Tuber-
culose; Validacdo de conceitos usados para o desenvolvimento de SAD; Desenvolvimento de ferramentas com provas e correcoes.
Resultados: Foram encontradas 42 aplicacbes em Tuberculose. Dessas, 28 trazem informacdes gerais, 11 ndo dirigem a patologia,
4 sdo jogos, 3 Tuberculose multirresistente e 1 tratamentos alternativos. Foi desenvolvido um SAD para Tuberculose na infancia.
Além desse topico principal, outras sessées serdo disponibilizadas, como casos clinicos ilustrativos, que auxiliam o profissional a
reconhecer sinais e sintomas que alertam para a suspeita de tuberculose; imagens radioldgicas, que permitem que o usudrio re-
conheca as alteracbes comuns no paciente pediatrico; e mapa de georreferenciamento, destacando localidades com os maiores
casos registradas. Conclusdo: Com a criacdo do SAD espera-se ampliar o diagndstico de Tuberculose.

Palavras-chave: Educacdo médica; Tuberculose; Educacdo em Saude; Aplicativos Mdveis.

Resumo

broadens the scope and adherence of the target audience.
In addition, the Android system is the most prevalent among
users of mobile devices and tablets®#.

In addition to providing up-to-date information, in a fast
and automated way, DSSs also have the benefit of assist-
ing the learning process in recognizing and managing pa-
thologies and assisting the user in the clinical environment'.
Despite the facilities, the DSS can, from probabilities of oc-
currence, propose hypotheses for the problem, which de-
pend on the clinical evaluation of the user, since they do
not explain the reason of the hypotheses generated. Being
the critical analysis of the user in front of the exposed infor-

Introduction

The mobile technologies in the application version pro-
mote quick and remote access to solutions that can support
the user’s continuing education and act as a means of sup-
porting medical decision in the face of a diagnostic doubt.
The Decision Support Systems (DSS) are computer systems
capable of promoting rapid access to information as well as
automation of processes, in the case of health, as support
for professional decision-making in the face of a diagnosis
problem and / or clinical conduct?.

In the planning of a DSS are used theoretical references,

scientific, data analysis and even tacit knowledge based on
the expert’s experience, using a natura language?. Through
this information selected on a specific topic, the computa-
tional system is able to provide diagnostic hypotheses to
the user, hoping to contribute to the educational process
and to decision making, since with the advent and rapid
evolution of the network computers and speed in the publi-
cation of scientific articles, it becomes practically impossible
to assimilate so much information and data specific to the
most diverse topics of health'. The DSS, developed as mo-
bile technology and made available as an application (APP),
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mation, being the professional responsible for the conduct.

Tuberculosis (TB) is an old disease that remains a ma-
jor and serious public health problem®. It is estimated that
about one third of the world population is infected with M.
tuberculosis and that every year, about 9 million of people
develop the disease, of which 11% are children. Although
there are public policies able to promote its control and the
disease has been decreasing its incidence in some parts
of the world, there is still no prospect of eradication in the
near future, and thus control and eliminate TB is still a global
health challenge®.
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In childhood, the WHO has drawn attention to the
chronic neglect of TB in children possibly due to diagnos-
tic difficulties. Among these difficulties, there is the fact that
the signs and symptoms of TB in the child are nonspecific,
which hinders clinical suspicion and delays the diagnosis of
the disease. In addition, the clinical spectrum varies widely
and ranges from asymptomatic forms to severe disseminated
forms, with a high risk of evolution to death and radiological
manifestations in the pediatric age group are peculiar and dif-
ferent from those of adults. The interpretation of chest radiog-
raphy may be facilitated based on knowledge of the patho-
physiology of primary tuberculosis, but the peculiarities of the
manifestations in the pulmonary radiological image during the
child’s growth may interfere in the analysis of the criteria of
childhood scores. On radiography the findings are nonspecif-
ic and the interpretation of chest radiography in the child is of-
ten susceptible to doubts that often delay the diagnosis of the
disease and make difficult the therapeutic decision-making’.

To facilitate this diagnosis at an early stage, some scoring
systems have been proposed in recent years by researchers
and / or health-related agencies in different countries. The
scoring system recommended by the Ministry of Health is an
important resource for the diagnosis of tuberculosis in chil-
dren, validated and feasible in any Basic Health Unit (BHS),
the main entry point of the Unified Health System (UHS). The
use of mediation of technologies as educational and diag-
nostic support, especially mobile technologies, tends to be a
great ally in medical education, therefore, as a support for the
diagnosis and control of tuberculosis in childhood®.

In this context, the objective of this study was to develop
a DSS available in the application format for mobile devices, in
order to strengthen the access to educational contents based
on scientific evidence and to support the decision making of
the doctor as a diagnostic criterion for tuberculosis in child-
hood.

Method

Target Audience

The application has as a priority target audience the pro-
fessionals who work in the Entrance Doors of service to the
population, aiming to serve as a means of quick access to
educational materials, based on updated protocols of the
Ministry of Health, by mobile technology, in the application
format, as a support for the qualified diagnosis of tuberculosis
in childhood.

Steps for developing the Application

Building the application followed the following steps:

1. Search the Play Store and Apple Store for applications
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with a theme in childhood tuberculosis, from December
2017 to February 2019, for the identification and survey of
requirements and differentials for the development of this
application.

2. Survey, description and validation of the requirements
necessary for the design of the DSS to make available con-
tents on children’s TB and calculation of scores, with the
phases:

a. |dealization: development of an APP concept that
would meet the needs of the target audience.

b. Design: initial prototype of APP. This phase included
graphic design and the distribution and organization of its
functionalities.

3. Development of the automated calculation tool for the
calculation of scoring scores based on the guidelines of the
Ministry of Health®'°, updated in 2018, and the Guidelines
for Tuberculosis of the Brazilian Society of Pulmonology and
Tisiology'', with the steps:

a. Development: creation and development of the da-
tabase and configuration of APP. Multiple factors such as
multitasking, form, devices, and fragmentation of the oper-
ating system were considered to verify compatibility with the
devices in which they will be used.

b. Tests: In-app usability tests were carried out during
the development phase, considering the variety of mobile
devices that can access the digital solution developed.

c. Corrections: all corrections identified as necessary
were performed after the test step. At that time, several
feedbacks were generated as suggestions for improve-
ments.

The DSS was developed for mobile devices with Android
operating system, in Studio version 4.0.3, in Java program-
ming language. The Android system was chosen because it
presents devices (phones and tablets) of greater use in the
market, due to the cost benefit and diversity of models, that
ranges from simple devices up to the most sophisticated
ones.

The research was approved by the Ethics Committee of
the State University of Rio de Janeiro, with the approval of
the CAAE opinion: 90936218.9.0000.5282 and the product
of its result registered at the National Institute of Industrial
Property (NIIP) filed under the number BR512019000054-4.

Results

After performing a survey of the applications available
in the Play Store12, the Android operating system’s virtu-
al store, 42 applications with the tuberculosis theme were
found. Of these, 25 provide general information on tubercu-
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=== Moble technology as support to the diagnosis of Tuberculosis in childhood

losis, not specified for pediatrics; 9 are not specifically tar-
geted to the disease in question, addressing other infectious
pathologies; 4 are games or quizz; 3 are focused on multi-
drug-resistant tuberculosis and 1 is focused on alternative
treatment.

In the Apple Store, 5 applications were identified: 3 of
these address general information on tuberculosis (SNTC,
TB eReview: HIVTB, Explain TB) and 2 are not specifically N
targeted at TB, addressing other pathologies (Bronchiectasis .
and Emocha)'® For comparison with the proposed APP, only
those related to the theme and that are available in the Play
Store were considered, taking into consideration that the
APP will be available only on Android platform.

In view of the above, the application differs from the oth-
ers because its objective is to approach the diagnosis of TB
specifically in the child, aiming at the early identification of
symptoms through the automation of the calculation of the
scores.

Figure 1 shows the initial application screen (splash Senha
screen and registration screen), in which the user will have

access to the content available. We opted for a simple and
intuitive interface to promote easy access.

TB PED

Email

Figure 1 - Application access screens. N&o tem conta? Cadastre-se!

(b) - registration screen

TB PED

Source: Own elaboration, 2019.

For the first access, it is necessary that the professional
provides his data making the adhesion. The information pro-
vided is the responsibility of the user. There are three options
for the registration: 1st option: Medical professional, in which
it will be necessary to inform, besides the general mandatory
data (name, e-mail, CPF and password), the CRM, State
and Municipality of actuation and CNES, related to the area
of performance of the professional, to complete the georef-
erencing map. 2nd option: Other professionals, which in-
clude any professional of the Basic Health Unit (BHS), who

I\./Iétoc’lo ég" e eficiente para o wants to have access to the application, only needing the
diagndstico da Tuberculose na general information, being the CPF (Social Security Number)
Crianca optional. 3rd option: Academics: same protocol for com-

pleting the 2nd option, differentiated in a subitem in order
to possible later statistical survey on the professionals who
accessed the application.

After completing the initial registration, which will oc-
cur only once, since the other times the registration will be
saved, opening the splash screen and directed directly to
the features that integrate the application, composed of the

following options: automated calculation for the diagnosis,
educational clinical cases, radiological images commented

Caption: (a) - Splash screen on, epidemiological map and information about APP, ac-
cording to Figure 2.
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Figure 2 - Application features presentation screen.

TB PED SAIR

Source: Own elaboration, 2019.

For the automation of the calculation of clinical and radio-
logical scores the medical user can choose between ‘patient’
or ‘patient test’. The ‘patient’ choice allows the patient with
a very probable and possible diagnosis, who has started the
treatment, to be registered in the geo-referral map, counting
as a case in the municipality where the professional is perform-
ing. The choice for ‘patient test’ allows simulation after access

Figure 3 - Calculation Screen for Diagnosis.

to educational materials. After this choice, the user will have
access to the criteria for each score (Figure 3) and the auto-
mated calculation of the degree of risk for the disease (Figure
4). The other users (other professionals and academics) will
not have this differentiation, being automatically directed to
‘patient test’, since they do not feed the georeferencing map,
being allowed access to the map for consultation.

& VoLTAR  Calculo para Diagnoéstico & VOLTAR

Quadro Clinico

Febre ou sintomas como: tosse, adinamia,
expectoragdo, emagrecimento, sudorese > (O
2 semanas

Assintomatico ou com sintomas < 2
semanas

o

Calculo para Diagnéstico

Quadro Radioldgico

Adenomegalia hilar ou padrao miliar O

Condensacao ou infiltrado (com ou sem

& voLTAR - Calculo para Diagnéstico

Contato com adulto
tuberculoso

Proximo, nos tltimos 2 anos

30

Infecgéo respiratéria com melhora apés
uso de antibiéticos para germes comuns O

ou sem antibiéticos

escavagao) inalterado > 2 semanas o Ocasional ou negativo

Condensag&o ou infiltrado (com ou sem

escavagao) > 2 semanas evoluindo com 0 Voltar Avangar
piora ou sem melhora com antibiéticos

para germes comuns

Condensacao ou infiltrado de qualquer tipo 0

<2 semanas

Radiorafia normal

O

Source: Own elaboration, 2019.
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& VOLTAR ~ Célculo para Diagnéstico & voutAR  Cdlculo para Diagnéstico
Prova tuberculinica (PT) Estado nutricional -
Paciente desnutrido grave
PT>10mm o (peso abaixo do percentil
10)?

PTentre 5a 9mm

Auséncia dos critérios acima O St

Co I

Nao

Source: Own elaboration, 2019.

Figure 4 - Screen of possible results.

& VoLTAR - Calculo para Diagnéstico & voutAR - Célculo para Diagnéstico & voLTAR  Célculo para Diagnéstico
Resultado Resultado Resultado
Diagnostico muito Diagnéstico possivel Diagnéstico pouco
provavel Pontos: 35 provével
Pontos: 40 Pontos: 5

Calcular Novamente
Calcular Novamente Calcular Novamente

Another application feature, available in the initial menu,  with the objective of presenting to the user the most com-
is the clinical cases, in a total of 4 cases, with description of ~ mon forms of presentation of the disease in the pediatric age
anamnesis and physical examination, presentation of a ra-  group with their peculiarities. In addition, it provides feedback
diological image and the options of the questions per case for educational purposes as shown in Figure 5.

Source: Own elaboration, 2019.
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Figure 5 - Clinical Case Presentation Screen.

VOLTAR i f A
€ Casos Clinicos & vourarR  Casos Clinicos € vourAR  Casos Clinicos

Caso Pedro Caso Pedro Caso Pedro

Pedro, 7 dias de vida, chega a sua UBS para 10 Diante do exposto, vocé decide: . ~

consulta apds o nascimento. Durante a consulta Parabens, voce acenou "
vock recorda que linha realizado o dagnostico de Recomendar vacinacdo BCG e sequimento

tuberculose pulmonar na mie ha dois meses por mensal do lactente 0 A quimioprofilaxia priméria & recomendada para

individuos ndo Infectados previamente pelo M
tuberculosis. A maior indicagio & para recém:
nascidos comunicantes de baciliferos. Confere
prote¢ao em torno de 80%, prevenindo o

bactloscopia positiva, mas a mesma refere ndo ter
Iniclado o tratamento por estar proximo ao parto e
ela "ndo tinha cabeqga para 1sso” Prescrever isonlazida por 3 meses, com

No momento, mie comparece a consulta eletiva N P o -
para avaliagdo do RN. Refere que filho apresentou wn’lnmcao do PPD apds esse periodo para O desenvolvimento da doenca. A INH é administrada
taquipnéia transitdria a0 nascet, reslzando definir conduta seguinte durante 3 meses, ¢ o teste tuberculinico realizado no

radiografia de torax, com necessidade de terceiro més. Se o teste for reator, a INH & mantida
oxigenioterapia por oxihood por 12 horas até completar 6 meses; Caso seja ndo reator,

Ao avahar a caderneta da crianga, observa-se os Iniciar tratamento para tuberculose com 0 suspende-se a INH e procede-se & vacinagdo BCG
registros das tragens neonatais negativas e a 1* rifampicing, isoniazida e pirazinamida
dose da vacina contra hepatite B realizada

Referéncia

m m m CONDE, Marcus Barreto et al . lll Diretrizes para

Tuberculose da Sociedade Brasileira de
Pneumologla e Tisiologia. J, bras. pneumol., Sio
Paulo, v.35,n.10,p. 1018-1048, out. 2009
Disponivel am: http://www scielo.br/scieio php?
scriptasci_arttext&pid=S1806
37132009001000011&Ing=en&nrme=iso. Acesso em
29 Jan. 2018

Source: Own elaboration, 2019.

For the same educational purpose, chest x-ray images as a comparative basis for the patient in the analysis of the
will be available, evidencing the peculiar pattern of pulmo-  patient’s radiography (Figure 6).
nary involvement in the pediatric patient, in order to serve

Figure 6 - Presentation screen of Radiological Images

& VoLTAR  Imagens Radioldgicas & VOLTAR  Imagens Radioldgicas

Locais de observagao Adenomegalia hilar

U4

RX térax em PA:

RX normal da crianga

Adenomegalia hilar

Padrao miliar

Condensagao

Infiltrado

Caso indice ¢ Aumento do volume do hilo direito
Menu of the radiological imaging Example of a condensation image
options that are available. available in the file.

Source: Own elaboration, 2019.
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Discussion

Although tuberculosis is still a serious public health
problem, especially in childhood due to the peculiarities
and limitations of the diagnosis, the potential of decision
support systems as mobile technology for specific medical
education seems to have been little explored. The decision
support system in the application version developed in this
study had the objective, exclusively, to act as an agile and
effective alternative for medical education in the diagnosis of
Tuberculosis in children; because it allows bedside learning
and in real time supporting the doctor in clinical decision
making as well as to increase his knowledge'.

The fast development and innovation in technologies,
increasing speed in the Internet network and access to this
network are modifying paradigms for health education, be-
ing titled as mobile health and has been gaining more and
more especially in Medicine. The universalization of access
and connectivity are characteristics attributed to applica-
tions, which are allied in the development of mobile health-
care technologies such as disease prevention, diagnosis,
treatment and surveillance. The number of applications de-
veloped in health has been increasing exponentially, as well
as the potential to use the tool as health promotion'. Mobile
applications also allow the dissemination and updating of
knowledge in the health area, without restricting time and
space, serving as an aid in decision making, an ally in clinical
and educational practice’®.

The decision support system with mobile technology, in
the application version, developed in this study, aimed to
support the education and decision of the doctor for the
specific diagnosis of Tuberculosis in the child, in an inno-
vative way, and is in agreement with the guidelines of the
Manual of the Brazilian Ministry of Health. In the system with
mobile technology developed, in addition to the educational
information content made available in an agile way, there
are clinical cases and radiological images for the doctor’s
diagnostic exercise and the possibility of including the data
of a clinical case in attendance for automated calculation of
the probability of the disease and with the possibility of geo-
referencing with a view to contributing to the epidemiological
mapping of tuberculosis in Brazil.

We hope with this solution to contribute not only to in-
crease the effectiveness of the diagnosis of tuberculosis in
Brazil, but, above all, to contribute to the incorporation of
mobile technologies in the teaching, education and practice
of the physician.

Conclusion
With the creation of an application specifically aimed at
the diagnosis of tuberculosis in children, it is expected to

increase the number of pediatric patients investigated for
the pathology, as well as to allow early access to treatment.

SSN: 2175_2990
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