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Abstract
Background: Syphilis has recently resurfaced as a signi�cant public health problem. Since the 2000s,
isolated syphilis outbreaks have increasingly occurred in North America, Europe, and Australia; in Brazil,
there have been progressive increases in both congenital and acquired syphilis. There are several
possible explanations, such as misdiagnosis of acquired syphilis, which could increase the number of
untreated transmitters in the population; failure to initiate or complete treatment; and nontreatment of
sexual partners (leading to reinfection). Mobile technologies have been successfully used to promote
behaviour changes and can positively impact treatment and follow-up adherence in patients with
infectious diseases. The purpose of this clinical trial is to evaluate treatment and monitoring methods in
patients with syphilis, including follow-up by telephone, via a game in a smartphone app and at public
health centres.

Methods: The SIM study is a single-centre, randomized controlled trial with a 12-month follow-up period.
The aim is to identify the most effective method of follow-up regarding patient compliance with
treatment. The tests will be performed in a mobile unit in easily accessible locations. The goal is to
perform 10,000 rapid tests for syphilis. Patients with a con�rmed diagnosis according to VDRL tests will
be randomized to one of three arms: telephone, smartphone game, or conventional in-person follow-up.
All analyses will follow the intention-to-treat principle.

Conclusion: If we �nd differences in effectiveness, a major change in the conventional approach for this
patient population may be needed, potentially affecting current Brazilian health policy strategies.

Short Summary
Syphilis has re-emerged as a signi�cant public health problem.

Our study tests new options adapted to current technological advances to increase adherence to
treatment and disease monitoring.

Introduction
Syphilis infection has recently re-emerged as a signi�cant public health problem, with an increasing
incidence in many countries.1 Syphilis is a bacterial infection caused by Treponema pallidum;
transmission occurs through sexual contact (acquired syphilis) or during pregnancy (vertical
transmission) and can easily be prevented through condom use.2 The primary lesion (primary syphilis)
frequently goes unnoticed, and many individuals are asymptomatic during the early stages of infection.
Congenital syphilis, on the other hand, occurs when a mother infected with syphilis transmits the
infection to her child during pregnancy; in these cases, the disease has a poor prognosis, and the risks of
spontaneous abortion, foetal death and premature infant death are increased.3
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Beginning in the 2000s, a growing number of isolated syphilis outbreaks were reported in North America,
Europe, and Australia, primarily within sexual networks of men who have sex with men (MSM); syphilis
infection is often associated with HIV co-infection and co-transmission.4 While the number of cases in
speci�c groups has increased in high-income countries, in low-middle-income countries, syphilis remains
an endemic disease, affecting the general population.5

In Brazil, there has been a progressive increase in both congenital and acquired syphilis in recent years.
Data from compulsory reports indicated that acquired syphilis rates increased from 2.0 cases/100,000
inhabitants in 2010 to 58.1 cases/100,000 inhabitants in 2017. Congenital syphilis also increased
substantially (3.6-fold) from 2.4 to 8.6 cases per 1,000 live births. Although these increases occurred in all
Brazilian regions, some geographical regions had rates above the Brazilian average, including the
Southern Region, in which the city of Porto Alegre had an incidence rate of congenital syphilis 3.8 times
higher than the rate in the Brazilian general population.6,7

Several causes could be implicated in the increasing number of cases, such as misdiagnosis of acquired
syphilis, which could lead to a larger number of untreated transmitters in the population; failure to initiate
or complete treatment; nontreatment of sexual partners (leading to reinfection); or lack of adequate
prenatal care, as syphilis is most often diagnosed during pregnancy screening or during screening for
other sexually transmitted infections.7

Mobile technologies and strategies to track test results and appointments have been successfully used
as tools to promote behaviour changes and can positively impact adherence to treatment and follow-up
in patients with chronic8–11 and infectious diseases.12–15

There are 8.3 billion mobile phone subscriptions worldwide; this number is greater than the global
population, and the numbers of subscribers in low- and middle-income countries are increasing rapidly,
increasing opportunities to easily connect with a large number of patients to provide individual-level
support.16 Herein, we describe the study protocol for a parallel randomized controlled trial to evaluate
different home telemonitoring technologies to enhance adherence to treatment and follow-up in syphilis
patients.

Materials And Methods
Study design

The SIM study is a randomized controlled trial including three parallel arms: (1) follow-up with telephone
calls, (2) follow-up using gami�cation in a mobile app, and (3) follow-up with usual care provided by the
public health system. Randomization will occur at the individual level.

Participants and recruitment
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All adults aged 18 years and older will be invited to answer a questionnaire to collect socio-economic and
sexual behaviour data and undergo a rapid test for syphilis, HIV and hepatitis B and C in a mobile unit
located in an area accessible to a large population. The unit will have different attractive features, such
as free internet, charging areas for smartphones, and shaded and rest areas with screens, to increase the
participation rate. Participants with a positive rapid test will be invited to undergo con�rmatory testing.
This protocol was written following the Standard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) statement to de�ne the clinical trial protocol.

Eligibility criteria

The study population will consist of people living in the Porto Alegre area who undergo a con�rmatory
test and return to obtain their results (run-in). Participants who do not return after three contact attempts
will be excluded from the study, as well as pregnant women, participants who are not able to provide
contact information, participants who are illiterate and those who underwent syphilis treatment within the
previous three months.

Sample size

Considering a con�dence level of 95%, an incidence rate of 93.7 per 100,000 inhabitants in the
municipality of Porto Alegre,11 and an acceptable difference of 60.0 per 100,000 inhabitants, it is
estimated that testing 10,000 individuals will be necessary to obtain an accurate prevalence of syphilis in
the municipality. This sample will serve as the basis for the inclusion of patients in the clinical trial.

For the randomized clinical trial, another sample size calculation will be considered. Using a
previous article in which 16.5% of the participants who were diagnosed with syphilis received appropriate
treatment and 55.9% received inappropriate treatment as a reference, it is expected that at least half of
the latter group will eventually receive proper treatment, for a total of 44.45% receiving appropriate
treatment.17 Thus, considering a 95% con�dence level, 80% power and a maximum loss rate of 20%, 51
participants in each study group will be needed.

Study Procedures

A paper-based questionnaire to collect sociodemographic, behavioural and health information will be
administered to all participants to check eligibility, and a rapid test for syphilis will be performed. All
participants with a positive test result will undergo con�rmatory testing. Upon the receipt of con�rmatory
test results, the participants will be invited to take part in the clinical trial, and a web-based questionnaire
to collect information such as age, sex, social class, education level, alcohol consumption, tobacco and
drug use, risk for syphilis, history of hepatitis and other sexually transmitted infections (STIs), number of
sexual partners, type of sex and condom use.

Randomization and blinding
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Patients will be randomized at a ratio of 1:1:1 among the three intervention arms: follow-up by telephone,
follow-up using a smartphone game, or follow-up with usual care in the public health system. Random
allocation will be performed in blocks with variable sizes, strati�ed by participants with and without
smartphone access. Randomization will be performed using R software. Individuals who have access to
a smartphone will be randomly assigned to any of the 3 groups, while individuals without access to a
smartphone will be randomly assigned to one of only two groups: the telephone follow-up group or the
control group.

An independent statistician will be responsible for computerised randomization (R software) but will not
be involved in the determination of participant eligibility, assessment or implementation of the
interventions. Blinding will be applied to minimise bias. The health professionals who conduct the
baseline and initial assessments will be blinded to intervention allocations. Researchers responsible for
the follow-up by telephone intervention will not have access to performance and evaluation data. Only the
biostatistician will have access to the data stored in the data entry system, minimising investigator
in�uence.

Intervention

The intervention strategies aim to increase adherence to treatment and monitoring and promote
communication with sexual partners (Figure 1). All intervention and conventional strategies followed the
guidelines of the Clinical Protocol and Therapeutic Guidelines for Comprehensive Attention to People with
Sexually Transmitted Infections of the Ministry of Health of Brazil.4

Strategy 1: Follow-up by telephone

Initial contact will be made 2 days before treatment, on the day of treatment and for 14 days until the
next treatment dose. If the patient fails to apply treatment within 14 days of the last treatment dose, the
intervention will be considered a failure and the patient will have to restart treatment. For monitoring,
contact will be made 7 days before the exam and on the day of the exam to encourage the patient to get
tested, and the patient will receive 1 call per week for 3 weeks until the patient takes the VDRL test.

Strategy 2: Follow-up using a game in a smartphone app

A thematic game will be developed to encourage treatment and monitoring in patients with syphilis. The
�rst phase of the game will be open to all study participants regardless of their rapid test result and will
have information about prevention strategies and sexually transmitted infections. In the second phase,
the participants will be prompted by noti�cations via smartphone 2 days before the day of treatment, on
the day of treatment and every day for 14 days after the date they should have received the injection. The
participant is awarded coins to buy clothing and accessories for his/her avatar if he/she reads the
information about STIs and provides information about his/her partners. The participant passes the
phase of the game when he/she has taken the medication doses and completed the VDRL test. In
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different game phases, the avatar takes the bus and travels to different capitals of Brazil where syphilis
infection rates are also high.

Strategy 3: Conventional follow-up

The conventional strategy involves compulsory noti�cation by a healthcare professional, and the patient
is directed to seek treatment and follow-up at the primary health care unit closest to his or her home. The
outcomes will be accessed by reviewing data from the public health records.

Outcome assessment

Compliance with treatment for those in the mobile app arm will be assessed according to the uploaded
game data provided by the participant and use of the app during the study period. Adherence to treatment
for those receiving telephone follow-up will be assessed through routine phone calls and questionnaire
questions about the date of examination and treatment. Adherence in the usual care arm will be assessed
by information collected from the participant's medical record at their referral health unit.

Specimen processing

Samples will be treated as biohazardous material, and specimen handling will be carried out in a
biosafety cabinet. Once arriving in the laboratory, serum samples will be immediately fractionated. Two
aliquots will be frozen at -80℃ as backup samples. All samples with positivity on the treponemal test
(rapid test) will be subjected to a con�rmatory nontreponemal test. The aliquot will be directly used for
the VDRL and rapid plasma regain (RPR) tests. If the VDRL test is negative, an additional treponemal test
will be used to con�rm (TPHA) syphilis positivity. An online platform for data entry will be used by the
study team to add participant data, rapid test results, biological sample information and exam reports.
Data will be monitored daily by the project statistician.

Statistical analyses

Descriptive analysis will be performed to characterize the study population. The categorical variables will
be summarized by absolute frequencies and percentages, while continuous variables will be described as
means and standard deviations or medians and interquartile ranges.

To compare proportions, the chi-Square test and Fisher's exact test will be used. Student's t test or the
nonparametric Mann-Whitney test will be used to compare continuous variables.

The primary goal of the study is to compare treatment adherence and follow-up among the three parallel
study arms. We will investigate the association between treatment adherence and sociodemographic,
sexual health and sexual behaviour variables as secondary outcomes. The association will be estimated
by calculating crude and adjusted odds ratios (ORs) using logistic regression. Intention-to-treat analysis
will be used to assess the clinical effectiveness of the intervention.
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A statistical signi�cance level of 0.05 will be adopted for all statistical analyses. R software, version 4.0.3,
will be used for the analysis18.

Monitoring and quality control

During the project development stage, operational manuals were developed along with the questionnaires
to serve as general guidelines for conducting interviews, standardizing information and solving general
doubts. All researchers involved in the data collection will be trained using simulated interviews and
biological sample collections.

A pilot study will be performed for one month to identify and correct problems with the interview,
logistical and study procedures.

The participants will be informed about the study results through reports that will be provided at the
mobile unit of the study.

Quality control will be performed through system reports, data entry control and data enrolment auditing.
During the project development stage, we established written policies for sample management and
quality control in the laboratory handbook. All laboratory professionals were trained and certi�ed by the
coordinator team according to the study protocol. Those performing the VDRL tests are certi�ed by the
National Program of Quality Control (PNCQ).

A web-based platform will be utilized for biological sample tracking and test result recording on a daily
basis. Samples will be carefully transported in order to maintain the integrity of the sample, with attention
to temperature, preservation methods, special transport containers and time limitations. Once the
samples arrive in the laboratory, their label information, quantity and condition for the requested tests will
be veri�ed. Frozen specimen aliquots will be tracked using the Freezer Web system. Test results will be
photodocumented, and the images will be uploaded to a digital repository.

Ethics and dissemination

The study was approved by the Research Ethics Board (REB) of the Hospital Moinhos de Vento and
Health Secretariat of the Municipality of Porto Alegre. Written consent will be obtained from all
participants after they have been informed about study procedures. Data entry will be protective by
personal logins and will be available to only the main statistician after the interview is �nalized.

Authorship eligibility follows the CRediT guidelines.

Steering Committee

Dissemination

The results of the study will be disseminated to the different stakeholders by providing reports to the
Ministry of Health and state and federal government agencies, publishing articles in scienti�c journals
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and presenting the results at scienti�c conferences and to the Municipal Health Committee, of which
users are part of the Single Health System.

Discussion
Syphilis has been diagnosed in laboratories for over 100 years. Testing is becoming increasingly cheaper,
faster, less invasive, and easier. Treatment for this disease has been known for over 60 years, and
penicillin is a cheap drug with no major adverse events. However, syphilis has been re-emerging in Brazil
and in many countries around the world. The World Health Organization (WHO) estimates that 11 million
new cases of syphilis occur each year in Latin America, with 70% occurring in Brazil.

Open syphilis lesions facilitate HIV transmission. Thus, preventing and treating syphilis could also reduce
HIV transmission. Furthermore, co-infection with HIV may change the natural course of syphilis.

The increase in the number of syphilis cases has resulted in new challenges for health management, and
new data to guide effective interventions to control the disease are needed. Some questions need to be
answered so that better prevention and control strategies can be developed and perhaps generate new
health policies. Our study intends to answer the following questions: What is the better e-Health strategy
for enhancing treatment and monitoring in patients with syphilis? Will any of the interventions increase
the communication with and treatment of sexual partners?
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