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Background Canadian Arctic communities have experienced sustained syphilis transmission, with diagnoses rates
18-times higher than the national average. Remoteness from laboratory facilities leads to delays between syphilis
screening and treatment, contributing to onward transmission. Rapid diagnostic tests can eliminate treatment https://doi.org/L0

. . . . . . e e . . ps://doi.org/10.
fielays via testing at the Pom.t-of-car‘e. This study aims to describe syPl}llls dlagl:IOS.tIC gaps and to estimate the | /ilana.2024.
impact of introducing rapid diagnostic tests at the point-of-care on syphilis transmission. 100845

Methods To assess the population-level impact of deploying rapid diagnostic tests, an individual-based model was
developed using detailed surveillance data, population surveys, and a prospective diagnostic accuracy field study.
The model was calibrated to syphilis diagnoses (2017-2022) from a community of approximately 1,050 sexually
active individuals. The impacts of implementing rapid diagnostic tests using whole blood (sensitivity: 92% for
infectious and 81% for non-infectious syphilis; specificity: 99%) from 2023 onward was calculated using the
annual median fraction of cumulative new syphilis infections averted over 2023-2032.

Findings The median modeled syphilis incidence among sexually active individuals was 44 per 1,000 in 2023. Males
aged 16-30 years exhibited a 51% lower testing rate than that of their female counterparts. Maintaining all
interventions constant at their 2022 levels, implementing rapid diagnostic tests could avert a cumulative
33% (90% credible intervals: 18-43%) and 37% (21-46%) of new syphilis infections over 5 and 10 years, respectively.
Increasing testing rates and contact tracing may enhance the effect of rapid diagnostic tests.

Interpretation Implementing rapid diagnostic tests for syphilis in Arctic communities could reduce infections and
enhance control of epidemics. Such effective diagnostic tools could enable rapid outbreak responses by providing
same-day testing and treatment at the point-of-care.
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Research in context

Evidence before this study

Based on data from the World Health Organization (WHO), a
steady global rise in syphilis cases has been documented over
the last decade, with over 7 million new cases reported in
2020. In Canada, annual infectious syphilis incidence statistics
highlighted the disproportionate burden among Indigenous
people, reaching up to 18 times the national average
diagnosis rate in some regions. The reasons for this burden
are complex —including prejudices, injustices, and other
structural barriers— but treatment delays play a role and the
use of rapid diagnostic tests could help alleviate some of these
issues. We performed a PubMed search (from database
inception to 2024-03-24), using the following terms: syphilis
AND (Indigen* OR “First Nations” OR “Aborig*”) AND (“rapid
diagnos*” OR RDT OR test* OR screen*). The uncovered
literature found this issue to be prevalent worldwide. More
importantly, the high syphilis burden has resulted in increased
cases of congenital syphilis, a condition that can have fatal
consequences. Although syphilis can be effectively treated
with penicillin once detected, the remoteness of some
Indigenous communities poses challenges to timely diagnosis
and treatment, elevating the risk of individuals being lost to
follow-up after testing. With the development of rapid
diagnostic tests, it is possible to diagnose and treat syphilis
cases at the point-of-care, eliminating the gap between
testing, reception of the positive result, and treatment. In the
most recent systematic review available, Zhang et al. showed
high sensitivity and specificity of rapid diagnostic tests of
syphilis: pooled sensitivity of the treponemal component
were 93% (95% Cl: 86-97%) and specificity of 98% (95% Cl:

Introduction

Syphilis is a preventable and treatable sexually trans-
mitted infection that can be acquired through direct
contact with lesions during sexual contact.' If left un-
treated, it poses substantial health risks, especially in the
case of vertical transmission (congenital syphilis) which
can have devastating consequences on the fetus.” Over
the past decade, a consistent upsurge in syphilis cases
has been documented globally, with over 7 million re-
ported cases worldwide in 2020, with no signs of
abatement.*”

Indigenous populations often bear a disproportion-
ately high burden of syphilis.® In Canada, the reported
incidence of infectious syphilis among Indigenous
people in 2021 soared to 556 per 100,000 person in
Nunavik —the northern third of the province of
Québec, located above the 55th parallel.” This is 18 times
the average rate in Canada for the same year.® Similar
trends are also observed in other Indigenous territories
across Canada.”" The high syphilis burden, especially

96-99%); pooled sensitivity for non-treponemal component
at 90% (95% Cl: 82-95%) and specificity at 97% (95% Cl:
92-99%). Additionally, the CDC Laboratory Recommendations
for Syphilis Testing, released in early 2024, underscored the
necessity of evaluating the effect of rapid diagnostic tests at
the point-of-care in settings lacking regular medical services.
However, the population-level impact of implementing those
tests on syphilis transmission remains to be quantified.

Added value of this study

We quantified the population-level effect of deploying rapid
diagnostic tests at the point-of-care in remote Indigenous
communities of Nunavik (Canada) on syphilis transmission.
Using a detailed mathematical model, different interventions
and scenarios were examined and compared to a modeled
counterfactual scenario without RDT. These results will
provide support to the implementation of rapid diagnostic
tests in remote communities where barriers to healthcare
remain.

Implications of all the available evidence

Implementing rapid diagnostic tests for syphilis in Arctic
communities could reduce the number of syphilis infections
and enhance control of those epidemics. These effective
diagnostic tools can enable rapid outbreak responses by
providing same-day testing and treatment directly at the
point-of-care. Additionally, rapid diagnostic tests provide a
flexible tool to reach populations with unmet testing and
treatment needs of syphilis.

among women, in these communities is of particular
concern given their high birth rates (twice the national
birth rate).”»"* Surges in cases of congenital syphilis are
already observed as a consequence.'*"

Despite responses from communities and public
health authorities to curb syphilis epidemics in these
isolated communities, transmission persists. Potential
contributors to the high levels of transmission include,
among others, diagnostic and treatment delays."® These
delays stem from the lack of local laboratory capacity.
Collected specimens must be sent to distantlaboratories —
up to 1,900 kilometers south— for diagnosis. The typical
resulting delay between sample collection and analysis is
6-19 days.”” The time between reception of the result and
treatment administration adds to this lag (e.g., challenges
in reaching individuals).” Lengthy response delays in-
crease the likelihood of loss to follow-up (LTFU) for those
found to be positive for syphilis.

Rapid diagnostic tests for syphilis are designed to
facilitate immediate clinical decision-making during
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one encounter. When used at the point-of-care, it pre-
sents an opportunity to reduce the delays between
consultation, diagnosis, and treatment.”” Moreover,
rapid diagnostic tests require minimal training of health
personnel. A recent multisite prospective field diag-
nostic accuracy study in an intended-use setting in
Nunavik and Nunavut reported that frontline sexual
health nurses could accurately identify untreated pa-
tients with presumed infectious syphilis using a dual
antigen syphilis rapid diagnostic tests (the STAR
study)."” Successful implementation of rapid diagnostic
tests for syphilis screening in antenatal settings to
reduce time to treatment has already been demonstrated
in several countries,* along with qualitative in-
vestigations in outpatients and rural clinic settings.”*
However, the potential population-level impact of
deploying rapid diagnostic tests at the point-of-care on
syphilis transmission in isolated communities is un-
known.” Furthermore, other epidemic drivers of sus-
tained transmission, including heterogeneity in sexual
behaviors and unmet prevention needs among these
mostly Indigenous communities have yet to be
understood.

In this study, we 1) describe diagnostic gaps and
transmission drivers for syphilis and 2) assess the frac-
tion of new syphilis infections that would be averted us-
ing rapid diagnostic tests at the point-of-care over a 10-
year time horizon. We do so by developing, parameter-
izing, and calibrating a detailed individual-based mathe-
matical model of syphilis transmission, leveraging strong
local surveillance, programmatic, and survey data.

Methods

Model overview

An individual-based model (IBM) was developed to
simulate syphilis transmission in a high-burden Arctic
community in northern Québec, Canada (exact location
redacted to preserve anonymity). The choice of an IBM
enables the integration of complex interactions between
biological epidemic drivers, sexual networks, and in-
terventions such as contact tracing.”*” Additionally, it
can incorporate a high degree of behavioral heteroge-
neities and examine different “what if” scenarios.

The model was implemented using a modular
coding structure with 4 main components: demographic
processes (births, aging, migration, deaths), sexual be-
haviors (e.g., regular/casual partnership formation and
dissolution), syphilis transmission and disease
progression, and interventions (i.e., testing, contact
tracing, and treatment). The demographic processes
were set to match the population’s age and sex profiles
from census data. The model was initiated with 1,050
sexually active syphilis naive heterosexual individuals
aged 14-60 years old in 2016 (in line with demographic
information from the modeled community), one year
before some of the first large outbreaks were detected by
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public health authorities.”® A comprehensive description
of model and parameters can be found in Supplemen-
tary Methods (see Supplementary Figures S1-S8 and
Supplementary Tables S1-S10).

Sexval networks and behaviors

Sexual behaviors were parametrized based on data from
the population-based QANUILIRPITAA? 2017 Nunavik
Inuit Health survey among local residents in Nunavik
which included a module on sexual health and behav-
iors.” Specifically, we used information on the reported
number of sexual partners in the last 12 months, part-
nership types (regular/casual), and condom use at the
last sexual encounter. At the beginning of each calendar
year, individuals are assigned a number of partners
based on their sexual activity levels at model entry
(low = 0-1 partner; medium = 2-3 partners; high = 4 or
more partners). The time of partnership formation was
determined simultaneously. To balance the number of
sexual partners by sex, women look for partners ac-
cording to an age mixing matrix taken from the general
Canadian population.” Sexual mixing by activity levels is
calibrated and considered to vary between totally assor-
tative and proportionate mixing.*' Individuals can only
have one concurrent regular partnership (average
duration of 2 years); nevertheless, there is no limit on
the number of casual partnerships (duration of 1 day).*
Each partnership is assigned a number of daily sex acts
(all types), that depends on partnership type,**** and a
probability of condom use at each sexual intercourse
that differs by sexual activity levels.

Syphilis transmission and progression

Following syphilis acquisition, individuals can progress
through the following stages: incubation, primary,
secondary, early latent, late latent, and tertiary stage
(Fig. 1). About 25% of those in the early latent stage may
relapse back to the secondary stage before going into the
late latent stage.** Only cases treated later than second-
ary stage can gain temporary immunity against re-
infections.* We do not consider syphilis mortality in
this model given the extremely low likelihood of death
from syphilis in adults.

Susceptible individuals can be infected by a partner
with infectious syphilis (cases at primary, secondary,
and recurrent stage). The probability of transmission is
a function of the number of sex acts and whether a
condom is used. As per Canadian guidelines, we
assumed that people diagnosed with syphilis will not
have condomless intercourse until treatment is
completed for both partners. In addition, individuals in
the high sexual activity group may acquire syphilis
outside of the community (imported cases).

Syphilis testing and linkage to treatment
Syphilis can be diagnosed through routine testing, mass
screening events, follow-up test after syphilis treatment,
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Fig. 1: Schematic diagram of the individual-based model's structure for the natural history of syphilis and its testing and treatment cascade.
Where y, is the age-specific all-cause mortality rate; 4; is the individual's probability of infection; p™P°" is the probability of importing syphilis
from another community; oie(15,.7) is duration of each syphilis disease stage; ¢™“™" is the proportion of early latent cases that progress

through the recurrent stage; ¥},

conventional syphilis testing assay for each disease stage k;
treatment for patients initiated at different syphilis disease stage.

treatment

and contact tracing activities. Parameters for this module
were informed by the Nunavik syphilis screening database
(which records all syphilis tests performed in Nunavik,
along with socio-demographic information), data
collected from the STAR study,”® and local health pro-
viders’ knowledge. The first two diagnosis paths are
captured by assigning a time-varying daily probability of
testing based on the individual’s age and sex that mimics
the population’s heterogenous test-seeking behaviors.
The conventional testing assay used to diagnose syphilis
is a combined treponemal-specific enzyme immunoassay
and rapid plasma reagin.” It has a sensitivity that varies
by disease stage: 94.5% (primary stage), 100% (second-
ary, early latent, and recurrent stage), and 98.5% (late
latent and tertiary stage).” Its specificity is 100%.*

A delay between specimen collection and reporting
of results to local practitioners is assigned to each test. It
is sampled from the empirical distribution (e.g., delays
directly sampled from the Nunavik syphilis screening
database) of the time delays between specimen collec-
tion and analysis. For individuals with a positive syphilis
test, 90% of those diagnosed cases will be linked to care
and receive treatment within 7 days after the positive
results (that is, we assumed 10% LTFU). Further, 10%
of treated cases will experience treatment failure and
continue disease progression. The duration of treatment
for those diagnosed at, and prior to early latent stage, is
1 day while for the remaining stages, it will last for 21
days. Cases treated prior to late latent stage will attend 3
follow-up tests at 3, 6, and 12 months; whilst those
receiving treatment later will be followed at 12 and 24

is the probability of testing for syphilis, which varies by age, time, and sex; ¢, is the sensitivity of the
is the probability that treatment is successful; and 7ig(s,2) is the duration of

months.”” We assumed that there is a 50% probability of
adherence to follow-up tests.

Furthermore, syphilis being a reportable disease,
sexual contacts of cases from the preceding 3 months
will be traced and tested at different probabilities that
depend on partnership type and the infection stage of
the index case (e.g., partners of those at primary and
secondary stages are more likely to be traced). Addi-
tionally, a proportion of partners identified through
contact tracing will receive treatment at specimen
collection (hereafter, “proportion of partner treated onsite”)
regardless of the results, allowing people to refuse the
treatment without a positive result.

Rapid diagnostic tests

We modeled the use of rapid diagnostic tests (Chembio
DPP Syphilis Screen & Confirm Assay) using uncentri-
fuged whole blood as a diagnostic tool at the point-of-
care. Rapid diagnostic tests are being administered in
parallel to the standard-of-care serum tests. That is,
everyone tested for syphilis will be tested using rapid
diagnostic tests at the time of specimen collection along
with the conventional laboratory-based tests. In this
case, individuals with reactive rapid diagnostic test will
be immediately linked to care and treated onsite without
LTFU. Cases missed by rapid diagnostic tests (false
negatives) will be picked up by the conventional testing
algorithm and receive the treatment with the regular
delay and probability of LTFU. The diagnostic accuracy
of rapid diagnostic tests was based on estimates ob-
tained in the STAR study conducted in the region using
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whole blood specimens: we set the treponemal compo-
nent of the rapid diagnostic tests’ sensitivity at 92% for
infectious syphilis, 81% for non-infectious (approxi-
mated using overall sensitivity), and the specificity at
99%."

Syphilis prevention gaps and impacts of rapid
diagnostic tests

First, we examined the demographic characteristics of
individuals that acquired and transmitted syphilis in
relation to their syphilis testing rates (by age, sex, and
sexual activity levels), as well as their estimated time
between infection and diagnosis using the IBM. Sec-
ond, we estimated the impact of implementing rapid
diagnostic tests from 2023 onwards on syphilis trans-
mission. This was assessed while maintaining the
same testing, contact tracing, LTFU rates, and pro-
portion of partners treated onsite as those in 2022. In
addition, we elaborated several complementary sce-
narios considering the following factors: testing rates
at 75%, 125%, 150% of the average testing rate in 2022;
contact tracing rates ranging from no tracing, 50% of
the observed 2022 rate, and up to 100% tracing; higher
rapid diagnostic tests sensitivity set at 100% for infec-
tious and 95% for non-infectious syphilis, as observed
for the non-treponemal component using serum sam-
ple”’; LTFU when diagnosed using regular testing with
70% and 80% cases being treated within 7 days after
positive result reporting; and 50% and 100% of part-
ners treated onsite.

For all scenarios, the annual fraction of cumulative
number of syphilis infections averted by comparing the
rapid diagnostic tests scenarios above to the current
standard-of-care (counterfactual):

t t

J INo RDT —j IrpT

t to
t

j INo rRDT

to

Averted Fraction; _ , =

t
where t represents the calendar year; and [ Izpr and
to

t
J Ino roT denote the cumulative number of syphilis in-
to

fections with and without rapid diagnostic tests,
respectively. To improve our counterfactual comparisons,
the number of syphilis infections in the scenario without
rapid diagnostic tests was computed over the same sexual
network as the one with rapid diagnostic tests
(ie., removing the stochasticity due to demographic
processes and partnerships formation and dissolution).

Model calibration
An Approximate Bayesian Computation Sequential
Monte Carlo (ABC-SMC) algorithm** was used to select
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a total of 100 posterior parameter sets that meets the
tolerance criteria that best reproduced the observed
annual number of sex-stratified syphilis diagnoses in the
community from 2017 to 2022. In addition, we per-
formed cross-validation of the following modeled out-
comes with the surveillance and laboratory databases:
proportion of reinfections, proportion of cases diagnosed
at infectious stage, and sex-stratified annual testing rates.
Detailed calibration algorithm and cross-validation out-
comes are summarized in Appendix A. The median and
90% credible interval (Crl) of the 100 calibrated param-
eter sets, which were each based on the median of 20
stochastic simulations, are reported.

The model has a time step of 1 day and it was coded
in R version 4.3.1 using a C++ back-end, implemented
with the Repp library.*' The reporting of this manuscript
follows the CDC Emerging Infectious Diseases—
Mathematical Modeling Guidelines: Editorial criteria for
mathematical, economic, and statistical manuscripts.*

Ethical approval

This study has been approved by the Research Institute of
the McGill University Health Centre (#2020-5834). The
QANUILIRPITAA? 2017 Nunavik Inuit Health Survey
received ethical approval from the Centre de recherche du
CHU de Québec, Université Laval (REB 2016-2499, 2016-
2499:21), and McGill University (REB 20-04-034).

Role of funding source

This work was funded by the Canadian Institutes of
Health Research (CIHR; award PJT-162262). YX received
a Doctoral Research Award from CIHR. MM-G’s
research program is supported by a Canada Research
Chair (Tier II) in Population Health Modeling. CPY holds
a Clinical Research Scholar career award from the Fonds
de recherche du Québec-Santé (FRQS). The funders had
no role in study design, data collection, and analysis,
decision to publish, or preparation of the manuscript.

Results

Model fits

The calibrated model was able to replicate the observed
annual number of diagnosed syphilis cases by age and
sex in the community from 2017 to 2022 (Fig. 2). In
terms of in-sample validation, the mean absolute error of
the model was 6.8 cases overall (6.0 cases for females, 1.6
for males, 2.9 for 14-22-year-olds, 1.8 for 23-30-year-olds,
and 5.5 for 31-60-year-olds). The cross-validation targets
indicated a good alignment between the simulated and
observed values (Supplementary Figures S6-S8).

Description of the syphilis epidemic

Surveillance data

From 2017 to 2022, a total of 269 syphilis cases were
diagnosed in the community among individuals aged
>14 years (approximately 1,000 to 1,200 individuals).
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Fig. 2: Observed (red dots) and modeled (lines) number of syphilis diagnoses (1st row) overall, by sex, and (2nd row) by broad age groups in the
study community located in Nunavik (Québec, Canada). The observed number of cases are from the Nunavik syphilis surveillance database and
are used as a calibration outcome. The lines correspond to the median of the simulations and the shaded areas to the 90% credible intervals.

The diagnosis rate peaked at 52 per 1,000 people in 2020
with sustained high incidence over 40 per 1,000 during
the following 2 years. The diagnosis rates for women
were consistently higher than those among men (Fig. 3).
Although the vast majority of the cases were concen-
trated among those aged 20—44 years, the proportion of
cases occurring among 14-19-year-olds increased over
time. Testing data in 2022 suggest that young males
aged 15-29 years old test for syphilis at rates that are
50% lower than females of the same age group. Testing
positivity was higher among males across all age groups.
Those aged 30-44 years had the highest testing posi-
tivity across sex (4.2% [55/1,303] for females and 4.6%
[38/824] for males). Notably, the positivity rate among
the youngest (14-19 years) and oldest (45-60 years)
increased over time for both sexes. An average delay of 7
days (range: 3-41 days) between specimen collection
and positive results reporting, were observed.

Prevention gaps estimated from the individual-based model
Assuming all factors unchanged, the model projected an
incidence of 44 (90% Crl: 15-66) per 1,000 sexually

active people in 2023. The model suggested that males
aged 15-29 years disproportionally contribute to syphilis
transmissions: they constitute 24% of the population
but transmit close to 40% of infections that occurred
over 2017-2022. Additionally, 44% (90% Crl: 40-49%)
of transmissions were between casual partners. In-
dividuals with more than 1 partner in the last 12 months
accounted for 74% (90% Crl: 67-86%) of the total
number of transmission events despite constituting
30-40% of the population. The high sexual activity
group (10% of the population) contributed to most of
transmission events (81%, 90% Crl: 75-89%) but ac-
quired proportionally fewer new infections (47%, 90%
Crl: 37-67%). The average time from infection to
diagnosis was 165 days (90% Crl: 156-182 days) over
2017-2022 but varied between sex: from 159 days (90%
Crl: 156-182 days) among women to 174 days (90% Crl:
164-191 days) among men. Our analysis suggested that
importation of cases from outside the community is
important in sustaining transmission: on average we
estimated 4-5 imported cases every year since 2018 in
the modeled community. At the end of 2022, 22% (90%
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Canada). Data source: Nunavik syphilis surveillance database.

Crl: 29-45%) of individuals in the high sexual activity
population were estimated to be infected with or to have
developed temporary immunity to Treponema pallidum.

Potential impact of implementing rapid diagnostic
tests

Maintaining all interventions constant at their 2022 levels
(testing rate, contact tracing rate, and have 90% of the
cases being treated with 7 days after diagnosis), imple-
menting rapid diagnostic tests using whole blood
samples as a screening tool prior to laboratory testing
could avert a cumulative 33% (90% CrI: 18-43%) of new
syphilis infections over 5 years (Fig. 4). This proportion
increases to 37% (90% Crl: 21-46%) over 10 years. If
rapid diagnostic tests were to be performed using serum
sample (higher sensitivity), the impact of rapid diagnostic
tests would not be meaningfully affected. Lowering the
proportion of individuals with a reactive rapid diagnostic
test treated to 95% did not impact the result. To isolate
the effect of rapid diagnostic tests on reducing the gap
between infection and diagnosis from contact tracing
(because finding more new cases results in more contact
tracing), a scenario without partner tracing was exam-
ined. In this scenario, implementing rapid diagnostic
tests reduces the time to diagnosis by 20 days.

With all other factors unchanged, increasing testing
rates may contribute to important reduction in the
fraction of cumulative syphilis infections averted
(Fig. 5). By increasing the 2022 syphilis testing rate by
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50% from 2023 onwards, an additional 8% and 9%
cumulative syphilis infections can be averted over 5 and
10 years, respectively. On the other hand, decreasing the
probability of contact tracing will cancel out the effects.
Notably, if there’s no contact tracing, the fraction aver-
ted will be 14%-points lower compared to the current
main scenario. Increasing LTFU for cases diagnosed
with regular testing and treating more partners onsite
have a negative impact on the effect of rapid diagnostic
tests. The negative effects observed for lowering loss to
follow-up, increasing rapid diagnostic tests sensitivity,
and treating more partners on site may be explained by
the decreased susceptible population.

Discussion

To curb syphilis transmission in remote Arctic com-
munities, where access to and resources for healthcare
are limited, it is essential to improve the early detection
and treatment of individuals with syphilis."® Rapid
diagnostic tests can bridge this gap by informing clinical
decisions at the point-of-care. Using a detailed model of
syphilis transmission in a community in Nunavik
(Quebec, Canada) with high syphilis incidence, this
study suggests that implementing rapid diagnostic tests
as a screening tool may avert 1 in 3 of the cumulative
syphilis infections over the next five years. The impact of
rapid diagnostic tests is further improved if overall
testing rates are increased, as well as with enhanced
partner contact tracing.
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Fig. 4: Annual fractions of cumulative syphilis infections averted 2023-2032 by implementing rapid diagnostic tests since 2023 in the study
community located in Nunavik (Québec, Canada). Dots represent the median and the error bars the 90% credible intervals.

Our results highlight the potential of rapid diagnostic
tests for syphilis outbreak responses in isolated
communities. Rapid diagnostic tests can be used as a
screening tool by non-laboratorians, in complementarity
to the use of conventional laboratory assays. Although
previous studies considered the “acceptable trade-off” of
lower sensitivities of rapid diagnostic tests using whole
blood sample in clinical settings for early diagnosis and
treatment at the point-of-care,” our results indicate a
minimal impact of increasing the sensitivity of rapid
diagnostic tests on population-level transmission of
syphilis. This can be explained by rapid diagnostic tests
already achieving a high sensitivity for infectious syph-
ilis when using whole blood samples and the fact that
any false negative rapid diagnostic tests results would be
confirmed positives with the conventional testing assays.

Although the effect of rapid diagnostic tests may be
offset through empiric onsite treatment of partners of
cases, it is rarely feasible to implement completely.”
Given its high diagnostic accuracy, rapid diagnostic
tests are an important tool to inform correct clinical
diagnosis, to avoid unnecessary treatment of uninfected
individuals, and to detect cases that are not suspected on

the basis of contact tracing investigations.* On the other
hand, the deployment of rapid diagnostic tests should
not be misconstrued as an endorsement for weakening
contact tracing efforts. Both earlier detection and treat-
ment of cases, contact tracing, and rapid diagnostic tests
should complement each other to better curb syphilis
transmission. Rapid diagnostic tests are a flexible tool
that requires minimal training and laboratory capacity
and can be extended to non-traditional settings to reach
individuals that could face barriers accessing healthcare.

Increasing syphilis testing rates is pivotal for
outbreak control.* The strategy of implementing rapid
diagnostic tests should be accompanied by renewed
efforts to increase testing rates, as exemplified by the
estimated 5-6 months delay between infection and
diagnosis, particularly among groups with high
positivity rates. Our study highlights the missed inter-
vention opportunities in several groups in our region: 1)
individuals aged 30-44 years should be tested more
often as they had the highest positivity; 2) males
younger than 30 years old as they tested less often but
transmit more; and 3) people with a recent travel history
and several sexual partners.
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absolute variation (in percentage-points) in the averted fraction of syphilis infections over 5 years.

Our results indicate a lower effectiveness of rapid
diagnostic tests with an increase in LTFU for regular
testing. This can seem counterintuitive since LTFU is a
significant factor contributing to delayed treatment. The
projected epidemics under different LTFU scenarios
shows that, without rapid diagnostic tests and a higher
LTFU, the epidemics plateaued at high incidence rates
and a higher proportion of cases are treated at later
stages (Supplementary Figures S9-S11). This plateauing
can be explained by increased immunity against syphilis
when treated late and depletion of susceptible in the
high sexual activity group. This means that increasing
LTFU leads to reductions in syphilis incidence (and
potential risk of clinical complications), a perverse effect
of screening programs that has been documented
before. >+

The results from this study should be interpreted
considering the following main limitations. First, we
assumed case importation in the high sexual activity
group only and that importation risk would remain
constant in the future. Second, we made additional
assumptions regarding the number of sexual partners
being reported and subsequently traced. However, we
calibrated these parameters and conducted sensitivity
analyses to examine the robustness of these
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assumptions. Further, there is a high level of
stochasticity in our model given the small, modeled
population size of a little more than 1,000 in-
dividuals, even if we improved counterfactual com-
parisons by matching simulations to the same sexual
network. Finally, our results may only be generaliz-
able to similar settings with comparatively long delays
between specimen collection and acting on the posi-
tive results.

Strengths of our study included the detailed
demographic and behavioral data from the study
population, surveillance and laboratory testing data,
the use of rapid diagnostic tests accuracy data
obtained from the field work in the same population,
and incorporation of past interventions. This enabled
us to model the complex sexual and healthcare
seeking behaviors, and to obtain reliable estimates of
the effectiveness of rapid diagnostic tests. Moreover,
the adoption of an individual-based model allowed us
to incorporate the heterogeneities in sexual and
testing behaviors which increases the accuracy of our
estimates. Furthermore, our work assessed the
impact of conventional interventions on the
population-level impact of implementing rapid diag-
nostic tests at the point-of-care.
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Conclusion

Introducing rapid diagnostic tests as a diagnostic tool
for syphilis in similar Arctic communities could cut close
to one third of all new syphilis infections over the next 5
years. Requiring minimal training, rapid diagnostic tests
has the required flexibility to be deployed into non-
traditional testing settings and reach groups with un-
met syphilis testing needs that disproportionately
contribute to transmission (e.g., males 15-29 years). Such
effective diagnostic tools can enable rapid outbreak re-
sponses by providing same-day testing and treatment at
the point-of-care. It is crucial to maintain complementary
interventions such as contact tracing to maximize the
effect of rapid diagnostic tests.
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