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Summary

Background Traditional surveillance presents limitations for early outbreak detection. Primary health care (PHC)
administrative data applied to syndromic surveillance offers a cost-effective way to integrate early warning systems
(EWS). We evaluate the potential of an EWS for dengue outbreaks using PHC data in Brazil.
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Methods We applied the Early Aberration Reporting System (EARS-C1 and EARS-C2) to arbovirus-related PHC
encounters from October 1, 2022, to March 1, 2024, to establish an EWS across 5570 municipalities. We

assessed EWS timeliness, sensitivity, and positive predictive value (PPV) against fixed-incidence dengue outbreak
thresholds.

101165

Findings Arbovirus-related PHC encounters occurred in 5364 (96.3%) and dengue cases in 5269 (94.6%) Brazilian
municipalities. PHC-based warnings anticipated 48.5% (100 cases/100,000 inhabitants), and 68.4% (300/100,000) of
outbreaks detected by existing surveillance. Timeliness was higher in municipalities with over 100,000 inhabitants.

Interpretation The EARS algorithm applied to PHC data anticipated outbreaks up to four weeks before suspected
case reporting. Its use of routine data ensures broader coverage and scalability. This study demonstrates the
feasibility of integrating PHC data into an EWS for early dengue outbreak detection in Brazil.
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Introduction

Dengue is a growing global public health concern. The
disease is now endemic in over 100 countries, and the
geographic range of the dengue vector distribution is
expanding to regions of higher latitude and altitude.””
Over the past decade, there has been a substantial in-
crease in dengue incidence globally, with over 14
million cases reported in 2024, including 7.3 million
confirmed cases, and over 10,000 deaths.’ Dengue

outbreaks negatively impact populations, especially the
most vulnerable, can overwhelm health systems and
severely affect economies,' making an early warning
system (EWS) for outbreaks essential to enable timely
responses.”*

Traditional dengue surveillance systems are generally
passive and rely on the active reporting of suspected cases,
with outbreak definition based on fixed-incidence thresh-
olds. This often results in delays and underreporting,

*Corresponding author. I. Marcilio Centro de Integra¢do de Dados e Conhecimento para Satde, Instituto Gongalo Moniz, Fundag¢do Oswaldo Cruz,
Parque Tecnolégico Edf. Tecnocentro, Rua Mundo 121, sala 315, Salvador, BA 41745-715, Brazil.
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Disclaimer: This summary is available in Portuguese in the Supplementary Material.
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Research in context

Evidence before this study

A significant increase in dengue incidence was observed in
the past decade worldwide, and the disease is now endemic
in more than 100 countries. In this context, an operational
early warning system (EWS) is essential for strategic public
health response. However, integrating an EWS into public
health activities remains challenging. We searched the
PubMed database for original articles published between
January 2000 and December 2024 using the terms “early
warning” AND “surveillance” AND (“dengue” OR “arbovirus”).
Our search identified 194 articles, which were then screened
by title and abstract. We identified studies evaluating the
impact of climate and meteorological variables and other
predictors on dengue incidence, epidemiological analysis of
past outbreaks, studies on mosquito data and on methods
for forecasting incidence and importation. Notably, our query
retrieved only five studies focusing on the application of an
EWS based on real case data, all conducted in Latin America
and Southeast Asia, and all including climate and
meteorological variables as predictors. However, we could
not find studies using administrative data integrated into an
automated EWS, despite the WHO research prioritization
highlighting the importance of multidisciplinary data
integration for improving epidemic detection.

Added value of this study
We report the development and implementation of an EWS
for dengue outbreaks based on routinely collected

hence limiting early outbreak detection.” Despite advances
in dengue EWS, their integration into routine surveillance
remains challenging. Key reasons for this include the
complexity of models requiring highly skilled personnel,
and the need for readily available data at spatial and
temporal scales compatible with EWS analysis, such as
climate, meteorological, and mosquito data.*™

Conversely, routinely collected administrative data
offers a practical and affordable approach to syndromic
surveillance. This approach improves timeliness and
sensitivity by leveraging information readily available
before laboratory confirmation," enabling more effi-
cient resource allocation.'” Moreover, the use of elec-
tronic health records facilitates implementing digital
EWS based on routinely collected data, further
addressing the timeliness and cost-effectiveness of
surveillance systems, as it exempts the need for addi-
tional data collection efforts."**

In the context of establishing an EWS for dengue
outbreaks, primary health care (PHC) data is particu-
larly relevant. PHC services provide comprehensive
coverage and granular information, often serving as the
first point of contact for patients with health services.
This is especially evident in Brazil, where the Unified
Health System (Sistema Unico de Satide—SUS)

administrative primary health care (PHC) data in Brazil. When
comparing the performance of the PHC-based EWS to the
passive surveillance system currently in practice, based on the
notification of suspected cases by practitioners, we found
that the EWS successfully identified between 76.6% and
85.5% of dengue outbreaks. Notably, it detected up to 69.3%
of outbreaks up to four weeks earlier. Furthermore, the PHC-
based EWS provided broader geographic coverage of
epidemiological surveillance than systems relying on active
case notification, with 95 more municipalities recording
arbovirus-related PHC encounters than those reporting
dengue cases to the surveillance system.

Implications of all the available evidence

Our findings demonstrate that the PHC-based EWS identified
most outbreaks detected by the existing surveillance system
while providing early warnings. This study demonstrates the
feasibility of developing an operational EWS for dengue
outbreaks based on routinely collected PHC administrative
data to enhance the existing surveillance system. These
findings are particularly relevant in the context of
preparedness and response to health emergencies, given that
data collection during an early outbreak phase is time-
consuming, hindering the prompt deployment of
countermeasures.

provides universal, free-at-the-point-of-delivery health
care to the entire population.” Additionally, the effec-
tive management of SUS relies on diverse information
systems, ultimately resulting in a wealth of adminis-
trative health datasets. This allows for the capture of
timely, location-based data that is systematically and
continuously collected, producing a rich source for real-
time analysis. In this study, we evaluate the potential of
an EWS based on syndromic surveillance using PHC
data for the early detection of dengue outbreaks to
enhance the existing dengue surveillance system in
Brazil.

Methods

Study design

This was a retrospective, nationwide case study for
assessing the capabilities of a PHC-based EWS to
enhance the existing dengue surveillance system in
Brazil. To this end, we evaluated the performance of an
early warning system based on Brazil’s National Infor-
mation System on PHC (SISAB) in terms of timeliness,
sensitivity and positive predictive value (PPV) when
compared to the existing epidemiological surveillance
system. Data were collected from October 1, 2022, to
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March 1, 2024, and analyses were aggregated by
epidemiological week and municipality.

Local setting and data sources

Brazil has approximately 212.6 million people, living in
5570 municipalities.’® We analyzed data from the Bra-
zilian Unified Health System (SUS), one of the largest
public health systems globally, providing comprehen-
sive healthcare to the entire population.”

Data for PHC encounters were extracted from SISAB,
a database that registers data on all publicly funded PHC
encounters in Brazil, coded by either the International
Classification of Diseases (ICD-10) or the International
Classification of Primary Care (ICPC-2). We compiled a
list of ICD-10/ICPC-2 codes (refer to Supplementary
Material) to extract weekly counts of arbovirus-related
PHC encounters, per municipality. Since the diag-
nostic code for the reason of encounter at the PHC is
usually based on symptoms and signs before laboratory
results, we opted to maximize sensitivity by including
codes for arbovirus diseases with dengue-like symptoms
commonly occurring in Brazil (dengue, Zika, chi-
kungunya, and, more recently, Oropouche fever)."”

The existing Brazilian dengue surveillance system is
reportedly one of the most comprehensive surveillance
systems worldwide and has been largely used to
describe the epidemiology of dengue.’®' Reporting of
all suspected dengue cases is mandatory in Brazil, and
data is compiled in the National Information System on
Notifiable Diseases (SINAN). A suspected dengue case
is defined as acute fever (2-7 days) and two or more of
the following: nausea or vomiting, rash, headache or
retro-orbital pain, myalgia or arthralgia, petechiae or
positive tourniquet test or leukopenia. A probable case
is defined as any suspected case with a positive labo-
ratory test (either serological or RT-PCR) or an epide-
miological link to a confirmed case.” The Ministry of
Health (MoH) provides an openly available, non-
identified SINAN database of all reported probable
cases. We extracted data on probable dengue cases from
SINAN on March 6th, 2025.

Early warning and outbreak detection
The EWS was developed using the Early Aberration
Reporting System (EARS), a widely used statistical
method for detecting early signals of health events,
such as outbreaks, in time series data.”*' EARS is based
on the cumulative sum (CUSUM) method, which
computes a moving average over a baseline window to
detect small changes in a time series.” In this study, we
employed two EARS variations: EARS-C1 and EARS-
C2, which differ in how they select the weeks used to
calculate the average, variance, and standard deviation.
The mathematical formulation of both methods is
detailed in the Supplementary Material.

The EARS is particularly suitable to operate with
very short time series as a baseline.”” This feature
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provided a unique opportunity to our work, since the
disruptions caused by the COVID-19 pandemic highly
affected the stability of the PHC time series in Brazil.”?
We applied the EARS-C1 and EARS-C2 methods to
PHC time series to establish thresholds for early
warning of arbovirus outbreaks.” A warning is trig-
gered when the observed number of arbovirus-related
encounters in the week under analysis exceeds the
quantile threshold (1-a) of the expected value. To
evaluate the models, we used a moving window base-
line of 8-week and a 12-week and examined three
different quantile thresholds, corresponding to «
values of 0.001, 0.05, and 0.10 to assess the best bal-
ance between sensitivity, PPV, and timeliness (see
Supplementary Material).

We compared the PHC-based warnings to dengue
outbreaks detected in the SINAN time series. To
determine the starting point of outbreaks in the SINAN
time series, we relied on the fixed-incidence thresholds
of 100 per 100,000 inhabitants (lower risk) and 300 per
100,000 inhabitants (higher risk), as adopted by the
Brazilian MoH.* To calculate incidence, we considered
the cumulative incidence in an 8-week rolling window.
The end of the outbreak was established when the cu-
mulative incidence in the rolling window fell below the
fixed-incidence threshold. Additionally, we conducted
the analysis stratified by population size of municipal-
ities, categorized as small (up to 50,000 inhabitants),
medium (50,000 to 100,000 inhabitants), or large (over
100,000 inhabitants).

Performance evaluation
We evaluated the performance of the early warning
system by assessing timeliness, sensitivity, and PPV.>*
We defined timeliness as the time interval (in
weeks) between a warning detected in the PHC time
series and the fixed-incidence outbreak established in
the SINAN time series. We restrained the evaluation of
timeliness to PHC-based warnings associated with
outbreaks. A PHC-based warning was considered
associated with an outbreak if it was triggered in any
week during the outbreak or within a window of 4
weeks of its occurrence. PHC-based warnings occurring
outside this window were disregarded due to the un-
certainty of being part of the same outbreak event.
Sensitivity was represented by the proportion of
dengue outbreaks in the SINAN time series that were
caught by the PHC-based warnings. It was estimated by
dividing the number of dengue outbreaks caught by the
PHC-based warnings by the total number of dengue
outbreaks.”” The PPV was represented by the percent-
age of PHC-based warnings associated with dengue
outbreaks. We estimated PPV by dividing the number
of PHC-based warnings associated with dengue
outbreak in the SINAN time series by the total number
of PHC-based warnings.”” A high PPV indicates that
most PHC-based warnings were issued when a SINAN
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outbreak was indeed occurring, thereby minimizing the
issuance of false positives.”” Inconsistent warnings, i.e.,
warnings that were not supported by additional warn-
ings for at least two consecutive weeks were regarded as
false positives and included in the performance analysis
as such.

All analyses were performed using R (version 4.0.5)
and the surveillance package, version 1.20.0.*"%

Research ethics

The study is based on secondary, aggregated, non-
identified data, and was approved by the Ethical Review
Board of Oswaldo Cruz Foundation-Instituto Gongalo
Moniz, Fiocruz Bahia, CAAE 61444122.0.0000.0040. All
study procedures followed the ethical standards for
research involving human beings, defined by resolution
466/2012 of the Brazilian National Health Council. The
ethics committee granted a waiver for the need to obtain
informed consent for data collection as the study was
based on an aggregated database consisting of the
number of encounters, per epidemiological week, per
municipality, and per diagnostic code, with no infor-
mation at the individual level.

Role of the funding source

The funders did not interfere in the study design, data
collection, analysis, interpretation or decision to submit
the manuscript for publication.

Results

We identified 2.8 million arbovirus-related PHC en-
counters (median = 43 encounters per week; Inter-
quartile Range [IQR] = 11-199 encounters per week)
and 2.7 million probable dengue reported cases (me-
dian = 37 encounters per week; IQR = 7-203 encoun-
ters per week) between October 1, 2022, and March 1,
2024. Both time series exhibited a markedly seasonal
pattern, with numbers increasing in the initial epide-
miological weeks of each year (Supplementary
Figure S1-A). In the corresponding months in 2024,
case numbers significantly exceeded those of previous
years (Supplementary Figure S1-A). Arbovirus-related
PHC encounters, and probable dengue reported cases
were extensively distributed across Brazil: 5364 munici-
palities (96.3% of all 5570) recorded arbovirus-related
PHC encounters, while 5269 (94.6%) reported dengue
cases to SINAN (Supplementary Table S1). Only 75
(1.3%) municipalities had neither arbovirus-related PHC
encounters nor probable dengue cases reported in the
study period. All were small (<50,000 inhabitants), with
most (60 of 75) located in the subtropical South region
(Supplementary Tables S1 and S2).

We observed little variation in performance metrics
when comparing the EARS C1 and C2 variations, the 8-
week and 12-week baselines, and the different a-values
(Table 1 and Supplementary Table S4). Overall, the C1

variation showed higher sensitivity than the C2 varia-
tion, while the C2 variation demonstrated a higher PPV.
The findings reported in the following text are based on
EARS-C2 with a 12-week baseline and alpha value of
0.001, reflecting our priority to minimize false positive
rates. The PPV ranged from 34.4% to 38.3% when us-
ing the 100/100,000 incidence threshold for outbreaks,
with higher values registered in large municipalities.
The sensitivity ranged from 75.0% in small munici-
palities to 90.0% in large municipalities when applying
the 100/100,000 incidence threshold (Table 1).

PHC-based warnings were more broadly distributed
geographically when compared to outbreak detection
using the SINAN time series (Fig. 1). In 5133 (92.2%)
municipalities, at least one PHC-based warning was
detected, whereas an outbreak based on the SINAN
time series was detected in 3183 (57.1%) municipalities
(Supplementary Table S3). Conversely, 374 (6.7%)
municipalities, all with a population size of up to 50,000
inhabitants and mainly located in the South and
Northeast regions, presented no PHC-based warnings
or SINAN outbreaks (Fig. 1).

When assessing the timeliness of the PHC-based
warning system, we found that consistent warnings
anticipated 48.5%, and 68.4% of outbreaks identified in
the SINAN time series (Fig. 2). Overall, the proportion
of timely warnings was higher among medium and
larger municipalities (Fig. 2). When using the incidence
of 100 cases per 100,000 inhabitants, PHC-based
warnings anticipated approximately 60.0% of SINAN
outbreaks in large municipalities (over 100,000 in-
habitants) (Fig. 2A), and when using the incidence of
300/100,000 inhabitants 80.0% of SINAN outbreaks
could be anticipated (Fig. 2B). Supplementary
Figures S1-B, C, and D show results of the EWS for
representative municipalities of small, medium, and
large sizes.

Discussion
This study used PHC administrative data to develop an
EWS for dengue outbreaks in Brazil. We found that the
PHC-based EWS successfully identified between 76.0%
and 85.5% of dengue outbreaks detected by the SINAN-
based surveillance system currently in practice.
Notably, it detected up to 69.3% of outbreaks up to four
weeks earlier. Early detection was particularly effective
in larger municipalities, with dengue incidence timeli-
ness of approximately 70.0% for a fixed incidence
threshold of 100 per 100,000 inhabitants, and 90.0% for
300 cases per 100,000. These results underscore the
critical role of PHC administrative data in strength-
ening complementary surveillance systems and
enabling a timely outbreak response.

Importantly, the PHC-based EWS provided broader
coverage of epidemiological surveillance than systems
relying solely on active case notification. Our analysis
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Baseline EARS-C1 EARS-C2
8-week (number of 12-week (number of 8-week (number of 12-week (number of
outbreaks = 5463) outbreaks = 5432) outbreaks = 5463) outbreaks = 5391)
Alpha value (a) 0.001 0.05 0.10 0.001 0.05 0.10 0.001 0.05 0.10 0.001 0.05 0.10
Overall municipalities (n = 5570)
Sensitivity (%) 77.6 84.2 85.5 76.0 82.8 84.1 787 83.9 85.1 76.6 817 82.9
Timeliness (%) 56.6 65.9 69.3 57.3 65.7 67.8 58.1 66.0 68.6 57.2 65.2 67.2
PPV (%) 335 317 30.8 357 33.2 326 343 315 305 36.5 335 329
Small municipalities (n = 4910)
Sensitivity (%) 76.5 83.0 84.4 74.7 81.6 82.9 772 82.6 83.9 75.0 80.4 81.7
Timeliness (%) 55.1 64.0 67.4 56.1 64.1 66.1 56.6 63.8 66.6 55.8 63.4 65.3
PPV (%) 336 322 315 35.6 337 33.2 345 321 312 36.5 33.9 334
Medium municipalities (n = 334)
Sensitivity (%) 82.8 92.4 93.3 82.0 91.2 91.8 86.9 923 93.0 85.9 90.0 90.3
Timeliness (%) 64.1 783 79.8 62.6 74.6 76.7 67.2 79.5 81.2 66.1 76.0 78.4
PPV (%) 304 26.1 24.5 33.9 28.8 274 30.9 25.7 24.0 344 29.1 28.1
Large municipalities (n = 316)
Sensitivity (%) 87.2 92.6 93.8 883 91.8 93.1 91.7 93.9 94.4 90.0 92.7 93.4
Timeliness (%) 69.6 79.2 84.2 67.7 79.0 80.9 70.0 81.6 83.0 67.8 77.5 81.1
PPV (%) 34.8 30.1 283 383 316 29.6 35.1 29.4 27.5 383 323 30.7
Performance was evaluated based on outbreaks detected in the SINAN time series using a 100/100,000 fixed-incidence threshold. Small municipalities: <50,000
inhabitants; Medium municipalities: 50,000-100,000 inhabitants; Large municipalities: >100,000 inhabitants. Timeliness refers to a warning being triggered from four
weeks prior to the same week the outbreak is detected, and PPV refers to the percentage of warnings associated with outbreaks. The bold values in the table indicate the
best performance for each metric. EARS, Early Aberration Reporting System. PHC, Primary Health Care. PPV, Positive Predictive Value. SINAN, National Information
System on Notifiable Diseases.
Table 1: Distribution of performance estimates for the PHC-based early warning system using C1 and C2 variations of the Early Aberration Reporting
System, across different baseline and alpha value settings.

Fixed threshold: 0.001 b Fixed threshold: 0.003
0° 0
10°S 1 10° -
20°5 20°S
30°5 305 4
70°W  B0°W  50°W  40°W  30°W 70°W  B0°W  50°W  40°W  30°W

. PHC-based warning only . SINAN outbreak only Both

Fig. 1: Distribution of PHC-based warnings (EARS-C2 with a 12-week baseline and an alpha value of 0.001) and SINAN outbreak
detection based on fixed thresholds of: a) 100 cases per 100,000 inhabitants; and b) 300 cases per 100,000 inhabitants. The color red
indicates municipalities that presented PHC-based warnings only (a) n = 2076; b) n = 2956); charcoal blue indicates municipalities with SINAN
outbreaks only (a) n = 126; b) n = 63); yellow represents municipalities presenting both (a) n = 3057; b) n = 2177); and white represents
municipalities without PHC-based warnings or detected SINAN outbreaks (a) n = 311; b) n = 374). EARS, Early Aberration Reporting System.
PHC, Primary Health Care. SINAN, National Information System on Notifiable Diseases.
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Overall  Small  Medium  Large
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PHC-based warning [l 1 to 4 weeks early

0to 1 week after [l >1 weeks after

100% -

80%

60%-

40%-

20% 193 199

y

ol 87 9.3 & -
Overall  Small  Medium  Large

Population size

Missed outbreak

Fig. 2: Distribution of PHC-based warnings (EARS-C2 with a 12-week baseline and an alpha value of 0.001) associated with SINAN outbreaks
according to the time interval between the warning and the outbreak detection, and municipality population size. Outbreak detection in the
SINAN time series was based on: a) a fixed-incidence threshold of 100/100,000 (n = 2361 municipalities); and b) a fixed-incidence threshold
of 300/100,000 (n = 1583 municipalities). Small municipalities: <50,000 inhabitants; Medium municipalities: 50,000 to 100,000 inhabitants;
Large municipalities: >100,000 inhabitants. EARS, Early Aberration Reporting System. PHC, Primary Health Care. SINAN, National Infor-

mation System on Notifiable Diseases.

revealed that 95 additional municipalities recorded
arbovirus-related PHC encounters than those reporting
dengue cases to SINAN, with warnings being triggered
across a wider range of geographical areas particularly
in the South, Northeast and North regions. This wider
reach not only highlights the potential of PHC-based
data in capturing early warning signals but also un-
derscores its ability to complement existing surveillance
systems, particularly in regions with limited active case
notification. Furthermore, the mandatory nature of
administrative data—such as registering health services
for accountability—ensures the maintenance of a high-
quality, updated database.”® Thus, EWS based on
administrative data offers substantial advantages over
those relying exclusively on case notifications.

Passive surveillance data have proven effective in
detecting long-term trends,” but capturing the magni-
tude of an epidemic within a short period remains a
challenge due to delays in notification schedules, which
can undermine the effectiveness of the EWS.**
Correction techniques to adjust for these delays are
commonly employed in passive surveillance data.”” In
Brazil for these techniques, when applied within a
flexible statistical modeling framework, enable now-
casting of the observed data.”*° Additionally, partici-
patory surveillance based on mobile devices was tested
in the country as an option to booster passive surveil-
lance results.”” Underreporting is another recognized

challenge in passive surveillance systems, with esti-
mates ranging from 9 to 21 actual cases for every re-
ported case.”"” In our study, there were more cities
reporting arbovirus-related PHC encounters than
dengue cases to the surveillance system. A small frac-
tion of cities reported neither, with most of them (80%)
concentrated in the subtropical South region, where
endemic dengue virus circulation has only recently
been observed.? Underreporting may be associated with
limitations in human resources and infrastructure,
such as low computational capacity and unstable
internet connections.”” Our study presents an alterna-
tive approach by utilizing PHC administrative data,
which is routinely collected on a national scale, offering
a more immediate and robust solution for outbreak
detection.

Our findings align with those of Ledien et al.,*> who
tested different EWS approaches in Cambodia using
case reports, including the EARS algorithm. Their study
highlighted the effectiveness of a Bayesian approach,
though it did not assess the timeliness of outbreak
detection. The authors emphasized that the ease of
interpreting results and cost-effectiveness stand out as
essential features for the adoption of these systems by
decision-makers.”” Similarly, a systematic review on
modeling tools for dengue risk mapping concluded
that, although advancing on complex modeling meth-
odology improved data analysis and visualization, the
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majority of studies were based on retrospective data and
the limited availability of resources and data quality
affects the applicability of these tools for EWS in real
settings.’ In this context, the EARS algorithm proves
particularly valuable, as it requires minimal data—only
three time points for analysis—and relies solely on the
event under surveillance as an independent variable. In
our study, its application to routinely collected PHC
administrative data enhances its utility, offering a
scalable and easily interpretable solution for outbreak
detection.

In our study, smaller municipalities showed lower
performance than medium- and large-sized munici-
palities. Since dengue outbreaks exhibit spatial and
temporal correlation and are heavily influenced by hu-
man mobility,”* outbreak situations in smaller settings
could be informed by EWS results from the nearest
medium or large size municipality, or from its imme-
diate geographic region. These regions comprise
groups of nearby municipalities forming an urban
network based on dependency relationships and popu-
lation movement for goods and services.* Leveraging
regional signals offers a simple, effective approach to
overcome the challenges in implementing the EWS in
smaller municipalities.

The inclusion of climate, meteorological and ento-
mological variables for the development of EWS is
commonly reported in the literature.*** However, reg-
ular access to consistent and updated meteorological
data with spatial scale compatible with EWS analysis is
a challenging issue in many settings, particularly in
low- and middle-income countries (LMIC),”***” and
entomological surveillance data is often scarce.” This
limits the use of these EWS integrated into routine
surveillance.”” For instance, an EWS in Mexico using
active case notification and climatological data achieved
higher standards than the numbers presented here
(100% sensibility, and 83% positive predictive value).
However, the performance evaluation was limited to 9
out of 137 endemic regions, because the necessary
complete set of variables was only available for those
regions.*

Two recent reviews on EWS for dengue outbreaks
found that most studies included multiple variables—
such as climate, meteorological and entomological
variables—integrated into the EWS.** Hussain-
Alkhateeb et al.® found 28 studies, with 24 of them
using at least one meteorological variable. The studies
reported a range of sensitivity between 40% and 100%,
an interval that includes the results we presented here.
However, only five of the studies reviewed showed the
feasibility of being integrated into existing surveillance
systems, and almost all presented tools requiring highly
skilled users. The authors concluded that most EWS
remain in the academic field, and there is a need for
more pragmatic and context-adapted EWS tools to
support the global health agenda for outbreak control.®

www.thelancet.com Vol 48 August, 2025

Baharom et al. retrieved 17 studies, 15 of them
including meteorological variables into the EWS.
Similarly, the reported sensitivity ranges from 50% to
100%, an interval that includes the results we show
here.” The authors did not report on the implementa-
tion of the EWS in real-case scenarios.

In our study, we tested EARS C1 and C2 variations
with different parameterizations and baseline periods
of 8 and 12 weeks. All analyses yielded similar results,
with minimal variation in performance metrics. These
findings represent the average across municipalities,
and the best-performing configuration overall may not
be optimal for each municipality. Therefore, given our
goal of proposing a practical, easy-to-implement EWS
algorithm, we prioritized usability over identifying a
universal best model. Furthermore, it is important to
highlight that the optimum trade-off between sensi-
tivity, PPV and timeliness depends more on the public
health strategy adopted by authorities than on statistical
measures.

The EARS algorithm is especially suited for situa-
tions with limited historical data, requiring as few as
three time points for threshold setting.” However, this
flexibility comes at the cost of controlling for season-
ality, which can lead to alarms being triggered during
seasonal peaks. Methods that adjust for seasonality tend
to achieve higher PPV, although usually depending on
longer, stable time series.*® Among them, the widely
used improved Farrington algorithm.” In our scenario,
disruptions caused by the COVID-19 pandemic signif-
icantly affected the stability of the PHC time series,
hindering the feasibility of methods requiring longer
baseline data.”” Our findings show an overall PPV
ranging from 30.5% to 36.5%, implying a considerable
proportion of false alarms. These results align with the
work by Nekorchuk et al.,”” who reported a moderate
early detection rate (43%-87%) and a low true positive
rate (25%—40%) when applying EARS variations to real
malaria surveillance data.® Their study found the
improved Farrington algorithm to be most effective, as
it achieved the best trade-off on maximizing both
sensitivity (>70%) and specificity (>70%). Bédubourg &
Le Strat,”® compared 21 early warning methods using
simulated data, concluding that no single method ach-
ieved outbreak detection performance sufficient for
reliable large-scale surveillance.” In line with this, in
this study we present the feasibility of establishing a
PHC-based EWS as a complementary system to
enhance dengue surveillance.

Dengue and other emerging arboviruses represent a
major public health issue, and increasing EWS capac-
ities is crucial for timely clinical preparations and vector
control,”” reducing the negative impacts of the disease
on vulnerable populations,* and the economy.' In this
context, the feasibility of technology transfer and cost-
effectiveness should be considered as necessary fea-
tures of novel surveillance tools. With the global rise of



Articles

dengue cases each year, and the environmental suit-
ability for dengue transmission and risk of importation
reaching different continents,”**' predictive modeling
research should address the perspective of implement-
ing EWS within public health surveillance programs. In
this context, syndromic surveillance at the PHC level
emerges as an inclusive and scalable approach, partic-
ularly in resource-limited regions. Using routinely
collected administrative data, such as PHC data, avoids
the need for dedicated personnel or infrastructure. This
is notably beneficial in Brazil, with its universal
healthcare system, which provides granular coverage
across all country, and its nationwide information
systems.*

Additionally, the EWS presented in this study is part
of the broader AESOP initiative,"* which relies on open
source tools codes to provide for a feasible and readily
accomplished embedding process within the surveil-
lance routine. This approach ensured a successful
collaboration between the AESOP initiative and the
MoH surveillance team, which ultimately led to the
inclusion of the PHC-based EWS in the MoH’s Na-
tional Plan for Reducing Dengue and Other
Arboviruses.*

Our study has some limitations. First, the PHC
database includes only encounters from publicly fun-
ded healthcare facilities, which account for approxi-
mately 75% of health assistance in Brazil.* Outbreaks
emerging among the wealthier stratum of the popu-
lation may reduce the timeliness and sensitivity of the
EWS. Additionally, we acknowledge that dengue cases
remain underrepresented, as a substantial proportion
of infections are asymptomatic or present with mild,
flu-like symptoms, often resulting in patients not
seeking health care.*** Therefore, underreporting
persists, and may affect the EWS performance. Sec-
ond, the system’s performance was lower in smaller
municipalities—likely due to limited health and tech-
nological infrastructure. Addressing these regional
disparities to strengthen surveillance is critical to
ensuring equitable detection capacity and control of
dengue epidemics.

Conclusions

This study demonstrates the feasibility of enhancing
dengue surveillance in Brazil by integrating PHC
administrative data into an EWS. The PHC-based EWS
successfully identified most outbreaks detected by the
existing surveillance system while providing warnings
up to four weeks in advance. Its reliance on routinely
collected data enables broader geographic coverage,
reaching regions with limited human resources and
infrastructure. Additionally, its automated feature and
reliability on open source tools and codes enhances
scalability, which is crucial for preparedness and
response to health emergencies, given that data collec-
tion during an early outbreak phase is time-consuming.

Integrating the PHC-based EWS approach to comple-
ment the established passive notification system will
likely leverage the strengths of both approaches,
improving early detection and accuracy. Furthermore,
our findings align with global health priorities of
improving epidemic detection using digital surveillance
through multidisciplinary data integration for effective
deployment of response measures.
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