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Time Series Methods in
Epidemiological Studies of Dengue
in Brazil: A Scoping Review

Métodos de Séries Temporais em Estudos Epidemiolégicos da Dengue no Brasil: Uma Revisao de Escopo
Métodos de Series Temporales en Estudios Epidemiologicos del Dengue en Brasil: Una Revision de Alcance

RESUMO

Objetivo: No Brasil, a dengue deixou de ser um problema sazonal e passou a representar um desafio complexo
de salde publica, com surtos dificeis de prever pelos métodos tradicionais. Em 2024, o recorde de casos e 0s im-
pactos da pandemia de COVID-19 evidenciaram limitacoes nos registros e na vigilancia epidemiologica. Método:
Este estudo mapeou a producao cientifica brasileira (2020-2025) sobre métodos de séries temporais, por meio
de uma revisao de escopo baseada nas diretrizes JBI e PRISMA-ScR, analisando 32 artigos de bases como Pub-
Med, Scopus, LILACS e SciELO. Resultados: Observou-se que, embora modelos modernos como LSTM estejam em
crescimento, predominam meétodos classicos, como Prais-Winsten e ARIMA/SARIMA, devido a sua aplicabilidade
pratica. A principal limitagao identificada foi a baixa qualidade dos dados do SINAN. Conclusao: Conclui-se que
avancos dependem da integracao de modelos robustos com dados mais confiaveis.

DESCRITORES: Brasil; Dengue; Revisao de Escopo; Séries Temporais; Vigilancia Epidemiolégica.

ABSTRACT

Objective: In Brazil, dengue has shifted from a seasonal issue to a complex public health challenge, with outbre-
aks that are difficult to predict using traditional methods. In 2024, record case numbers and the impacts of the
COVID-19 pandemic highlighted limitations in epidemiological surveillance and data quality. Methods: This study
mapped Brazilian scientific production (2020-2025) on time series methods through a scoping review based on
JBl and PRISMA-ScR guidelines, analyzing 32 articles from databases such as PubMed, Scopus, LILACS, and SciE-
LO. Results: Although modern models like LSTM are gaining ground, classical methods such as Prais-Winsten and
ARIMA/SARIMA still predominate due to their practical applicability. The main limitation identified was the poor
quality of SINAN data. Conclusion: Progress depends on integrating robust models with more reliable data.
DESCRIPTORS: Brazil; Dengue; Scoping Review; Time Series; Epidemiological Surveillance.

RESUMEN

Objetivo: En Brasil, el dengue ha dejado de ser un problema estacional y se ha convertido en un desafio complejo
de salud publica, con brotes dificiles de predecir mediante métodos tradicionales. En 2024, el nimero récord de
casos v los impactos de la pandemia de COVID-19 evidenciaron limitaciones en la vigilancia epidemiologica y en la
calidad de los datos. Método: Este estudio analizd la produccion cientifica brasilefia (2020-2025) sobre métodos
de series temporales mediante una revision de alcance basada en las directrices JBI y PRISMA-ScR, evaluando
32 articulos de bases como PubMed, Scopus, LILACS v SciELO. Resultados: Aunque los modelos modernos como
LSTM estan en crecimiento, predominan los métodos clasicos como Prais-Winsten y ARIMA/SARIMA debido a su
aplicabilidad practica. La principal limitacion identificada fue la baja calidad de los datos del SINAN. Conclusién: Se
concluye que el avance depende de integrar modelos mas robustos con datos mas confiables.

DESCRIPTORES: Brasil; Dengue; Revision de alcance; Series temporales; Vigilancia epidemiologica.
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or several decades, dengue has
Fbeen one of the main public

health problems in Brazil. The
disease is associated with a high bur-
den of morbidity, significant socio-
economic impact, and recurring major
epidemics. It is a widely distributed
arbovirus infection throughout the
country, whose transmission is sus-
tained by the widespread presence of
the Aedes aegypti vector, favored by
tropical climatic conditions, haphaz-
ard urbanization processes, and his-
torical socio-environmental inequali-
ties("?) . In recent decades, the country
has experienced successive epidemic
cycles , with a marked increase in the
number of reported cases, hospitaliza-
tions, and deaths, underscoring the
centrality of dengue on the epidemio-
logical surveillance agenda® .

From an cpidemiological per-
spective, the occurrence of dengue
epidemic peaks in Brazil is strong-
ly associated with periods of higher
temperatures and precipitation. The
simultaneous circulation of different
viral serotypes, partial immunity in
the population, and climatic variabili-
ty also contribute to the complexity of
transmission dynamics. According to
Teixeira et al.?, these factors produce
nonlinear temporal patterns, in which
successive observations exhibit serial
dependence—a key characteristic of
epidemiological time series.

Dengue surveillance in Brazil relies
primarily on data from health infor-
mation systems, particularly the No-

Integrative Review

Ramalho NC, Depole BF

Contributions of Occupational Therapy to Functionality and Quality of Life in Adults with Chronic Pain

Junior Pereira de Melo

Bachelor of Pharmacy from UNINASSAU. Specia-
listin Clinical and Hospital Pharmacy.
ORCID: https:/orcid.org/0009-0003-3818-110X

Rogean Vinicus Santos Soares

Public Health Biologist. PhD Candidate in Collec-
tive Health at the Federal University of Rio de Ja-

tifiable Discases Information System
(SINAN), which organizes records
into weekly, monthly, or annual time
series. These records constitute the
primary empirical basis for epidemi-
ological analyses, supporting disease
monitoring, the identification of
trends, and the evaluation of control
strategies!) .

However, the analytical explora-
tion of these data requires statistical
methods capable of adequately han-
dling autocorrelation, seasonality,
and noise—elements inherent to time
series. Although essential for epide-
miological surveillance, SINAN is a
passive reporting system, subject to
underreporting and delays in data en-
try—limitations that were particular-
ly pronounced during the COVID-19
pandemic® .

Historically, a significant portion
of studies on dengue in Brazil have
used simple descriptive approaches or
classical linear regression models to
analyze temporal trends. As discussed
by Antunes and Cardoso® , this type
of approach, while useful in explor-
atory analyses, has significant limita-
tions when applied to time-dependent
data, primarily due to a violation of
the assumption of independence be-
Consequently,
interpretations based exclusively on

tween observations.

these methods may produce inaccu-
rate estimates and biased conclusions
regarding the evolution of the disease.

In recent decades, the epidemiolo-
gy of dengue in Brazil has progressive-
ly incorporated specific time-series
analysis methods in response to the
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limitations observed in traditional
descriptive approaches. Models such
as Prais-Winsten regression, Joinpoint
regression, and autoregressive sive in-
tegrated moving average (ARIMA)
models have come to be employed
more systematically to estimate trends,
identify structural changes, and make
short-term forecasts. These approach-
es allow for the explicit incorpora-
tion of the temporal dependence of
the data, providing greater analytical
consistency to epidemiological infer-
ences>9

More recently, the literature has
incorporated spatiotemporal mod-
els and techniques based on machine
learning and deep learning, expanding
the capacity for dengue analysis and
prediction. According to McGough
et al” | Long Short-Term Memory
(LSTM) recurrent neural networks
and ensemble models exhibit greater
sensitivity to nonlinear patterns and
the potential to integrate multiple
sources of information, such as cli-
matic and environmental variables.
Nevertheless, these authors highlight
challenges related to the interpretabil-
ity of the models and the feasibility of
incorporating these approaches into
the routine operations of health sur-
veillance services.

Despite the observed methodolog-
ical advances, recent scientific litera-
ture on the use of time series in dengue
epidemiology in Brazil remains frag-
mented. Studies differ in terms of the
models adopted, the epidemiological
indicators analyzed, the temporal and
spatial scales used, and the recognized
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methodological limitations. This het-
erogencity hinders a comprehensive
understanding of the state of the art
and makes it less clear to systematical-
ly identify gaps and trends in the field,
as evidenced by recent studies includ-

ed in this review.

This diversity of methodological
approaches, combined with the het-
erogeneity of the contexts analyzed,
highlights the need to map the scope
of recent scientific research. Unlike
traditional systematic reviews, this
type of approach allows for the explo-
ration of research fields characterized
by conceptual and methodological di-

versity® .

Nevertheless, the Brazilian litera-
ture still lacks a critical synthesis that
would allow us to understand not only
which methods have been used, but
also in which contexts these models
prove to be most appropriate or lim-
ited. It is also observed that most tem-
poral analyses remain focused on case
incidence, with less attention paid to

outcomes related to disease severity.

methodological  diversity observed
in the literature regarding the use of
time series in dengue epidemiology,
which makes it pertinent to adopt an
approach capable of comprehensively
mapping the methods employed and
the existing gaps® .

The research question was formu-
lated according to the PCC (Popula-
tion, Concept, and Context) acronym,
as recommended by the JBI. The pop-
ulation was defined as epidemiologi-
cal data related to dengue; the con-
cept, as time-series analysis methods;
and the context, as studies conducted
in Brazil. The guiding question of the
review was defined as: “What are the
time-series methods used, the epide-
miological indicators analyzed, and
the methodological limitations in the
scientific literature on dengue in Bra-
zil over the past five years?”

The search strategy was designed to
include the main keywords related to
dengue and time series analysis, com-
bined using the Boolean operators
AND and OR. Searches were con-

Scopus, SciELO, and LILACS/BVS
databases, considering studies pub-
lished between 2020 and 2025 in Por-
tuguese, English, and Spanish, with
open access to the full text. This pe-
riod was chosen because it represents
the most recent phase of incorpora-
tion of predictive techniques and ma-
chine learning-based models into the
national literature. The decision to
include open-access studies aimed to
ensure the reproducibility of the anal-
ysis and methodological transparency.
The searches were conducted in De-
cember 2025, and a complete break-
down of the search strategies used in
cach database is presented in Table 1.
that applied

time-series analysis methods to epi-

Original  studies
demiological data on dengue in Brazil
were considered eligible. Review arti-
cles, methodological studies without
empirical application, editorials, car s
to the editor, dissertations, theses, and
studies that did not present a tempo-
ral analysis of the data or that did not
refer to the Brazilian context were ex-

The lack of recent methodological
syntheses hinders the development of
analytical guidelines for dengue sur-
veillance in Brazil. Thus, the present
study aimed to map and synthesize
the time-series analysis methods em-
ployed in epidemiological studies on
dengue conducted in Brazil and pub-
lished between 2020 and 2025, iden-
tifying the models used, the indicators
analyzed, and their main findings and
limitations.

This scoping review was conducted
in accordance with the methodolog-
ical guidelines proposed by zhe JBI
Manunal for Evidence Synthesis, and
the study report followed the Pre-
ferred Reporting Items for Systematic
Reviews and Meta-Analyses extension
for Scoping Reviews (PRISMA-ScR).
The choice of this methodological
design is based on the conceptual and

20522 saiudecoletiva = 2026; (18) N.111

ducted in the PubMed/MEDLINE,

cluded.

Table 1 - Search strategies used in the databases

Database

Search strategy

PubMed
(MEDLINE)

("Dengue"[Mesh] OR "Dengue"[Title/Abstract] OR "Severe Dengue"[Mesh])
AND
("Time Series"[Title/Abstract] OR "Interrupted Time Series Analysis"[Mesh]
OR "Spatio-Temporal Analysis"[Mesh] OR "Forecasting"[Mesh] OR "Trend
Analysis"[Title/Abstract] OR "Prais-Winsten"[Title/Abstract] OR "ARIMA"[Title/
Abstract] OR "SARIMA"[Title/Abstract] OR "Joinpoint"[Title/Abstract] OR
"Temporal Trends"[Title/Abstract])
AND
("Brazil"[Mesh] OR "Brazil"[Title/Abstract] OR "Brasil"[Title/Abstract])

LILACS /
BVS

(tw:(dengue)) AND (tw:("series temporais" OR "time series" OR "prais-winsten"
OR "joinpoint" OR "arima" OR "sarima" OR "tendencia temporal" OR "analise
de tendencia")) AND (tw:(brasil OR brazil))

SciELO

(Dengue) AND ("Series Temporais" OR "Time Series" OR "Prais-Winsten" OR
"ARIMA" OR "Joinpoint" OR "Tendencia Temporal” OR "Trend Analysis") AND
(Brasil OR Brazil)

Scopus

TITLE-ABS-KEY ( "Dengue")
AND
TITLE-ABS-KEY ( "Time Series" OR "Prais-Winsten" OR "ARIMA" OR "SARIMA"
OR "Joinpoint" OR "Trend Analysis" OR "Forecasting" )
AND
TITLE-ABS-KEY ( "Brazil* OR "Brasil")

Source: Prepared by the author (2025).
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The study selection process was
conducted in stages. First, duplicates
were removed. Next, titles and ab-
stracts were evaluated against the el-
igibility criteria. Potentially relevant
studies were reviewed in full text to
confirm inclusion. All screening and
selection stages were conducted inde-
pendently by two reviewers, and any
disagreements were resolved by con-
Sensus.

Data extraction was performed us-
ing a pre-designed instrument, which
included information on year of pub-
lication, study location, source of
epidemiological data, indicators ana-
lyzed, time-series methods employed,
inclusion of covariates, and the stud-
ies’ main findings. The extracted
data were organized systematically,
enabling a descriptive and analytical
synthesis of the findings.

The synthesis of the results was
conducted in a descriptive and narra-
tive manner, with the studies present-
ed according to previously defined
analytical categories. The absence of
a quality assessment of the selected
studies does not compromise the ob-
jectives of this study, since this scop-
ing review aims to map methods and
address gens, rather than to estimate
effects. The protocol for this review
was previously registered on the Open
Science Framework (OSF) under DOI
10.17605/OSF.IO/7E36X, ensuring
the transparency and reproducibility
of the methodological process.

The database search resulted in the
initial identification of a set of poten-
tially relevant studies. After removing
duplicates and applying the eligibility
criteria, 32 studies were included in
the final synthesis. The selection pro-
cess followed the steps recommended
by PRISMA-ScR and is illustrated in
the flowchart shown in Figure 1.

Regarding the publication period,

there was a progressive increase in the
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number of publications over the an-
alyzed period, with a higher concen-
tration beginning in 2023, indicating
a recent growth in scientific interest
in the use of time-series methods ap-
plied to the epidemiology of dengue
in Brazil during the period under con-
sideration.

Regarding geographic scope, most
studies had a national scope or fo-
cused on specific regions of the coun-
try, particularly the Southeast and
Northeast regions. A smaller number
of studies were conducted at the mu-
nicipal level or in states in the North
and Central-West regions, highlight-
ing inequality in scientific output de-
pending on the territory analyzed.

The

epidemiological indicator was the

most frequently analyzed

number of reported cases, generally
expressed as an incidence rate. Other
indicators, such as hospitalizations,
deaths, and case-fatality rates, were
used on an ad hoc basis, usually in
complementary analyses or in studies
with specific designs. The predomi-
nance of incidence reflects the great-
er availability and standardization of
this indicator in surveillance systems.

Regarding sources of epidemiolog-
ical data, the use of information from
SINAN predominated, either alone
or in combination with other official
databases. Some studies also used sec-
ondary data on hospitalizations and
mortality, although these outcomes
were explored less frequently com-
pared to the incidence of reported
cases.

Figure 1 — PRISMA-ScR Flowchart of the Study Selection Process
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Source: Prepared by the author (2025).
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With regard to time series anal-
ysis methods, the included studies
revealed significant heterogeneity in
approaches,
ing from descriptive trend models

methodological rang-
to predictive techniques based on
machine learning. Descriptive trend
models, such as Prais-Winsten regres-
sion and analyses of interrupted time
series, were widely used, especially in
studies aimed at assessing long-term
trends. Autoregressive models, such
as ARIMA and SARIMA, were also
frequently employed, particularly in
short-term predictive analyses. This
pattern suggests a recent shift in the
national  literature—still  marked
by descriptive approaches—toward
models with a greater predictive fo-
cus.

Some of the studies incorporated
spatiotemporal models, secking to
simultaneously capture the temporal

dependence and spatial heterogene-
ity of dengue transmission. These
approaches were more common in
investigations at the regional or state
level. A current increase was also ob-
served in the use of techniques based
on machine learning and deep learn-
ing, including LSTM- ural networks
and ensemble models, especially in
studies that integrated climatic and
environmental variables.

The incorporation of covariates
into temporal models was reported in
a significant proportion of the stud-
ies. The most frequently used vari-
ables included temperature, precipi-
tation, and environmental indicators,
as well as socioeconomic variables
to a lesser extent. In general, studies
that included covariates reported im-
proved model performance, although
they acknowledged methodological
challenges associated with the selec-

Table 1 - Characterization of the studies included in the scoping review (n = 32)

tion and handling of these variables.

The methodological limitations
most frequently reported by the au-
thors involved problems related to
the quality of epidemiological data,
such as underreporting of cases, de-
lays in reporting, and inconsistencies
in records over time. Limitations re-
lated to the complexity of the models
used were also mentioned, especially
in the case of machine learning-based
approaches, including difficulties in
interpreting the results and increased
computational demands.

A detailed summary of the charac-
teristics of the included studies, the
time-series methods used, and the
main findings of the studies is pre-
sented in Table 1.

AUTHOR(S) / TIME SCALE / EPIDEMIOLOGICAL REPORTED
YEAR VLS SIERIES BIEIA(eI SERIES PERIOD INDICATOR FANEORRISEIANS LIMITATIONS
el @ gl Bayes!an polynomlall Monthly series Jomt m.odellng of the mean and nghl
el regression + stochastic Dengue cases variability of the epidemiological computational
2020 . (2007-2016) . ) .
volatility model (MCMC) time series complexity
Integration of entomological,
Alves et al., Spatio-temporal Bayesian Weekly series Dengue cases by climatic, and socio- Not reported by
20251 model (CAR/INLA) (2015-2018) neighborhood environmental variables for the authors
forecasting
Aradjo et al., | Neural network + Interrupted HISFOFI(.'a| time Assessmgqt @i |mpalct .Of Not reported by
i . . series (2011— Dengue cases urban mobility on transmission
202402 Time Series . . the authors
2020) during the pandemic
Bomfim et | Recurrent neural networks + | Weekly time series | Dengue cases by Use of human mobility data to Not reported by
al., 20203 | ARIMA + mechanistic model (2007-2015) neighborhood improve outbreak forecasting the authors
Castro et al., Spa\f\:iﬁ‘;?ﬁ?gslmn;gtd:llmg Weekly series Dencue cases Identification of spatiotemporal Dteh[:;engaelri]tceoc])cn
202104 ) (2010-2016) g patterns of outbreaks IS GEEey
covariates historical data
S AR, MA, ARIMA, SARIMAX, AL Systematic comparison between | Not reported b
Moraga, RF, SVM, XGBoost, LSTM + | series (Jan 2016— Dengue cases i statistical an[():l ML models the a[:uthors i
2025 ensemble Jan 2024)
Elnei & LSTM with climate variables Weekly series Dengue cases by National forecast integrating Sen5|t|ye to
Moraga, ) ) ; regions with low
6l and spatial effects (2016-2022) state climate and spatial dependence L
2025 connectivity
Conceicao et | Negative binomial regression | Daily time series | Confirmed cases of Assessment of the impact of Underreport!ng
; . o . o and delays in
al., 202117) with seasonality and lags (Jan—Aug 2020) dengue social isolation on transmission reporting
CETTeI5 Joinpoint regression + Weekly series Incidence of Identification of recent trends in | Not reported by
Lemos et al., X ; . . . o
202501 spatiotemporal analysis (2023-2024) arboviral diseases epidemiological spread the authors
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Dfang?fa& ARIMA, ETS, TBATS, STLM, | Monthly series | o . Extensive comparison of alrn;(l)lfrnucsec%f
P g StructTS, NNETAR, MLP (2000-2017) predictive models for dengue . .
2020"°) circulation
Drumond et Fourier series (seasonal Monthly series Probable cases Characterization of seasonality | Not reported by
al.,, 2020 decomposition) (2007-2017) and epidemic persistence the authors

Discontinuity
Figueredo et | Trend-free cross-correlation Weekly series Confirmed cases Association between climate in climate data
al., 2023 (pDCCA) (2017-2021) variables and incidence during the
pandemic
Freitas et al., | Negative binomial Bayesian Weekly series Probable cases Construction of epidemic Not reported by
2025 model with time effects (2022-2025) probability bands the authors
Geraldini et | Linear regression with ARIMA | Monthly series Incidence Effect of temperature and Not reported by
al., 202423 | errors and climate variables (2013-2022) precipitation on the disease the authors
Gomes et al., GAM + DLNM + meta- Daily series Reported cases Modeling of lagged and Regional
202424 analysis (2010-2019) P nonlinear climate effects heterogeneity
Leandro et Prais—Winsten + spatial Annual series Municipal cases Temporal trends associated with | Use of secondary
al., 2022 analysis (2012-2021) P social and environmental factors data
Lietal, LSTM with geospatial big Weekly series Weekly cases en'i/(i)rroeri?nséért];?g;?eh?s‘é\g:::al Not reported by
20228 data (2007-2019) i data the authors
: LSTM with climate variables Weekly series Forecasting system using deep | Reliance on large
(27)

LLplo (Google Earth Engine) (2013-2020) RIS learning and environmental data | volumes of data
Lopes et al., . . Daily time series Dengue Association between Not reported by
202428 s (2010-2019) hospitalizations | temperature and clinical severity the authors
Martins et Joinpoint + spatiotemporal Annual series Incidence Identification of trend shifts and | Not reported by
al., 202012 analysis (2001-2019) clusters the authors
McGough et | Ensemble learning + SVM + Annual series Epidemic vears Early prediction of outbreak e\r/fi)rrlfnballice

al., 20217 HMM (2001-2017) P i years P A
across regions
Monnaka . . -
S Temporal correlation (Google Weekly series Use of digital data as an early Dependence on
& Oliveira, Dengue cases o )
202160 Trends) (2017-2019) indicator search behavior
o Weekly series | Confirmed/ruled-out '
Oliveira et | vy tivariate VAR model | (2013, 2015, and | cases of arboviral Interdependence between Oy i
al., 2020 . dengue, Zika, and chikungunya reporting
2016) diseases
. Longitudinal . .
Pereira ((astZ’ Spatio-temporal analysis series (2007 Incidence Geographic spread of (jengue in | Not reported by
al.,, 2025 2023) southern Brazil the authors
Roster et al., . . Weekly series Estimates of Underreporting Sensitive to data
20244 I gt i St & L (Mar—Apr 2020) SIS EEEEs During the Pandemic quality
Santana et Spatio-temporal Bayesian Annual series . ) . Not reported by
al, 202263 B (2007-2017) Deaths from dengue | Spatial dynamics of mortality the authors
Sebastianelli RECUIEEY
ot al Spatio-temporal ensemble Monthly series Incidence National multimodal predictive performance
2024('3’4) machine learning (2001-2019) system in areas of low
incidence
Silva AAP et ARIMA + GLM + cluster Annual series Dengue cases and Relationship between Not reported by
al., 202265 analysis (2001-2019) vegetation deforestation and incidence the authors
Silva TFG et Terporal trend analvsis Annual series Incidence and case | National temporal trends of the Reliance on
al., 20259 P i (2001-2022) fatality rate disease secondary data
Silva TR et Spearman’s correlation + Annual series Confirmed cases National trend and spatial Potential
al., 202267 spatial analysis (2009-2019) distribution underreporting
Souza et al,, Temporal trend + Weekly series Probable cases Identification of clusters during a Short time frame
202458 spatiotemporal analysis (2024) recent large outbreak
Xavier et al,, ARMAX with climate Monthly series Incidence Integration of climate data via MOﬂTif:j\/itZgigenCV
202169 variables (2007-2016) remote sensing L
monitoring
Source: Prepared by the author based on the studies included in the review (2026).
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Analysis of the studies includ-
ed in this review demonstrates that
different time-series methods have
been employed to address distinct
demands in dengue epidemiological
surveillance, with no evidence of a
single approach capable of addressing
all analytical contexts. As summa-
rized in Table 1, there is a coexistence
of descriptive trend models, spatio-
temporal approaches, and predictive
techniques based on machine learn-
ing, reflecting both the diversity of
analytical objectives and the opera-
tional and institutional limitations of
the Brazilian context.

Although the studies reveal im-
portant methodological advances, this
progress is uneven. Classical methods,
such as Prais-Winsten regression and
Joinpoint regression, remain wide-
ly used in long-term trend analyses,
while more complex models—such
as recurrent neural networks (LSTM)
and ensemble approaches—are con-
centrated in isolated, often explorato-
ry studies, with low methodological
standardization and limited compa-
rability among them.

The persistent prevalence of the
Prais-Winsten method in studies of
temporal trends suggests that oper-
ational factors exert a significant in-
fluence on methodological choice. As
noted in Table 1, this model is par-
ticularly common in analyses based
on annual or long—term time series,
in which the estimation of overall
trends is the primary objective. Its
widespread availability in traditional
statistical soffware and the interpre-
tive clarity of its results contribute
to its recurrent adoption, particular-
ly in the context of routine epidemi-
ological surveillance. According to
Antunes and Cardoso®, these ap-
proaches offer important advantages
for the analysis of temporal trends in
epidemiological data, primarily due
to their simplicity of application and

20526 saidecoletiva = 2026; (18) N.111

interpretive clarity.

In the set of studies analyzed, these
proved particularly
relevant in investigations focused on

characteristics

long-term surveillance and the as-
sessment of external events, such as
changes in reporting patterns during
the COVID-19 pandemic, as dis-
cussed by Conceicio et al.!'” . Nev-
ertheless, the studies themselves indi-
cate that the exclusive application of
these models may be insufficient to
capture the spatial complexity of den-
gue transmission.

In light of the findings reported by
Drumond et al.?® and by Martins et
al.® | the incorporation of the spatial
dimension represents a significant
methodological advance. Spatio-tem-
poral models allow for the identifi-
cation of persistent regional patterns
and areas of higher risk over time,
avoiding overly aggregated interpreta-
tions that tend to mask territorial in-
equalities. This approach has proven
particularly relevant in the Brazilian
context, which is marked by signifi-
cant socio-environmental heteroge-
neity and distinct regional dynamics
of denguc transmission.

Another aspect that stands out in
the results is the recent growth in the
use of predictive models. According
to De Lima and Laporta , autore-
gressive models, such as ARIMA and
SARIMA, continue to be widely used
for short-term forecasts, especially in
scenarios where the interpretability
of parameters is a key requirement. In
contrast, more recent studies indicate
that machine learning-based tech-
niques are better able to capture non-
linear patterns and integrate multiple
data sources .

As discussed by Li et al.?® and
McGough et al.”, LSTM-type neural
networks and ensemble models have
demonstrated superior predictive per-
formance, particularly when climatic
and environmental variables are in-
corporated into the modeling. While
classical models, such as ARIMA and

SARIMA, offer greater transparen-
cy and case of implementation, the
predictive gains observed in LSTM
models are often accompanied by op-
erational challenges that have yet to
be thoroughly discussed in national
studies. The 2024 epidemic partic-
ularly starkly exposed as-yet-under-
explored limitations in the models
reviewed, raising the hypothesis that
approaches calibrated during stable
periods may not adequately capture
extreme epidemiological events.

Although machine learning-based
predictive models have shown supe-
rior performance in several studies,
as summarized in Table 1, their op-
erational applicability in epidemio-
logical surveillance remains limited.
High computational complexity, re-
duced interpretability of results, and
dependence on large volumes of data
constitute significant barriers to the
routine incorporation of these ap-
proaches, especially in municipal con-
texts within the Unified Health Sys-
tem, where analytical infrastructure is
heterogeneous. Few studies discuss in
depth how these gains translate into
operational decisions in the context
of health surveillance.

According to McGough et al. 7,
the reduced interpretability of the re-
sults and the increased computational
demands pose significant challeng-
es to the incorporation of these ap-
proaches into routine health surveil-
lance. This issue becomes even more
evident when considering the context
of the Unified Health System, espe-
cially at the municipal level, where
and the

availability of specialized technical

analytical infrastructure
teams vary widely. Thus, the choice
of models should consider not only
statistical performance but also their
operational feasibility and practical
utility for decision-making.

With regard to the incorporation
of environmental covariates, the in-
cluded studies indicate that integrat-
ing variables such as temperature and
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precipitation tends to enhance the ex-
planatory power of temporal models.
According to Teixeira et al.®, dengue
should be understood as an ecoepi-
demiological phenomenon in which
climatic, environmental, and social
factors interact in complex ways.

Studies that incorporated climat-
ic variables into temporal modeling,
such as those by Xavier et al.®” | Ger-
aldini et al.(®® -and Gomes et al.?¥
, demonstrated that the inclusion of
these factors contributes to a more
realistic representation of dengue dy-
namics. However, these studies also
highlighted significant methodolog-
ical challenges, including multicol-
linearity among environmental vari-
ables and the appropriate definition
of time lags—aspects that require
careful attention in the specification
and interpretation of the models.

Time-series analysis in Brazil re-
mains heavily constrained by the op-
erational characteristics of SINAN,
whose delays in municipal data entry
and fluctuations in coverage limit
the performance of sensitive predic-
tive models. Notably, in this context,
the continued use of methods such
as the Prais-Winsten model suggests
that operational case and widespread
availability in traditional statistical
software still largely dictate the pace
of national scientific output.

According to Santana et al.®¥
underreporting of cases and delays
in updating information systems re-
main structural challenges for dengue
surveillance in Brazil. This observa-
tion aligns directly with the findings
of this review, since such limitations
affect both descriptive analyses and
predictive models, compromising the
reliability of estimates and forecasts.
As pointed out by the Ministry of
Healcth® | strengthening health in-
formation systems is an indispensable
condition for improving epidemio-
logical analyses. Mathematical pre-
cision, however, is hampered by the
poor quality of primary data.

Integrative Review

Ramalho NC, Depole BF

Contributions of Occupational Therapy to Functionality and Quality of Life in Adults with Chronic Pain

Finally, there is a significant gap
in the analysis of outcomes related
to the severity of dengue. According

28 indicators such as

to Lopes et al.
hospitalizations and case fatality rates
are still underutilized in temporal
models, despite their importance for
health services planning. This obser-
vation aligns with the pattern iden-
tified in the studies included in this
review, in which incidence was the
predominant indicator. Expanding
the use of these outcomes in future
analyses may contribute to a more
comprehensive understanding of the
impacts of dengue on the health sys-
tem.
The findings of this review indi-
cate that the choice of time-series
methods should consider not only the
statistical performance of the models
but also their suitability for the tem-
poral scale under analysis, the quality
of available data, and the operational
capacity of surveillance services. The
complementarity among descriptive,
spatiotemporal, and predictive ap-
proaches emerges as a central strategy
for balancing methodological rigor
and practical utility in the context of
dengue epidemiological surveillance
in Brazil. Methodological choices
should consider the objective of the
analysis, the quality of available data,
the spatial and temporal scales, and
the operational capacity of health ser-
vices, in order to balance analytical
rigor and practical applicability in the
Brazilian context.

This scoping review demonstrated
that time-series analysis is a key tool
for understanding the epidemiolog-
ical dynamics of dengue in Brazil.
Recent scientific literature reveals
significant methodological progress,
marked by the expanded use of spa-
tiotemporal models and predictive
approaches, while continuing to ap-
ply traditional descriptive methods
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that are well-established in the field
of epidemiological surveillance.

The findings of this review in-
dicate that no single analytical ap-
proach, on its own, is capable of ad-
dressing the multiple demands of
dengue epidemiological surveillance,
especially in a context marked by ter-
ritorial heterogeneity and structural
limitations of information systems.
Descriptive trend models remain rel-
evant for long—term monitoring and
for the assessment of external events,
spatiotemporal  approaches
contribute to the identification of ter-

while

ritorial inequalities and priority areas
for intervention. In turn, predictive
models, including machine learning-
-based techniques, expand the capac-
ity to anticipate scenarios, although
they pose challenges related to inter-
pretability and operational feasibility.
The discussion of the results also
highlights that methodological ad-
vances cannot be separated from the
quality of available epidemiological
data. Underreporting of cases, delays
in reporting, and inconsistencies in
information systems remain structur-
al limitations that affect both descrip-
tive and predictive analyses. In this
regard, improving health surveillance
systems is an indispensable prereq-
uisite for the effective use of more
robust analytical models within the
context of the Unified Health System.
Another relevant aspect concerns
the predominance of studies focused
on dengue incidence, with limited
exploration of outcomes related to
disease severity, such as hospitaliza-
tions and case fatality rates. The sys-
tematic incorporation of these indica-
tors into temporal models represents
an important opportunity for future
research, especially with regard to re-
source planning and the assessment of
dengue’s impact on health services.
In light of the above, the results
of this review reinforce the need for
methodological choices that consider
not only the statistical performance
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of the models but also their inter-
pretability, applicability,
and suitability for different scales of
The

complementarity between descrip-

practical

epidemiological surveillance.
tive, spatiotemporal, and predictive
approaches emerges as a fundamental
strategy for aligning analytical rigor
with operational utility.

By systematically mapping the

time-series methods

employed in

epidemiological studies on dengue
in Brazil, this study contributes to
the consolidation of methodologi-
cal knowledge in the field of public
health and to the development of
an integrated methodological un-
derstanding of national research on
dengue. It is hoped that the findings
presented here will inform future
resecarch and guide the critical and

context-specific use of analytical

methods in dengue surveillance and
control, thereby strengthening the re-
sponse capacity of health services to
the challenges posed by this arbovi-
rus. The future challenge extends be-
yond refining models to the ability to
translate methodological innovation
into timely responses within the con-
text of epidemiological surveillance.
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