Supplementary Information
An integrated framework for public health laboratory, epidemiological, and territorial data supports a denominator-aware approach to RSV surveillance in Minas Gerais, Brazil
1. Supplementary Methods and Tables
Supplementary Method S1. Analytical dataset construction and positivity denominator definition
Routine respiratory syncytial virus (RSV) testing records generated by Funed/Lacen-MG from 2021 through 2025 were organized into a sample-level analytical dataset. The unit of analysis was the individual laboratory sample tested for RSV, rather than the patient, notification, laboratory request, or source-file row.
Data processing comprised extraction from operational exports; harmonization of RSV result categories; standardization of sample identifiers; identification of outcomes ineligible for positivity denominators; derivation of ISO epidemiological variables; territorial enrichment; and construction of linkage indicators. Centralized configuration files, audit outputs, and reproducibility artifacts maintained traceability from raw exports through intermediate datasets to final analytical tables.
Within GALAXIS, JANUS generated the JANUS Analytical Core (JAC), the standardized, auditable sample-level dataset used as input for descriptive, linkage, territorial and Bayesian analyses. It contained 134,971 records with harmonized RSV outcomes, epidemiological dates and ISO-week variables, territorial attributes, and surveillance-linkage indicators where available.
For temporal analyses, records were restricted to the predefined panel of ISO epidemiological years 2021–2025. This retained 134,730 records; 241 boundary records outside the panel were excluded.
For positivity analyses, samples were classified by harmonized RSV outcome. The valid RSV-tested denominator comprised RSV-detectable and RSV-non-detectable samples. Inconclusive outcomes were excluded from both the numerator and denominator.
Among 134,235 valid RSV-tested samples, 11,713 were RSV-detectable and 122,522 were RSV-non-detectable, yielding an observed positivity of 8.7% (11,713/134,235). This measure is the proportion of valid tested samples with RSV detection; it is not an estimate of population incidence, disease burden, or individual risk.
Age was standardized to years using the recorded age value and age unit; values recorded in months, days, or hours were converted to years before assignment to descriptive or Bayesian age groups. Sex and age-group distributions were summarized for all samples in the ISO-week analytical panel and separately for RSV-detectable samples. Because counts for the ISO-week analytical panel include inconclusive outcomes, Tables S1A and S1B describe the composition of the laboratory-tested sample stream rather than the denominator used to calculate positivity. The positivity denominator remained restricted to RSV-detectable and RSV-non-detectable samples. 
Eight normalized laboratory exports contributed 152,633 source rows. After restriction to records assigned to Minas Gerais, 152,609 rows remained; restriction to the prespecified 2021–2025 source-data window retained 140,207 rows. Deterministic sample-level consolidation removed 5,236 duplicate source rows across 5,077 duplicate groups, producing 134,971 JAC records. Of these, 134,730 were retained in the primary ISO epidemiological-year 2021–2025 panel, while 241 boundary records were excluded. Positivity analyses used 134,235 valid outcomes, comprising 11,713 RSV-detectable and 122,522 RSV-non-detectable samples. The 495 inconclusive outcomes were retained for testing-volume analyses but excluded from the positivity denominator.

Table S1. Flow from the JANUS Analytical Core (JAC) to the RSV positivity denominator.
	Analytical stage
	Records, n
	Interpretation

	JANUS analytical core
	134,971
	Standardized sample-level analytical dataset

	ISO-week analytical panel
	134,730
	Records within ISO epidemiological years 2021–2025

	Boundary records excluded from ISO panel
	241
	Records outside the predefined ISO-year panel

	Valid RSV-tested samples
	134,235
	RSV-detectable plus RSV-non-detectable outcomes included in the positivity denominator

	RSV-detectable samples
	11,713
	Numerator for observed RSV positivity

	RSV-non-detectable samples
	122,522
	Valid non-detectable outcomes included in the denominator

	Overall observed RSV positivity
	8.7%
	11,713/134,235



Footnote: RSV positivity was calculated as RSV-detectable samples divided by valid RSV-tested samples. Inconclusive outcomes were excluded from the positivity denominator. The denominator is laboratory based and does not represent population incidence, disease burden, transmission intensity, or individual risk.
Table S1A. Sex distribution of samples in the ISO-week analytical panel and RSV-detectable samples.
	Status
	Sex
	Samples, n

	ISO-week analytical panel
	Female
	69,806

	ISO-week analytical panel
	Male
	64,839

	ISO-week analytical panel
	Unknown/Other
	85

	RSV-detectable
	Female
	5,596

	RSV-detectable
	Male
	6,114

	RSV-detectable
	Unknown/Other
	3


Footnote: Counts refer to unique samples in the ISO-week analytical panel. Counts for the ISO-week analytical panel include inconclusive outcomes and are presented only to describe the sample distribution; they do not represent the positivity denominator. Positivity analyses used RSV-detectable plus RSV-non-detectable samples, as defined in Supplementary Method S1.

Table S1B. Age-group distribution of samples in the ISO-week analytical panel and RSV-detectable samples.
	Status
	Age group
	Samples, n

	ISO-week analytical panel
	<2 years
	26.819

	ISO-week analytical panel
	2–5 years
	12.196

	ISO-week analytical panel
	6–18 years
	14.072

	ISO-week analytical panel
	19–59 years
	49.258

	ISO-week analytical panel
	≥60 years
	32.385

	RSV-detectable
	<2 years
	8.214

	RSV-detectable
	2–5 years
	1.298

	RSV-detectable
	6–18 years
	405

	RSV-detectable
	19–59 years
	894

	RSV-detectable
	≥60 years
	902


Footnote: Counts refer to unique samples in the ISO-week analytical panel. Counts for the ISO-week analytical panel include inconclusive outcomes and are presented only to describe the sample distribution; they do not represent the positivity denominator. Positivity analyses used RSV-detectable plus RSV-non-detectable samples, as defined in Supplementary Method S1.

Supplementary Method S2. SIVEP-Gripe linkage and surveillance-stream indicators
To add clinical, epidemiological, and surveillance context, records in the ISO-week analytical panel were linked to SIVEP-Gripe notifications. Each laboratory sample was classified as linked to severe acute respiratory infection (SARI) surveillance, influenza-like illness (ILI) surveillance, both streams, or neither under the applied linkage rules.
At the JAC-construction stage, all 134,971 laboratory records had a non-missing normalized laboratory-request identifier; 354 laboratory records shared a requisition identifier with at least one other laboratory record, which did not necessarily indicate duplicate samples. The SARI source contained 392,759 notification rows, of which 99,903 had a valid normalized laboratory-request identifier, representing 98,358 unique linkage keys. Among these, 2,990 candidate rows occurred within 1,445 multiple-candidate key groups, and deterministic resolution excluded 1,545 additional candidate rows. The ILI source contained 64,520 notification rows, of which 62,941 had a valid normalized identifier, representing 62,339 unique linkage keys. Among these, 1,080 candidate rows occurred within 478 multiple-candidate key groups, and 602 additional candidates were excluded through deterministic resolution. Left joins preserved all 134,971 laboratory records. Overall, 890 laboratory records met the composite JANUS conflict-audit flag, which identified records with multiple linkage candidates or inconsistencies in recorded ICU-stay dates; all were retained in the JAC after application of the prespecified resolution and audit rules.
These linkage indicators were not mutually exclusive sampling strata: a sample could match ILI, SARI, or both. Dual-linked records were retained as a separate overlap indicator so that multiple surveillance contexts for the same laboratory sample were not obscured.
For analyses requiring mutually exclusive surveillance-stream categories, samples linked to both SARI and ILI were assigned to the SARI-linked group to avoid double-counting. The resulting mutually exclusive categories were SARI-linked, ILI-linked only, and no identified ILI/SARI linkage.
Linkage status did not alter the laboratory denominator defined in Supplementary Method S1. Linkage counts were calculated within the ISO-week analytical panel, whereas positivity analyses used the valid RSV-tested denominator. Samples with no identified ILI/SARI linkage were retained; this category indicates that no corresponding notification was found under the applied rules, not that the sample lacked clinical relevance.
Overall, 81,818 of 134,730 records (60.7%) were linked to at least one ILI/SARI surveillance stream, whereas 52,912 records (39.3%) had no identified linkage. Linkage accuracy depended on the completeness and consistency of identifiers and notification fields in both systems. Incomplete, inconsistent, duplicated, or non-matching identifiers may therefore have reduced linkage completeness or accuracy.
Table S2. SIVEP-Gripe linkage indicators in the ISO-week analytical panel.
		Linkage indicator
	Records, n
	Interpretation

	SARI-linked
	34,975
	Matched to a SARI surveillance record

	ILI-linked
	48,658
	Matched to an ILI surveillance record

	Linked to both ILI and SARI
	1,815
	Matched to both surveillance streams

	No identified ILI/SARI linkage
	52,912
	No ILI or SARI match identified



	
	



Footnote: Linkage indicators are not mutually exclusive. The 1,815 records linked to both ILI and SARI represent overlap and should not be added as a separate category to the individual ILI-linked and SARI-linked counts. All counts refer to the ISO-week analytical panel; linkage status did not modify the valid RSV positivity denominator.

Supplementary Method S3. Temporal, positivity, and seasonality analyses
Records in the ISO-week analytical panel were aggregated by ISO epidemiological year and week. Weekly testing volume was defined as the number of unique laboratory samples tested for RSV within the ISO-week analytical panel in each epidemiological week, including samples with inconclusive outcomes.
Weekly detections were the number of unique RSV-detectable samples. Weekly positivity was calculated as detections divided by valid RSV-tested samples in the same week; inconclusive outcomes were excluded from the denominator.
A centred 3-week moving average was used to reduce week-to-week variability in positivity. For each year, the count-based peak was defined as the ISO week with the largest number of RSV-detectable samples, and the maximum centred 3-week moving-average positivity was reported as a complementary measure of activity among tested samples.
Complementary descriptive analyses assessed the temporal structure of laboratory-detected RSV activity using aggregated seasonal profiles, circular plots of annual peak weeks, autocorrelation, and seasonal-trend decomposition.

Supplementary Method S3A. Retrospective laboratory-defined epidemic-period methods
Three complementary retrospective methods were applied to four complete July–June surveillance seasons (2021–2022 through 2024–2025). A laboratory-defined epidemic period was assigned only when the method-specific criteria were met.
Method 1 used a 3% positivity threshold. Onset was the first week of the first run of at least two consecutive weeks with weekly positivity ≥3% and offset was the final week of the last qualifying run within the surveillance season. The inclusive interval from onset to offset had to span at least six weeks. The peak was the week of maximum positivity within that interval.
Method 2 applied the Retrospective Slope 10 (RS10) algorithm to a centred 5-week moving average of weekly RSV detections normalized to the maximum within each surveillance season. Onset was the second of two consecutive weeks with a normalized week-to-week slope ≥10 points per week. The peak was the week with the highest observed detection count and offset was the first post-peak week in which the normalized moving average fell below its mean value between onset and peak.
Method 3 applied the ten-fold baseline method (10FB) to a right-aligned 4-week moving average of weekly detections. The baseline was the lowest 4-week moving average observed during ISO weeks 9–17. Onset was the first of two consecutive weeks above 10 times the baseline; offset was the last week above that threshold; and the peak was the week with the maximum moving-average-to-baseline ratio.
These procedures provide retrospective laboratory-based definitions of activity periods and are not direct estimates of population epidemic onset.
Table S3. Annual RSV testing volume and peak metrics.
	ISO epidemiological year
	Laboratory samples tested for RSV, n
	Peak detection-count ISO week
	Maximum centred 3-week moving-average positivity, %

	2021
	19,051
	51
	20.6

	2022
	20,842
	1
	19.8

	2023
	22,647
	11
	27.7

	2024
	30,051
	15
	20.1

	2025
	42,139
	21
	36.0



Footnote: Annual testing-volume counts refer to unique laboratory samples in the ISO-week analytical panel and therefore include inconclusive outcomes. The peak detection-count week is the ISO week with the largest number of RSV-detectable samples; maximum centred 3-week moving-average positivity is the highest value of the centred 3-week moving average of weekly RSV positivity within the year. Positivity calculations used only valid RSV-tested samples, defined as RSV-detectable plus RSV-non-detectable sample.

Supplementary Method S4. Territorial testing intensity and laboratory-detected RSV activity
Territorial analyses aggregated unique laboratory samples tested for RSV within the ISO-week analytical panel and RSV-detectable samples by health macroregion and year. Municipalities were assigned to the official health macroregions of Minas Gerais using territorial reference files. Municipal population estimates for 2024 from the Brazilian Institute of Geography and Statistics (IBGE) were aggregated to the health macroregion level and used as fixed population denominators across all study years.
RSV testing intensity was defined as the number of unique laboratory samples tested for RSV within the ISO-week analytical panel per 100,000 residents in each health macroregion and year; this testing-volume measure included samples with inconclusive outcomes. It measures laboratory testing activity within the submitted sample stream, not positivity, population incidence, disease burden, or individual risk.
Laboratory-detected RSV activity was defined as unique RSV-detectable samples per 100,000 residents in each macroregion and year. Because this indicator depends on testing access, clinical suspicion, referral pathways, and laboratory demand, it should not be interpreted as population incidence or transmission intensity.
Empirical Bayes smoothing was applied to laboratory-detected activity estimates to reduce instability from sparse detections and smaller population denominators. Spatial structure was examined descriptively using Global Moran’s I for testing intensity and Local Indicators of Spatial Association for both testing intensity and laboratory-detected activity. Spatial neighbors were defined using queen contiguity between health macroregion polygons, and spatial weights were row-standardized. Global Moran’s I was evaluated under the randomization assumption using a two-sided test. Local Moran statistics were classified using nominal p ≤ 0.05 and interpreted as exploratory spatial indicators. These outputs describe spatial patterns in the laboratory surveillance process; they are not definitive maps of population risk or transmission.

Table S4. Annual summary of RSV testing intensity by health macroregion, Minas Gerais, Brazil, 2021–2025.
	ISO epidemiological year
	Laboratory samples tested for RSV, n
	Health macroregions, n
	Mean laboratory samples tested for RSV per macroregion, n
	Mean testing intensity per 100,000 residents
	Maximum testing intensity per 100,000 residents

	2021
	19,051
	14
	1,360.8
	78.8
	158.7

	2022
	20,842
	14
	1,488.7
	89.5
	158.4

	2023
	22,647
	14
	1,617.6
	86.6
	177.6

	2024
	30,051
	14
	2,146.5
	124.5
	226.8

	2025
	42,139
	14
	3,009.9
	171.6
	317.6



Footnote: Annual testing-volume counts refer to unique laboratory samples in the ISO-week analytical panel and include inconclusive outcomes. Testing intensity equals the number of unique laboratory samples tested for RSV per 100,000 residents, calculated by health macroregion and year using 2024 municipal population estimates from IBGE as fixed denominators across all study years. Mean and maximum values summarize variation across the 14 macroregions. This indicator measures laboratory testing activity and is distinct from the valid RSV-tested denominator used to calculate positivity.
Table S5. Global Moran’s I for RSV testing intensity by health macroregion, Minas Gerais, Brazil, 2021–2025.
	ISO epidemiological year
	Moran’s I
	Expected I
	Variance
	p value

	2021
	0.087
	-0.077
	0.026
	0.312

	2022
	0.176
	-0.077
	0.026
	0.113

	2023
	0.007
	-0.077
	0.021
	0.563

	2024
	0.080
	-0.077
	0.025
	0.319

	2025
	-0.190
	-0.077
	0.025
	0.473



Footnote: Global Moran’s I assessed spatial autocorrelation in testing intensity across health macroregions. No study year had a nominal p < 0.05 for Global Moran’s I. The analysis was descriptive and does not assess RSV incidence or transmission.
Complete territorial outputs are provided in Supplementary Data Files S1–S3: annual testing intensity by health macroregion (S1), weekly testing intensity by health macroregion (S2), and local indicators of spatial association for testing intensity (S3).
Supplementary Method S5. Bayesian age-specific peak timing and lead-lag analysis
Bayesian modelling estimated age-specific weekly RSV positivity trajectories and uncertainty in annual peak timing. Counts of RSV-detectable and valid RSV-tested samples were aggregated by ISO week and age group using symptom onset as the primary reference date and sample collection when onset was unavailable. Age groups were <5, 5–17, 18–59, 60–79, and ≥80 years.
A beta-binomial observation model accounted for extra-binomial variation. The temporal spline specification used 14 degrees of freedom, yielding 15 columns in the corresponding design matrix used by the age-stratified model. Spline-based temporal components represented smooth changes in RSV positivity across the study period, with annual harmonic terms and age-specific deviations allowing seasonal trajectories to vary among age groups. For each posterior draw, year, and age group, the peak week was the week with the highest estimated positivity. Posterior peak summaries were derived from the resulting distribution of peak weeks.
The age-stratified model used a logit link with a global intercept, a global spline-based temporal component, age-specific intercept deviations, age-specific spline deviations, and annual sine and cosine terms with both global and age-specific coefficients. Weakly regularizing priors were used throughout. The global intercept followed a Normal (0, 2.5) prior. The scale of the global spline coefficients followed an Exponential(1) prior, with spline coefficients conditionally distributed as Normal (0, σ). Age-specific intercept and spline deviations were specified using non-centred parameterizations with Exponential(1) priors on their scale parameters and standard Normal priors on the corresponding latent effects. Global sine and cosine coefficients followed Normal (0, 1) priors, whereas age-specific sine and cosine deviations followed Normal(0, 0.5) priors. The beta-binomial precision parameter was modelled hierarchically by age group on the log scale, with a Normal(log (30), 1) prior for the population-level log-precision, an Exponential(1) prior for its between-age-group standard deviation, and standard Normal latent age-group deviations.
Within each posterior draw and year, the earliest peak identified the first age group to peak. When groups tied for the earliest week, the probability contribution was divided equally among them.
Pairwise posterior comparisons quantified lead-lag intervals. Primary comparisons contrasted children aged <5 years with adult and older-adult groups, reflecting the study objective of assessing whether RSV positivity peaked earlier in young children than in older age groups. Comparisons with the 5–17-year group were treated as secondary.
As a complementary analysis, a reference series was constructed by aggregating all valid RSV-tested samples from age groups other than children aged <5 years. Peak timing in children aged <5 years was compared with this reference series to provide an overall age-complement comparison while avoiding a part–whole comparison in which the focal <5-year group contributed to both trajectories. These results are reported in Table S8 and were interpreted as complementary to the pairwise age-group comparisons.
The model provides a retrospective, uncertainty-aware assessment of surveillance timing. It does not establish causal transmission between age groups, estimate population incidence, or constitute a validated prospective forecasting system. Estimates for 2021 require caution because peaks near the year boundary make lead-lag comparisons sensitive to the analytical window.

Table S6. Bayesian model specification, diagnostics, and posterior predictive checks.
	Metric
	Value
	Interpretation

	Analytical period
	2021–2025
	ISO epidemiological years included in the Bayesian analysis

	Time reference
	Symptom onset; otherwise, sample collection
	Date hierarchy used for weekly aggregation

	Valid RSV-tested samples, n
	134,235
	Records included in the RSV positivity denominator

	RSV-detectable samples, n
	11,713
	Detectable RSV samples included in the model

	Weekly observations, n
	260
	Weekly analytical time points retained in the overall model

	Age-group observations, n
	1,305
	Weekly observations in the age-stratified model (261 weeks × 5 age groups)

	Age groups, n
	5
	<5, 5–17, 18–59, 60–79, and ≥80 years

	Observation model
	Beta-binomial
	Model used to account for extra-binomial variation

	MCMC chains, n
	4
	Independent Markov chains

	Posterior draws per chain, n
	1,200
	Retained posterior draws per chain

	Tuning iterations per chain, n
	1,200
	Tuning iterations per chain

	Target acceptance probability
	0.95
	NUTS target acceptance probability

	Age model divergences, n
	0
	No divergent transitions detected in the age-stratified model

	Age model maximum R-hat
	1.003
	Convergence diagnostic for the age-stratified model

	Age model minimum bulk ESS
	1,378.4
	Minimum bulk effective sample size

	Overall PSIS-LOO maximum Pareto k
	0.598
	Maximum PSIS-LOO influence/stability diagnostic

	Overall model posterior predictive 90% coverage
	0.915
	Observed weekly values within the 90% posterior predictive interval

	Overall model posterior predictive 95% coverage
	0.954
	Observed weekly values within the 95% posterior predictive interval

	Overall model beta-binomial phi, posterior median
	219.88
	Beta-binomial precision parameter

	Overall model beta-binomial phi, 95% credible interval
	165.00–292.62
	95% posterior credible interval for phi


 	
Footnote: The beta-binomial model accounts for extra-binomial variation in weekly positivity. PSIS-LOO denotes Pareto-smoothed importance sampling leave-one-out cross-validation; ESS denotes effective sample size. Phi is the beta-binomial precision parameter and is not a measure of positivity, risk, or incidence. The complete modelling grid comprised 261 week-start dates from 28 December 2020 to 22 December 2025. Although the grid began on 28 December 2020, the epidemiological analysis was restricted to ISO years 2021–2025. The overall model retained 260 weekly observations, whereas the age-stratified design matrix comprised 1,305 age-week observations (261 weekly grid points × 5 age groups).

Table S7. Posterior probability of being the first age group to reach peak RSV positivity, by ISO epidemiological year.
	ISO epidemiological year
	<5 years
	5–17 years
	18–59 years
	60–79 years
	≥80 years

	2021
	0.382
	0.616
	0.001
	0.000
	0.000

	2022
	0.316
	0.257
	0.000
	0.000
	0.428

	2023
	0.888
	0.100
	0.001
	0.000
	0.011

	2024
	0.850
	0.145
	0.004
	0.000
	0.001

	2025
	0.894
	0.058
	0.024
	0.004
	0.020



Footnote: Values are posterior probabilities that each age group was first to reach peak positivity within the specified year. Tied earliest peaks were divided equally, so probabilities sum to approximately 1 by year. The 2021 estimates are boundary-sensitive because peak timing occurred near the edge of the annual window.
Table S8. Posterior peak timing for children aged <5 years and the reference series excluding this age group.
	ISO epidemiological year
	<5 years: median peak date
	Reference excluding <5: median peak date
	Median lead time, weeks
	95% credible interval, weeks
	P(<5 years peaked earlier)

	2021
	29 Mar 2021
	27 Dec 2021
	39
	37 to 40
	0.985

	2022
	31 Jan 2022
	28 Feb 2022
	4
	2 to 6
	1.000

	2023
	20 Feb 2023
	13 Mar 2023
	2
	-1 to 4
	0.911

	2024
	15 Apr 2024
	29 Apr 2024
	2
	0 to 3
	0.970

	2025
	5 May 2025
	19 May 2025
	2
	1 to 3
	0.999


Footnote: The reference series excludes children aged <5 years, preventing a part–whole comparison in which the focal group contributes to both trajectories. Positive lead time indicates an earlier peak in children aged <5 years. The 2021 estimate is boundary-sensitive and should not be interpreted as a stable within-season delay. Median lead times were calculated from the posterior distribution of draw-wise peak-time differences and therefore do not necessarily equal the arithmetic difference between the marginal median peak dates shown in the table.

Table S9. Posterior lead-lag comparisons between children aged <5 years and adult age groups.
	ISO epidemiological year
	Comparison
	<5 years: median peak date
	Comparator median peak date
	Median lead time, weeks
	95% credible interval, weeks
	P (<5 years peaked earlier)

	2022
	<5 vs 18–59 years
	31 Jan 2022
	28 Feb 2022
	4
	2 to 6
	1.000

	2022
	<5 vs 60–79 years
	31 Jan 2022
	28 Feb 2022
	4
	2 to 7
	0.998

	2022
	<5 vs ≥80 years
	31 Jan 2022
	31 Jan 2022
	0
	-5 to 4
	0.413

	2023
	<5 vs 18–59 years
	20 Feb 2023
	13 Mar 2023
	3
	1 to 4
	0.999

	2023
	<5 vs 60–79 years
	20 Feb 2023
	13 Mar 2023
	3
	2 to 5
	1.000

	2023
	<5 vs ≥80 years
	20 Feb 2023
	13 Mar 2023
	3
	0 to 5
	0.974

	2024
	<5 vs 18–59 years
	15 Apr 2024
	22 Apr 2024
	2
	1 to 3
	0.989

	2024
	<5 vs 60–79 years
	15 Apr 2024
	29 Apr 2024
	2
	1 to 3
	0.999

	2024
	<5 vs ≥80 years
	15 Apr 2024
	29 Apr 2024
	2
	1 to 4
	0.998

	2025
	<5 vs 18–59 years
	5 May 2025
	12 May 2025
	1
	0 to 2
	0.935

	2025
	<5 vs 60–79 years
	5 May 2025
	19 May 2025
	2
	1 to 3
	0.988

	2025
	<5 vs ≥80 years
	5 May 2025
	19 May 2025
	2
	0 to 3
	0.950



Footnote: Positive lead time indicates that children aged <5 years peaked earlier than the comparator. Comparisons with the 5–17-year group were secondary and are not shown. Pairwise comparisons between children aged <5 years and adult age groups for 2021 are not shown in this table because several comparator peaks occurred near the epidemiological-year boundary, making the corresponding lead-lag estimates unstable.

Complete Bayesian outputs are provided in Supplementary Data Files S4–S6: pairwise posterior lead-lag comparisons (S4), posterior peak-week draws by age group and year (S5), and comparisons between children aged <5 years and the reference series excluding that group (S6).

Supplementary Method S6. Software, reproducibility, and analytical traceability
Data processing and analysis used Microsoft Power BI Desktop 2.155.756.0, Python 3.11.13, and R 4.3.3; Bayesian models were fitted in PyMC 5.27.0. Internal sample-level identifiers, centralized configuration files, audit outputs, and intermediate analytical artifacts supported traceability across extraction, cleaning, linkage, territorial enrichment, descriptive analysis, and Bayesian modelling.

Public reproducibility begins from a de-identified study-level analytical dataset derived from routine laboratory surveillance records, containing the variables required to reproduce the downstream analyses reported in this study. The accompanying public repository provides the analytical dataset, data dictionary, dataset-construction specification, supporting aggregate and territorial inputs, and article-specific R and Python scripts required to reproduce the reported descriptive, temporal, territorial, surveillance-stream, age-stratified, and Bayesian results.
The underlying individual-level GAL and SIVEP-Gripe records, private identifier mappings, operational configuration files, intermediate internal datasets, and the complete GALAXIS/JANUS implementation are not included in the public repository because of data-governance, confidentiality, institutional, and software-development constraints. Analyses used the laboratory sample code as the internal sample-level identifier, whereas the public analytical dataset uses pseudonymous study identifiers. Direct personal identifiers and variables presenting a potential risk of re-identification are not included in the public dataset.
2. Supplementary Figures
General note for Supplementary Figures S1–S9: The figures summarize testing activity or laboratory-detected RSV activity among samples processed through the Funed/Lacen-MG workflow. They describe the observed surveillance sample stream and should not be interpreted as direct estimates of population incidence, disease burden, transmission intensity, healthcare access, causal spatial effects, or individual risk.
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Figure S1. Weekly RSV testing volume in Minas Gerais, Brazil, 2021–2025. Bars show unique laboratory samples tested for RSV by ISO week and epidemiological year within the ISO-week analytical panel; annual totals are reported in each panel. These testing-volume counts include inconclusive outcomes and therefore describe the composition of the laboratory-tested sample stream rather than the valid denominator used for RSV positivity calculations. The overlaid curve summarizes the within-year pattern in testing volume.
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Figure S2. Weekly RSV-detectable samples in Minas Gerais, Brazil, 2021–2025. Bars show unique RSV-detectable samples by ISO week and year; annual totals are reported in each panel. The curve summarizes the within-year pattern. Counts reflect laboratory-detected activity among tested samples.
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Figure S3. Complementary analyses of RSV seasonality in Minas Gerais, Brazil, 2021–2025. (A) Aggregated weekly profile of RSV-detectable samples across ISO years. (B) Autocorrelation function of the weekly detection series. (C) Annual detection-count peak weeks on a circular ISO-week scale. (D) Seasonal-trend decomposition into observed, seasonal, trend, and remainder components. (E) Standardized observed detection series compared with the standardized seasonal component. These analyses describe temporal structure in laboratory-detected activity.
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Figure S4. Comparison of three retrospective methods for defining laboratory-based RSV epidemic periods in Minas Gerais across four complete July–June seasons (2021–2022 to 2024–2025). The panels show the 3% positivity-threshold, RS10, and 10FB methods defined in Supplementary Method S3A. Blue or green curves show the method-specific metric, and red dashed lines show the corresponding threshold. Dashed green, solid orange, and dotted purple vertical lines mark onset, peak, and offset; shading marks the defined period. No period was displayed when the method-specific criteria were not met.
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Figure S5. Annual laboratory-detected RSV activity by health macroregion in Minas Gerais, Brazil, 2021–2025. The heatmap shows empirical Bayes-smoothed RSV-detectable samples per 100,000 residents by macroregion and ISO year. Rows are health macroregions and columns are years. Rates use unique RSV-detectable samples as the numerator and 2024 municipal population estimates from IBGE, aggregated to the health macroregion level, as fixed denominators across all study years; empirical Bayes smoothing reduces instability associated with small counts. This laboratory-based indicator depends on the tested sample stream and is not a population-incidence estimate.
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Figure S6. Local spatial autocorrelation of laboratory-detected RSV activity across health macroregions in Minas Gerais, Brazil, 2021–2025. The geographic context maps locate Minas Gerais within South America and Brazil and show the state’s 14 health macroregions; macroregion abbreviations are defined in the figure. The annual maps present Local Indicators of Spatial Association (Local Moran’s I) calculated from empirical Bayes-smoothed laboratory-detected RSV activity, defined as the number of unique RSV-detectable samples processed by Funed per 100,000 residents. Municipal population estimates for 2024 from the Brazilian Institute of Geography and Statistics (IBGE), aggregated to the health macroregion level, were used as fixed denominators across all study years. Local spatial configurations with nominal, unadjusted p values ≤ 0.05 were classified as high–high (high activity surrounded by high activity), low–low (low surrounded by low), high–low (high surrounded by low), or low–high (low surrounded by high); all other macroregions were classified as not significant. These exploratory patterns describe spatial clustering within the laboratory-tested population and should not be interpreted as population incidence, healthcare access, transmission intensity, or causal spatial effects.
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Figure S7. Annual RSV testing intensity by health macroregion in Minas Gerais, Brazil, 2021–2025. The heatmap shows unique laboratory samples tested for RSV within the ISO-week analytical panel per 100,000 residents by health macroregion and ISO year. These testing-volume counts include samples with inconclusive outcomes. Rows are health macroregions and columns are years; 2024 municipal population estimates from IBGE, aggregated to the health macroregion level, were used as fixed denominators across all study years. The indicator measures laboratory testing activity, not positivity or population incidence.
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Figure S8. Weekly RSV testing volume by health macroregion in Minas Gerais, Brazil, 2021–2025. The heatmap shows unique laboratory samples tested for RSV within the ISO-week analytical panel by health macroregion and ISO year-week. These testing-volume counts include samples with inconclusive outcomes. Rows are macroregions and columns are consecutive ISO year-week combinations. The figure describes the temporal and territorial distribution of laboratory testing volume, not positivity or population incidence.
[image: ]
Figure S9. Local spatial autocorrelation of RSV testing intensity by health macroregion in Minas Gerais, Brazil, 2021–2025. Panel A locates Minas Gerais within Brazil; Panel B shows the 14 health macroregions and abbreviations. Panels C1–C5 show annual Local Indicators of Spatial Association for laboratory samples tested for RSV within the ISO-week analytical panel per 100,000 residents. These testing-volume counts include samples with inconclusive outcomes, using 2024 municipal population estimates from IBGE, aggregated to the health macroregion level, as fixed denominators across all study years. Local configurations with nominal p ≤ 0.05 were classified as high–high, low–low, high–low, or low–high. This exploratory analysis describes spatial structure in testing activity and does not estimate positivity, incidence, healthcare access, or causal spatial effects.
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Complementary retrospective methods for laboratory-defined RSV epidemic periods
Onset = dashed green line | Peak = solid orange line | Offset = dotted purple line

Method 1 — 3% positivity threshold

Blue line = weekly RSV positivity; red dashed line = 3% threshold;
shading = laboratory-defined epidemic period
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Method 2 — Retrospective Slope 10 (RS10)

Green line = week-to-week slope of the normalized centered 5-week moving average; red dashed line = 10 points/v
shading = laboratory-defined epidemic period
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Method 3 — Ten-fold baseline (10FB)

Blue line = right-aligned 4-week moving-average-to-baseline ratio; red dashed line = ratio threshold of 10;
shading = laboratory-defined epidemic period
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Heatmap — Testing Volume by ISO Week — RSV — Minas Gerais

Weekly series by macroregion
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RSV-DETECTABLE SAMPLES — ISO EPIDEMIOLOGICAL YEAR AND WEEK
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