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Tables
Table S1. Complete list of input features and target variable.
	Feature
	Description
	Block
	Definition

	Fever_Rel28
	Fever clinic visits relative to their own trailing 28-day mean
	Fever clinic
	F(t) / mean[F(t-27), …, F(t)]

	Fever_Trend7
	Week-on-week change in fever clinic attendance
	Fever clinic
	F(t) / F(t-7)

	Positivity
	Case-to-visit ratio (diagnostic yield)
	Fever clinic
	Y(t-2) / F(t)

	Positivity_Rel28
	Case-to-visit ratio relative to its own trailing 28-day mean
	Fever clinic
	Positivity(t) / mean [Positivity(t-27), …, Positivity(t)]

	Gap_Ratio
	Syndrome gap expressed as a share of fever clinic visits
	Fever clinic
	[F(t) - Y(t-2)] / F(t)

	Target_Known
	Latest observable confirmed case count, retained as a level anchor and reconstruction baseline and supplied as an input feature.
	Case history
	Y(t-2)

	Target_Rel28
	Latest observable count relative to its own trailing 28-day mean
	Case history
	Y(t-2) / mean[Y(t-29), …, Y(t-2)]

	Momentum_Rel
	Scale-free one-day change in confirmed cases
	Case history
	[Y(t-2) - Y(t-3)] / mean[Y(t-29), …, Y(t-2)]

	WeekDiff_Rel
	Scale-free seven-day change in confirmed cases
	Case history
	[Y(t-2) - Y(t-9)] / mean[Y(t-29), …, Y(t-2)]

	Roll3_Rel
	Three-day mean of confirmed cases, scale-free
	Case history
	mean[Y(t-4), …, Y(t-2)] / mean[Y(t-29), …, Y(t-2)]

	CV_7d
	Seven-day volatility of confirmed cases, scale-free
	Case history
	SD[Y(t-8), …, Y(t-2)] / mean[Y(t-29), …, Y(t-2)]

	is_school_holiday
	School term/vacation indicator
	Calendar
	1 if the day falls within an official Guangzhou primary or secondary school vacation period, else 0 (209 of 1004 days)

	is_weekend
	Weekend indicator
	Calendar
	1 if day-of-week is Saturday or Sunday, else 0

	DayOfWeek
	Day of week
	Calendar
	0 (Monday) to 6 (Sunday)

	WeekOfYear
	ISO week of year
	Calendar
	1 to 53

	Temp_Avg
	Daily average temperature
	Meteorological
	°C, same day

	Temp_Min
	Daily minimum temperature
	Meteorological
	°C, same day

	Temp_Max
	Daily maximum temperature
	Meteorological
	°C, same day

	Precipitation
	Daily total precipitation
	Meteorological
	mm, same day

	Wind_Speed
	Daily average wind speed
	Meteorological
	km/h, same day

	Relative_Humidity
	Daily average relative humidity
	Meteorological
	%, same day


Note: F(t) = fever clinic visits on day t; Y(t) = confirmed respiratory cases on day t. Forecasts are issued on day t for day t+7, and confirmed counts are observable only to day t-2, so every case-derived feature is evaluated at t-2 or earlier. Target: ΔY(t+7) = Y(t+7) - Y(t-2). 21 features in total.

Table S2. XGBoost hyperparameter search space and selected values.
	Hyperparameter
	Search range
	Scale / type
	Total population
	Adult subgroup
	Pediatric subgroup

	learning_rate
	0.01 - 0.12
	Log-uniform
	0.0518
	0.0804
	0.0138

	max_depth
	3 - 8
	Integer
	4
	4
	4

	subsample
	0.60 - 0.95
	Uniform
	0.626
	0.694
	0.600

	colsample_bytree
	0.60 - 0.95
	Uniform
	0.841
	0.823
	0.757

	min_child_weight
	1 - 30
	Integer
	27
	30
	6

	gamma
	0.0 - 5.0
	Uniform
	2.790
	0.562
	4.275

	reg_alpha
	0.0 - 10.0
	Uniform
	7.025
	1.996
	8.408

	reg_lambda
	0.0 - 10.0
	Uniform
	1.017
	0.787
	0.006

	max_delta_step
	0 - 10
	Integer
	9
	7
	10

	n_estimators
	200 - 1200
	Integer
	862
	749
	625


Note: Optuna tree-structured Parzen estimator, 100 trials per target, objective = mean RMSE across 5-fold purged time-series cross-validation with a 9-day embargo (7-day horizon + 2-day reporting lag), fitted on the 633-day development period. Random seed 42.

Table S3. Auto-ARIMA orders for SARIMA and oracle-weather SARIMAX.
	Series
	Non-seasonal order (p, d, q)
	Seasonal order 
(P, D, Q) [m]
	SARIMA RMSE
	SARIMAX RMSE (oracle weather)

	Total population
	(2, 1, 1)
	(0, 0, 2) [7]
	16.836
	16.691

	Adult subgroup
	(3, 1, 2)
	(0, 0, 2) [7]
	12.931
	12.722

	Pediatric subgroup
	(0, 1, 1)
	(1, 0, 1) [7]
	6.565
	6.535


Note: Orders were selected once on the development period with pmdarima.auto_arima (seasonal period m = 7, stepwise search, max_p = max_q = 3, max_P = max_Q = 2, information criterion AIC, stationarity and invertibility constraints relaxed). The same orders were used for SARIMA and for SARIMAX; the two differ only in that SARIMAX receives the meteorological covariate set. Because that covariate set is filled with meteorology measured over the forecast window itself, values that a forecaster does not hold at the origin, the SARIMAX column is an oracle-weather benchmark and is not part of the framework reported in the main text, whose seasonal component is the covariate-free SARIMA. Both were evaluated under a strict rolling-origin scheme in which the state is extended with each newly observable day without re-estimating parameters, forecasting nine steps ahead and retaining the (t + 7) value so that the 2-day reporting lag is respected. RMSE is computed over the 363-day evaluation period.

Table S4. Architecture and training configuration of the sequence models.
	Setting
	LSTM
	Transformer

	Architecture
	Two stacked LSTM layers (64 and 32 units)
	Encoder-only Transformer, 2 layers

	Model dimension
	Hidden size 64, then 32
	d_model = 64, feed-forward 128

	Attention heads
	Not applicable
	4

	Positional encoding
	Not applicable
	Learned positional embeddings

	Normalization
	None
	Pre-norm (norm_first)

	Look-back window
	14 days
	14 days

	Dropout
	0.2
	0.2

	Target
	7-day case increment ΔY
	7-day case increment ΔY

	Input features
	Same 21 features as XGBoost, standardized on development statistics
	Same 21 features as XGBoost, standardized on development statistics

	Optimizer
	Adam, learning rate 1e-3
	Adam, learning rate 1e-3

	Batch size
	32
	32

	Epochs / early stopping
	Up to 300, patience 25
	Up to 300, patience 25

	Random seeds
	42, 43, 44 (median-RMSE run reported)
	42, 43, 44 (median-RMSE run reported)

	Hyperparameter search
	None (fixed architecture)
	None (fixed architecture)


Note: Both models were trained on the same difference target and under the same reporting-lag rule as XGBoost, drawing on the same predictors, but the inputs were organized differently and the training procedure was independent: the predictors were standardized on development-period statistics and stacked into 14-day look-back windows, and early stopping used the final 15% of the development period as a single chronological validation segment rather than the 5-fold purged cross-validation used for XGBoost. No hyperparameter search was performed for either sequence model: the architectures and optimizer settings in this table were fixed a priori, in contrast to the 100-trial Optuna search used for XGBoost (Table S2). Input sequences comprised 14 consecutive days; historical features from embargoed target dates were retained, but those target dates were not scored. Computation used two CPU threads. Across the three seeds the evaluation-period RMSE ranged from 17.463 to 18.107 (total), 14.444 to 15.347 (adults) and 6.099 to 6.340 (children) for the LSTM, and from 16.053 to 17.265, 13.949 to 14.164 and 6.285 to 6.515 for the Transformer; the median-RMSE seed is the one reported in Table 2 of the main text.

Table S5. Forecast accuracy in early and extended evaluation windows.
	Subgroup
	Window
	Model
	RMSE
	MAE
	SMAPE (%)
	R2

	Total population
	151-day early evaluation window
	Proposed framework
	18.892
	11.515
	44.8
	0.360

	Total population
	151-day early evaluation window
	Shift-robust XGBoost
	17.648
	11.046
	46.6
	0.442

	Total population
	151-day early evaluation window
	SARIMA
	19.470
	11.720
	44.7
	0.320

	Total population
	151-day early evaluation window
	SARIMAX (oracle weather)
	19.318
	11.882
	48.0
	0.331

	Total population
	151-day early evaluation window
	XGBoost + SARIMAX (oracle weather)
	18.748
	11.573
	46.6
	0.370

	Total population
	151-day early evaluation window
	Transformer
	16.675
	10.691
	46.7
	0.501

	Total population
	151-day early evaluation window
	LSTM
	18.939
	12.000
	47.8
	0.357

	Total population
	151-day early evaluation window
	7-day moving average
	20.860
	12.392
	45.4
	0.220

	Total population
	151-day early evaluation window
	Weekday-matched naive
	23.399
	13.947
	54.3
	0.018

	Total population
	151-day early evaluation window
	Persistence
	19.497
	12.331
	52.0
	0.318

	Total population
	151-day early evaluation window
	XGBoost (absolute-count)
	18.609
	11.170
	49.4
	0.379

	Total population
	212-day 2026 extension
	Proposed framework
	14.551
	9.624
	38.0
	0.755

	Total population
	212-day 2026 extension
	Shift-robust XGBoost
	15.706
	10.547
	41.3
	0.715

	Total population
	212-day 2026 extension
	SARIMA
	14.674
	9.807
	40.5
	0.751

	Total population
	212-day 2026 extension
	SARIMAX (oracle weather)
	14.534
	9.940
	43.4
	0.756

	Total population
	212-day 2026 extension
	XGBoost + SARIMAX (oracle weather)
	14.421
	9.750
	39.8
	0.759

	Total population
	212-day 2026 extension
	Transformer
	16.515
	12.464
	49.1
	0.685

	Total population
	212-day 2026 extension
	LSTM
	16.773
	12.043
	48.0
	0.675

	Total population
	212-day 2026 extension
	7-day moving average
	14.652
	10.067
	40.5
	0.752

	Total population
	212-day 2026 extension
	Weekday-matched naive
	16.822
	11.849
	47.9
	0.673

	Total population
	212-day 2026 extension
	Persistence
	16.175
	10.892
	45.3
	0.697

	Total population
	212-day 2026 extension
	XGBoost (absolute-count)
	21.461
	14.226
	48.3
	0.467

	Adult subgroup
	151-day early evaluation window
	Proposed framework
	11.648
	7.441
	44.2
	0.303

	Adult subgroup
	151-day early evaluation window
	Shift-robust XGBoost
	10.950
	7.347
	46.9
	0.384

	Adult subgroup
	151-day early evaluation window
	SARIMA
	12.417
	7.752
	44.8
	0.208

	Adult subgroup
	151-day early evaluation window
	SARIMAX (oracle weather)
	12.318
	7.863
	47.5
	0.220

	Adult subgroup
	151-day early evaluation window
	XGBoost + SARIMAX (oracle weather)
	11.533
	7.335
	43.8
	0.316

	Adult subgroup
	151-day early evaluation window
	Transformer
	11.524
	8.292
	53.7
	0.317

	Adult subgroup
	151-day early evaluation window
	LSTM
	12.584
	8.459
	53.5
	0.186

	Adult subgroup
	151-day early evaluation window
	7-day moving average
	12.833
	8.051
	44.6
	0.154

	Adult subgroup
	151-day early evaluation window
	Weekday-matched naive
	14.323
	9.000
	53.1
	-0.054

	Adult subgroup
	151-day early evaluation window
	Persistence
	12.584
	8.238
	52.9
	0.186

	Adult subgroup
	151-day early evaluation window
	XGBoost (absolute-count)
	12.338
	8.126
	51.9
	0.218

	Adult subgroup
	212-day 2026 extension
	Proposed framework
	13.305
	8.614
	40.7
	0.747

	Adult subgroup
	212-day 2026 extension
	Shift-robust XGBoost
	14.490
	9.568
	43.9
	0.700

	Adult subgroup
	212-day 2026 extension
	SARIMA
	13.285
	8.754
	44.0
	0.748

	Adult subgroup
	212-day 2026 extension
	SARIMAX (oracle weather)
	13.002
	8.802
	45.0
	0.759

	Adult subgroup
	212-day 2026 extension
	XGBoost + SARIMAX (oracle weather)
	13.109
	8.551
	40.8
	0.755

	Adult subgroup
	212-day 2026 extension
	Transformer
	15.591
	11.844
	53.7
	0.653

	Adult subgroup
	212-day 2026 extension
	LSTM
	15.991
	11.300
	49.7
	0.635

	Adult subgroup
	212-day 2026 extension
	7-day moving average
	12.948
	8.730
	42.7
	0.761

	Adult subgroup
	212-day 2026 extension
	Weekday-matched naive
	14.593
	10.132
	50.2
	0.696

	Adult subgroup
	212-day 2026 extension
	Persistence
	14.777
	9.797
	49.3
	0.688

	Adult subgroup
	212-day 2026 extension
	XGBoost (absolute-count)
	19.993
	13.521
	55.2
	0.430

	Pediatric subgroup
	151-day early evaluation window
	Proposed framework
	8.680
	4.828
	84.0
	0.318

	Pediatric subgroup
	151-day early evaluation window
	Shift-robust XGBoost
	8.675
	4.728
	86.2
	0.318

	Pediatric subgroup
	151-day early evaluation window
	SARIMA
	9.261
	5.322
	85.5
	0.223

	Pediatric subgroup
	151-day early evaluation window
	SARIMAX (oracle weather)
	9.188
	5.319
	87.6
	0.235

	Pediatric subgroup
	151-day early evaluation window
	XGBoost + SARIMAX (oracle weather)
	8.657
	4.822
	84.5
	0.321

	Pediatric subgroup
	151-day early evaluation window
	Transformer
	8.950
	4.774
	106.4
	0.275

	Pediatric subgroup
	151-day early evaluation window
	LSTM
	8.751
	4.837
	93.5
	0.306

	Pediatric subgroup
	151-day early evaluation window
	7-day moving average
	9.221
	5.270
	86.4
	0.230

	Pediatric subgroup
	151-day early evaluation window
	Weekday-matched naive
	10.380
	5.954
	97.8
	0.024

	Pediatric subgroup
	151-day early evaluation window
	Persistence
	9.017
	5.060
	88.6
	0.264

	Pediatric subgroup
	151-day early evaluation window
	XGBoost (absolute-count)
	8.758
	4.765
	87.5
	0.305

	Pediatric subgroup
	212-day 2026 extension
	Proposed framework
	3.301
	2.297
	69.2
	0.404

	Pediatric subgroup
	212-day 2026 extension
	Shift-robust XGBoost
	3.351
	2.323
	70.2
	0.386

	Pediatric subgroup
	212-day 2026 extension
	SARIMA
	3.564
	2.422
	71.8
	0.305

	Pediatric subgroup
	212-day 2026 extension
	SARIMAX (oracle weather)
	3.606
	2.491
	71.6
	0.289

	Pediatric subgroup
	212-day 2026 extension
	XGBoost + SARIMAX (oracle weather)
	3.309
	2.298
	68.8
	0.401

	Pediatric subgroup
	212-day 2026 extension
	Transformer
	3.690
	2.695
	77.2
	0.255

	Pediatric subgroup
	212-day 2026 extension
	LSTM
	3.580
	2.505
	73.5
	0.299

	Pediatric subgroup
	212-day 2026 extension
	7-day moving average
	3.587
	2.466
	71.4
	0.296

	Pediatric subgroup
	212-day 2026 extension
	Weekday-matched naive
	4.626
	3.151
	78.0
	-0.171

	Pediatric subgroup
	212-day 2026 extension
	Persistence
	4.025
	2.830
	81.3
	0.114

	Pediatric subgroup
	212-day 2026 extension
	XGBoost (absolute-count)
	3.608
	2.580
	71.9
	0.288


Note: The early window covers August 3 to December 31, 2025 (151 days), and the extension covers January 1 to July 31, 2026 (212 days). Differences in case levels limit direct comparison of RMSE across windows. Persistence carries forward the latest observable count from two days before the forecast origin; the weekday-matched naive forecast uses the count 14 days before the target date. For the pediatric age comparison, the full development and held-out calendar periods contained 3109 and 2110 diagnosed pediatric cases, respectively. Median age was 6 years (IQR 4-9) and 7 years (IQR 4-10); the proportions aged 0-4 years were 36.3% and 27.2%. These descriptive periods include 633 and 371 calendar days and differ from the early and extended scoring windows above.

Table S6. Diebold-Mariano tests of pairwise predictive accuracy, proposed framework against each comparator.
	Subgroup
	Window
	Comparator
	Comparator RMSE
	DM statistic
	p value
	Conclusion at α = 0.05

	Total population
	Full evaluation period (363 d)
	Shift-robust XGBoost
	16.542
	-0.072
	0.942
	No difference

	Total population
	Full evaluation period (363 d)
	SARIMAX (oracle weather)
	16.691
	-0.953
	0.341
	No difference

	Total population
	Full evaluation period (363 d)
	SARIMA
	16.836
	-1.412
	0.159
	No difference

	Total population
	Full evaluation period (363 d)
	Transformer
	16.582
	-0.072
	0.942
	No difference

	Total population
	Full evaluation period (363 d)
	LSTM
	17.706
	-1.682
	0.093
	No difference

	Total population
	Full evaluation period (363 d)
	7-day moving average
	17.504
	-1.083
	0.280
	No difference

	Total population
	Full evaluation period (363 d)
	Persistence
	17.633
	-3.294
	0.001
	Favours framework

	Total population
	Full evaluation period (363 d)
	XGBoost (absolute-count)
	20.323
	-1.927
	0.055
	No difference

	Total population
	Early evaluation window (151 d)
	Shift-robust XGBoost
	17.648
	1.109
	0.269
	No difference

	Total population
	Early evaluation window (151 d)
	SARIMAX (oracle weather)
	19.318
	-1.426
	0.156
	No difference

	Total population
	Early evaluation window (151 d)
	SARIMA
	19.470
	-1.264
	0.208
	No difference

	Total population
	Early evaluation window (151 d)
	Transformer
	16.675
	1.117
	0.266
	No difference

	Total population
	Early evaluation window (151 d)
	LSTM
	18.939
	-0.037
	0.970
	No difference

	Total population
	Early evaluation window (151 d)
	7-day moving average
	20.860
	-1.189
	0.236
	No difference

	Total population
	Early evaluation window (151 d)
	Persistence
	19.497
	-2.421
	0.017
	Favours framework

	Total population
	Early evaluation window (151 d)
	XGBoost (absolute-count)
	18.609
	0.164
	0.870
	No difference

	Total population
	2026 extension (212 d)
	Shift-robust XGBoost
	15.706
	-2.075
	0.039
	Favours framework

	Total population
	2026 extension (212 d)
	SARIMAX (oracle weather)
	14.534
	0.068
	0.946
	No difference

	Total population
	2026 extension (212 d)
	SARIMA
	14.674
	-0.641
	0.522
	No difference

	Total population
	2026 extension (212 d)
	Transformer
	16.515
	-1.567
	0.119
	No difference

	Total population
	2026 extension (212 d)
	LSTM
	16.773
	-2.920
	0.004
	Favours framework

	Total population
	2026 extension (212 d)
	7-day moving average
	14.652
	-0.117
	0.907
	No difference

	Total population
	2026 extension (212 d)
	Persistence
	16.175
	-2.603
	0.010
	Favours framework

	Total population
	2026 extension (212 d)
	XGBoost (absolute-count)
	21.461
	-2.251
	0.025
	Favours framework

	Adult subgroup
	Full evaluation period (363 d)
	Shift-robust XGBoost
	13.134
	-1.026
	0.306
	No difference

	Adult subgroup
	Full evaluation period (363 d)
	SARIMAX (oracle weather)
	12.722
	-0.253
	0.800
	No difference

	Adult subgroup
	Full evaluation period (363 d)
	SARIMA
	12.931
	-0.904
	0.367
	No difference

	Adult subgroup
	Full evaluation period (363 d)
	Transformer
	14.043
	-1.040
	0.299
	No difference

	Adult subgroup
	Full evaluation period (363 d)
	LSTM
	14.671
	-2.376
	0.018
	Favours framework

	Adult subgroup
	Full evaluation period (363 d)
	7-day moving average
	12.900
	-0.375
	0.708
	No difference

	Adult subgroup
	Full evaluation period (363 d)
	Persistence
	13.907
	-2.947
	0.003
	Favours framework

	Adult subgroup
	Full evaluation period (363 d)
	XGBoost (absolute-count)
	17.227
	-2.248
	0.025
	Favours framework

	Adult subgroup
	Early evaluation window (151 d)
	Shift-robust XGBoost
	10.950
	0.941
	0.348
	No difference

	Adult subgroup
	Early evaluation window (151 d)
	SARIMAX (oracle weather)
	12.318
	-1.396
	0.165
	No difference

	Adult subgroup
	Early evaluation window (151 d)
	SARIMA
	12.417
	-1.177
	0.241
	No difference

	Adult subgroup
	Early evaluation window (151 d)
	Transformer
	11.524
	0.058
	0.954
	No difference

	Adult subgroup
	Early evaluation window (151 d)
	LSTM
	12.584
	-0.776
	0.439
	No difference

	Adult subgroup
	Early evaluation window (151 d)
	7-day moving average
	12.833
	-0.968
	0.335
	No difference

	Adult subgroup
	Early evaluation window (151 d)
	Persistence
	12.584
	-2.051
	0.042
	Favours framework

	Adult subgroup
	Early evaluation window (151 d)
	XGBoost (absolute-count)
	12.338
	-0.633
	0.528
	No difference

	Adult subgroup
	2026 extension (212 d)
	Shift-robust XGBoost
	14.490
	-2.059
	0.041
	Favours framework

	Adult subgroup
	2026 extension (212 d)
	SARIMAX (oracle weather)
	13.002
	0.775
	0.439
	No difference

	Adult subgroup
	2026 extension (212 d)
	SARIMA
	13.285
	0.066
	0.948
	No difference

	Adult subgroup
	2026 extension (212 d)
	Transformer
	15.591
	-1.368
	0.173
	No difference

	Adult subgroup
	2026 extension (212 d)
	LSTM
	15.991
	-2.510
	0.013
	Favours framework

	Adult subgroup
	2026 extension (212 d)
	7-day moving average
	12.948
	0.444
	0.658
	No difference

	Adult subgroup
	2026 extension (212 d)
	Persistence
	14.777
	-2.290
	0.023
	Favours framework

	Adult subgroup
	2026 extension (212 d)
	XGBoost (absolute-count)
	19.993
	-2.262
	0.025
	Favours framework

	Pediatric subgroup
	Full evaluation period (363 d)
	Shift-robust XGBoost
	6.153
	-0.119
	0.905
	No difference

	Pediatric subgroup
	Full evaluation period (363 d)
	SARIMAX (oracle weather)
	6.535
	-0.998
	0.319
	No difference

	Pediatric subgroup
	Full evaluation period (363 d)
	SARIMA
	6.565
	-1.072
	0.284
	No difference

	Pediatric subgroup
	Full evaluation period (363 d)
	Transformer
	6.424
	-0.729
	0.467
	No difference

	Pediatric subgroup
	Full evaluation period (363 d)
	LSTM
	6.272
	-1.551
	0.122
	No difference

	Pediatric subgroup
	Full evaluation period (363 d)
	7-day moving average
	6.549
	-1.291
	0.197
	No difference

	Pediatric subgroup
	Full evaluation period (363 d)
	Persistence
	6.579
	-1.175
	0.241
	No difference

	Pediatric subgroup
	Full evaluation period (363 d)
	XGBoost (absolute-count)
	6.286
	-0.980
	0.328
	No difference

	Pediatric subgroup
	Early evaluation window (151 d)
	Shift-robust XGBoost
	8.675
	0.027
	0.979
	No difference

	Pediatric subgroup
	Early evaluation window (151 d)
	SARIMAX (oracle weather)
	9.188
	-0.782
	0.435
	No difference

	Pediatric subgroup
	Early evaluation window (151 d)
	SARIMA
	9.261
	-0.912
	0.363
	No difference

	Pediatric subgroup
	Early evaluation window (151 d)
	Transformer
	8.950
	-0.409
	0.683
	No difference

	Pediatric subgroup
	Early evaluation window (151 d)
	LSTM
	8.751
	-0.541
	0.589
	No difference

	Pediatric subgroup
	Early evaluation window (151 d)
	7-day moving average
	9.221
	-1.115
	0.267
	No difference

	Pediatric subgroup
	Early evaluation window (151 d)
	Persistence
	9.017
	-0.515
	0.607
	No difference

	Pediatric subgroup
	Early evaluation window (151 d)
	XGBoost (absolute-count)
	8.758
	-0.329
	0.742
	No difference

	Pediatric subgroup
	2026 extension (212 d)
	Shift-robust XGBoost
	3.351
	-0.835
	0.405
	No difference

	Pediatric subgroup
	2026 extension (212 d)
	SARIMAX (oracle weather)
	3.606
	-1.325
	0.187
	No difference

	Pediatric subgroup
	2026 extension (212 d)
	SARIMA
	3.564
	-1.003
	0.317
	No difference

	Pediatric subgroup
	2026 extension (212 d)
	Transformer
	3.690
	-1.256
	0.210
	No difference

	Pediatric subgroup
	2026 extension (212 d)
	LSTM
	3.580
	-2.338
	0.020
	Favours framework

	Pediatric subgroup
	2026 extension (212 d)
	7-day moving average
	3.587
	-1.014
	0.312
	No difference

	Pediatric subgroup
	2026 extension (212 d)
	Persistence
	4.025
	-4.510
	< 0.001
	Favours framework

	Pediatric subgroup
	2026 extension (212 d)
	XGBoost (absolute-count)
	3.608
	-1.447
	0.149
	No difference


Note: Squared-error loss, Harvey-Leybourne-Newbold small-sample correction, h = 7. A negative DM statistic favours the proposed framework. The oracle-weather ensemble is omitted because its loss series is nearly identical to that of the primary framework, making the Diebold-Mariano variance estimate degenerate; it is reported descriptively in Table 2 of the main text.

Table S7. Point-forecast accuracy stratified by epidemic phase.
	Subgroup
	Epidemic phase
	Days
	Mean observed count
	RMSE
	MAE
	Mean bias
	Persistence RMSE

	Total population
	Growth (rapid escalation)
	144
	31.13
	17.578
	11.279
	1.443
	18.851

	Total population
	Stable (steady state)
	79
	30.76
	15.360
	10.449
	-2.204
	15.799

	Total population
	Decline
	140
	25.20
	15.958
	9.496
	3.884
	17.315

	Adult subgroup
	Growth (rapid escalation)
	137
	23.33
	12.846
	8.374
	-1.191
	14.836

	Adult subgroup
	Stable (steady state)
	89
	27.26
	12.271
	8.344
	1.838
	12.633

	Adult subgroup
	Decline
	137
	19.88
	12.674
	7.737
	4.046
	13.734

	Pediatric subgroup
	Growth (rapid escalation)
	142
	6.37
	7.648
	3.846
	0.932
	7.988

	Pediatric subgroup
	Stable (steady state)
	57
	7.40
	5.782
	3.481
	-0.071
	6.597

	Pediatric subgroup
	Decline
	164
	4.69
	4.604
	2.874
	0.643
	5.043


Note: A forecast origin is classified as growth when the latest observable count exceeds 1.10 times its trailing 7-day mean, as decline below 0.90 times that mean, and as stable otherwise; the same definition is used for the conditional interval coverage in Table 4 of the manuscript. 

Table S8. Weekly versus daily forecasting over the evaluation period.
	Subgroup
	Resolution
	Model
	RMSE (weekly cases)
	MAE
	SMAPE (%)
	R2

	Total population
	Weekly
	Weekly naive (previous observable week)
	115.826
	69.981
	37.4
	0.599

	Total population
	Weekly
	Weekly historical average
	218.017
	171.260
	79.8
	-0.422

	Total population
	Weekly
	Weekly 3-week moving average
	137.511
	86.282
	44.2
	0.434

	Total population
	Weekly
	Weekly auto-selected ARIMA
	115.826
	69.981
	37.4
	0.599

	Total population
	Weekly
	Weekly XGBoost
	128.046
	81.897
	41.8
	0.509

	Total population
	Daily
	Daily framework, forecasts aggregated to weekly totals
	85.421
	51.944
	26.9
	0.784

	Adult subgroup
	Weekly
	Weekly naive (previous observable week)
	79.188
	50.519
	36.3
	0.722

	Adult subgroup
	Weekly
	Weekly historical average
	192.415
	147.135
	82.7
	-0.639

	Adult subgroup
	Weekly
	Weekly 3-week moving average
	94.141
	60.827
	41.2
	0.608

	Adult subgroup
	Weekly
	Weekly auto-selected ARIMA
	79.188
	50.519
	36.3
	0.722

	Adult subgroup
	Weekly
	Weekly XGBoost
	118.834
	75.756
	48.7
	0.375

	Adult subgroup
	Daily
	Daily framework, forecasts aggregated to weekly totals
	59.074
	36.715
	26.2
	0.847

	Pediatric subgroup
	Weekly
	Weekly naive (previous observable week)
	44.391
	24.462
	64.6
	0.188

	Pediatric subgroup
	Weekly
	Weekly historical average
	44.237
	24.933
	63.6
	0.193

	Pediatric subgroup
	Weekly
	Weekly 3-week moving average
	52.389
	29.237
	66.2
	-0.131

	Pediatric subgroup
	Weekly
	Weekly auto-selected ARIMA
	44.391
	24.462
	64.6
	0.188

	Pediatric subgroup
	Weekly
	Weekly XGBoost
	42.183
	21.130
	55.7
	0.267

	Pediatric subgroup
	Daily
	Daily framework, forecasts aggregated to weekly totals
	34.188
	17.851
	49.3
	0.525


Note: Every weekly model respects the same information constraint: because of the 2-day reporting lag, a forecast for week W can use data only through week W-2. The auto-selected weekly ARIMA reduced to (0,1,0) in the total and adult strata and is therefore numerically identical to the weekly naive rule. The weekly model rows report scores over all 52 evaluation weeks, whereas the daily forecasts could be aggregated only for the 51 weeks with seven scored days. For the RMSE reduction percentages, each weekly comparator was rescored after restricting it to those same 51 common weeks; the corresponding comparator RMSEs were 116.96, 79.94 and 42.59 for the total, adult and pediatric strata. The reported RMSE reductions of 27.0%, 26.1% and 19.7% compare the daily row with the best weekly comparator on these common weeks, although the forecast-update frequencies and origins are not matched.

Tables S9-S14 evaluate the XGBoost component rather than the primary XGBoost-SARIMA ensemble. Table S11 uses 360 common evaluation days; Tables S9-S10 and S12-S14 use the 363-day evaluation period (August 3, 2025 to July 31, 2026).

Table S9. Alternative seasonal encodings.
	Subgroup
	Configuration
	Features
	Development holdout RMSE
	Purged-CV RMSE
	Evaluation RMSE (363 d)
	Evaluation RMSE (2026 only)

	Total population
	WeekOfYear + real school calendar (current)
	21
	18.812
	12.277
	16.542
	15.706

	Total population
	real school calendar only, no WeekOfYear
	20
	20.550
	12.472
	16.127
	15.277

	Total population
	harmonics only, no WeekOfYear
	24
	17.075
	12.819
	16.908
	16.304

	Total population
	WeekOfYear + harmonics
	25
	17.511
	12.174
	16.939
	16.049

	Total population
	weekend proxy + WeekOfYear (alternative calendar coding)
	21
	18.722
	12.277
	16.544
	15.687

	Total population
	weekend proxy only, no WeekOfYear
	20
	20.176
	12.472
	16.050
	15.325

	Adult subgroup
	WeekOfYear + real school calendar (current)
	21
	17.416
	11.486
	13.133
	14.490

	Adult subgroup
	real school calendar only, no WeekOfYear
	20
	18.648
	11.840
	12.503
	13.667

	Adult subgroup
	harmonics only, no WeekOfYear
	24
	17.627
	11.902
	13.292
	14.853

	Adult subgroup
	WeekOfYear + harmonics
	25
	17.315
	11.612
	13.143
	14.497

	Adult subgroup
	weekend proxy + WeekOfYear (alternative calendar coding)
	21
	17.406
	11.462
	13.153
	14.521

	Adult subgroup
	weekend proxy only, no WeekOfYear
	20
	18.132
	11.840
	12.501
	13.717

	Pediatric subgroup
	WeekOfYear + real school calendar (current)
	21
	2.387
	2.618
	6.153
	3.351

	Pediatric subgroup
	real school calendar only, no WeekOfYear
	20
	2.310
	2.666
	6.173
	3.428

	Pediatric subgroup
	harmonics only, no WeekOfYear
	24
	2.825
	2.693
	6.177
	3.424

	Pediatric subgroup
	WeekOfYear + harmonics
	25
	2.857
	2.687
	6.196
	3.417

	Pediatric subgroup
	weekend proxy + WeekOfYear (alternative calendar coding)
	21
	2.352
	2.618
	6.163
	3.356

	Pediatric subgroup
	weekend proxy only, no WeekOfYear
	20
	2.220
	2.658
	6.200
	3.450


Note: Week of year was retained because development-period holdout and purged-CV results favoured its inclusion in the total population. Values refer to the XGBoost component, not to the ensemble reported in Table 2 of the main text.

Table S10. Feature-block ablation.
	Subgroup
	Configuration
	Features
	RMSE
	R2
	Directional accuracy (%)
	ΔRMSE vs full model

	Total population
	Full model
	21
	16.542
	0.638
	63.6
	0.000

	Total population
	- meteorological block
	15
	17.263
	0.606
	58.5
	+0.721

	Total population
	- fever-clinic block
	16
	18.186
	0.562
	61.0
	+1.645

	Total population
	- case-history block
	15
	17.026
	0.616
	65.5
	+0.484

	Total population
	- calendar block
	17
	16.179
	0.654
	63.0
	-0.363

	Total population
	Fever-clinic block only
	5
	17.433
	0.598
	63.8
	+0.892

	Total population
	Case-history block only
	6
	16.668
	0.632
	55.1
	+0.126

	Adult subgroup
	Full model
	21
	13.134
	0.670
	66.5
	0.000

	Adult subgroup
	- meteorological block
	15
	13.485
	0.652
	65.9
	+0.352

	Adult subgroup
	- fever-clinic block
	16
	14.697
	0.586
	65.3
	+1.564

	Adult subgroup
	- case-history block
	15
	13.358
	0.658
	66.2
	+0.225

	Adult subgroup
	- calendar block
	17
	12.608
	0.695
	66.5
	-0.525

	Adult subgroup
	Fever-clinic block only
	5
	13.548
	0.648
	64.1
	+0.414

	Adult subgroup
	Case-history block only
	6
	14.651
	0.589
	59.2
	+1.517

	Pediatric subgroup
	Full model
	21
	6.153
	0.351
	71.9
	0.000

	Pediatric subgroup
	- meteorological block
	15
	6.145
	0.352
	73.2
	-0.008

	Pediatric subgroup
	- fever-clinic block
	16
	6.326
	0.314
	72.5
	+0.173

	Pediatric subgroup
	- case-history block
	15
	6.225
	0.335
	75.8
	+0.071

	Pediatric subgroup
	- calendar block
	17
	6.219
	0.337
	71.2
	+0.065

	Pediatric subgroup
	Fever-clinic block only
	5
	6.252
	0.330
	68.9
	+0.099

	Pediatric subgroup
	Case-history block only
	6
	6.329
	0.313
	69.2
	+0.175


Note: A positive ΔRMSE means the configuration is worse than the full model. Values refer to the XGBoost component, not to the ensemble reported in Table 2 of the main text.

Table S11. Reporting-lag sensitivity analysis.
	Subgroup
	Assumed reporting lag
	RMSE
	MAE
	SMAPE (%)
	R2
	Directional accuracy (%)
	Shrinkage λ

	Total population
	1 day
	15.717
	10.294
	41.2
	0.675
	64.5
	0.471

	Total population
	2 days
	16.607
	10.820
	43.6
	0.637
	63.4
	0.429

	Total population
	3 days
	16.902
	11.013
	43.6
	0.624
	64.8
	0.499

	Total population
	4 days
	18.034
	11.541
	45.3
	0.572
	68.0
	0.483

	Total population
	5 days
	17.584
	11.682
	46.5
	0.593
	70.7
	0.589

	Adult subgroup
	1 day
	13.265
	8.744
	45.6
	0.664
	65.9
	0.558

	Adult subgroup
	2 days
	13.183
	8.688
	45.2
	0.668
	66.6
	0.468

	Adult subgroup
	3 days
	14.228
	9.322
	47.1
	0.614
	66.1
	0.498

	Adult subgroup
	4 days
	14.389
	9.477
	49.0
	0.605
	67.7
	0.529

	Adult subgroup
	5 days
	14.346
	9.679
	50.9
	0.607
	66.4
	0.578

	Pediatric subgroup
	1 day
	5.773
	3.241
	76.8
	0.432
	65.4
	0.666

	Pediatric subgroup
	2 days
	6.175
	3.336
	76.8
	0.350
	71.9
	0.666

	Pediatric subgroup
	3 days
	6.408
	3.387
	75.4
	0.300
	73.7
	0.690

	Pediatric subgroup
	4 days
	6.554
	3.543
	80.2
	0.268
	73.0
	0.865

	Pediatric subgroup
	5 days
	6.701
	3.644
	77.7
	0.235
	72.2
	0.576


Note: All lag scenarios were scored over the same 360 target dates (August 6, 2025 to July 31, 2026), ensuring that all development labels were available at each forecast origin even with a 5-day reporting lag. Features and the reconstruction baseline were adjusted to each lag, and the XGBoost component was refitted and recalibrated. Values refer to the XGBoost component, not to the ensemble reported in Table 2 of the main text.

Table S12. Forecast-horizon sensitivity analysis.
	Subgroup
	Forecast horizon
	RMSE
	MAE
	SMAPE (%)
	R2
	Directional accuracy (%)

	Total population
	1 day
	12.343
	7.996
	35.4
	0.798
	68.4

	Total population
	2 days
	13.361
	8.785
	38.2
	0.764
	65.7

	Total population
	3 days
	13.459
	8.880
	38.5
	0.760
	66.5

	Total population
	5 days
	14.097
	9.173
	37.9
	0.737
	62.4

	Total population
	7 days
	16.542
	10.755
	43.5
	0.638
	63.6

	Adult subgroup
	1 day
	10.879
	7.054
	38.0
	0.773
	65.3

	Adult subgroup
	2 days
	11.735
	7.964
	43.4
	0.736
	67.4

	Adult subgroup
	3 days
	11.581
	7.665
	41.6
	0.743
	67.3

	Adult subgroup
	5 days
	11.459
	7.666
	41.0
	0.748
	59.8

	Adult subgroup
	7 days
	13.134
	8.644
	45.2
	0.670
	66.5

	Pediatric subgroup
	1 day
	4.535
	2.666
	71.3
	0.647
	71.5

	Pediatric subgroup
	2 days
	4.770
	2.828
	72.2
	0.610
	69.0

	Pediatric subgroup
	3 days
	5.089
	2.904
	72.1
	0.556
	68.5

	Pediatric subgroup
	5 days
	5.338
	2.980
	74.7
	0.511
	71.3

	Pediatric subgroup
	7 days
	6.153
	3.323
	76.8
	0.351
	71.9


Note: Values refer to the XGBoost component, not to the ensemble reported in Table 2 of the main text.

Table S13. Calibrated and uncalibrated differences versus direct prediction.
	Subgroup
	Specification
	RMSE
	MAE
	SMAPE (%)
	R2

	Total population
	Difference target + shrinkage (primary)
	16.542
	10.755
	43.5
	0.638

	Total population
	Difference target, uncalibrated
	18.419
	13.322
	59.3
	0.551

	Total population
	Direct prediction of Y(t+7)
	20.439
	14.638
	58.9
	0.447

	Adult subgroup
	Difference target + shrinkage (primary)
	13.134
	8.644
	45.2
	0.670

	Adult subgroup
	Difference target, uncalibrated
	15.424
	10.753
	59.3
	0.544

	Adult subgroup
	Direct prediction of Y(t+7)
	16.676
	11.745
	58.9
	0.467

	Pediatric subgroup
	Difference target + shrinkage (primary)
	6.153
	3.323
	76.8
	0.351

	Pediatric subgroup
	Difference target, uncalibrated
	6.251
	3.385
	81.5
	0.330

	Pediatric subgroup
	Direct prediction of Y(t+7)
	6.721
	3.750
	81.2
	0.225


Note: All three specifications use the same feature set, hyperparameters and training period, with the target formulation and shrinkage calibration varied as indicated. Values refer to the XGBoost component, not to the ensemble reported in Table 2 of the main text.

Table S14. Lagged and cumulative meteorological specifications.
	Subgroup
	Configuration
	Features
	RMSE
	R2
	ΔRMSE vs base configuration

	Total population
	Same-day only (primary)
	21
	16.542
	0.638
	0.000

	Total population
	+ lags 1,3
	33
	16.088
	0.658
	-0.453

	Total population
	+ lags 1,3,7
	39
	16.046
	0.659
	-0.496

	Total population
	+ 7-day cumulative
	27
	16.243
	0.651
	-0.298

	Total population
	+ 7 and 14-day cumulative
	33
	16.149
	0.655
	-0.393

	Total population
	+ lags 1,3,7 and cumulative 7,14
	51
	16.217
	0.652
	-0.325

	Adult subgroup
	Same-day only (primary)
	21
	13.134
	0.670
	0.000

	Adult subgroup
	+ lags 1,3
	33
	12.810
	0.686
	-0.324

	Adult subgroup
	+ lags 1,3,7
	39
	12.634
	0.694
	-0.500

	Adult subgroup
	+ 7-day cumulative
	27
	12.869
	0.683
	-0.265

	Adult subgroup
	+ 7 and 14-day cumulative
	33
	12.844
	0.684
	-0.290

	Adult subgroup
	+ lags 1,3,7 and cumulative 7,14
	51
	12.679
	0.692
	-0.454

	Pediatric subgroup
	Same-day only (primary)
	21
	6.153
	0.351
	0.000

	Pediatric subgroup
	+ lags 1,3
	33
	6.155
	0.350
	+0.002

	Pediatric subgroup
	+ lags 1,3,7
	39
	6.154
	0.350
	0.000

	Pediatric subgroup
	+ 7-day cumulative
	27
	6.157
	0.350
	+0.004

	Pediatric subgroup
	+ 7 and 14-day cumulative
	33
	6.217
	0.337
	+0.064

	Pediatric subgroup
	+ lags 1,3,7 and cumulative 7,14
	51
	6.194
	0.342
	+0.040


Note: A negative ΔRMSE means the configuration improves on the same-day specification used in the base configuration. Values refer to the XGBoost component, not to the ensemble reported in Table 2 of the main text.





Table S15. Pathogen-specific submodels and the aggregate outcome.
	Outcome
	Mean daily cases (evaluation)
	n
	RMSE
	MAE
	SMAPE (%)
	R2
	Shrinkage λ

	Aggregate (primary outcome)
	28.76
	363
	16.542
	10.755
	43.5
	0.638
	0.429

	Influenza
	19.09
	363
	15.478
	9.242
	57.1
	0.458
	0.000

	COVID-19
	3.99
	362
	3.974
	1.813
	136.8
	0.772
	0.015

	Mycoplasma pneumoniae
	5.70
	363
	3.360
	2.768
	56.4
	-0.041
	0.728


Note: The aggregate and pathogen-specific rows use the calibrated XGBoost component, without SARIMA ensembling. Each submodel uses the same feature construction and the aggregate model's selected hyperparameters; per-pathogen re-tuning was not performed. Calibration is applied to predicted increments before reconstruction and truncation at zero. Influenza and Mycoplasma pneumoniae have lower R² values than the aggregate outcome, although their RMSE values are on different outcome scales. The COVID-19 analysis includes 362 target dates because the trailing 28-day mean of observable COVID-19 cases was zero at one forecast origin (target date January 15, 2026), so the ratio-based case-history features were undefined for that row. This was a feature-construction exclusion and did not reflect an interruption in surveillance. The nominally high COVID-19 R² does not indicate strong predictive signal: its shrinkage factor collapsed to 0.015, so the fitted model approximates a persistence forecast on a smooth, low-count series and carries little learned signal.






















Figures
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Fig. S1. Drift in the surveillance denominator between the development and evaluation periods.
Daily fever-clinic visits and the case-to-visit ratio over the study period. Between the development and evaluation periods, fever-clinic attendance fell by 31.5% (201.4 to 137.9 visits per day), whereas confirmed cases fell by only 9.9% (31.4 to 28.3 per day). The case-to-visit ratio therefore rose by 31.6% (0.156 to 0.205), and the syndrome gap fell from 169 to 109 cases per day. 
[image: ]
Fig. S2. Pathogen-specific daily case counts over the study period.
Daily counts of influenza, COVID-19 and Mycoplasma pneumoniae cases recorded at the sentinel fever clinic from November 1, 2023 to July 31, 2026. The vertical dotted line marks the development-evaluation boundary.
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Fig. S3. Empirical coverage of nominal 95% prediction intervals.
Coverage and mean width of split-conformal and adaptive conformal prediction intervals over the 363-day evaluation period, by subgroup and by epidemic phase. A forecast origin is classified as growth when the latest observable count exceeds 1.10 times its trailing 7-day mean, as decline when it falls below 0.90 times that mean, and as stable otherwise. The single fixed-width split-conformal procedure over-covers adults (98.3%) and under-covers children (79.1%); adaptive conformal inference with a 9-day feedback delay brings all three strata within 1.5 percentage points of nominal, at the cost of a more than sevenfold increase in the pediatric interval width.
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