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[ Abstract] Objective To evaluate the performance of the Prophet model in predicting the daily incidence of hand,
foot, and mouth disease (HFMD) in Shenzhen city, to analyze the impact of the COVID-19 pandemic, public holidays,
and school vacations (summer/winter) on HFMD predictions, and to provide new insights for HFMD surveillance and
early warning systems. Methods Using daily incidence rate data of hand, foot, and mouth disease (HFMD) in Shenzhen
city from 2011 to 2023 as a training set, we constructed different Prophet models based on two factors: (1) whether data
from the COVID-19 epidemic period were included, and (2) whether holiday effects were adjusted. These models were
then used to predict the daily incidence rate from January to July 2024, and the predictions were compared with the actual
observations. Model performance was evaluated using four metrics: mean square error (MSE), mean absolute error
(MAE), root mean square error (RMSE), and symmetric mean absolute percentage error (SMAPE). Results Compared to
the Prophet model trained on data during the COVID-19 pandemic, the baseline Prophet model (without pandemic data)
achieved reductions in daily average MSE, MAE, RMSE, and SMAPE of 45.64%, 27.63%, 25.89%, and 7.97%,
respectively. After controlling for holiday effects, the MAE, RMSE, and SMAPE values remained unchanged. When the
prediction horizon exceeded 4 months, the daily MSE decreased by 3.81%. For predictions within 4 months, the model
yielded MSE, MAE, RMSE, and SMAPE values (with 95% confidence intervals) of 0.42 (0.33, 0.90), 0.51 (0.45, 0.75),
0.65 (0.57, 0.95), and 0.42 (0.24, 0.44), respectively. In contrast, the predictions at 7 months showed higher errors: MSE
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1.78 (0.39, 29.61), MAE 0.94 (0.48, 3.05), RMSE 1.33 (0.63, 5.44), and SMAPE 0.40 (0.33, 0.43). Conclusions During
the COVID-19 pandemic (2020 - 2022), the daily HFMD incidence rate significantly affected the performance of the
Prophet model. While controlling for holidays and school vacations (winter/summer) had a limited effect on short-term

predictions, it improved the model’s accuracy for long-term predictions.
[ Keywords] hand, foot, and mouth disease; Prophet model; time series analysis; prediction; Shenzhen city
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Fig. 1 Temporal distribution of the daily incidence rate of hand, foot, and mouth disease (HFMD) and the fitted curve (dashed line)
in Shenzhen city, 2011 - 2023
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Fig. 2 Annual periodicity of daily hand, foot, and mouth disease incidence in Shenzhen city from 2011 to
2023: Prophet model analysis

22 HRBFRERFHHNFL OB ARFE
3t Prophet 42 & 69 % »m (B 1. 3) % T 2020—
2022 4 F 2 T RO R BAR (L E 1), % 88
56975 BRI YR I R A 37 B AR B ) AR
51 PRAE T RO S 11 B8 b AT S5 45 it o) i 38 A% S
I IR, B AL o AR 3 T AN RUAS g N el
5 5 S L 5 W 1) (2020—2022 4F ) T2 R K
I 2R AR, DL VP Al 9% 50 43 508 e 1S R i 5

M B 3 H AT BLE B RGN N 2020—2022 SF FHE (1)
i 2, H: MSE. MAE. RMSE & SMAPE & ¥ It
TN 2020—2022 = K4 (B A 1, 2 T I B ]
PR 4 S H i), B8 2 7E MSE. MAE. RMSE
PL )2 SMAPE %59 fe b LB T 2 & Pk
e, SRR 1 AL, #5782 H%) MSE. MAE. RMSE.
SMAPE 735 FF% 1 45.64% 27.63%- 25.89%- 7.97%

B - BT 5202020224 AR — BEAN2: REL2020—20224 1R
MAE | MSE |
st =l & —
4t
3 40}
2 :
20 X
ol 0
= RMSE SMAPE |
 8F SNAER
04} .
03[
02F
0.1F
0 50 100 150 200 0 50 100 150 200
NPRATES
3 B T L A B T R R R 2R AR B 1 5

Fig. 3 Impact of COVID-19 on 1- to 200-day-ahead forecast performance (MAE, MSE, RMSE, SMAPE) of Prophet models for
daily incidence of hand, foot and mouth disease in Shenzhen city: full data (2011 - 2023, dashed line)
versus non-pandemic period (excluding 2020 - 2022, solid line)
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Fig. 4 Impact of holiday effects (7 national holidays and winter/summer vacations) on 1- to 200-day-ahead forecast performance
(MAE, MSE, RMSE, SMAPE) of Prophet models for daily incidence of hand, foot and mouth disease in
Shenzhen city: with holiday items (solid line) versus without holiday items (dashed line)
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Fig. 5 Impact coefficients of 7 national holidays and winter/summer vacations on the daily incidence of hand, foot, and mouth
disease in Shenzhen city, 2011 - 2019 and 2024: a Prophet model analysis



FEALTA 202545 5 A% 41555 58 Chin J Public Health, May 2025 Vol.41 No.5 - 589 -
s W | | | [
1.5
1.0
0.5 I
[ I T — PPN O RIS | | BN,
LR ) | '
e
ﬁ 0 10152025 0 10 1520 25 0 10152025 0 10152025 0 10152025 0 10152025
i‘z 74 | I 8 || 9H || 10H || 11 || 12H
15
1.0 } ‘
05 |
P — Hmhh il M].,1”11””],],111lﬂ|11“J M JIH
-0.5
0 10152025 0 10152025 0 10152025 010152025 0 10152025 0 10152025
H i
B 6 ke W H RIEBBRIITF L D H R (BL 2019 4 9 4])

Fig. 6 Impact coefficients of 7 national holidays and winter/summer vacations on the daily incidence of hand, foot,
and mouth disease in Shenzhen city, 2019: a Prophet model analysis
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Fig. 7 Performance of the Prophet model including holiday terms (MSE, MAE, RMSE, SMAPE) for 1- to 400-day-ahead forecasts
of the daily incidence of hand, foot and mouth disease in Shenzhen city: the dots represent individual
fitted values and the line indicates the mean fitted values
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