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Appendix 2

Reproduction number estimation

The time-dependent reproduction number, Ry, represents the average number of new
infections generated by an individual infected with a disease during their infectious period. This
time- and context-specific measure is frequently employed to assess the transmissibility of a
pathogen during an outbreak. Tracking R over time offers insights into how well interventions
are working and whether there’s a necessity to ramp up control measures (/). The primary
objective of the control efforts is to lower R below the critical threshold of 1, ideally as close to
0 as possible, to effectively manage and control the epidemic. Therefore, in this study, the
reproduction number was calculated and used to reflect the dynamics of respiratory infectious

diseases more accurately in the process of estimating the effectiveness of NPIs.

The reproduction number, used for analysis of respiratory infectious diseases except

tuberculosis, is expressed as shown in a previous study (2). The formula is as follows:

Ry = = ke
s=11e-sW(s)
_s
W(s) = [y(a)ea] s 179

where R; is the reproduction number, ¢ is the number of days elapsed since the start of the
epidemic, I; is the number of cases on day #, W(s) is the current infectivity on day s after
infection, a is the shape parameter, and 0 is the scale parameter. To estimate current infectivity

W(s), we used the serial interval and standard deviation for each disease (Appendix 2 Table) (3—
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5). After calculating the reproduction number in this manner, it was converted to incidence to

estimate the trend of infectious disease occurrence within the population.

The mean serial interval is a crucial epidemiologic variable that describes the infectivity
and transmission of an infectious disease. It denotes the average duration between when
symptoms first appear in the initial case and when they emerge in a subsequent case (5). This
interval is extensively employed in the monitoring and management of infectious diseases. The
serial interval plays a vital role in epidemic models that assess the effectiveness of intervention

strategies and guide policymakers in controlling or mitigating the spread of emerging outbreaks.

Time Series Forecasting with the ARIMA Model

The ARIMA (p, d, q) model is a time series forecasting technique that incorporates
elements of autoregressive (AR), moving average (MA), and AR+MA models to make
predictions (6). ARIMA is commonly used to predict short-term impacts and trends of acute
infectious diseases (6,7). Autoregression in time series data represents how past values influence
the current value. The moving average indicates how the prediction errors affect the current
value. This component adjusts for the 'noise' or irregularities in the time series by applying past
prediction errors to the current value. The parameters p, d, and q in the ARIMA model indicate
the order of autoregression, the degree of differencing applied to the original time series, and the
order of moving averages, respectively. With respect to some infectious diseases that exhibit
seasonality (especially respiratory diseases), we used a seasonal ARIMA (SARIMA [p, d, q] [P,
D, Q] s) model. In SARIMA, the additional parameters P, D, Q, and s correspond to seasonal
autoregression, seasonal integration, seasonal moving average, and seasonal period length,
respectively. Time series forecasting based on the Box-Jenkins method consists of four steps:
identification, estimation, diagnostic checking, and forecasting (§). We adhered to these steps
when making predictions. In addition, we conducted out-of-sample cross-validation to confirm
the predictive performance of the model and ensure that the model has not overfitted to the
training data. In the validation process, data from the period 2015-2018 was used as training

data, and the trend for 2019 was predicted to be compared with observed values.
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Appendix 2 Table. Serial intervals of respiratory diseases and their standard deviations.

Respiratory disease Serial interval (days) Standard deviation (days)
Varicella 14.0 2.2

Pertussis 22.8 6.5

Mumps 18.0 3.5

Invasive pneumococcal diseases (Streptococcus 6.6 1.8
pneumoniae)

Scarlet fever 14.0 4.9
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