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Supplementary materials  
 

Health QR code system and contact tracing in China  
In February 2020, China rolled out its “health code” app nationwide. The health QR code system 

with red, yellow, and green color (Figure 2), developed by Alibaba and Tencent, efficiently 

identifies people exposed to COVID-19.Users can access the app through Alipay or WeChat and 

obtain their health codes. The color-based code can determine people’s exposure risks and freedom 

of movement based on factors like travel history, duration of time spent in the risky zone, and 

relationships to potential carriers. 

 
Figure S1 The example of the health QR code system for contact tracing. 

 

The local region is classified into low, medium, and high-risk zone based on the daily new cases, 

0, <10 or 1 cluster outbreaks, and >10 or ≥2 cluster outbreaks in the community within 14 days, 

respectively [38]. And the cluster outbreaks refer to the occurrence of more than 5 cases in a small 

area within 14 days [38]. Only the individuals who are in the low-risk zone and have no contact 

with confirmed cases are assigned with green QR codes and have unhindered access to public 

spaces. The confirmed cases and their primary (individuals who have close contacts with the 

confirmed case within 2 days before the onset of symptoms or collecting samples) and secondary 

contacts (individuals who have close contact with primary contacts within 2 days before the onset 

of symptoms or collecting samples), and the individuals who stay more than one hour in a high-

risk zone are with red QR codes, are required to isolate. People with yellow QR codes are restricted 

to go out if they stay more than one hour in the medium risk zone or the general contacts 

(individuals who have been in contact with the index cases in the same public area with a distance 

greater than 1 meter) [38]. Public places are not allowed to enter by individuals with yellow QR 

codes. Moreover, the status of the health QR code is updated with time according to the smartphone 

GPS data. 

 

 

 

 

 

 

 



Suplementary Tables  
 

Table S1: Table of estimated parameters and prior distribution in Fujian 

Parameters Prior range Distribution References 

Probability of transmission per contact (𝛽) 0.06 − 0.12 Uniform Assumed 

The number of contacts per individual per 

day in the first stage (𝑐1) 
10 − 20 Uniform Assumed 

The number of contacts per individual per 

day in the second stage (𝑐2) 
5 − 15 Uniform Assumed 

 

 

Table S2: Model variables and parameters for Jilin 

Notation Description Value Sources 

Variables and their initial values 

𝑆(𝑡) The number of susceptible individuals at day 𝑡 24073452 Data1 

𝐸(𝑡) The number of exposed individuals at day 𝑡 1 Assumed 

𝐴(𝑡) The number of asymptomatic infectious at day 

𝑡 

0 Assumed 

𝐼1(𝑡) The number of presymptomatic infectious 

individuals at day 𝑡 

0 Assumed 

𝐼2(𝑡) The number of symptomatic infectious 

individuals at day 𝑡 

0 Assumed 

𝐼𝑑(𝑡) The number of confirmed and isolated 

individuals at day t 

0 Assumed 

𝑅(𝑡) The number of recovered individuals at day t  0 Assumed 

𝐼𝑑(𝑇1) The number of confirmed and isolated 

individuals at day 𝑇1 

8 Data2 

Parameters for COVID-19 in Jilin 

𝜏1 Average time spent in the exposed state, 𝐸, 

days, for Omicron variant 

3-1.5 Ref3,4 

𝜏2 Average time spent in the presymptomatic 

infected state 𝐼1, days, for Omicron variant 

1.5 Ref5 

𝑎 Proportion of infected people who will 

develop symptoms 

0.6 Data2 



𝑏 Infectiousness of asymptomatic individuals 

compared to symptomatic infections 

0.75 Ref6  

𝜂 The testing efficiency towards asymptomatic 

infections 𝐴 and presymptomatic infections 𝐼1 

0.67 Ref7 

𝜉1𝑝𝐻 Proportion of severe infections   0.001 Data2 

𝜉2𝑝𝐷 Proportion of confirmed patients in ICU died 0.00008 Data2 

𝑢1 Days for developing severe symptoms and 

need ICU care after diagnosed 

8 Ref8 

𝑢2 Length of stay for severe patients in ICU 

before died 

10 days Ref9 

𝑢𝐼2
 The average days from symptom onset to 

diagnosis in Jilin 

1 days Assume 

𝛾𝐴 Recovery rate of asymptomatic infectious 

individuals 

Stage 1: 0 

Stage 2: 1/6.5 

Value of 𝛾 
and 𝜏2

 

𝛾 Recovery rate of symptomatic infectious 

individuals 

1/5 Ref10 

𝛾𝑑 Removed rate of non-ICU (hospitalized) 

patients 

1/5  Ref10 

𝛾𝐻 Recovery rate of ICU (hospitalized) patients  1/7 Ref11 

𝛼2  The adherence rate of symptom-driven testing 

in Jilin 

Stage 2-3: 1 Assumed 

𝑃 Total number of populations in Jilin province 24073453 Data1Error! 

Reference source 

not found. 

𝑇0 Time when the virus imported into epidemic 

areas in Jilin province 

Feb. 20, 2022 Assumed 

𝑇1 Time when the first confirmed Omicron cases 

were detected in Jilin province 

Mar. 1, 2022 Data2 

𝑇𝑄 The period of isolation for those traced 

individuals  

14 Ref12 

 

𝑇 The time needed to complete one round of 

citywide test 

Stage 1-2: 2 

Stage 3: 1 

Ref13 

Estimated parameters (Median, 95% CI) 

𝛽 Probability of transmission per contact  0.1163 (95% CI: [0.0920, 0.1476]) 

𝑐 The number of contacts per individual per day 

in each stage 

Stage 1: 12.3084 (10.0894, 14.8163) 

Stage 2-3: 8.7575 (5.3450, 11.8226) 



𝛼1  The adherence rate of citywide testing in Jilin 0.4029 (0.15, 0.6794) 

𝛼2  The adherence rate of symptom-driven testing 

in Jilin 

Stage 1: 0.4641 (0.1457, 0.6898) 

𝑝𝑐 The percentage of contact tracing in Jilin Stage 1: 0.3296 (0.1082, 0.6966) 

Stage 2-3: 0.7775 (0.5068, 0.9864) 

 
 

Table S3: Table of estimated parameters and prior distribution in Jilin 

Parameters Prior range Distribution References 

Probability of transmission per contact (𝛽) 0.09 − 0.15 Uniform Assumed 

The number of contacts per individual per 

day in the first stage (𝑐1) 
10 − 15 Uniform Assumed 

The number of contacts per individual per 

day in the second and third stage (𝑐2) 
5 − 12 Uniform Assumed 

The adherence rate of citywide testing in 

Jilin in the second and third stage (𝛼1) 
0.1 − 0.7 Uniform Assumed 

The adherence rate of symptom-driven 

testing in Jilin in the first stage (𝛼2) 
0.1 − 0.7 Uniform Assumed 

The percentage of contact tracing in Jilin in 

the first stage (𝑝𝑐)  
0.1 − 1 Uniform Assumed 

The percentage of contact tracing in Jilin in 

the second and third stage (𝑝𝑐) 
0.1 − 1 Uniform Assumed 

 

 

Sensitivity analysis  
 

Due to daily cases being time series, it’s hard to conduct sensitivity for the whole chain. We 

select four different times (𝑡 = 10, 20, 30, 40) to reflect the sensitivity for daily cases. We 

observe that on day 10, tracing percentage is positively correlated to the isolated cases. This is 

reasonable as there will be more people traced and isolated with a high tracing percentage in the 

early days of implementing CTTI.   

 

 

 

 

 



Table S4. PRCC analysis for cumulative and daily cases  
                              

                             Outcome variabels 

                   PRCC 
 

Input parameters 

 

Cumulative 

cases  

Infected cases at day 𝑡 

10 20 30 40 

Tracing percentage 

 

-0.7992 -0.6424 -0.7427 -0.7407 -0.8074 

Days from symptom onset to 

confirmed 

 

0.8747 0.8583 0.8511 0.8343 0.8809 

Testing efficiency -0.7309 -0.1885 -0.6360 -0.6632 -0.7490 

CTTI testing adherence rate -0.5014 -0.1737 -0.4293 -0.4380 -0.4916 

Days per round of testing 

 

0.7506 0.4697 0.6953 0.7027 0.7669 

Free transmission days 

 

0.8879 0.9917 0.9558 0.8943 0.8706 

Note: All the parameters are significant at the 0.05 confidence level (𝑝 ≤ 0.001).  

 

 

Table S5. PRCC analysis for cumulative and daily isolated people at day 𝒕 
                              

                             Outcome variabels 

                   PRCC 
 

Input parameters 

 

Cumulative 

isolated 

people  

Isolated people at day 𝑡 

10 20 30 40 

Tracing percentage 

 

-0.6810 0.9220  -0.3636 -0.3552 -0.5466 

Days from symptom onset to 

confirmed 

 

0.8788  0.7436 0.8887 0.8884 0.8710 

Testing efficiency -0.7472  -0.1545 -0.6742 -0.7261 -0.7288 

CTTI testing adherence rate -0.5093 -0.0932 -0.4456 -0.4828 -0.4456 

Days per round of testing 

 

0.7549 0.2088 0.7046 0.7412 0.7235 

Free transmission days 

 

0.8866 0.9974 0.9924 0.9780 0.9481 

Note: All the parameters are significant at the 0.05 confidence level (𝑝 ≤ 0.001).  
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