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[bookmark: _Toc104888324][bookmark: _Toc105533438]Text S1.1 Compartments
To simulate the transmission of SARS-CoV-2 in real word, we established an extended model based on the classic SEIR model (Fig 1), including susceptible (), exposed (), pre-symptomatic (), symptomatic (), asymptomatic (), hospitalized (), recovered () and fatal (). Susceptible individuals () become exposed (, non-infectious) after being infected once contacted with infectious individuals (). After 1/σ days of latent period, they enter the pre-symptomatic stage (), in which the infected can infect others but asymptomatic, and this period was called as the pre-symptomatic stage. Then some of them (proportion 1-α) developed symptoms (symptomatic infected, ), among which some were ill so severe that they had to be hospitalized (), and a small fraction () of the hospitalized died (). The probability of developing severe illness and dying from illness of infected were different from age groups (See  in Table S1 for details). The remaining  (proportion α) were always asymptomatic ), and recover () after days, just as the mildly infected (proportion 1-h), after 1/γ days in the symptomatic period. Here, we assumed that the infected would develop immunity to SARS-CoV-2 after recovery, and would not be reinfected during the simulation period.
During the simulation, intervention measures (testing, tracing, and isolation) would be implemented once the total infection rate reached a threshold (5/10,000 in the main text used). The effect of isolation was modeled by introducing compartments that represent quarantined individuals, and an individual can be isolated in any disease states (we set a corresponding isolation compartment for each disease state except for H and F). The individuals tested positive, and their family members and close contacts outside their household would be isolated and entered the corresponding isolation compartments. Isolated individuals followed the same disease progression through the disease states, so that isolated symptomatic individuals would be hospitalized if they were ill severely during the isolation period. We assumed that isolated individuals cannot contact others, therefore, susceptible isolated () would not be infected, either infectious individuals isolated () infect others. After in quarantine for the isolation period (14 days in this study), the isolated individuals transition to the nonquarantine compartments corresponding to their disease states at that time. 
The parameter descriptions and values can be seen in Table S1. 
[bookmark: _Toc104888325][bookmark: _Toc105533439]Text S1.2 Dynamic transmission
We implemented our simulation with the SEIRS+ package with modification [1]. The dynamic transmission was simulated using the Gillespie algorithm. Simply, we computed the ‘propensity’ of the possible events (i.e., the expected amount of time until a given event will take place) for all nodes at each time step, as an alternative to solving different equation systems for deterministic models. These propensities were then used to compute the probabilities of all possible state events normalized across the entire population. In each time step, a random node and corresponding transition were selected to execute according to these probabilities. 
There were two contact modes that both can lead to exposure of susceptible individuals and disease transmission events: close contacts (connections defined by the network structure, called local transmission) and casual contacts (called global transmission). Local transmission refers to transmission events that occur due to repeated, continuous or close contact, such as contacts between family members; global transmission refers to the occurrence of incidents due to accidental contact between individuals (such as contacts happened in public places) without clear network connections between individuals. The proportion of local and global transmission was defined using the locality parameter : when , individuals interact only with close contacts, while  represents a uniformly mixed population.
Each individual  has a state , The propensities of state transitions for a given node can be described by the following equations:









Under isolation, susceptible individuals cannot become infected ( cannot transfer to ), the transfer equations between other isolation compartments were similar as above. The meanings of some parameters in the equations (the others can be seen in Table S1):
· : the susceptibility of the susceptible individual ;
· : a network locality parameter, determining the relative frequency and weight of transmission among local and global contacts in the model;
· : the mean transmissibility of the symptomatic individuals;
· : the transmissibility of the symptomatic individual j;
· : the set of close contacts for individual ;
· : an indicator function that takes the value 1 when the state X(j) of the node j is one of the infectious states and 0 otherwise.



Table S1 Parameters related to disease transmission and control
	Parameters and description
	Value/range
	Reference

	: proportion of asymptomatic infection
	09
	[2]

	: the expected number of secondary cases that an individual generates when infectious in a
fully susceptible population
	Gamma (10, 035)
	[3](Mean), Assumed (CV)

	: time in exposed state
	gamma (32,06875) 
	[4]

	: time in pre-symptomatic infectious state
	gamma (383, 05979)
	[5]

	: (a)symptomatic periods
	gamma (687, 07584)
	[6]

	Infectious Period
	+
	/

	: transmission rate of symptomatic infected 
	1/infectious Period * R0
	/

	Pre-symptomatic transmissibility (relative to symptomatic transmissibility) 
	05
	[7]

	Asymptomatic transmissibility (relative to symptomatic transmissibility) 
	05
	[7]

	: time in symptomatic state before entering hospitalized state for those with severe cases
	gamma (40, 09027)
	[8]

	: time in hospitalized state for those with non-fatal cases
	gamma (160, 04178)
	[8]

	: time in hospitalized state for those with fatal cases
	gamma (120, 09545)
	[8]

	: proportion of active testing after symptomatic infection developed symptoms
	05
	Assumed

	Compliance with isolation and testing
	100%
	Assumed

	: proportion of close contacts successfully traced
	09
	Assumed

	: hospitalization rates by age group
	0-9: 00000
10-19: 00004,
20-29: 00104,
30-39: 00343,
40-49: 00425,
50-59: 00816,
60-69: 0118,
70-79: 0166,
80+: 0184
	[9]

	: mortality due to illness in hospitalized patients in different age groups
	0-9: 00000,
10-19: 03627,
20-29: 00577,
30-39: 00426,
40-49: 00694,
50-59: 01532,
60-69: 03381,
70-79: 05187,
80+: 07283
	[9]




[bookmark: _Toc104888326][bookmark: _Toc105533440]Text S1.3 Testing, tracing and isolation
Text S1.3.1 Testing
Considering different sampling methods, screening frequency and sampling time, a total of 87 scenarios were designed, and we set the full screening as the baseline scenario to compare the epidemic development, screening efficiency and medical resource pressure under different scenarios (See Table S2 for detailed scenarios). All scenarios take 14 days or seven days as a testing cycle, and specify the specific testing date. We assumed that a certain proportion () of symptomatic infected individuals would seek testing institutions for testing proactively after developed symptoms, and the testing could be performed regardless whether it was a testing day. However, other tests, including for the close contacts, were only carried out on the testing days.
On the testing days, those meeting one of the following conditions were excluded from being tested (the individuals to be tested determined by the sampling scenario in Table S2): (1) positive test results in the past; (2) hospitalized (confirmed due to COVID-19); (3) recovered from COVID-19 disease state; (4) dead.
The testing sensitivity (1 - false negative rate) varies depending on the disease states (exposed, pre-symptomatic, symptomatic or asymptomatic) and the amount of time the individual had spent in a given state. See Table S3 for the testing sensitivity of exposed, pre-symptomatic, symptomatic, and asymptomatic infected individuals at different times in the corresponding states[10, 11].
2

[bookmark: _Hlk112418655]Table S2 Designs of screening strategies
	1. Sampling scenarios—determining screening populations

	Scenario
	Description of whole-area screening object

	（）
	1: Full screening (N= total community population);
2: Stratified sampling by households（the individual in each family with the most connections to the outside is selected for testing, and repeats the testing of these individuals，N= number of households），
3: Random sampling（random sampling of the population according to the household sampling proportion (total community population/number of households)，and repeats the testing of these individuals，N= number of households）

	2. Screening strategies - implement strategies for three types of screening populations respectively

	
	Scenario
	Description of screening strategies
	Testing date within 14 days

	Census
	-C1
	7 times per week
	(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14)

	
	-C2
	6 times per week
	(1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 13)

	
	-C3
	5 times per week
	(1, 2, 3, 4, 5, 8, 9, 10, 11, 12)

	
	-C4
	testing on first seven days, days 10 and 14
	(1, 2, 3, 4, 5, 6, 7, 10, 14) - Shenzhen, China

	
	-C5
	4 times per week
	(1, 2, 3, 4, 8, 9, 10, 11)

	
	-C6
	3 times per week
	(1, 2, 3, 8, 9, 10)

	
	-C7
	testing on days 1, 2, 4, 7 and 14
	(1, 2, 4, 7, 14) -Shanghai, China

	
	-C8
	testing on first seven days, days 10 and 14
	(1, 4, 7, 10, 14) - Beijing, China

	
	-C9
	twice per week
	(1, 2, 8, 9)

	
	-C10
	once per week
	(1, 8, ...)

	
	-C11
	once every two weeks
	(1, 15, ...)

	Census’ time point distributions
	-CT1
	4 times per week
	Even distribution (1, 3, 5, 7, 8, 10, 12, 14)

	
	-CT2
	
	Front distribution (1, 2, 3, 4, 8, 9, 10, 11)

	
	-CT3
	
	Center distribution (3, 4, 5, 6, 10, 11, 12, 13)

	
	-CT 4
	
	Rearward distribution (4, 5, 6, 7, 11, 12, 13, 14)

	
	-CT 5
	3 times per week
	Even distribution (1, 4, 7, 8, 11, 14)

	
	-CT 6
	
	Front distribution (1, 2, 3, 8, 9, 10)

	
	-CT 7
	
	Center distribution (3, 4, 5, 10, 11, 12)

	
	-CT 8
	
	Rearward distribution (5, 6, 7, 12, 13, 14)

	Testing in batches
	-B1
	6 times per week (N/7 people are tested each time, and complete full screening in one week)
	(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14)

	
	-B2
	5 times per week (N/5 people are tested each time, and complete full screening in one week)
	(1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 13)

	
	-B3
	4 times per week (N/4 people are tested each time, and complete full screening in one week)
	(1, 2, 3, 4, 5, 8, 9, 10, 11, 12)

	
	-B4
	3 times per week (N/3 people are tested each time, and complete full screening in one week)
	(1, 2, 3, 4, 8, 9, 10, 11)

	
	-B5
	twice per week (N/2 people are tested each time, and complete full screening in one week)
	(1, 2, 3, 8, 9, 10)

	
	-B6
	once per week (N people are tested each time, and complete full screening in one week)
	(1, 2, 8, 9)

	Testing in batches’ time point distribution
	-BT1
	4 times per week
(N/4 people are tested each time, and complete full screening in one week)
	Even distribution (1, 3, 5, 7, 8, 10, 12, 14)

	
	-BT2
	
	Front distribution (1, 2, 3, 4, 8, 9, 10, 11)

	
	-BT3
	
	Center distribution (3, 4, 5, 6, 10, 11, 12, 13)

	
	-BT4
	
	Rearward distribution (4, 5, 6, 7, 11, 12, 13, 14)

	
	-BT5
	3 times per week
(N/3 people are tested each time, and complete full screening in one week)
	Even distribution (1, 4, 7, 8, 11, 14)

	
	-BT6
	
	Front distribution (1, 2, 3, 8, 9, 10)

	
	-BT7
	
	Center distribution (3, 4, 5, 10, 11, 12)

	
	-BT8
	
	Rearward distribution (5, 6, 7, 12, 13, 14)






[bookmark: _Hlk112418587]Table S3 False negative rate of nucleic acid testing of different infection states
	Infection states
	temporal false negative rates

	&
	0: 100, 1: 100, 2: 100, 3: 100

	&
	0: 025, 1: 025, 2: 022

	&
& 
	0: 019, 1: 016, 2: 016, 3: 017, 4: 019,
5: 022, 6: 026, 7: 029, 8: 034, 9: 038, 
10: 043, 11: 048, 12: 052, 13: 057, 14: 062,
15: 066, 16: 070, 17: 076, 18: 079, 19: 082, 
20: 085, 21: 088, 22: 090, 23: 092, 24: 093, 
25: 095, 26: 096, 27: 097, 28: 097, 29: 098, 
30: 098, 31: 099



Text S1.3.2 Tracing and isolation
We assumed 100% compliance with testing and isolation policies for all individuals (in China, it is included in the Infectious Disease Prevention and Control Law for management); there was a 1-day delay between individuals been tested and receiving the test reports. Individuals who test positive would be immediately isolated and their close contacts would be traced, we assumed that a proportion of  (90% in our simulation) of contacts were traced successfully. Successfully traced close contacts would be immediately isolated, but the tracing process took 1 day, that was, there was a 1-day delay from reporting an infection case to isolating his/her close contacts.
The isolated individuals would not contact others (A1.1). As recommended by the CCDC, the isolated individuals would be quarantined for 14 days. In the model, we assumed that the traced close contacts (with negative test results) entered hotels for isolation, asymptomatic and mild patients (with positive test results) entered shelter hospitals, while severe patients were admitted to hospitals for treatments.

[bookmark: _Toc104888327][bookmark: _Toc105533441]Text S2 Community network structure
We first assumed a community containing 2000 residents (nodes on the network), contacts among residents were represented by connections on the network. Then, we simulated the transmission of SARS-CoV-2 for each screening strategy. Accounting for the effects of randomness in network structure and transmission dynamics, we repeated the above process 1000 times.
[bookmark: _Toc104888328][bookmark: _Toc105533442]Text S2.1 Network structure
Based on the age structure distribution of China's urban population (Table S4), each member in the community was assigned to a certain age group (0–9, 10–19, ... 70–79, 80+), and then they were assigned to different families according to the size distribution of families (Table S4)[12].
We assumed that all members in one family were fully connected, and individuals among different families were randomly connected, which depended on the age groups. In this study, we randomly connected the nodes based on the contact rates in Shanghai surveyed before the COVID-19 epidemic (Table S4)[13].
For our simulation, once the total infection rate of the community exceeds a threshold (00005 in our research), intervention measures would be implemented, including increasing social distancing, nucleic acid testing, and tracing close contacts. Increasing social distancing would cause some connections been cut off. We assumed that only the connections between different families were cut off, while family members remain fully connected. We implemented this step using the parameter  in combination with an exponentially distributed random number, and approximately  of individuals would be cut off. Therefore, more smaller the value of  was, more connections outside households would be cut off. Fig 1.B showed the network with =1442695, which corresponds to about 50% of individuals would have no connection with members outside his/her family. The degree distributions before and after interventions were shown in Fig S2.



Table S4 Network parameters
	Parameters
	Description
	Value
	Source

	household size distribution
	The proportion of different family sizes
	1: 02837034254,
2: 03455088159,
3: 02238563271,
4: 00845357644,
5: 00466034563,
6: 00126443446,
7: 00021816290,
8: 00006086290,
9: 00001926461,
10: 00001649623
	[12]

	age distribution
	The proportion of the population in different age groups
	0–9: 01093,
10–19: 01043,
20–29: 01437,
30–39: 01881,
40–49: 01552,
50–59: 01439,
60-69: 00908,
70–79: 00437,
80+: 00210
 
	[12]

	layer definitions
	Contact rates for different age groups
	0–9: 116 (92, 143),
10–19:27 (231,307),
20–39:224 (198,259),
40–59:199 (177,233),
60+:126 (108, 147)
	[13]

	
	The probability of interactions being with incidental or casual contacts outside their set of close contacts
	005
	Assumed

	distancing scale
	Generate a quarantine version of the network where a majority of the out-of-household edges have been removed
	1442695 (about 50% of individuals would have no connection with members outside his/her family)
	Assumed






Table S5 Sensitivity analysis parameters
	Parameters
	Default value
	Sensitivity analysis

	: basic reproduction number
	10
	5, 25

	: proportion of asymptomatic infected
	09
	05, 07

	: proportion of close contacts successfully traced
	09
	085, 095

	: The probability of interactions being with incidental or casual contacts outside their set of close contacts
	005
	01, 02

	distancing scale: generate a quarantine version of the network where a majority of the out-of-household edges have been removed
	1442695 (about 50% of individuals would have no connection with members outside his/her family)
	07213415 (about 75% of individuals would have no connection with members outside his/her family)，34760595 (about 25% of individuals would have no connection with members outside his/her family)








[image: ]
Fig. S1 Compartmental structure used to describe the progression of disease states

[image: ] 
Fig. S2 A. Random network degree distribution; B. Network degree distribution after increasing social distance
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