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ARTICLE INFO ABSTRACT
Keywords: In the past three years, waves of COVID-19 infections have emerged one after another, and may
COVID-19 enter a small-scale wave-like recurrent epidemic pattern in the future. When COVID-19 infections

Nucleic acid testing
Agent-based model
Pandemic prevention and control

occur in small-scale, how to efficiently detect and prevent the disease has become the main
problem. In this study, based on the characteristics of the Omicron variant and China’s pandemic
prevention and control strategies, the following three nucleic acid testing scenarios were simu-
lated: scenario 1 (baseline scenario) included conducting nucleic acid testing at administrative
region; scenario 2 included conducting nucleic acid testing at the community; and scenario 3
included conducting nucleic acid testing at the health facility closest to households. The model
calibration showed that the baseline scenario was consistent with the actual transmission scenario
of the disease. The simulation results revealed that compared with scenario 1, the cumulative
cases in scenarios 2 and 3 were reduced by 9.52 % and 46.83 %, respectively. Compared with
scenario 2, the cumulative cases in scenario 3 were reduced by 41.23 %. Thus, adopting nucleic
acid testing measures at the household level can effectively limit the spread of COVID-19 and
should be given a priority when local emergency occurs in the future.

1. Introduction

Since the outbreak of the novel coronavirus (COVID-19) at the end of 2019, the total number of COVID-19 infections worldwide has
exceeded 670 million, with a mortality count of over 6.84 million [1]. Moreover, COVID-19 spread to more than 200 countries and
caused enormous losses to humanity, economy, and society [1]. In 2022, new rounds of COVID-19 outbreaks occurred in several cities
in China, and each city opted for different non-pharmaceutical interventions to limit the spread and infection of COVID-19 [2-6].
Among them, nucleic acid testing was one of the main methods to detect COVID-19 infections. Nucleic acid testing can quickly and
accurately detect infected individuals, allowing prompt dispatch to designated hospitals for isolation and allowing the development of
corresponding prevention. It additionally helps establish control measures to identify the virus transmission chain, achieve control of
the large-scale spread and infection of the pandemic, and minimize losses in all aspects [7]. Although China’s current pandemic
prevention policies have gradually been completely liberalized, with COVID-19 being classified as an "under Category B management,"
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new cases of COVID-19 occur daily [8], and a recent study also suggests that the COVID-19 would not enter a seasonal pattern of
transmission like influenza; instead, it may enter a mini-waves-like recurrent pandemic pattern [9]. It is shown that the number of
COVID19 infections has risen again in some regions recently, and new COVID-19 variants (especially the XBB.1.16 spectrum) are
replacing older strains in some countries, pushing up the number of cases [10]. Therefore, the risk of localized outbreaks still exists,
and implementation of nucleic acid testing, as one of the most effective, economical, and convenient control and preventative mea-
sures needs further assessment to deal with potential local emergencies.

Previous studies have primarily examined the role and effectiveness of nucleic acid testing at the administrative-region level. They
have focused on factors such as testing frequency, cumulative testing number, and the impact of nucleic acid testing in cities of varying
population sizes [7,11-16]. However, there has been limited assessment of nucleic acid testing at the community or household level.
The latest "COVID-19 Infection Prevention and Control Program (10th Edition)," issued by the Chinese Center for Disease Control and
Prevention (https://www.chinacdc.cn), has introduced an optimized testing strategy. This strategy explicitly discontinues the practice
of conducting nucleic acid screening for entire administrative areas and instead emphasizes conducting nucleic acid testing for in-
dividuals within communities who are at high risk of severe illness [17]. Hence, there is a compelling need to implement nucleic acid
testing on a community and household basis. In this study, we construct an agent-based model to assess the effect of nucleic acid testing
measures on the COVID-19 transmission at three different levels: administrative unit, community, and household. We then compare
the accumulated number of infected individuals under different scenarios. In closing, we discuss the potential implications of our
findings for COVID-19 control.

2. Methods
2.1. Synthetic population

Based on the population structure of Daxing District, Beijing, we established a matched synthetic population dataset of 1.42 million
individuals using standardized methods [16]. According to the age group of the population in the region, the synthetic population was
classified as students (5-22 years), workers (22-60 years), and others (<5 years and >60 years) based on their occupation. Each
individual in the synthetic population was allocated a unique individual ID, social role, and household ID.

The population was randomly assigned to different residential areas according to the distribution of residential areas and popu-
lation. Based on the age distribution in the model, the activity locations of students during weekdays were mainly concentrated in
schools, while those of workers were mainly concentrated in their homes and workplaces. The activity locations of all other individuals
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Fig. 1. Individual interaction and state changes in WS small-world networks

plnfect is the infection rate of the disease. Random1 is a random number set in the model to indicate the probability of effective contact between
susceptible individuals (S) and infectious individuals (E, I,, and I,,). Random2 is another random number set in the model to indicate the probability
of susceptible individuals (S) being transformed into exposed individuals (E) after being infected. Asymptomatic individuals (I,), mildly symp-
tomatic individuals (I,,).
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were mainly concentrated in homes, entertainment venues, and consumption venues. During weekends, the activity locations of in-
dividuals in all groups were mainly concentrated in entertainment and consumption venues. Venues were classified into four inter-
active venues, each involving various types of locations. According to the distribution of household sizes in Daxing District, five types
of households were established: those with one person (89,081 households), two people (98,615 households), three people (64,651
households), four people (26,814 households), and five people (18,770 households).

2.2. COVID-19 transmission model

We developed an agent-based model to assess the impact of various nucleic acid testing measures on the transmission of COVID-19.
This model is based on the Susceptible-Exposed-Infectious-Recovered (SEIR) compartmental model, which categorizes individuals into
different groups: susceptible (potentially infected after contact with COVID-19 patients), exposed (infected but asymptomatic for a
period, later developing mild symptoms), infectious (actively carrying the virus), and recovered (having recovered from infection and
do not participate in subsequent infections). Among the infected individuals, two subgroups were considered: asymptomatic (I,
infected and infectious but always asymptomatic) and mildly symptomatic (I,,, showing symptoms and infectious, converted from
exposed individuals). The model’s epidemiological classification is detailed in Fig. 1. In this small-world network model [18], sus-
ceptible individuals and those with infectivity (exposed, asymptomatic, and mildly symptomatic) were assessed for temporal and
spatial intersections, and effective contacts were determined when susceptible individuals had both temporal and spatial intersections
with individuals carrying the virus [19]. The model considered five infection locations: households, schools, workplaces, consumption
venues, and entertainment venues. The average incubation period for the Omicron variant in the model was 3.1 days [20].

In the model, at each time point (8 h), susceptible and infected individuals were allowed to come into contact with each other in
four types of environments (school, work, leisure, and home) to allow for COVID-19 transmission. The infection process was allowed to
occur in different WS small-world network environments [18]. The interactions between individuals and changes in the individual
status in the WS small-world network are shown in Fig. 1. First, it was determined whether there exists a contact between susceptible
individuals (S) and infectious individuals (E, I,, I;,) and then whether the contact is effective. If the randomly assigned random number
(Random1) is less than pInfect, the contact is assumed to be effective, and if random number(Random?2) is greater than the given
probability, the susceptible individual becomes an exposed individual (E), conversely, it is asymptomatic individual(l,). This study
assumed that exposed individuals are infectious [21]. After the incubation period, exposed individuals become mildly symptomatic
(I,,). Finally, the study determined whether all infectious individuals had recovered. After recovery, such individuals were assumed to
have a certain level of immunity and were thus removed from the model. Otherwise, the model continued to loop until infected in-
dividuals recovered.

The simulated nucleic acid testing scenarios were as follows: (1) administrative region (baseline scenario): when a new case is
detected, the entire administrative region (Daxing District) undergoes nucleic acid testing for 3 consecutive days; (2) community: after
detecting a new case, the community undergoes nucleic acid testing for 3 consecutive days; (3) household: once a new case is detected,
households in the community undergo nucleic acid testing for 3 consecutive days at the nearest health facility. For household testing,
one test tube is provided per household to reduce crowd gathering and the risk of COVID-19 transmission during testing. We conducted
1000 random simulations for each scenario using the calibrated model.

2.3. Model initialization

Two mildly symptomatic individuals and five asymptomatic individuals were assumed at the initial stage of our model, according
to the released data from the Beijing Municipal Health Commission (http://wjw.beijing.gov.cn/). The model was run for 25 days
(November 3 to November 27, 2022), and the parameters involved in the model are shown in Table 1.

2.4. Model calibration

The model was calibrated using the daily cumulative confirmed cases from the official website of the Beijing Municipal Health
Commission(http://wjw.beijing.gov.cn) in 2022 [22]. In the model, the probability of infection after effective contact with susceptible
and infected individuals was assumed to be similar in all five locations. Sensitivity analysis was conducted on both the infection rate
(pInfect) and the daily travel ratio (DTratio). The range of pInfect sensitivity analysis values was set at 0.5-0.6 with a step size of 0.05

Table 1

Mean values and sources of the model parameters.
Parameters Description Value Reference
plnfect Infection rate of effective contact between susceptible and infected persons 0.536 Assumed
incubation period Time from infection to symptoms of susceptible population 3.1day DEL AGUILA-MEJIA J [20]
number Number of exposed individuals during model initialization 5 Beijing local treasure [29]
DTratio Proportion of migrant population per day 0.004 Derived [24]
interval Interval between each iteration of the model 8h Fixed
ticks Total days of model simulation 25day Beijing local treasure [28]
nucleic_acid Nucleic acid detection rate 95 % China Net [30]
Ia_trans The proportion of infected individuals who transition to asymptomatic status. 0.3 Oran [31]
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[21,23], and the range of DTratio sensitivity analysis values was set at 0.001-0.005 with a step size of 0.001 [24]. Based on root mean
square error (RMSE) values, the optimal range of pInfect was determined as 0.53-0.54, and further analysis was conducted with a step
size of 0.001 for each combination value. Finally, 500 random simulations were conducted for scenariol(baseline) under each
combination value.

2.4.1. Sensitivity analysis of parameters

In this study, two epidemiological parameters were assumed: the virus infection rate (pInfect) and the daily population travel ratio
(DTratio). Three sensitivity analyses were conducted on these two parameters, as previously described [25].

The range of parameter combinations in the first sensitivity analysis for pInfect was 0.50-0.60 with a step size of 0.05 and for the
DTratio was 0.001-0.005, with a step size of 0.001. The simulation and RMSE results of this combination are shown in Fig. 2(a-f). The
results of the first sensitivity analysis showed that when the value of pInfect was between 0.50 and 0.55, the RMSE of the parameter
combination was relatively small.

In the second sensitivity analysis, the range of DTratio remained unchanged, but pInfect varied from 0.50 to 0.55 with a step size of
0.01. The RMSE of the second sensitivity analysis are shown in Fig. 3. The results indicate that RMSE is minimized when pInfect is
between 0.53 and 0.54.

The third sensitivity analysis was conducted with the same range of DTratio values and pInfect values ranging from 0.53 to 0.54,
with a step size of 0.001. The simulation results of the best pInfect values corresponding to each DTratio value are shown in Fig. 4(a—e),
and the RMSE values for all combinations are shown in Fig. 4(f). The results of the final sensitivity analysis show that when the DTratio
is 0.004 and plnfect is 0.536, the RMSE of the parameter combination is the lowest, and the model’s simulated daily cumulative
confirmed cases are most consistent with the observed values.

2.4.2. Basic reproduction number

The basic reproduction number (R,) is an important indicator in epidemiological studies for measuring virus infectivity. It rep-
resents the average number of people without immunity that a positive individual can infect in a population under no external
interference [26]. A higher R, indicates that the virus can more easily spread and is more difficult to control, while an Ry < 1 indicates
lower infectivity of the virus that will gradually disappear over time. To verify the effectiveness of the model, we calculated the Ry of
the proposed model using the relationship between the incubation period, daily cumulative confirmed cases, and recovery period, and
compared the calculated results with the observed results of known cases [24]. Ry was calculated using the following formula:

Ry = (1+rT1)(1 +rTy) (@D)]
T,=8I-T, )

Where, in equation (1), r represents the exponential growth rate, which is calculated by simulating daily confirmed cases in the model.
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Fig. 2. Sensitivity analysis and RMSE results.

figures (a—e) correspond to the simulation results of daily cumulative confirmed cases for different values of pInfect and DTratio ranging from 0.001
to 0.005. Figure f shows the root mean square errors (RMSE) for the combinations of the two epidemiological parameters. The x-axis represents
pInfect, the y-axis represents DTratio, and the color gradient from green to yellow represents increasing RMSE values.
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The figures (a-€) correspond to the simulation results of daily cumulative confirmed cases using a DTratio of 0.001-0.005 and pInfect values that
minimize RMSE. Figure (f) shows the RMSE values for all combinations of the two epidemiological parameters, with pInfect values of 0.53-0.54 and
DTratio values of 0.001-0.005, with a step size of 0.001. The color gradient from green to yellow indicates increasing RMSE values. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

T, represents the average latent period of the Omicron variant in infected individuals, with the subscript L indicating latent. T; rep-
resents the average recovery period of the Omicron variant in infected individuals, with the subscript I indicating infectious. In
equation (2), SI represents the average infectious period of the Omicron variant.

The optimum combination of pInfect and DTratio was obtained as (0.536, 0.004) according to sensitivity analyses. Further vali-
dation of the model was achieved by calculating the basic reproduction number (Ry). The final Ry of our model was determined to be
6.4, while the Ry calculated using the actual daily cumulative confirmed cases from the Beijing Municipal Health Commission was 7.1
[27]. All the model simulation and output results were conducted using Python (version 3.9.7).
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3. Results
3.1. Model fitting

The results of simulations performed under Scenario 1, with the optimal parameters of pInfect = 0.536 and DTratio = 0.004, are
shown in Fig. 5, which illustrates a reasonably good model fit. The curve for Scenario 1 shows a continuously increasing trend
throughout the assessment period. The daily cumulative number of infected people continued to increase with time, and the magnitude
of the increase gradually became larger.

3.2. Impact of community nucleic acid testing

Model simulations under Scenario 2 are shown in Fig. 6. Compared with the results in Scenario 1, the cumulative number of daily
confirmed cases increased at a relatively quicker rate in the early stage but gradually slowed down, and the magnitude of the increase
became smaller over time. On November 27, the cumulative number of confirmed cases was nearly 100 cases less than those in
Scenario 1. Compared with Scenario 1, Scenario 2 was associated with reduced total cumulative confirmed cases by 9.52 %. Compared
with Scenario 1 and Scenario 3, on the 5th day, the cumulative confirmed cases in Scenario 2 were the highest (Table 2), this trend
continued until the 15th day, however, on the 25th day, the cumulative number of confirmed cases in Scenario 2 was located between
Scenarios 1 and Scenario 3.

3.3. Impact of household nucleic acid testing

Model simulations under Scenario 3 were shown in Fig. 6. Compared with Scenario 1, the overall number of daily cumulative
confirmed cases was lower, the daily growth rate of cumulative confirmed cases was lower, and the final cumulative confirmed cases
were only half of those in Scenario 1. Compared with Scenario 1 and Scenario 2, Scenario 3 were associated with reduced total cu-
mulative confirmed cases (by 46.83 % and 41.23 %, respectively). Compared with Scenario 1 and Scenario 2, on the 5th day, the
cumulative confirmed cases in Scenario 3 were the lowest (Table 2), this trend continued until the 15th day, however, on the 25th day,
the cumulative number of confirmed cases in Scenario 3 was still the lowest.

4. Discussion

To our knowledge, no study has yet evaluated nucleic acid testing at different levels. In this study, we assessed the efficacy of
nucleic acid testing measures conducted at the community, and household level, and compared to that conducted at administrative
region. In addition, our study aimed to reduce the spread of infections caused by large-scale population movements during extensive
nucleic acid testing, achieve rapid interruption of the transmission chain, and reduce the number of infections by focusing on nucleic
acid testing at the community and household levels.

Over time, the COVID-19 strain underwent several mutations [23]; as of 2022, the currently prevalent Omicron variant is highly
infectious, with an average basic reproduction number Ry of 9.5 (5.5-24) [28]. Specifically, large-scale nucleic acid testing in the
entire administrative region may cause rapid spread of the virus owing to inadequate personal protective measures and/or failure to
wear masks during testing. Such large-scale nucleic acid testing not only increases the risk of viral transmission but also may cause
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Fig. 5. The daily cumulative confirmed cases determined using routine nucleic acid testing

The black dots represent the actual observed daily cumulative confirmed cases; the orange solid line represents the simulated daily cumulative
confirmed cases; the orange shadow represents the 95 % confidence interval of the simulated data. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)
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Fig. 6. The daily cumulative confirmed cases of COVID-19 under three scenarios of nucleic acid testing
The black dots represent the actual observed daily cumulative confirmed cases; the solid lines represent the cumulative number of simulated daily
confirmed cases; the shaded areas represent the 95 % confidence intervals of the simulated data.

Table 2
Cumulative number of confirmed cases in each stage under three scenarios.
Day Cumulative No. of cases
Scenariol(base) Scenario2 Scenario3
5d 24 96 4
10d 79 320 46
15d 189 538 153
20d 448 709 319
25d 914 827 486

aggregated outbreaks of COVID-19, requiring more social and medical resources [12]. In this study, compared with scenariol, sce-
nario2 significantly reduced the cumulative number of confirmed cases. When the disease transmission occurred under the scenario2,
the daily cumulative case number increased gradually at early stage (Table 2), although the growth rate of daily confirmed cases in
scenario 2 was higher at the early stage, it gradually decreased at the later stage, as shown in Fig. 6. This is because conducting nucleic
acid testing within the community with confirmed cases leads to a cluster of infections in the community. In addition, the missing
detection of infected individuals during nucleic acid testing can facilitate transmission in multiple communities, because some of the
asymptomatic patients who are not detected would still go out (e.g., purchasing food) and transmit the disease. As infected individuals
were moved to a specific hospital for monitoring and isolation, the public’s awareness of protection is continuously enhanced, leading
to a gradual decrease in confirmed cases at the later stage. Compared with scenariosl and 2, scenario3 showed an evident decrease in
the number of confirmed cases at the early stage and the total cumulative number of confirmed cases. This finding can be explained by
the fact that nucleic acid testing within the health facility closest to households would isolate the potential infected individuals from
the public, furthermore, most initially diagnosed cases were likely asymptomatic individuals at the early stage, because when they are
asymptomatic patients, there will be a certain degree of missed detection during the early testing process, and it will be detected again
in multiple rounds of nucleic acid testing afterwards. These asymptomatic individuals then infected household members, resulting in
clustered infections within households, which was illustrated by the gradual increase of the cumulative number of confirmed cases in
the later period; however, the disease transmission occurred within households. Timely monitoring of these households via multiple
rounds of nucleic acid testing can allow more rapid and accurate tracing of close contacts of infected individuals. Therefore, nucleic
acid testing conducted at the health facility closest to households level can not only reduce the risk of viral spread but also alleviate the
shortage of medical resources.

A limitation of our study needs discussion here. With the emergence of new virus strains, many parameters in the model need to be
updated. For example, when the new strain is more infectious than the Omicron variant, it may lead to more population infections, and
conversely, it may lead to fewer population infections. As prevention and control policies continue to be adjusted, it may also lead to a
large number of population infections when the proportion of population traveling in the city increases. When there is a difference in
infectivity between asymptomatic and mildly symptomatic patients, it may also lead to different levels of population infection during
subsequent transmission. Therefore, in the future study, we will continuously update these parameters according to the development of
the pandemic to make the model simulation results optimal.
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5. Conclusion

Our study indicates that, compared with nucleic acid testing at the level of the administrative region (scenariol), testing conducted
at community (scenario2) and at the health facility closest to households (scenario3) can reduce number of infected individuals. Of
note, at the health facility closest to households nucleic acid testing resulted in a lower daily cumulative number of confirmed cases
and total cumulative number of confirmed cases than community testing and should be given a priority when local emergency occurs
in the future. In addition, the agent-based model constructed in our study can not only be used for COVID-19 prevention and control,
but also be extended to other public health fields to provide reference for the prevention and control of other infectious diseases.

Data availability statement

All relevant data is available in a public repository at https://figshare.com/articles/dataset/Dataset_for Covid-19_modelling/
24773340.

Funding

Funded by Beijing Key Laboratory of Urban Spatial Information Engineering (NO. 20230101).
Additional information

No additional information is available for this paper.
CRediT authorship contribution statement

Xuedong Zhang: Writing - original draft, Validation, Supervision, Funding acquisition. Bo Chen: Writing - review & editing,
Writing - original draft, Software, Project administration, Methodology, Investigation, Formal analysis, Data curation. Jiaxu Le:
Validation, Supervision, Formal analysis. Yi Hu: Writing - review & editing, Validation, Methodology, Formal analysis,
Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgment
Author is thankful to Beijing Key Laboratory of Urban Spatial Information Engineering, for providing research funding support.

References

[1] Organization, W.H. Coronavirus disease (COVID-19) Situation Dashboard. Available from: https://covid19.who.int/.
[2] Z. Zhao, et al., Effect of population flow control in restraining COVID-19 in China, Dili Xuebao/Acta Geographica Sinica (2022) 426-442.
[3] C. Shao, et al., Leveraging human mobility data for efficient parameter estimation in epidemic models of COVID-19, IEEE Trans. Intell. Transport. Syst. (2022)
1-11.
[4] W. Liu, et al., Model-based evaluation of transmissibility and intervention measures for a COVID-19 outbreak in Xiamen City, China, Front. Public Health 10
(2022), 887146.
[5] G. He, et al., When and how to adjust non-pharmacological interventions concurrent with booster vaccinations against COVID-19—guangdong, China, 2022,
China CDC Weekly 4 (10) (2022) 199.
[6] S. Cheng, et al., China’s fight against COVID-19: what we have done and what we should do next? Front. Public Health 10 (2022), 548056.
[7] X. Han, et al., SARS-CoV-2 nucleic acid testing is China’s key pillar of COVID-19 containment, Lancet 399 (10336) (2022) 1690-1691.
[8] CDC, C. Epidemic situation of COVID-19 infection in China Available from: https://www.chinacdc.cn/jkzt/crb/zl/szkb_11803/jsz1 13141/.
[9] E. Callaway, COVID’s Future: Mini-Waves rather than Seasonal Surges, Nature, 2023.
[10] E. Harris, XBB. 1.16 deemed COVID-19 “variant of interest”, JAMA 329 (20) (2023), pp. 1731-1731.
[11] F. Gong, X. He, X. Sun, Formulation of large-sample COVID-19 nucleic acid screening schemes:screening practice among a population of 500000 people in
Luohu District of Shenzhen, Mod. Hosp. 21 (5) (2021) 786-788.
[12] L. Duan, et al., Simulation of COVID-19 epidemic in a closed population based on regular testing, Chinese Journal of Frontier Health and Quarantine 45 (6)
(2022) 460-465.
[13] W. Zhu, et al., Quantitative assessment of the effects of massive nucleic acid testing in controlling a COVID-19 outbreak, BMC Infect. Dis. 22 (1) (2022) 845.
[14] P. Zhu, et al., Challenges faced in large-scale nucleic acid testing during the sudden outbreak of the B. 1.617. 2 (delta), Int. J. Environ. Res. Publ. Health 19 (3)
(2022) 1573.
[15] Y.-J. Wang, et al., A 14+ 7 day quarantine period and a dual nucleic acid testing reagent strategy detect potentially indiscoverable Coronavirus disease 2019
infections in Xiamen, China, Clin. Chim. Acta 532 (2022) 89-94.
[16] Q. Gao, W.-P. Shang, M.-X. Jing, Effect of nucleic acid screening measures on COVID-19 transmission in cities of different scales and assessment of related testing
resource demands—evidence from China, Int. J. Environ. Res. Publ. Health 19 (20) (2022), 13343.
[17] Prevention, C.C.f.D.C.a. Infection Prevention and Control Program (tenth ed.). Available from: https://www.chinacdec.cn/jkzt/crb/zl/szkb_11803/jsz1 11815/
202301/t20230107_263261.html.
[18] D.J. Watts, S.H. Strogatz, Collective dynamics of ‘small-world networks, nature 393 (6684) (1998) 440-442.


https://figshare.com/articles/dataset/Dataset_for_Covid-19_modelling/24773340
https://figshare.com/articles/dataset/Dataset_for_Covid-19_modelling/24773340
https://covid19.who.int/
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref2
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref3
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref3
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref4
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref4
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref5
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref5
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref6
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref7
https://www.chinacdc.cn/jkzt/crb/zl/szkb_11803/jszl_13141/
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref9
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref10
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref11
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref11
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref12
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref12
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref13
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref14
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref14
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref15
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref15
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref16
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref16
https://www.chinacdc.cn/jkzt/crb/zl/szkb_11803/jszl_11815/202301/t20230107_263261.html
https://www.chinacdc.cn/jkzt/crb/zl/szkb_11803/jszl_11815/202301/t20230107_263261.html
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref18

X. Zhang et al. Heliyon 10 (2024) €23700

[19]
[20]

[21]
[22]

[23]
[24]
[25]
[26]

[27]
[28]

[29]
[30]

[31]

Y. Ding, et al., Communicable Disease Transmission Model for the Prevention and Control of COVID-19 in Wuhan City, China, Qinghua Daxue Xuebao/Journal
of Tsinghua University, 2021, pp. 1452-1461.

J. Del Aguila-Mejia, et al., Secondary attack rate, transmission and incubation periods, and serial interval of SARS-CoV-2 Omicron variant, Spain, Emerg. Infect.
Dis. 28 (6) (2022) 1224.

Q.-H. Liu, et al., Model-based evaluation of alternative reactive class closure strategies against COVID-19, Nat. Commun. 13 (1) (2022) 322.

Commission, B.M.H. Information on prevention and control of COVID-19 infection in Beijing. Available from: https://wjw.beijing.gov.cn/wjwh/ztzl/xxgzbd/
gzbdyqtb/202211/t20221121_2862908.html.

V. Sharma, et al., Emerging evidence on Omicron (B. 1.1. 529) SARS-CoV-2 variant, J. Med. Virol. 94 (5) (2022) 1876-1885.

S. Tan, et al., Mobility in China, 2020: a tale of four phases, Natl. Sci. Rev. 8 (11) (2021) nwab148.

L. Yin, et al., A data driven agent-based model that recommends non-pharmaceutical interventions to suppress Coronavirus disease 2019 resurgence in
megacities, J. R. Soc. Interface 18 (181) (2021), 20210112.

J. Wallinga, M. Lipsitch, How generation intervals shape the relationship between growth rates and reproductive numbers, Proc. Biol. Sci. 274 (1609) (2007)
599-604.

Commission, B.M.H. Latest news on the epidemic situation in Daxing, Beijing. Available from: http://bj.bendibao.com/news/2021118/286898.shtm.

Y. Liu, J. Rocklov, The effective reproductive number of the Omicron variant of SARS-CoV-2 is several times relative to Delta, J. Trav. Med. 29 (3) (2022)
taac037.

treasure, B.l. One new confirmed case in Beijing Daxing from 0:00 to 24:00 on November 3. Available from: http://bj.bendibao.com/news/2022114/330710.
shtm.

C. Net, China’s nucleic acid testing reagent detection rate of 95% as soon as 30 minutes to produce results, Available from: http://news.china.com.cn/txt/2020-
08/05/content_76349556.htm.

D.P. Oran, E.J. Topol, The proportion of SARS-CoV-2 infections that are asymptomatic: a systematic review, Ann. Intern. Med. 174 (5) (2021) 655-662.


http://refhub.elsevier.com/S2405-8440(23)10908-X/sref19
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref19
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref20
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref20
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref21
https://wjw.beijing.gov.cn/wjwh/ztzl/xxgzbd/gzbdyqtb/202211/t20221121_2862908.html
https://wjw.beijing.gov.cn/wjwh/ztzl/xxgzbd/gzbdyqtb/202211/t20221121_2862908.html
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref23
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref24
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref25
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref25
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref26
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref26
http://bj.bendibao.com/news/2021118/286898.shtm
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref28
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref28
http://bj.bendibao.com/news/2022114/330710.shtm
http://bj.bendibao.com/news/2022114/330710.shtm
http://news.china.com.cn/txt/2020-08/05/content_76349556.htm
http://news.china.com.cn/txt/2020-08/05/content_76349556.htm
http://refhub.elsevier.com/S2405-8440(23)10908-X/sref31

	Impact of different nucleic acid testing scenarios on COVID-19 transmission
	1 Introduction
	2 Methods
	2.1 Synthetic population
	2.2 COVID-19 transmission model
	2.3 Model initialization
	2.4 Model calibration
	2.4.1 Sensitivity analysis of parameters
	2.4.2 Basic reproduction number


	3 Results
	3.1 Model fitting
	3.2 Impact of community nucleic acid testing
	3.3 Impact of household nucleic acid testing

	4 Discussion
	5 Conclusion
	Data availability statement
	Funding
	Additional information
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment
	References


