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Introduction: Coronavirus disease 2019 occurred unexpectedly in late December 2019, it was difficult to immediately develop an effective vaccine or propose targeted medical interventions in the early stages of the outbreak. At this point, non-pharmaceutical interventions (NPIs) are essential components of the public health response to COVID-19. How to combine different NPIs in the early stages of an outbreak to control the spread of epidemics and ensure that the policy combination does not incur high socio-economic costs became the focus of this study.

Methods: We mainly used the fuzzy set qualitative comparative analysis to assess the impact of different combinations of NPIs on the effectiveness of control in the COVID-19 pandemic early stage, using open datasets containing case numbers, country populations and policy responses.

Results: We showed that the configuration of high morbidity results includes one, which is the combination of non-strict face covering, social isolation and travel restrictions. The configuration of non-high morbidity results includes three, one is strict mask wearing measures, which alone constitute sufficient conditions for interpreting the results; the second is strict testing and contact tracing, social isolation; the third is strict testing and contact tracing, travel restriction. The results of the robustness test showed that the number, components and consistency of the configurations have not changed after changing the minimum case frequency, which proved that the analysis results are reliable.

Conclusion: In the early stages of the epidemic, the causes of high morbidity are not symmetrical with the causes of non-high morbidity. Strict face covering is the most basic measure required to prevent and control epidemics, and the combination of non-strict face covering and containment is the most important factor leading to poor prevention and control, and the combination of strict containment and proactive pursuit is the way to achieve superior prevention and control, timely and proactive containment strategies have better prevention and control, and should mobilize the public to cooperate.

Keywords
 COVID-19; non-pharmaceutical interventions; fuzzy-sets qualitative comparative analysis; configurations; public health


1 Introduction

In late December 2019, COVID-19 occurred unexpectedly. On 11 March 2020, the World Health Organization (WHO) declared coronavirus disease 2019 (COVID-19) a pandemic (1). By the end of March 2020, and based on data from the Our World in Data-Coronavirus (COVID-19) Cases, more than 200 countries worldwide have reported cases (2). During an outbreak, non-pharmaceutical interventions (NPIs) and pharmaceutical interventions can play an important synergistic role in the prevention and control of the epidemic. However, in the early stages of an epidemic, effective pharmaceutical interventions are not expected to be available (3), NPIs are essential components of the public health response to COVID-19 (4–6).

Non-Pharmaceutical Interventions (NPIs) are public health measures to reduce transmission by reducing exposure in the general population (7). The primary objectives of NPIs are to reduce the likelihood of transmission, thereby minimizing the magnitude and delaying the arrival of peak outbreaks. This will buy time for health systems to prepare, and increase the potential for the development, approval and use of vaccines or drugs (8, 9). Current evidence suggests that single interventions have a more limited effect in the early stages of an epidemic and that multiple interventions are required to influence disease transmission (7, 10). However, the more interventions that are implemented, the higher the social and economic costs. Therefore, we focus on how to combine different interventions to control the spread of the epidemic and ensure that the multiple interventions do not result in high socioeconomic costs.

As there are many NPIs that affect the effectiveness of epidemic prevention and control, there is no independence between different NPIs; the impact of specific NPIs cannot be evaluated in isolation (5). Previous studies have used traditional quantitative methods to explore the net effect of individual NPIs, but lack studies on the combinations of NPIs that affect control effectiveness. Qualitative comparative analysis (QCA) is a more appropriate approach for such a complex causal research situation. QCA is a method that lies between quantitative and qualitative research. Unlike causal inference based on correlations between variables, QCA is based on the aggregation of the set of conditions and the set of outcomes. It focuses on the adequate and necessary conditions for an outcome to occur, and pays more attention to how multiple different antecedent elements influence the final outcome in the form of “configuration.” Currently, crisp-sets qualitative comparative analysis (csQCA), fuzzy-sets qualitative comparative analysis (fsQCA), and multi-value qualitative comparative analysis (mvQCA) are the more widely used QCA methods. csQCA and mvQCA are only suitable for dealing with kind problems, i.e., the cases can only be assigned to a certain category of categorical variables. However, fsQCA can not only deal with the kind problem, but also deal with the degree of change and partial membership. It introduces the concept of affiliation (the degree of certain attributes in the case), and distinguishes the original variables into the set of partial membership or partial non-membership, which can effectively avoid the problem of information loss in the process of data transformation. Since fsQCA has greater advantages, where possible, the researcher suggests that fsQCA should be used for analysis (11). In this study, the effectiveness of epidemic prevention and control were difficult to be classified simply by categories. Therefore, we used fsQCA to explore the influence of different combinations of NPIs on the epidemic prevention and control effect in the early stage so as to provide theoretical and practical insights for early response to emerging infectious disease outbreaks.



2 Materials and methods


2.1 Study design

This study focused on the window period when the cumulative number of cases in each country exceeds 100. By this time, the outbreak had begun to take shape and control measures were critical (12). Therefore, we used the point at which countries had accumulated more than 100 confirmed cases as the starting point for data collection. According to the experience of major countries, the spread of the epidemic can be gradually controlled in about 6 weeks if combined with effective epidemic prevention measures (13). Therefore, the cut-off point for data collection was the first day after the cumulative number of confirmed cases in each country exceeded 100 for 6 weeks. We collected data of time starting points and cut-off points of each country, built a case base and conducted configuration analysis.



2.2 Materials

In this study, the data of the outcome variable were obtained from the Our World in Data, a thematic database of COVID-19 statistics, which was compiled from information provided by countries’ official websites (government, ministry of health, or CDC, etc.) (2). We mainly used number of cases when the cumulative cases exceeded 100, the cumulative number of confirmed cases after 6 weeks, the population of each country.

The data of the condition variables were obtained from the Oxford COVID-19 Government Response Tracker (OxCGRT) (14), a dataset that provides systematic information on government responses to COVID-19 collected from public sources. We collected policy stringency scores for each country’s four condition variables: face covering, testing and contact tracing, social isolation, and travel restrictions.



2.3 Methods

We mainly used the fuzzy-set qualitative comparative analysis (fsQCA) to assess the impact of different combinations of NPIs on the effectiveness of control in the COVID-19 pandemic early stage.

First, we identified conditional variables using the literature induction method. Literature induction method is one of the main methods for determining condition variables in QCA research, which refers to the induction of important conditions from existing related literature (15). Based on this method, we used face covering, social isolation, travel restriction, testing, and contact tracing as conditional variables, and 6-week morbidity as outcome variables. Second, we constructed a final case base of 69 countries on the methodological principles of fsQCA. Third, we calibrated the data using the direct calibration method. Calibration involves calibrating the data by converting conventional variables to fuzzy variables using the fsQCA analysis software. In the case of morbidity, for example, the values of the variables before calibration only reflect the level of morbidity in each country, while after calibration it is possible to define which countries are affiliated with high morbidity and which countries are affiliated with low morbidity. Calibration is divided into two methods, direct and indirect, with the indirect method requiring a qualitative assessment of pooled affiliation. In order to avoid possible errors or controversies due to the subjective use of the indirect method, this study used the direct calibration method for calibration. That is, the raw absolute values were converted to fuzzy affiliation scores based on the three anchor points for constructing a fuzzy set: full membership, full non-membership, and crossover point. Finally, we analyzed the necessity, the adequacy of the conditional configuration and conducted a robustness test.



2.4 Variable selection


2.4.1 Conditional variables

Previous studies usually focus on NPIs that directly affect the probability of exposure, such as masking, social isolation, case isolation, testing and contact tracing, travel restrictions, and stay-at-home restrictions (4, 16, 17). Therefore, this study also analyzed NPIs that directly affect the probability of exposure.

In this study, based on the literature induction method (15), we systematically summarized the NPIs that control the transmission rate of COVID-19 mainly contain three categories: (1) Basic protective measures that the government requires individuals to comply with. The role of face covering in avoiding contact between infected and susceptible individuals is representative, and it has been required and implemented as a clear policy, so it is selected as one of the conditional variables (18, 19); (2) Closure measures to restrict the movement and gathering of people. NPIs that restrict the movement of people are mainly travel restrictions; NPIs that restrict the gathering of people, i.e., social isolation measures that include closing schools and workplace, canceling public events and restrictions on gatherings, which are designed to avoid the occurrence of clusters of cases (19, 20). In existing studies. Stay-at-home restrictions is also included as a closure measure, but given that it is a combination of both gathering and movement measures, there may be cross-over effects between the measures, therefore stay-at-home restrictions is not included in the analysis; (3) The chase measure to identify infected and potentially infected persons. This is a proactive case detection measure based on contact intervention that can identify and isolate infected persons as soon as possible to prevent the spread of the virus. Based on existing studies and the primary purpose of implementing NPIs, the four main NPIs: face covering measures, testing and contact tracing, social isolation, and travel restrictions were included in the study.

Therefore, in this study, face covering, travel restrictions, social isolation, testing and contact tracing were used as condition variables, where the values of face covering was obtained by using initial values from the Oxford COVID-19 Government Response Tracker (OxCGRT); travel restrictions was obtained by calculating the mean using domestic travel restrictions, with values ranging from [0, 4]; close public transport; social isolation was obtained by calculating the mean using restrictions on gatherings, cancelation of public events, school closures, and workplace closures with values ranging from [0, 3]; testing and contact tracing was obtained by calculating the mean using testing policy and contact tracing, with values ranging from [0, 2.5]. The values of conditional variables represents the stringency of the NPIs, with the lowest value of 0 indicating no restriction, and the higher the score, the more stringent the intervention (21).



2.4.2 Outcome variables

Epidemiologically, it is believed that through the comparison of morbidity, the epidemic characteristics of the disease can be understood and the effect of prevention and control measures can be evaluated (22). Therefore, the 6-week morbidity per 100,000 population was used as the outcome variable. The specific formula was: 6-week morbidity = (number of new cases at 6 weeks/population) × 1/100,000. The 6-week number of new cases is the difference between the number of confirmed cases diagnosed at the time point of more than 100 cases in each country and the number of confirmed cases diagnosed at the time point 6 weeks later.




2.5 Case selection

Case selection of QCA is an experimental and iterative process, so random sampling cannot be simply adopted, sufficient homogeneity of the case population and maximum heterogeneity within the case population should be considered (23). Based on this principle, we mainly conducted two screening.


2.5.1 Initial screening

Based on the principle of sufficient homogeneity, a globally representative case base was preliminarily established according to the following four steps: (1) Since sovereign states have the sovereign right to act and rule within their borders, the data of 197 sovereign states in “Our World in Data” is collected; (2) Countries with populations over 5 million are selected to ensure that the pandemic containment experience applicable to large countries is extracted; (3) To ensure that the data of each condition variable are complete when 100 cases are diagnosed in the selected country; (4) Only countries that have passed at least 6 weeks since the 100th case was confirmed are included, these countries already have a certain number of cases and have had enough time to respond so that low prevalence can be the result of effective containment (24). Initial screening to establish the initial cases containing 119 countries, basic information on the initial case base of 119 cases is shown in Tables 1, 2.



TABLE 1 Initial case base of 119 cases.
[image: Table1]



TABLE 2 Basic information of the initial case base constructed from 119 samples.
[image: Table2]



2.5.2 Secondary screening

Based on the principle of maximum heterogeneity, the final case-base for inclusion in the fsQCA analysis was established according to the following criteria: (1) Ensure that included cases have sufficient “positive” outcomes with morbidity below the median and “negative” outcomes with morbidity above the median; (2) Ensure that the representativeness of the selected countries, at the same time, in order to avoid the loss of the value of conditional variables. The value of each condition variable is guaranteed to correspond to a certain number of cases, so as to ensure that there are corresponding cases in each combination of condition variables; (3) Excluding countries with large volatility in the data of confirmed cases; and (4) According to the characteristics and effects of prevention and control measures of major countries and the degree of grasping case information, 69 cases were selected to form the final case database (Tables 3, 4).



TABLE 3 Final case base of 69 cases.
[image: Table3]



TABLE 4 Basic information of the final case base constructed from 69 samples.
[image: Table4]

The selected cases are all sovereign states with a certain population size, which basically meets the homogeneity requirement of case selection. The values of condition and outcome variables in case countries have great heterogeneity, which meets the diversified requirements of case selection. Geographically, the 69 cases cover countries from six continents, including 17 countries in Asia, 18 countries in Africa, 17 countries in Europe, six countries in South America, nine countries in North America, and two countries in Oceania.




2.6 Variable calibration

Calibration is the process of converting conventional variables into fuzzy variables. In terms of setting the anchor points, Ragin recommends that existing standards should be adopted if there are specific descriptions of variables in existing studies (23). The value of the face covering was determined by two points: (1) the initial value of the “Our World in Data” variable; (2) In the early stage of the epidemic, more countries adopted relatively relaxed measures to wear masks. Therefore, the threshold for full membership of the face covering is 2, when the mask must be worn outside the house in the presence of others in certain shared/public Spaces or in cases where social evacuation is not possible; The value of the crossover point is 1, when the face covering measures introduced are not mandatory, but only recommended; the threshold of full non-membership is 0, which means no measures have been put in place to wear masks. For other variables, since there is no existing information as criteria for threshold setting, we adopted the experience of Andrews and other scholars’ studies, setting them based on statistical values, using the 5% quantile of the original data as a fully non-membership threshold, using the 95% quantile as a fully membership threshold, and using the median as a crossover point (25). In this case, considering the scientific and representative nature of the 6-week morbidity set division between high and non-high, its threshold was set according to the quartile of the initial database containing 119 cases. The specific thresholds set are shown in Table 5.



TABLE 5 Calibration taking criteria for outcome and condition variables.
[image: Table5]




3 Results


3.1 Individual conditions: test of necessity

The necessity analysis of individual condition tests whether the outcome is a subset of a certain set of conditions. Necessity conditions are measured by consistency, if the consistency of a condition variable is above 0.9; it is the necessary antecedent condition of the result variable (26). The results of the test shows that the level of consistency of all conditions is not higher than 0.9, there is no absolutely necessary condition affecting the morbidity of each country among the four condition variables (Table 6).



TABLE 6 Individual conditions: test of necessity.
[image: Table6]



3.2 Adequate configuration analysis

Adequate configuration analysis of conditional configuration is the core of the QCA, which mainly analyzes the sufficiency of configuration formed by different antecedent conditions on the results (15). First, we set case frequency as 1, set the consistency threshold set as 0.75 by referring to Ragin’s suggestion. Second, before the analysis, Proportional Reduction in Inconsistency (PRI) was combined to further filter the truth table. According to the suggestions of leading scholars, we took 0.5 as the PRI threshold (27).

By using fsQCA3.0 software to carry out Boolean minimization operation on the truth table, we obtained complex solutions, parsimonious solutions and intermediate solutions. More and more scholars have found in empirical research that both complex solutions and intermediate solutions fail to pass basic correctness tests and are prone to causal fallacies. Researchers who use complex solutions or intermediate solutions in empirical analysis always run the risk of being far from the truth rather than closer to it (28–30). In this study, the economic and social costs of introducing measures should be taken into account, so we are committed to find the necessary combinations to promote the effectiveness of prevention, focusing on realism and simplicity. Parsimonious solutions with more simplicity and less risk of error are more suitable for analysis. After testing, the consistency of the parsimonious solutions met the threshold above 0.75, proving that each grouping has been a sufficient condition for the results, so we choose to report the parsimonious solutions, interpret it according to the standardized reporting symbols (31, 32).

For the four configurations presented in Table 7, the consistency level of both single solution (configuration) and overall solution is higher than the minim acceptable standard of 0.75. There were one configuration with high morbidity and three configurations with non-high morbidity.



TABLE 7 Configuration analysis.
[image: Table7]


3.2.1 Configuration outcomes of high morbidity

The combination of non-high testing and contact tracing, social isolation and travel restrictions constituted a high morbidity outcome. The consistency of the configuration was 0.826 and the original coverage was 0.581, suggesting that the path could explain 58.1% of cases. The high morbidity was the result of the combination of three factors: non-strict face covering measures, non-strict social isolation, and non-strict travel restrictions.



3.2.2 Configuration outcomes of high morbidity

The overall consistency of the configuration for the non-high morbidity outcome was 0.787 and the overall coverage was 0.748.


3.2.2.1 Configuration 1: face covering

In configuration 1, where the non-high morbidity outcome occurred, only one antecedent factor of the face covering was included. Face covering are particularly important for non-high morbidity compared to other conditions, as this factor alone constitutes a sufficient condition to explain the results. The consistency of this configuration is 0.793 and the original coverage is 0.438, indicating that this path can explain 43.8% of the cases.



3.2.2.2 Configuration 2: testing and contact tracing * social isolation

In configuration 2, strict testing and contact tracing and social isolation measures are the combined configurations to achieve non-high morbidity. The consistency of this configuration was 0.862, with an original coverage of 0.525, and the path was able to explain 52.5% of the cases.



3.2.2.3 Configuration 3: testing and contact tracing * travel restrictions

In configuration 3, strict testing and contact tracing measures and travel restriction measures are the combined configurations to achieve non-high morbidity. The consistency of this configuration is 0.854, the original coverage is 0.435, and this path can explain 43.5% of the cases.





3.3 Robustness test

Adjusting the number of case frequencies is one of the commonly used robust methods to deal with the threat of parameter setting in fsQCA (15). When performing the adequate configuration analysis, we set the case frequency number to 1, indicating that a grouping is included in the analysis as long as it covers one case. In order to avoid the impact of extreme cases on the analysis results and to ensure the robustness of the results, we adopted the method of adjusting the case frequency, and sets the minimum case frequency to 3, which means that each configuration is included in the study when it meets the condition of covering at least three cases. In this study, after we excluded configurations with a case frequency of less than 2, there are still 56 cases remaining, accounting for 81% of the total samples, meeting the requirement of retaining at least 75% cases (11). The standardized results show that the number, composition, consistency, and coverage of the configuration do not change after changing the minimum case frequency, which proves that the analysis results are reliable, as shown in Table 8.



TABLE 8 Robustness test.
[image: Table8]




4 Discussion


4.1 The causes of prevention and control effects are not symmetrical

According to the results of configuration analysis, the combination of non-strict face covering measures, social distancing and travel restrictions led to a high morbidity. While strict face covering can indeed be a sufficient condition for non-high morbidity in the early stages of the outbreak, non-high morbidity cases are more likely to be explained by a combination of strict testing and contact tracing and social isolation, and a combination of strict testing and contact tracing and travel restrictions. In a high-morbidity configuration, even strict testing and contact tracing may not reverse the effectiveness of outbreak control. In addition to strict testing and contact tracing, at least strict social distancing measures or strict travel restrictions are needed to be relatively effective. This is because even if the government announced strict testing and contact tracing measures at the beginning of the outbreak, on the one hand, it is difficult to achieve very strict testing and contact tracing measures due to the limited testing capacity of individual countries; on the other hand, without considering the capacity of policy implementation, the actual implementation of the policy is different. In this case, if there are no restrictions on agglomeration or travel, more families or communities may be infected.



4.2 Strict face covering measure is a cost-effective mean in the early stage of the epidemic

In this study, face-covering measure was found to play an important role in both the configuration that promoted high morbidity and the non-high morbidity configuration. In both the initial database of 119 cases and the final database of 69 cases, most of the countries that made it mandatory to wear masks in public places achieved better results when there were more than 100 confirmed cases. Although many of these countries have not only adopted mask-wearing measures, strict mask wearing is the consensus that these countries have achieved success in the early stages of the epidemic. Javid, a researcher from the University of Cambridge, believes that in terms of the effectiveness of limiting the spread of the virus, wearing masks can prevent asymptomatic infected people from spreading the virus, so it may affect the development track of the disease (33). This may also be one of the reasons why most of the countries that strictly required the wearing of masks at the early stage of epidemic have achieved better results.

As a basic NPIs measure, face covering has a strong protective effect for people who cannot abide by social isolation or other measures (34). It can not only prevent the virus from falling into more places from infected or asymptomatic infected people in the form of aerosols and droplets (35), but also provide protection for people who are not infected with the virus. Previous studies also confirmed that wearing a mask is effective in reducing the number of new infections while delaying the peak of fluence and significantly reducing the number of new cases (8, 36, 37). Some recent studies have also shown uncertainty as to whether wearing a mask or N95/P2 respirator helps slow the spread of respiratory viruses (38). However, there is no denying that wearing a mask is less expensive than other control measures, in the early stage of the epidemic, making it a cost-effective means of preventing and controlling the epidemic.



4.3 The combination of non-strict wearing of masks and containment measures resulted in a poor epidemic prevention effect

The results of the high morbidity configuration showed that non-strict social isolation or travel restrictions combined with non-strict mask were the two paths that led to poor effectiveness. Wearing masks is meant to prevent the spread of the virus through respiratory droplets, social isolation is meant to minimize the close human interactions and physical contact that can lead to the spread of deadly diseases, and travel restrictions are meant to reduce the spread of outbreaks due to the movement of people. The combination of a lack of strict mask-wearing, social isolation and travel restrictions measures means that once a person is infected, the presence of that person in public without wearing a mask can lead to more infections and spread to different areas. Even if strict testing and contact tracing measures are enacted at this time, the actual implementation is not only difficult because the spread of the epidemic has already taken shape, but also it is inevitable that there will be many asymptomatic infected persons who are difficult to track and control. Although strict containment measures may bring large economic and social costs in the short term, existing studies have proved that traffic control in various places effectively contained the spread of the epidemic, even though it may bring large costs in the short term, it also helps economic recovery as soon as possible (39).



4.4 Strict containment and control measures combined with active pursuit measures can achieve better prevention and control effects

The results of the non-high morbidity configuration proved that it is difficult to effectively control the spread of the epidemic with a single containment measure or testing and contact tracing measures. Argentina, for example, responded strongly to the COVID-19 pandemic by implementing strict social isolation measures to restrict assembly, such as the closure of public places and places of business, as well as severe travel restrictions on the movement of people. However, nursing homes, prisons and other detention facilities were also infected in this country, and the number of infections rose rapidly in the latter period (40). Although strict testing and contact tracing measures play an important role in achieving non-high morbidity, single testing and contact tracing measures, if not combined with certain measures of population agglomeration and movement, will bring great burden and pressure to epidemic prevention and control. Once large-scale clusters of infections occur, it is difficult to control the epidemic situation.

Strict containment measures combined with testing and contact tracing are important pathways to achieve non-high morbidity. Testing and contact tracing are important in the early stages of transmission control, through which potential asymptomatic and infectious carriers can be actively identified and promptly prevented from spreading; social isolation measures can delay the peak of the epidemic, giving health care systems a chance to be better prepared to contain it. Larger numbers of cases may overwhelm contact-tracing systems and require broader social isolation interventions, with social isolation and screening tests considered the most cost-effective alternatives to ameliorate the COVID-19 pandemic (41). The results of this study suggest that travel restrictions are as effective as social isolation as measures to limit population movement. Since it is still likely that new outbreaks will occur even after the introduction of the blockade measures. Therefore, it is necessary to take proactive measures by implementing strict detection measures, proactive case detection, and a combination of contact tracing and case isolation to avoid or minimize the impact of future outbreaks. This conclusion is also consistent with Seung’s findings that social isolation measures may not be effective without active interventions such as mass testing and contact tracing (20).



4.5 Timely and proactive containment strategies have better epidemic prevention

A common feature of the countries in the non-high-morbidity configuration was that relatively strict measures were taken long before the number of cases exceeded 100. This indicates that the earlier the policy stringency is improved in the early stage of epidemic prevention and control, the easier it is to achieve results. A common feature of the countries in the high-morbidity configuration was that the strictness of the policies in these countries was not improved after the number of cases exceeded 100. Even if the strictness of the policies was slightly improved in the following 6 weeks, the reality of large-scale spread of the epidemic could not be resolved. This difference may be related to the prevention and control strategies adopted in the early stage of the epidemic.

Some scholars divided the strategies of various countries into two categories. One is the mitigation strategy, in which countries do not pursue interruption of transmission, but aim to slow down the epidemic until herd immunity is established. Countries with mitigation strategies hope to avoid the collapse of their healthcare systems, as well as economic and social shutdowns. The other is the containment strategy, where the core NPIs of a containment strategy are proactive case detection and management, tracing and isolation of close contacts, and strict restrictions on the gathering or movement of people (42). These countries have generally been able to adopt stringent measures at the beginning of an outbreak or rapidly increase policy stringency to a high level, and this stringency has been sustainable.

Mitigation strategies are typically represented by Japan, United Kingdom, France, and the United States. This strategy has proved risky in the fight against COVID-19. On the one hand, the novel coronavirus has different transmission characteristics from previous influenza, that is, infected people without symptoms can also spread the coronavirus (43). On average, a patient with COVID-19 transmits the infection to two to three other people without exposure and without control measures. In the face of a highly infectious virus such as novel coronavirus, the implementation of less stringent and relatively passive mitigation strategies runs the risk of an uncontrolled outbreak. Facts have proved that although Japan, the representative country implementing this strategy, achieved good epidemic prevention and control effect in the early stage of the epidemic (the 6-week morbidity was 2.97 per 100,000). However, this strategy was unable to stop the spread of the epidemic, a second outbreak occurred in Japan in July 2020, which was more severe and had a faster increase in cases than the first wave (40). On the other hand, the reason why Japan has achieved good results in the early stage of epidemic, partly depends on the high consciousness and health literacy of the public. Other countries that chose this strategy are difficult to achieve the same effect due to their cultural concepts and other deep reasons. Countries that adopt mitigation strategies may be able to control the epidemic in the early stages; provided that timely measures can be introduced at the beginning of the epidemic and that there is a good cooperation from the public.

Containment strategies are typically represented by China, Singapore, Thailand, etc. Countries that adopted containment strategies were able to effectively control the scale of transmission even with a slight delay in the initial policies. China, an early outbreak country, had not yet reached a high level of policy stringency when the cumulative number of confirmed cases exceeded 100. However, extremely stringent and comprehensive measures were taken in a short period of time immediately after the outbreak was found to have started spreading. From February 14, 2020, the number of new daily confirmed cases dropped rapidly, and by March 7, 6 weeks after the 100 cases mark, the number of new daily confirmed cases has remained extremely low (6-week morbidity is only 5.53 per 100,000). The conclusion of this study is also similar to that of the Eubank’s study, namely, a strict and proactive containment strategy is a more feasible dealing with the epidemic (7).




5 Conclusion

In this study, we focus on the combination path of NPIs affecting the prevention and control effects in the early stage of the epidemic. The results showed that the causes of high morbidity are not symmetrical with the causes of non-high morbidity, strict face covering measure is a cost-effective mean in the early stage of the epidemic, and the combination of non-strict face covering and containment is the most important factor leading to poor prevention and control, and the combination of strict containment and proactive pursuit is the way to achieve superior prevention and control, timely and proactive containment strategies have better prevention and control, and should mobilize the public to cooperate.



6 Limitations

This study did not include factors such as national political system, cultural background, and international responsibility in the analysis. When analyzing the results and discussing them, there was no argument based on these deep-seated factors. Therefore, this study can only analyze the measure level. Therefore, the research conclusions of this study need to be tailored to the actual application of NPIs for epidemic prevention and control in various countries.
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