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Abstract: The flow of novel coronavirus (COVID-19) has affected almost every aspect of human life around the globe. Being the emerging ground and early sufferer of the virus, Wuhan city-data remains a case of multifold significance. Further, it is of notable importance to explore the impact of unique and unprecedented public health response of Chinese authorities—the extreme lockdown of the city. In this research, we investigate the statistical nature of the viral transmission concerning social distancing, extreme quarantine, and robust lockdown interventions. We observed highly convincing and statistically significant evidences in favor of quarantine and social distancing approaches. These findings might help countries, now facing, or likely to face the wave of the virus. We analyzed Wuhan-based data of “number of deaths” and “confirmed cases,” extracted from China CDC weekly database, dated from February 13, 2020, to March 24, 2020. To estimate the underlying group structure, the assembled data is further sub-divided into three blocks, each consists of two weeks. Thus, the complete data set is studied in three phases, such as, phase 1 (Ph 1) = February 13, 2020, to February 26, 2020; phase 2 (Ph 2) = February 27, 2020 to March 11, 2020; and phase 3 (Ph 3) = March 12, 2020 to March 24, 2020. We observed the overall median proportion of deaths in those six weeks remained 0.0127. This estimate is highly influenced by Ph1, when the early flaws of weak health response were still prevalent. Over the time, we witnessed a median decline of 92.12% in the death proportions. Moreover, a non-parametric version of the variability analysis of death data, estimated that the average rank of reported proportions in Ph 3 remained 7, which was 20.5 in Ph 2, and stayed 34.5 in the first phase. Similar patterns were observed, when studying the confirmed cases data. We estimated the overall median of the proportion of confirmed cases in Wuhan as 0.0041, which again, is highly inclined towards Ph 1 and Ph 2. We also witnessed minimum average rank proportions for Ph 3, such as 7, which was noticeably lower than Ph 2, 21.71, and Ph 1, 32.29. Moreover, the varying degree of clustering indicates that the effectiveness of quarantine based policies is time-dependent. In general, the decline in coronavirus transmission in Wuhan significantly coincides with the lockdown.
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1  Introduction

Since its onset in December 2019, as a pneumonia case of unknown origin in Wuhan city, the COVID-19 is evolving rapidly across the globe [1]. Till date, the pandemic’s outbreaks have influenced every aspect of human life, such as social [2,3], economic [4,5], environmental [6,7] and political [8,9], in varying degree. The global death count has surpassed 490,000, with the number of confirmed carriers of the virus exceeding 6.29 million. Epidemiologists and academics, from every corner, are responding to the wake of coronavirus. The scale of research activities is mammoth. Within the first two months of the viral outbreak, there have been 900 articles, reports, and preprints focusing pandemic [10]. Along with the efforts to explore clinical nature of the virus [11–13], a considerable amount of time and energy is being dedicated to understanding the mathematical nature of the transmission [14,15]. Moreover, the Chinese led lockdown scheme is also in the debates [16,17]. Therefore, the statistical analysis of China’s lead of extreme lockdown to break the transmission chain of the virus is worth conducting. However, there is a dearth of independent statistical studies, focusing on the compilation of statistical evidences, highlighting the utility of the control measures initiated in Wuhan city. One explanation to this, might be the simple nature of the publically accessible data, containing minimal information and shy to statistical operations. A separate study focusing the statistical aspects, with limited extent of information available in public domains, thus remains a challenging task. Recognizing the limitations, we, however, believe that statistical investigation, screening the effectiveness of social distancing and recommended quarantine, is worth conducting. We believe that, a study compiling the statistical evidences, will help authorities in launching cautionary campaigns with clearer arguments.

Motivated by the need for such efforts, this research aims to study Wuhan-based data, dated from February 13, 2020, to March 23, 2020. In the next Section 2, we provide various arguments backed by statistical evidences, highlighting the need for more operational and robust quarantine to prevent large-scale crises. The statistical analysis, combined with suitable graphical displays, provides a thoughtful insight into the interventions driven group structure of the coronavirus outbreak in Wuhan, China. Lastly, Section 3 offers a brief discussion about the general findings of the research.

2  Materials and Methods

2.1 Data and Theoretical Framework

Data, for this study, were extracted from China’s CDC weekly database, updating daily counts of confirmed cases and the number of deaths, dated from February 13, 2020, to March 24, 2020. To estimate the un-confounded effects of lockdown, we focused on Wuhan-based data. Moreover, the time-dependent nature of the quarantine based interventions is respected by further sub-dividing complete data set into three blocks, each consists of fourteen days. The analysis of these sub-groups, along with the complete data set, allows us to explore the prevalence behaviors of the disease with respect to the varying extent of quarantine policies. In order to explain the theoretical framework of the study, it is important to summarize the situation of the viral explosion in the adjacent past. The identification of the first confirmed case, in December 2019, coincided with the Chinese festival [15]. The dynamics of the virus and its infectious intensity, were not fully known. Therefore, no effective damage control interventions were put into place. The lockdown was implemented in mid-January 2020. Till then, viral transmission remained unrestricted [15,17]. It is reasonable to anticipate that phase 1 seems to be highly vulnerable to the unobstructed flow of the epidemic. This phase can be considered as the baseline impact evaluation source to assess the quarantine’s time-related gain. The framework is comprehended in below given flow chart.

2.2 Procedures

Tab. 1 summarizes the exploratory outcomes of the study. The estimates of Ph 1, for both data sets, vividly highlight the impact of the unaccounted early explosion of the disease. The quartile values are outstanding in Ph 1, relative to the other two phases, as well as, complete data analysis. One needs to be cautious when studying the impact of lockdown on the viral flow—an analysis without effective blocking is highly likely to produce biased estimates.

Table 1: Summary statistics for both data sets, where, RMD = percentage median decline with respect to Ph 1
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In the case of the analysis of death-related data, we observe a decline of 74.15% in median death proportion in Ph 2 relative to Ph 1. The extent of decline becomes more noticeable in Ph 3, where it reaches to 92.13%. More inspiringly, the maximum daily proportion of deaths in Ph 3, is even less than the minimum value of the Ph 1. This fact significantly seals the effectiveness of lockdown, and quarantine interventions in Wuhan to slow the flow of transmissible coronavirus. Similarly, even more, convincing estimates are observable in the analysis of confirmed cases data. The relative decrease in confirmed cases in Ph 2 with respect to Ph 1, is estimated as 88.51%, which reaches to 99.99% in Ph 3. The pictorial display of the situation is presented in Fig. 1, using side-by-side box plots.
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Figure 1: Flow chart comprehending the theoretical framework and adjacent past event
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Figure 2: Side-by-side box plots depicting the pictorial summary of the lockdown. (a) Death data cases. (b) Confirmed cases

Based on the above findings, we further investigate the scenario, if lockdown of Wuhan was in effect a two weeks earlier time. The objective is obtained by, first, excluding Ph 1 data values from the complete data set and, then by estimating the confidence limits using Ph 2 and Ph 3 data. Fig. 3 provides the display of the scenario for death data and confirmed cases. First, let us read the case of death data. Panel (a) reveals that majority of Ph 1 values fall outside the upper 95% confidence limit constructed by using Ph 2 and Ph 3 of lockdown data. These findings implicate that, two weeks earlier and operational implementation of lockdown, could have accumulatively avoided at least 57% of the deaths, reported till March 24, 2020. Moreover, all the recorded values in Ph 3, stay below the mean line, indicating the gains of quarantine, and lockdown to maximum degree. Similarly, the above mentioned intervention was likely to reduce the extent of infected persons by almost 80%. These outcomes signify the utility of control measures such as social distancing, quarantine, and lockdown in the wake of the corona disease.
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Figure 3: Display of corona virus effects over the time. (a) Death data cases. (b) Confirmed cases. Mean line is highlighted in red color, dotted line shows upper 95% confidence limit, and green lines separate the pre-considered phases

The underlying trends and group structures, existent in the data, are further explored by employing more formal and appropriate model-based and graphical statistical strategies. The objectives are achieved through the Kruskal–Wallis test, the Jonckheere trend test, and k-means clustering. Firstly, the Kruskal–Wallis test—a non-parametric alternative of ANOVA—for death data, produces a statistically significant value of 36.601 with an associated p-value of less than 0.0001. The findings reveal that all three considered phases of Wuhan lockdown, generate a significantly varying degree of effectiveness against corona breakout. Similarly, in the matter of confirmed cases, we witnessed a statistically significant value of the test as 32.611. Again, the associated p-value remains less than 0.0001, highlighting the fact that the degree of reported confirmed personal is significantly different in all three phases. Further, the direction and extent of differences among the phases are persuaded by employing the pairwise comparison approach—the Jonckheere trend test. Tab. 2 below compiles the results of pairwise follow-up, whereas Fig. 4 depicts the outcomes’ pictorial display.
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Figure 4: Pairwise comparison of phases, where each nod shows average rank of the phase (a) Death data. (b) Confirmed cases

Table 2: Results of Jonckheere trend test-pairwise differences among phases, each hypothesis tests, if phases are generated under identical distributional phenomenon
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For both data sets, phase 3, not only stands out as the most unlike of other two phases, but also as a highly convincing candidate in terms of minimum atrocities reported. From Tab. 2, one may notice that the highest values of test statistics, quantifying the differences among phases in pairs, are observed when phase 3 is involved. Moreover, Fig. 4 reveals that the average ranks of phase 3, for both data sets, remain the lowest among all three phases. This, collectively, is a very strong case in favor of highly recommended social distancing and quarantine interventions, in restricting the coronavirus flow.

Lastly, k-mean clustering is depicted in Fig. 5, with varying numbers of k’s. A detailed account of the applications of k-mean clustering technique can be seen in diverse fields of inquiry, for example, in optimization literature [18,19], in variability analysis [20,21], in artificial intelligent networking [22], and more recently in infectious disease prediction [23]. All panels of Fig. 5, highlight the fact that the utility of quarantine driven interventions, is time-dependent. This realization remains consistent for both data sets. In all cases, we observed the maximum utility was gleaned in the last 20 days.
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Figure 5: Clustering of days highlighting the prevalent group structure, k represents the number of clusters. (a) Death data. (b) Confirmed cases

3  Discussions

The term quarantine refers to the separation of the person(s) who has been exposed to infectious disease [16]. China exercised this intervention at an escalating scale by employing an extremely robust lockdown of the Wuhan city to break the transmission chain of novel coronavirus flow. It was reported that 31.3% of the patients in mainland China, traveled to Wuhan and 72.3% were exposed to the disease by contacting people from Wuhan [11]. Our research aims at gathering statistical evidences delineating the outcomes of Chinese public health interventions in Wuhan city to restrict the person-to-person contact. The objectives are achieved by extracting and analyzing Wuhan-based data of reported deaths and confirmed cases, from February 13, 2020, to March 24, 2020. By keeping, the incubation period, into view and to estimate the un-confounded effects of lockdown, the assembled data is also studied in sub-groups, calling them phases. Such that, each phase consists of fourteen days. Our research, based on various statistical tools, reveals compelling evidences in the favor of quarantine based public health response. Our results show that the decline of COVID-19 transmission, strongly coincides with strict quarantine and lockdown policies in Wuhan city. Based on the findings, we argue that China’s lead of limiting movement, propagating social distancing, and quarantining the infected persons, is worth replicating. We observed a decline of 92.13% in the median of the daily reported proportion of deaths from the first phase to the third phase. Similarly, the analysis of confirming cases data shows a decrease of 99.99% in phase 3. The average ranks of atrocities remain consistently and noticeably lower in phase 3 as compared to the initial phases. Moreover, the varying degree of clustering indicates that quarantine-driven policies have become effective over time. We observed that if the interventions were initiated, somehow, two weeks earlier, it could have saved almost 57% of the total deaths in Wuhan.

Although, social distancing, quarantine, and travel bans have emerged as promising strategies in restricting the extent of crises. It is to be noted that social distancing and mandatory quarantine alone cannot end this outbreak. But such measures have noticeable efficacy to slow down the transmissible COVID-19 spread. Finally, authorities also need to recognize that quarantine-based interventions are of very limited utility if posed haphazardly.
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