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A Global Study of Screening Intensity and Economic Status on Epidemic Control Performance During Various Epidemic Periods of COVID-19 Mutant Strains


Abstract
This study analyzed global data and provides insights how economic conditions in various countries associate with epidemic control measures during different epidemic periods by mutant strains. In this study, the elasticity coefficient is estimated through a log-log model, which represents the percent change of the confirmed case number with respect to a percent change of the total number of screening tests in a country for epidemic control. The elasticity estimate was used to show the effectiveness of epidemic control by community screening. The 7-day rolling data of screening tests and confirmed cases from the Our World in Data (OWID) database for the pandemic periods of Alpha strain in 2020, Delta strain in 2021, and Omicron strain in 2022, suggests that the magnitude of the elasticity was associated with the economic condition of a country. Compared with the results during either Alpha- or Delta- pandemic period, the Omicron pandemic has a much higher estimated elasticity coefficient of 1.317 (Alpha: 0.827 and Delta: 0.885). Further comparison of economic conditions that were classified by quartile ranges, the result reveals the elasticity in countries with GDP per capita between $11,354 and $26,651 or GDP per capita above $26,651 is statistically significantly lower than that in countries having GDP per capita below $3,335. The findings of this study imply that the performance of epidemic control in a country is not only dependent on epidemiological measures applied, but is also influenced by the economic condition of a country.
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1. Introduction
The first case of coronavirus Disease 2019 (COVID-19), was reported in Wuhan in China. On January 13, 2020, a resident of Wuhan who traveled to Bangkok on January 8 tested positive for COVID-19, making Thailand the first country outside of China to have a case of COVID-19 (WHO, 2020). As of 30 June 2022, the number of cumulative confirmed COVID-19 cases worldwide has surpassed 544 million (WHO, 2022c). Although no animal hosts have yet been proved as the main reservoir hosts of the COVID-19 virus around the world, the disease is considered an emerging infectious disease of possible zoonotic origin with a significant impact on humans (WHO, 2022a).
According to UNESCO, as of 20 April 2020, approximately 1,291 million students enrolled in pre-tertiary education worldwide have been affected by the COVID-19 outbreak (UNESCO, 2022). The strict implementation of governmental policies to prevent the outbreak has led businesses to close temporarily, people to work at home, or companies to lay off their employees to reduce the risk of infection. The restrictions not only impact the global economy severely but also result in shortages in food and supplies, causing panic in consumers as people wait for government aid (Nicola, et al., 2020).
According to WHO reports, the Alpha variant was first detected in the UK in September 2020 and was declared a global pandemic in December 2020; the Beta variant was detected in South Africa in May 2020 and was recognized as a pandemic in February 2021; the Gamma variant was detected in Brazil in November 2020 and was acknowledged as a global pandemic in January 2021. However, the Omicron variant that was detected in South Africa in November 2021 has spread gradually around the world since December 2021 and is currently considered the dominant variant (Figure 1).
From the beginning of the COVID-19 outbreak through to the prevalence of the Delta variant, the most common symptoms of infected cases included cough, fever, fatigue, myalgia, headache, nasal obstruction, asthenia, rhinorrhea, sore throat, olfactory dysfunction, and gustatory dysfunction (Lechien et al., 2020; Stokes et al., 2020; Tong et al., 2020). However, with the prevalent Omicron variant, the common symptoms such as sore throat, fever, and cough have increased relatively, while symptoms like olfactory dysfunction and gustatory dysfunction have significantly decreased (Menni et al., 2022; UKHSA, 2021; Vihta et al., 2022).
	The Delta variant has high transmissibility, and during the prevalence of the Delta variant, its basic reproduction number () is about 5.08, which is much higher than the ancestral strain (with  of 2.79) and also much higher than the basic reproduction number of SARS, as well as MERS, smallpox, Ebola, seasonal influenza and pandemic influenza (Liu and Rocklöv, 2021).
Compared with either Alpha or Delta variant, the Omicron variant has a much higher rate of asymptomatic carriage and lower effectiveness of vaccination in reducing the risk of transmission than other VOC, which results in the rapid and widespread dissemination of the Omicron variant globally (Allen et al., 2022; Bouzid et al., 2022; Garrett et al., 2022).
	Since the 2022 Omicron variant outbreak, as several countries in East Asia applied lockdown and vaccination rates have reached the expected level, the testing rates worldwide have plummeted by 70-90% (as shown in figure 1). Relaxation of screening tests has been the first casualty of many countries’ decisions to reduce official monitoring of new infections in a community. This is a global challenge (WHO, 2022b), as shutting down testing programs prematurely poses may lead to higher economic loss and increasing risk of mortality.
	To date, the Omicron variant has the highest transmissibility among the identified variants. Although its infectivity is about three to six times higher than Delta over the same period and new sister Omicron strains with potentially higher virulence due to immunity escape have identified such as BA.4, BA.5 and BA.2.75 (WHO, 2022d), Omicron overall causes less severe symptoms than previous variants (Callaway and Ledford, 2021; Ren et al., 2022), which suggests symptom-based screening would be less efficient in identifying infection cases for epidemic control. Consequently, taking early preventive interventions such as increasing vaccine coverage rates play a much more influential role in the suppression of Omicron epidemics. 
Investment in the diagnosis and screening of major infectious diseases is of great significance for epidemiological management and control, but there have been very few studies exploring the relationship between the number of screening tests applied in the community and subsequent confirmed cases (Mishra et al., 2011). The relationship also needs to be further evaluated by the economic condition of a country. There is an intuitive presumption that a positive relationship exists between the number of screenings and the number of infected individuals. Nevertheless, the phenomenon could be biased by the economic status and demographic characteristics of a country, and how much effort is being paid to contact tracing and timely isolation. Therefore, this study was conducted to fill research gaps by the global elasticity of Covid-19 confirmed cases with respect to screening tests and to show relative changes of the elasticity across the quartile of economic performances of more than 244 counties covering the pandemic Alpha in 2020, Delta in 2021, and Omicron in 2022. Through the correlation analysis worldwide, it helps to provide an overview of the distribution of the global pandemic and offer countries with relevant information to improve the effectiveness of preventative measures in the future. 

2. Materials and Methods
2.1 Data
[bookmark: _Hlk99204144]We use new confirmed cases of COVID-19 (7-day smoothed) and new tests for COVID-19 (7-day smoothed) from the digital global COVID-19 data of Our World in Data (OWID) published by the Johns Hopkins University. Gross domestic product (GDP) is converted to constant 2017 international dollars using purchasing power parity rates. The sample observation covers the pandemic periods of Alpha in 2020, Delta in 2021, and Omicron in 2022 the period 1 January 2000 – 1 July 2022. The definitions of the variable are given in Table 1.

2.2 Log-Log Regression Model 
	For the statistical model, we introduce the simple linear regression model with the natural logarithm of the number of screening tests and the number of confirmed cases in different countries worldwide as the equation (1) (i.e., the log-log model).
               (1)
where i denotes country i, .  is confirmed cases,  is the screening tests, is the error.  is the intercept term.  represents the global elasticity of Covid-19 confirmed cases with respect to screening tests. Statistically, the  coefficient means the amount of the percent change of the confirmed case number with respect to a percent change of the total number of screening tests in a country.
[bookmark: _Hlk107757785]	Equation (1) can be extended to Equation (2) by adding the interaction effects between screening tests and the quartile of GDP per capita. The coefficient of interaction term can be tested whether the elasticity of confirmed cases with respect to the screening tests varies across four quartile GDP per capita.

	    (2)

[bookmark: _Hlk101010784]where  is quartile GDP per capita,  which represents countries with GDP per capita below 25%, between 25% and 50%, in the top 50% to 75%, and above 25%, respectively. The  is the error term. The coefficient  represents the difference in the elasticity of Covid-19 confirmed cases with respect to screening tests in any quartile GDP group j and the  is set as the base group. Equations (1) and equation (2) are estimated by ordinary least squares (OLS) and estimated results are reported in Table 4.
	Despite the elasticity coefficient in equation (1) for each quartile, GDP group can be estimated equation-by-equation from standard OLS model. Although such estimates are consistent they are generally not as efficient as using seemingly unrelated regression model (SUR) which is proposed by (Zellner, 1962). SUR estimates a set of equations simultaneously, which assumes the error terms are correlated across the equations. The SUR estimated results are reported in Table 5.

2.3 Test Elasticity across  and across pandemic periods.
	The standard Chow test was conducted to determine whether the regression coefficients differ among various quartile GDP and among different pandemic periods. The null hypothesis and alternative hypothesis for slope and intercept across groups and time periods are stated as
Cross GDP quartile test for slope:

  is not true
Cross GDP quartile for intecept:
	
  is not true
	Analogously we perform the test across pandemic periods, and the null and althernative hypothesis are stated as
Cross various epidemic period tests for slope:
, 
  is not true
Cross various epidemic period tests for intercept:
, 
  is not true
3. Results
[bookmark: _Hlk101011562]3.1 Global Relationship of Screenings and Confirmed cases with COVID-19 
	There are a total of 244 countries listed in Our World in Data, but not all countries reported the data on a daily basis; t. The descriptive statistics are summarized in Table 2. In this study, ountries with a GDP per capita below 25% were grouped as the lowest income, 25% to 50% were grouped as middle-low income, 50% to 75% were grouped as middle-high income, and the top 25 % were the highest income group.
	We visualize an overall picture of changes in three epidemic variant phases of COVID-19 in the world. As shown in Figure 2, the two dashed lines were graphed with zero as the center point. Using the concept of elasticity coefficient, the country points on the 45-degree dashed line passing through the origin means the coefficient value equal to 1, and the rate of increase in the number of screening tests is equal to the rate of increases in the numbers of confirmed cases in those countries. The points on the right (left) half of the 45-degree dashed line indicate that the rates of increase in the numbers of confirmed cases are higher (lower) than the rates of increase in screening tests. The studies countries can be divided into four main categories. Category 1 in the upper right-hand corner of the plane is the first quadrant, representing high screening effors with high confirmed case numbers. Category II in the upper left-hand corner of the plane is the second quadrant, representing low screening but with high confirmed case numbers. Category III in the bottom left corner of the plane is the third quadrant, representing low screening efforts with low confirmed case numbers. Category IV in the bottom right corner of the plane is the fourth quadrant, representing low screening efforts with high confirmed case numbers.
	Taking 2020 as an example, most countries were positioned in the first and second quadrants, and almost all countries were located in the left half of the 45-degree dashed line with the exceptions of Australia, New Zealand, and Outer Mongolia. China and Vietnam fell on the right half of the 45-degree dashed line. Both countries have relatively low numbers of confirmed cases. China is in the fourth quadrant with relatively high screening numbers, whereas Vietnam is in the third quadrant with low screening numbers. 
This phenomenon is in line with China performing a strict lockdown strategy in 2020. Vietnam responded quickly to implement border controls at the beginning of the outbreak, conducting contact tracing, isolation, and quarantine, and declaring a nationwide lockdown in April 2020 (Minh et al., 2021; East Asia Forum, 2022; Our World in Data, 2022).
	A country that falls in quadrant I of high screening and high confirmed cases numbers may be the result of a government that adopts a loose screening criteria, and/or a country that can afford the massive screening cost. However, these wealthier countries may also face resistance from social groups which impedes strict pandemic prevention measures and results in the growth of infections and increase in the number of confirmed cases. Most of these countries, such as those in Europe and North America, typically have strong economic growth.
For countries that fall in quadrant II, there is a potential inference that governments might not be able to afford the expenses of tests and have not adopted strict epidemic prevention measures to control the flow of people. These are mostly countries with weak economic growth like Brazil, South Africa, and India.
The countries that fall in quadrant III are countries such Taiwan, Thailand, Vietnam, Malawi, Nigeria, etc, with a low number of screening tests and a low number of confirmed cases, indicating that the governments can effectively control the pandemic without investing resources in the broad loose screening strategy.
 It is worth mentioning that since the outbreak of the COVID-19 pandemic in 2020, Taiwan has never gone into lockdown due to its effective effort in preventing the spread of COVID-19 nationwide. There has been much public trust in the Taiwanese government's prevention policies and the close cooperation of the Taiwanese people is a model for the world. The fact is also supported by graph (B) in 2021 (Figure 2), in which Taiwan is the only country in the world that falls in the third quadrant during the Delta variant pandemic.
For countries that fall in the fourth quadrant with a high number of screening tests and a low number of confirmed cases, it could mean that the government implemented strict pandemic prevention measures and effective controls for reducing case numbers, but it should consider that whether the government spent too much money on ineffective screening. In addition, geographical factors for countries such as Australia, New Zealand, and Outer Mongolia which are located relatively far from the surrounding countries will also contribute to the reason why the virus spread is less likely to come from abroad.
	When comparing 2020 and 2021 in Figure 2, countries that were in quadrant II in 2020 but moved into the first quadrant I in 2021 seem to perform well in economic growth. This implies countries that thrive economically are more capable of affording the expensive screening-related costs. Meanwhile, the movement of some African countries from quadrant I in 2020 to quadrant II in 2021, may imply their low-income situation could not sustain the huge costs of screening tests and the lack of medical institutions and screening technologies were also possible factors, such as in Tanzania. 

3.2 Further evaluation of the impacts of the pandemic periods due to various mutant strains and the GDP per capita level in a country related to the elasticity of the confirmed cases correlated to screening tests
	Model 1 and Model 2 in Table 4 present the empirical results of equations (1) and (2) for 2020, 2021, and 2022, respectively. Based on the goodness-of-fit measure (i.e., ), model 2 fits a bit better than model 1 in general.
	The significantly positive sign of the coefficient  indicates that the screening tests and the confirmed cases move in the same direction. Moreover, the higher the elasticity of the confirmed cases with respect to the screening tests, the faster the increment speed for the number of confirmed cases globally, which implies that the pandemic situation deteriorates quickly.
	As shown in Table 4, the elasticity coefficient obtained by the modeling of the Covid-19 confirmed cases with respect to the screening tests was 0.827 in 2020, which indicates an increase of 1% change in screening tests causing a 0.8% change in the confirmed cases. The elasticity coefficient was 0.885 in 2021, but increased to 1.317 in 2022 (as of 1 July 2022).
	Model 2 in Table 4 also presents changes in the elasticity of the Covid-19 confirmed cases with respect to the tests across four quartile GDP per capita . In 2020, GDP per capita in the top 50% to 75% ($11,450 to $27,034) had a significantly lower elasticity than the lowest-income country (GDP per capita below $3,343). In 2021, the middle-hight income ($11,260 to $26,465) and the highest income 75%($26,465) countries had significantly lower elasticities than the lowest-income country. There are similar outcomes in 2022.
	Compared with the economic impact on the elasticity of the confirmed cases with respect to screening tests used during three COVID-19 mutant strains pandemic periods, the elasticity in the middle-high income and the highest income countries 0.917 and 0.463 lower than the lowest-income country in Delta pandemic period and 0.772 and 0.384 during the Omicron pandemic period.
[bookmark: _Hlk108524154]	Figure 3 visualizes the elasticity of screening tests with respect to confirmed cases by varying economic capacities.
	Steeper trend lines imply a faster increment speed for the number of confirmed cases over the increment speed for the screening tests, which indicates that the situation of the pandemic deteriorated quickly. A flatter trend line may indicate underreporting by the country, or that the economic capacity of the country cannot afford the cost of screening tests.
As shown in Figure 3, the middle-high “Q3” and the highest-income “Q4” show a steeper trend line than the lowest-income “Q1” implying that the situation of the pandemic deteriorated quickly in the middle-high and highest-income countries in 2021. This also happens in 2022.
Comparing the changes in the years 2020 and 2021, the rate of increase in confirmed cases in “Q3” and “Q4” countries has accelerated significantly in 2021. The elasticity of the change in the screening tests to the confirmed cases was increased more in the Delta variant virus pandemic period in 2021 than in the pandemic periods of Alpha in 2020, except for “Q4”. These results also confirm the empirical results in Table 4. 
3.3 The test of elasticity related to economic impact of three COVID-19 mutant strains 
	As described in section 3.2, equation (1) can be estimated simultaneously across quartile groups of GDP per capita by seemingly unrelated estimation (SUR) and the estimated results are given in Table 5. The results of the standard Chow test for the effects across different income groups and different COVID-19 mutant strains are presented in Tables 6 and 7, respectively. 
	The upper part of Table 6 indicates that there is no statistical difference in the elasticity of confirmed cases with respect to screening tests among quartile groups. However. the elasticity among the four quartile groups is statistically different in the 2022 Omicron pandemic period, which is consistent with our observation in Figure 2.
	The Table 6 lower section shows that the chi-square statistics rejected the null hypothesis of which the confirmed cases are equal among four quartile groups of GDP per capita at the 1% level of significance. This indicates that the confirmed cases are significantly different among various income levels for Delta pandemic periods in 2021 and Omicron in 2022, respectively.
	 The upper section of Table 7 shows the results of the null hypothesis of the elasticity are equal across the pandemic period overall and in each quartile income group. Overall, the elasticity among quartile income groups is statistically and significantly different during the three epidemic variant period. The Q1 and Q4 groups rejected the null hypothesis significantly at 5% level of significance.
	The lower section of Table 7 shows the number of confirmed cases is significantly different across the three pandemic periods and in particular, the middle-high and highest income groups are significantly different across the pandemic years. 
	
4. Discussion 
	This study investigates the global screening intensity and economic status of countries for epidemic control performance during various epidemic periods of COVID-19 mutant strains and intends to answer two questions: (1) how epidemic control performance changed across three different COVID-19 mutant strains, and (2) tests whether the intensity of the relationship between screening tests and confirmed cases was varied by the economic condition of a country. The coefficient estimated through a log-log model was applied to represent the elasticity, which reflects the percent change of the confirmed case number with respect to a percent change of the total number of screening tests for epidemic control in a country.
	Our empirical results show that Omicron has a much higher elasticity of confirmed cases with respect to the tests, which implies increases in the percentage changes of the testing rates are far behind the growth rate of confirmed cases and indirectly confirms the fact that Omicron has a much higher rate of asymptomatic carriage and widespread dissemination of the variant globally.
The positive relationship between the number of screening tests and the number of confirmed cases is well established in previous studies (Alvar et al., 2008; Peeling et al., 2021). Nevertheless, the cost of laboratories, availability of quick testing tools, and funding for large-scale research and testing, are not affordable in all countries. 
Goswami et al. (Goswami et al., 2019) used the digital data from the Our World in Data (OWID) for COVID-19 in 212 countries or territories around the world between 2019 and 2020 to demonstrate the interdependency of screening volumes in confirmed cases of COVID-19. The study found that one standard deviation change in the average number of screenings resulted in a 0.70 standard deviation change per million cases in total when controlling for variables such as GDP per capita, age demographics over 65, and the strictness of government control measures (Goswami et al., 2019). An analysis of the relationship between the total number of COVID-19 cases, the total number of deaths, and the population level of each country in 141 countries worldwide in 2019 using Worldometer statistical data, found a positive relationship between the number of deaths and population density, age of infected persons and average temperature (Velasco et al., 2021). In our study, after analyzing the economic impact on the elasticity of the confirmed cases with respect to the screening test used during three COVID-19 mutant strains pandemic periods, the elasticity of the higher income (GDP per capita in the top 50% to 75% and above 75%) countries is significantly lower statistically than the first quartile group (below 25%) in both Delta and Omicron pandemic periods. These findings implied that the relationship could be affected by the economic condition of a country. Whether this relationship is with causality or just shows the social phenomenon needs further elucidation.
	After adjustment of confounding factors, our model again identifies the rate of increase in confirmed cases in the highest-income countries has accelerated significantly in 2021, and shows that the confirmed cases in the lowest-income countries are significantly lower than that of other countries. This implies that the screening capacity of the lowest-income countries is weaker than that of the middle- and high-income countries. For example, many infectious diseases in Africa, such as acquired immunodeficiency syndrome (AIDS), tuberculosis, Ebola, and cholera have already placed a heavy burden on the health care systems of the African countries (Mason, 2009; Njong, 2022). COVID-19 screening tests and vaccination costs are even higher than those of the previous pandemics, which would make it even more difficult to implement without international help.

5. Conclusions
	To effectively control epidemics, beyond scientific strategies using vaccination and implementation of non-pharmaceutical public health interventions, government policy should consider the trade-offs needed for the appropriate allocation of budgets, staffing levels, and accessibility of medical services (Chen, 2022). Based on the fluctuating peak of the spread of COVID-19 and different pandemic stages due to the variant strains, this research covers the pandemic periods of Alpha strain in 2020, Delta strain in 2021, and Omicron strain in 2022. It examines global epidemic control performance and how epidemic control can be varied by country's economic condition in various pandemic periods dominated by different COVID-19 mutant strains.
	Our results indicate that the magnitude of elasticity could be associated with the economic condition of a country and significantly different statistically among various GDP per capita levels for Delta pandemic periods in 2021 and Omicron in 2022, respectively. Compared with the result during either Alpha or Delta pandemic periods, the Omicron pandemic has a much higher estimated elasticity coefficient of 1.317 (Alpha: 0.827 and Delta: 0.885). This implies the increases in the percentage changes of testing rates are far behind the growth rate of confirmed cases and indirectly confirms the fact that Omicron has a much higher rate of asymptomatic carriage and widespread dissemination of the variant globally. Moreover, the elasticity in the third quartile GDP per capita (between $11,354 and $26,651) and fourth quartile GDP (above $26,651) countries is significantly lower than the lowest income group (below $ 3,335). This indicates that compared with the lowest income countries, the pandemic situation in the middle and high income countries quickly deteriorates with a high number of confirmed cases such as during the Delta virus in 2021and Omicron in 2022	
	This study provides an overview of the distribution of the global pandemic and addresses research gaps in previous research considering the economic conditions of countries. Our empirical results provide countries with relevant information to improve the effectiveness of preventative measures in the future. Moreover, the model’s strong reliance on global data is a reminder that all countries must be encouraged to provide accurate and timely information to bodies such as the World Health Organization to enable more effective pandemic controls in the future.  
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