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Background: The Omicron variant of SARS-CoV-2 is more highly infectious and transmissible than prior variants of concern. It was unclear which factors might have contributed to the alteration of COVID-19 cases and deaths during the Delta and Omicron variant periods. This study aimed to compare the COVID-19 average weekly infection fatality rate (AWIFR), investigate factors associated with COVID-19 AWIFR, and explore the factors linked to the increase in COVID-19 AWIFR between two periods of Delta and Omicron variants.

Materials and methods: An ecological study has been conducted among 110 countries over the first 12 weeks during two periods of Delta and Omicron variant dominance using open publicly available datasets. Our analysis included 102 countries in the Delta period and 107 countries in the Omicron period. Linear mixed-effects models and linear regression models were used to explore factors associated with the variation of AWIFR over Delta and Omicron periods.

Findings: During the Delta period, the lower AWIFR was witnessed in countries with better government effectiveness index [β = −0.762, 95% CI (−1.238)–(−0.287)] and higher proportion of the people fully vaccinated [β = −0.385, 95% CI (−0.629)–(−0.141)]. In contrast, a higher burden of cardiovascular diseases was positively associated with AWIFR (β = 0.517, 95% CI 0.102–0.932). Over the Omicron period, while years lived with disability (YLD) caused by metabolism disorders (β = 0.843, 95% CI 0.486–1.2), the proportion of the population aged older than 65 years (β = 0.737, 95% CI 0.237–1.238) was positively associated with poorer AWIFR, and the high proportion of the population vaccinated with a booster dose [β = −0.321, 95% CI (−0.624)–(−0.018)] was linked with the better outcome. Over two periods of Delta and Omicron, the increase in government effectiveness index was associated with a decrease in AWIFR [β = −0.438, 95% CI (−0.750)–(−0.126)]; whereas, higher death rates caused by diabetes and kidney (β = 0.472, 95% CI 0.089–0.855) and percentage of population aged older than 65 years (β = 0.407, 95% CI 0.013–0.802) were associated with a significant increase in AWIFR.

Conclusion: The COVID-19 infection fatality rates were strongly linked with the coverage of vaccination rate, effectiveness of government, and health burden related to chronic diseases. Therefore, proper policies for the improvement of vaccination coverage and support of vulnerable groups could substantially mitigate the burden of COVID-19.
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Introduction

The COVID-19 pandemic has led to significant mortality and morbidity worldwide, with over 661 million infected people and 6.7 million deaths mid-January 2023 (1, 2). In the early stages of the pandemic, governments implemented non-pharmaceutical interventions (NPIs) to contain the virus and later launched vaccination campaigns to achieve herd immunity (3, 4). However, the emergence of new variants resulted in new pandemic waves in many countries, even with high vaccination coverage rates (5, 6). The novel variants, especially Delta and Omicron, exhibited faster transmission and reduced vaccine efficacy, leading to increases in infection, hospitalization, and mortality rates, as well as substantial burden on socioeconomic and healthcare systems (7, 8). The preliminary findings indicated that the Omicron variant was 100 times more transmissible than the Delta variant (9–12). Therefore, it is essential for governments to keep track of country-level pandemic indicators and traverse appropriate COVID-19 control remedies effectively and rapidly.

Although the infection fatality rate of COVID-19 has been investigated as a key metric to evaluate the effectiveness of NPIs in previous studies, there is limited knowledge about the changes in infection fatality rate between different COVID-19 variants (13). In addition, few studies were implemented at the global level to identify the possible factors associated with COVID-19 average weekly infection fatality rate (AWIFR). A comprehensive understanding of how factors such as socioeconomic characteristics, government performance, healthcare capacity, comorbidities, and environmental factors (e.g., PM 2.5) influence the AWIFR would contribute to fostering effective policies and improving success in controlling the COVID-19 pandemic (14, 15). Moreover, the understanding of key factors could provide valuable information to cope with the potential outbreaks related to respiratory viruses with different mutations in future. To address these research gaps, our study aims to compare AWIFR and investigate factors associated with COVID-19 AWIFR over each of the two periods of Delta and Omicron variants. Additionally, we explored the factors contributing to the increase in COVID-19 AWIFR between these two periods.



Materials and methods


Study design

An ecological study was conducted among 110 countries during the Delta (102 countries) and Omicron (107 countries) variant dominance periods.



Inclusion criteria

We selected countries providing the available data on COVID-19 outcomes (i.e., total cases and total deaths) from Our World® in Data (16), the prevalence of variant of concern on GISAID® databases, and vaccination data from the global vaccination database (17).



Study period

The period of variant dominance is recorded as the week when the variant prevalence is over 50% (18) and followed up for 12 weeks. We selected 12 weeks because it is the maximum day we can collect the data across 102 countries in the Delta variant period and 107 countries in the Omicron variant period as of the data collection date (14 April 2022).

Previous research found that NPIs (defined by the stringency index) and vaccines influence the pandemic after at least 14 and 40 days, respectively. As a result, we constructed a 14-day lagged stringency index and a 40-day lagged vaccination in our research (19). Figure 1 presents the 12-week period of Delta and Omicron variant dominance.


[image: Figure 1]
FIGURE 1
 Time lag effects were identified throughout the period of variant dominance.




Outcomes

Our interest outcome is AWIFR of the specific country. COVID-19 AWIFR was calculated as the average weekly number of total COVID-19 deaths divided by the average weekly number of total COVID-19 infections multiplied by 100 (2, 13).
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where

Fj = The weekly number of total deaths due to COVID-19 per 100,000 inhabitants in a particular country over a given period.

Ij = The weekly number of total infections due to COVID-19 per 100,000 inhabitants in a particular country over a given period.

As for the countries presenting in both Delta and Omicron periods (99 countries), we calculated the increase in AWIFR over two periods.



Data collection

Our analysis was aggregated and extracted from different open publicly available databases. Our World® in Data was used to identify the total cases and total deaths (16). GISAID (Global Initiative on Sharing Avian Influenza Data) was used to identify variants of concerns (VOCs) and estimate the first date of Delta and Omicron appeared in a country (20). The global vaccine database was used to retrieve the proportion of the population vaccinated with at least one dose, the proportion of the population fully vaccinated, and the proportion of the population vaccinated with the booster dose (21). The Oxford COVID-19 Government Response Tracker was used to extract the stringency index (22). The World Bank Open Data were used to retrieve data on country-level indices, demographic and socioeconomic features (total population (N), population density (people per square kilometer), urban population (% population living in urban area), the proportion of the population older than 65 years of age, the GDP per capita, median age) (13). The Worldwide Governance Indicators website was used to retrieve the government effectiveness index, government rule index, and government quality index (23). The 2019 Global Health Security Index database was used to retrieve six categories as follows: prevention of pathogen release (GHSI1), detection and reporting for epidemics (GHSI2), rapid response to an epidemic (GHSI3), capability of the health system to treat patients and protect healthcare workers (GHSI4), compliance with international commitments (GHSI5), and nationwide environmental risk and public health vulnerability to biological threats (GHSI6) (24). The Global Burden of Disease database was used to retrieve the death rate of chronic diseases per 100,000 inhabitants (i.e., cancer, cardiovascular diseases, chronic kidney disease, and diabetes), the number of years lived with disability (YLDs) of nutrition deficiency (iron deficiency, vitamin A deficiency, etc.), health behaviors (i.e., metabolic risks, tobacco), and environment risks (e.g., PM2.5) (25). The World Bank Open Data and World Health Organization Data were used to retrieve healthcare capacity [universal health coverage (UHC) index, healthcare access, and quality (HAQ) index, health expenditure (% of GDP), the number of hospital beds, physicians, and nurses per 1,000 people] (23, 26).



Independent variables

Sociodemographic variables included total population, population density (people per square kilometer), urban population (% population lived in urban area), the proportion of the population older than 65 years of age, the GDP per capita (current US$), and median age (13). Government performance indicators included the government effectiveness index, government rule index, and government quality index (23). COVID-19 prevention measures included two indicators, namely, stringency index and vaccine coverage. The stringency index measures the government's response to containment and closure policies (22). Vaccine data were extracted from the global vaccine database, comprising the proportion of the population vaccinated with at least one dose, the proportion of the population fully vaccinated, and the proportion of the population vaccinated with the booster dose (21). Global health security (GHS) index was a comprehensive assessment of the health security capability of a country to prevent and combat epidemic. The index had an overall score and comprised six categories as follows: prevention of pathogen release (GHSI1), detection and reporting for epidemics (GHSI2), rapid response to an epidemic (GHSI3), capability of the health system to treat patients and protect healthcare workers (GHSI4), compliance with international commitments (GHSI5), and nationwide environmental risk and public health vulnerability to biological threats (GHSI6) (24). Healthcare capacity included the UHC index, health expenditure (% of GDP), the number of hospital beds, physicians, and nurses per 1,000 people, and HAQ index. The HAQ index analyzed the 32 causes of death that are considered avoidable in the availability of quality medical services. Causes of death included various health service areas, such as vaccine-preventable diseases, epidemics and maternal and child health, non-infectious diseases, and gastrointestinal diseases in which death is preventable by surgery (23, 26). Health characteristics among the population included the death rate of chronic diseases per 100,000 inhabitants (i.e., cancer, cardiovascular diseases, chronic kidney disease, and diabetes), the number of YLDs of nutrition deficiency (iron deficiency, vitamin A deficiency, etc.), health behaviors (i.e., metabolic risks, tobacco), and environment risks (e.g., PM2.5) (25).

Supplementary Table 1 in the Multimedia Appendix 1 defines all variables and data sources.



Analysis

• Summary data extracted from the 12-week Delta and Omicron periods.

We computed the outcome (AWIFR) and aggregated vaccination rates and average stringency index over 12 weeks in each period. The independent variables were categorized into three equal groups (Tertile 1—low level, Tertile 2—medium level, and Tertile 3—high level). Categorical variables were described using frequencies and percentages. The associations between categorical variables were measured using the chi-square test. Continuous variables were presented with mean and standard deviation or median and interquartile range. The Shapiro–Wilk test was used to test the normal distribution of variables, and the Mann–Whitney U-test or Kruskal–Wallis test was used for the continuous variable. Linear regression models were utilized to determine the associations of independent variables with the increase in AWIFR, average weekly infection rate, and average weekly fatality rate between two periods of the Delta and Omicron variants.

The independent variables (sociodemographic characteristics, government performance indicators, global health security index, healthcare capacity, HAQ index, death rate of chronic diseases per 100,000 inhabitants, YLDs per 100,000 inhabitants, health behaviors, and environment risks) that showed the significance in the univariate analysis were selected and sorted based on R2 in decreasing order. Then, we systematically entered these variables and eliminated those with insignificant statistics in the multivariate analysis. We utilized the forward selection method based on R2 to choose the best model. P < 0.05 indicate the significance. For longitudinal data of AWIFR during Delta and Omicron periods, linear mixed-effects models were employed to explore factors associated with the variation of AWIFR over Delta and Omicron periods. We performed the univariate analysis of linear mixed-effects models for each covariate including stringency index, percentage of the population fully vaccinated/received booster doses, and independent variables (sociodemographic characteristics, government performance indicators, global health security index, healthcare capacity, HAQ index, death rate of chronic diseases per 100,000 inhabitants, YLDs per 100,000 inhabitants, health behaviors, and environment risks). The covariates with a p-value of < 0.05 in the univariate analyses were selected and ranked in decreasing order according to the goodness of fit of the univariate model, as defined by the Bayesian Information Criterion (BIC). We fitted a series of multivariable linear mixed-effects models with time and imputed each covariate sequentially based on its ranks. If an independent variable was an insignificant predictor, it was dropped from the forward selection models. Since the time series data of AWIFR were highly skewed, we implemented a log-transformation of outcome. The random intercepts and slope models were used to analyze the time-varying characteristics of the selected countries. The detailed steps of model selection are described in the Multimedia Appendix 2.

- Multicollinearity: We checked the multi-collinearity between the independent variables using pairwise scatterplot and correlation coefficients. If two or more variables moderately or strongly correlated with each other, one representative variable was kept in the multivariate model.

- Normality and homogeneity of variance tests: As the increase in AWIFR had a skewed distribution, the log-transformation of the outcome variable was applied before carrying the linear regression model to determine the associations of independent variables with the increase in AWIFR between two periods of the Delta and Omicron variants. For longitudinal data, since the data of AWIFR were highly skewed, we implemented a log-transformation of outcome. We used Levene's test to test for homogeneity of variance.

All statistical analyses and visualization in the study were conducted using an R programming language (version 4.1.3). The LME4 package was adopted to build the linear mixed-effects model (27).




Results


General characteristics of selected countries

Table 1 presents the demographics of 110 countries. The median population was 11,167,545.5, and the median population density was 84.30. Regarding government performance, the median of the rule of law, regulatory quality, and government effectiveness indexes were −0.12, 0.06, and 0.04, respectively. Regarding healthcare capacity, the median of the UHC and overall GHS indices were 71.5 and 41.9, respectively. The HAQ score was 20.64. In terms of chronic diseases, cardiovascular diseases accounted for the highest death rate per 100,000 inhabitants with 235.59. For environmental and health behavior factors, metabolism disorders caused the highest YLDs per 100,000 inhabitants with 1,099.93. Zinc deficiency, in contrast, was observed to have the lowest death rate with 0.117.


TABLE 1 The demographics of selected countries (N = 110).
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Stringency index and vaccine characteristics between two periods

Table 2 shows the stringency of NPIs and level of vaccine coverage among 102 countries across the Delta variant period and 107 countries across the Omicron variant period. The median stringency index in the Delta period was 52.52 points, higher than that of the Omicron period by 6.35 points (P < 0.001). Regarding vaccine coverage, the proportions of the population vaccinated at least one dose and fully vaccinated during the Omicron period were 65.47 and 61.03%, respectively, much higher than that of the Delta period, with 49.14 and 34.92% (P < 0.001, P < 0.001), respectively.


TABLE 2 Vaccine and stringency index characteristics between two periods.

[image: Table 2]

Figure 2 presents the stringency of NPIs and level of vaccine coverage by regions and country income among 102 countries across the Delta variant period and 107 countries across the Omicron variant period. South-East Asia had the highest stringency index in both of the two periods, with a median of 68.07 points and 55.03 points (P = 0.02), respectively. Regarding vaccine coverage, during the Delta period, the European region accounted for the highest percentages in terms of the people fully vaccinated (P < 0.001), people vaccinated with a booster dose, and change of population fully vaccinated (P < 0.001) with 53.2, 42.15, and 18.46%, respectively. The proportion of the population fully vaccinated in high-income countries was 59.29%, while the figures for the low-income countries were meager with 2.93% (P < 0.001). During the Omicron period, most regions having the proportion of the population fully vaccinated were over 65%, except for Africa (17.92%). Europe obtained the highest proportion of the population vaccinated with a booster dose with 42.15%. High-income countries reached the highest proportions regarding fully vaccinated (P < 0.001), vaccinated with a booster dose, and change of population vaccinated with the booster dose with 75.21, 46.93, and 17.57%, respectively.


[image: Figure 2]
FIGURE 2
 Vaccine and stringency index characteristics by regions and income groups between two periods in each period of the Delta and Omicron variants.




COVID-19 health-related outcomes of selected countries

Table 3 provides COVID-19 health-related outcomes. The median AWIFR during the Delta period was 0.09 (Q1–Q3, 0.05–0.19), higher than that of the Omicron period (P < 0.001) with 0.03 (Q1–Q3, 0.02–0.07). The median value of the average weekly infection rate during the Omicron period was 287.43 (Q1–Q3, 43.71–929), higher than 4.4 times that of the Delta period (P = 0.003).


TABLE 3 COVID-19 health-related outcomes of selected countries.
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Figure 3 presents a global picture of AWIFR among countries during the Delta period. The countries with high AWIFR were mainly located in South American countries (e.g., Paraguay, Peru, and Brazil) and East and Southeast Asia (e.g., Indonesia, Cambodia, and Taiwan). Meanwhile, countries witnessing low AWIFR were Chad, Qatar, New Zealand, Norway, and the Netherlands.


[image: Figure 3]
FIGURE 3
 World map of AWIFR among countries during the Delta variant period.


Figure 4 presents the world map of AWIFR among countries during the Omicron variant period. The countries, namely, Bosnia and Herzegovina, Sri Lanka, and Burkina Faso, observed high AWIFR. The Netherlands, New Zealand, Mongolia, and Kuwait countries, in contrast, witnessed low AWIFR.


[image: Figure 4]
FIGURE 4
 World map of AWIFR among countries during the Omicron variant period.


Figure 5 shows the COVID-19 outcomes by region and country income classification between two periods of the Delta and Omicron variants. The highest rates of average weekly infection (P < 0.001) and average weekly fatality (P = 0.01) were observed in Europe during the Omicron variant period, with 1,201.21 (Q1–Q3, 745.60–1,711.48) and 2.33 (Q1–Q3, 1.61–3.46), respectively. Similarly, high-income countries were found to have the highest rates of average weekly infection (P = 0.006) and average weekly fatality (P < 0.001) during the Omicron, with 1,101.99 (Q1–Q3, 561.01–1,525.25) and 2.13 (Q1–Q3, 1.32–2.93), respectively. During both two periods of the Delta and Omicron, the highest AWIFR was found in the Americas [P < 0.001; with a median of 0.16 (Q1–Q3, 0.09–0.27) and 0.05 (Q1–Q3, 0.03–0.08), respectively] and low-income countries [P < 0.001; with a median of 0.16 (Q1–Q3, 0.09–0.21) and 0.05 (Q1–Q3, 0.02–0.08), respectively].
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FIGURE 5
 COVID-19 outcomes by regions and country income classification between two periods of the Delta and Omicron variants.




The factors associated with AWIFR during the Delta and Omicron periods

Figure 6 presents the findings of the multivariable linear mixed-effects models to investigate the factors associated with the AWIFR in each period. During the period of the Delta variant dominance, the death rate caused by cardiovascular diseases and intensity of the stringency index was positively associated with the log-transformation of AWIFR (β = 0.517, 95% CI 0.102–0.932). Meanwhile, the government effectiveness index [β = −0.762, 95% CI (−1.238)–(−0.287)], world regions [β = −0.655, 95% CI (−1.103)–(−0.208)], and the proportion of the people fully vaccinated [β = −0.385, 95% CI (−0.629)–(−0.141)] had negative associations with the outcome. Regarding the Omicron variant dominance period, YLDs caused by metabolism disorders, income level, and the proportion of the population aged older than 65 years were found to be positively associated with log-transformation of AWIFR (β = 0.843, 95% CI 0.486–1.2; β = 1.788, 95% CI 1.301–2.276; β = 0.737, 95% CI 0.237–1.238, respectively). A lower log-transformation of AWIFR was observed in countries with a high proportion of the population vaccinated with a booster dose [β = −0.321, 95% CI (−0.624)–(−0.018)].


[image: Figure 6]
FIGURE 6
 Multivariable linear mixed-effects models of factors associated with the AWIFR during the Delta and Omicron periods. Tertile 1, Low level; Tertile 2, Medium level; Tertile 3, High level; YLDs, Years lived with disability.


Adjusted for life expectancy, the population aged older than 65 years, hospital beds per 1,000 inhabitants, number of nurses per 1,000 inhabitants, health expenditure, death rate of diabetes, death rate of chronic kidney diseases, death rate of cancer, death rate of chronic respiratory diseases, YLDs caused by low bone density, YLDs caused by iron deficiency.



The increase of stringency index, vaccination, and AWIFR by regions and classification of country income among 99 countries between two periods of the Delta and Omicron variants

Figure 7 presents the increase in stringency index, percentage of the population fully vaccinated, vaccinated booster dose, and AWIFR by region and country income classification. Over two periods, Asia saw the most significant decline in the average stringency index and the greatest gain in the proportion of full vaccination. Between the Delta and Omicron periods, Africa had the lowest increase (10%) in the proportion of the population that had received a booster dose and the proportion of the population that had been vaccinated. In contrast, European nations had the most significant population growth vaccinated with booster doses. We discovered that the AWIFR dropped in most regions, with the most significant decline reported in the Americas during the two periods (P < 0.05). Comparing the index among groups of nations by income during two periods, we observed that the proportion of the fully vaccinated population grew significantly in upper-middle-income and low-income countries (P < 0.05). However, the proportion of the population inoculated with the booster dose increased the most in the high-income nations (over 40%). In addition, the AWIFR was shown to fall the least in high-income countries (P < 0.05).
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FIGURE 7
 The increase in stringency index, vaccination, and AWIFR by regions and classification of country income between two periods of the Delta and Omicron.




The regression model of factors associated with the increase in AWIFR among 99 countries between two periods of the Delta and Omicron variants

Figure 8 presents the results of the multivariable linear regression model to identify the factors associated with the increase in AWIFR over two periods of Delta and Omicron. We observed that 1 unit increase in high government effectiveness and stringency indices was associated with a decrease of 0.438 [95% CI (−0.750)–(−0.126)] and 0.247 [95% CI (−0.487)–(−0.007)] unit AWIFR, respectively; 1 unit increase in death rates caused by diabetes and kidney was associated with an increase of 0.472 unit AWIFR (95% CI 0.089–0.855), and 1% increase in the population older than 65 years was associated with an increase of 0.407% AWIFR (95% CI 0.013–0.802).
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FIGURE 8
 Multivariable linear regression model of factors associated with the increase in AWIFR between Delta and Omicron periods. Tertile 1, Low level; Tertile 2, Medium level; Tertile 3, High level. The average increase in stringency index = average stringency index in Omicron—average stringency index in Delta; a high level will increase the intensity.


Adjusted for GDP per capita, life expectancy, median age, rule of law index, GHS index, HAQ index, number of physicians per 1,000, number of nurses and midwives, hospital beds, country income, the increase in % population vaccinated with a booster dose, death rate caused by diabetes diseases, death rate caused by non-communicable diseases, death rate caused by cardiovascular diseases, death rate caused by iron deficiency, death rate caused by vitamin A deficiency, death rate caused by zinc deficiency, death rate caused by PM.25, and YLDs caused by low bone density.




Discussion

Our analysis of the first 12 weeks during the Delta and Omicron variant periods showed that the Omicron period was found to have a lower AWIFR than the Delta period, although it exhibited greater rates of average weekly infection and average weekly fatality. The higher government effectiveness indicators and the proportion of the fully vaccinated population were significantly associated with a lower AWIFR during the Delta variant period. Meanwhile, higher death rates caused by cardiovascular diseases were linked to higher AWIFR during the Delta variant period. Over the Omicron period, a high proportion of the population vaccinated with a booster dose had a significantly lower AWIFR, whereas the proportion of the population older than 65 years, countries with low-income level, and YLDs caused by metabolic diseases were linked to greater AWIFR. Over two periods of Delta and Omicron, we found a lower increase in AWIFR in countries with high levels of government effectiveness index and stringency index. In contrast, the countries with high death rates caused by diabetes and kidney and the proportion of people older than 65 years were linked to a greater increase in AWIFR.

Government indicators were negatively associated with AWIFR in the Delta period and the increase in AWIFR between the two periods of the Delta and Omicron. The countries with a high government effectiveness index had lower AWIFR and a lower increase in AWIFR. Our results are consistent with those of previous studies (15, 28). Government effectiveness measures perceptions of the quality of public services, the quality of the civil service and the degree of its independence from political pressures, the quality of policy formulation and implementation, and the credibility of the government's commitment to such policies (29). A higher score on the government effectiveness index indicated greater effectiveness. As the COVID-19 pandemic has imposed a massive influence on society, enhancing government effectiveness plays a vital role in integrating different resources to control the COVID-19 pandemic successfully. Some previous studies indicated that a higher level of government trust had significant associations with adherence to public health remedies and vaccine coverage (15, 28). We found AWIFR was statistically significant with the population fully vaccinated during the Delta period and the population vaccinated with booster dose during the Omicron period, which is consistent with previous studies. The vaccine coverage was associated with a lower case fatality rate (28), and a booster dose effectively prevented symptomatic Omicron infection, COVID-19–related hospitalization, and death due to Omicron infection (18, 30). Therefore, maintaining vaccine supply, ensuring vaccine distribution equitably around the world, and mitigating vaccine hesitancy and barriers to accessing vaccines are of great importance in fostering the rates of vaccine coverage (1, 31). As a result, governments should enhance socioeconomic components and develop community credibility to enable effective and coordinated policy responses.

The region and country income were found to be influential factors on the AWIFR during the Delta and Omicron periods, respectively. The result showed that in comparison with the Americas, the largest decrease in AWIFR was witnessed in the African region. Our finding is supported by previous studies (32, 33). Strong sunlight exposure, which is a major source of vitamin D, may contribute to a reduction in the case of fatality in African countries compared with others (34–36). In addition, one of the explanations for the low case fatality rates and relatively moderate impacts of the COVID-19 pandemic in Africa has been hypothesized as the experience of public health response to past lethal infectious diseases, as well as cross-immunity from other coronaviruses (37). Countries with lower incomes were likely to witness higher AWIFR. This is in alignment with previous studies (7, 38).

Regarding global health burden, our results expressed that the burden of diseases (mortality rate, YLDs) caused by cardiovascular diseases, metabolism disorders, and diabetes and kidney diseases were the factors associated with the AWIFR during the Delta and Omicron periods. The countries with high death rates caused by diabetes and kidney diseases were linked to a higher AWIFR and greater increase in AWIFR than other counterparts. Some previous studies demonstrated comparable results that COVID-19 patients previously diagnosed with chronic comorbidities such as diabetes, acute kidney injury, cancer, cardiovascular disease, and chronic renal disease had a higher probability of mortality and morbidity (30, 39, 40). In addition, earlier studies demonstrated that metabolomics disorders provided new insight into the host response to COVID-19 infection and disease severity (41, 42). Therefore, people with chronic conditions need to be closely monitored by healthcare staff. Moreover, policymakers were suggested to develop appropriate policies and initiatives to safeguard COVID-19 patients and mitigate the severe COVID-19 outcomes (43).

Our finding indicated that older age was linked to a greater AWIFR during the Omicron period and a larger increase in AWIFR over two periods of the Delta and Omicron, which is consistent with previous studies (44–46). Older patients with COVID-19 are more likely to suffer from severe diseases (47), and an increase in the number of patients with severe diseases could strain the nation's economy and healthcare capacity. As a result, policymakers should consider the high level of interest in COVID-19 among older patients. Regarding NPIs, our study found a lower increase in AWIFR among countries with high levels of the average increase in the intensity of NPIs between two periods of the Delta and Omicron. This finding is supported by previous studies (48, 49). Zhou et al. (41) highlighted the significance of continued high-intensity NPIs in the low level of vaccine coverage. An increasing number of NPIs in vaccination coverage deficiency might contribute to the increased infections and mortality burden (50). With the current situation of the COVID-19 pandemic, governments are implementing opening border control to alleviate burdens on the countries' economy, so it is essential to raise people's awareness and achieve widespread vaccination to contain successfully the COVID-19 pandemic.


Implication of this finding

Our findings highlighted that vaccination campaigns have had a major positive impact on health benefits in certain countries. It is imperative to increase vaccine coverage and eliminate disparities in vaccine coverage to lessen COVID-19 mortality and burden worldwide. Our analysis emphasized the importance of high level of government effectiveness because the association between vaccine coverage and AWIFR reductions was statistically significant only for countries with high level of government effectiveness. Among countries with equal vaccination rates, the governments with greater effectiveness might identify high-risk individuals and distribute vaccines more effectively so that the population-level advantages are maximized. In addition, the results indicated that YLDs and death rates of chronic diseases were associated with an increase in AWIFR; hence, governments should offer proper intervention treatments to patient groups at risk of severe chronic diseases. Furthermore, knowing the factors that drive the propagation of outbreaks would be a crucial component of the plan for preventing future coronavirus-related outbreaks. This study has several limitations. First, the study mainly gathered national data and reported at the regional level, the state level was not included in our analysis. Additional studies within the state level would be informative and comprehensive when these data become accessible. Second, age standardization, which is beneficial to make a comparison in terms of the disease outcomes among nations, was not possible in our analysis as each country reported the results using different age standards, and some nations where data on age groups are restricted and missing. However, we added age-representing variables in the analysis models to adjust the differences in age structure between countries. Further studies are necessary to take into account age standardization to provide evidence about disease outcomes in countries. Another limitation is that number of infections and fatalities was underreported in the dataset. In addition, our study might disregard some factors influencing COVID-19 cases and vaccination rates, such as vaccine hesitancy and public trust levels during the pandemic. Further research was vital for deeper insight when these data become approachable. Finally, since this is an ecological study that can be affected by sociodemographic factors, our results should be considered as the reference point for further studies.




Conclusion

Although Omicron has been emphasized as a less harmful variant, it has caused unusual morbidity and mortality due to enhanced transmissibility and rapid spread. Our study indicated that the Omicron period was found to witness a lower AWIFR than the Delta period; however, it exhibited greater rates of average weekly infection and average weekly fatality. Thus, it is essential to raise the community's awareness of the severity of the Omicron, and governments are suggested to monitor COVID-19 indicators and new variants actively. Higher AWIFR mortality records were observed in countries with high death rates caused by chronic diseases and YLDs caused by metabolic disorders. Lower AWIFR and increase in AWIFR were seen among countries with a high proportion of the population vaccinated with two doses and booster dose, government effectiveness index, and stringency index. Therefore, the government should foster vaccine coverage rates, coordinate the intensity of NPIs, strengthen interventions for chronic diseases, and implement more assessments on metabolic disorders to alleviate COVID-19 outcomes.

This study encourages further studies focused on the impacts of COVID-19 variant periods, especially new subtypes of the Omicron variants and other novel variants, to provide new insights into COVID-19 infection and fatality on a global scale, and how to contain outbreaks substantially using measures with minimal socioeconomic impacts. In addition, we suggest that monitoring mortality and morbidity with real-time, reliable, and actionable data is necessary and should be maintained to timely respond to the new waves of the pandemic and the emergence of dangerous variants. Hence, there is a need to construct monitoring systems for the COVID-19 pandemic at the national, regional, and global levels; this can assist policymakers in assessing manifold factors to develop strategies and provide remedies to contain the negative impact of novel variants on the people's health, economy, and society.
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Characteristic

Socioeconomic characteristics

Mean (

Me

n(Q1, Q3)*

Population (N) 34,565,721.03 (58,019,686.72) 11,167,545.5 (5,018,753, 36,348,444)
Population density (P/km? 278.09 (1,007.96) 84.30 (36.62, 205.50)
Life expectancy 7402 (7.55) 75.45 (70.89, 79.98)

GDP per capita (USD per capita)

21,628.00 (21,152.44)

15,062.93 (6,184.55, 31,089.42)

9% population aged over 65

9.95 (6.41)

8.08 (3.9, 16.10)

9% Urban population 63.87 (21.42) 67.12 (50.81, 80.54)
Median age (years of age) 32.18(9.23) 31.9(25.05,41.2)
Gender (% of total population)
Male 49.88 (3.34) 49.60 (48.93, 50.14)
Female 50.12 (3.34) 50.40 (49.87, 51.07)
Government performance
Rule of law 0.09 (0.99) —0.12 (—0.59,0.92)
Regulatory quality 0.18 (0.96) 0.06 (—0.53,0.91)
Government effectiveness 0.14(0.97) 0.04 (—0.56, 0.94)
Health care capacity
UHC index 67.24 (14.49) 71.5 (61,77)
Overall GHS index 43.63 (13.61) 41.9 (32.5, 54.63)

GHSII: prevention

34.10 (17.70)

34.7(19.28,47.1)

GHSI2: early detection and reporting 39.62 (18.40) 37.85 (28.3,52.58)
GHSI3: rapid response 40.82 (12.49) 40.7 (30.93, 49.65)
GHSI4: health system 37.62 (18.55) 39.7(20.33,52.85)

GHSI5: compliance

51.62 (13.06)

51.65 (42.33,61.5)

GHSI6: risk environment 58.23 (15.22) 57.45 (47.58, 69.4)
HAQ index 26.68 (23.07) 20.64 (16.83, 28.94)
No. Physicians per 1,000 2.09 (1.61) 2.07 (0.71,3.11)
No. Nurse and midwife per 1,000 5.07 (4.57) 3.57(1.40,7.36)

% GDP for health expenditure 6.62(2.55) 6.71 (4.64,7.84)
Hospital beds (per 1,000 people) 292 (2.09) 2.45 (1.4,3.58)
Heath burden of chronic diseases (death rate per 100,000)

Non-communicable diseases 565.28 (177.31) 543.53 (413.99, 657.48)

Diabetes

31.51(28.06)

2111 (1146, 41.36)

Chronic respiratory disease

35.79 (31.81)

26.93 (2074, 40.59)

Cancers

127.31(28.27)

124.17 (111.82, 142.62)

Chronic kidney discases

2435 (14.84)

2240 (11.13,31.87)

Cardiovascular diseases

251.94 (122.28)

235.59 (157.08, 312.40)

Diabetes and kidney diseases

55.92 (39.08)

43.73 (21,90, 75.46)

Heath burden of environmental and health behavior risk (years lived with disability (YLDs) per 100,000)

PM25 214.47 (139.07) 18117 (97.43, 320.58)
Tobacco 428.48 (175.87) 454.29 (273.28, 538.85)
Zine deficiency 0.16 (0.13) 0.12 (0.05,0.19)

Vitamin A deficiency

11.57 (16.75)

4.87 (0.47, 11.95)

Low bone density

96.09 (41.77)

80.73 (65.91, 128.67)

Metabolism disorders

1,189.94 (278.95)

1,099.93 (983.29, 1,365.08)

225th percentile and 75th percentile.
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Characteristics Delta (N = 102) Omicron (N = 107)

Mean (SD) Median (Q1, Q3) Mean (SD) Median (Q1, Q3)

COVID-19 crude mortality 1530 7.10 17.28 14.11 0228
rate (20.09) (2.41,20.17) (17.53) (2.19,27.30)

COVID-19 average weekly 105.17 (146.48) 65.40 552.71 (665.19) 287.43 0.003
infection rate (16.03, 141.41) (43.71,929)

COVID-19 average weekly 1.28 (1.67) 0.59 (0.20, 1.68) 1.44 (1.46) 117 (0.18,2.27) 0.794
fatality rate

COVID-19 AWIFR 0.14 (0.16) 0.09 (0.05,0.19) 0.04 (0.04) 0.03 (0.02,0.07) <0.001

*P-values based on the Mann-Whitney U-test for the differences of COVID-19 crude mortality rate, COVID-19 average weekly infection rate, COVID-19 average weekly fatality rate, and
COVID-19 AWIER.
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Characteristic Delta (N = 102) Omicron (N = 107)

Mean (SD) Median (Q1, Q3) Mean (SD) Median (Q1, Q3)
Stringency index 51.91 (15.07) 5252 (39.73, 63.89) 46.17 (14.48) 146.69 (35.16, 56.48) 0.006
9% population vaccinated 43.67 (27.05) 49.14 (18.63, 68.39) 56.72 (28.35) 65.47 (32.28,79.95) <0.001
at least one dose
9% population fully vaccinated 35.49 (5.53) 34.92 (12.46, 59.99) 53.12 (26.99) 61.03 (31.59, 75.79) <0.0001
9% population vaccinated 1.49 (5.61) 0(0,0.13) 22.98 (22.59) 16.04 (0.35, 42.38) N/A?
with a booster dose

*N/A, not applicable.
*P-values based on the Mann-Whitney U-test for the differences of vaccine and stringency index between two periods.
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