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ABSTRACT  

 

The International Health Regulation—State Party Annual Reporting (IHR-SPAR) and the Global Health 

Security Index (GHSI)) have been developed to aid in strengthening national capacities for pandemic 

preparedness. We examine the relationship between country-level rankings on these two indices, along 

with two additional indices (the Universal Health Coverage Service Coverage Index and World Bank 

Worldwide Governance Indicator (n=195)) and compared them to the country-level reported COVID-19 

cases and deaths (Johns Hopkins University (JHU) COVID-19 Dashboard) through 17 June 2020. 

Ordinary least squares regression models were used to compare weekly reported COVID-19 case and 

death rates per million in the first 12 weeks of the pandemic between countries classified as low, middle, 

and high ranking on each index, while controlling for country socio-demographic information. Countries 

with higher GHSI and IHR-SPAR index scores experienced fewer reported COVID-19 cases and deaths, 

but only for the first 8 weeks after the country’s first case. For the GHSI, this association was further 

limited to countries with populations below 69.4 million. For both the GHSI and IHR-SPAR, countries 

with a higher sub-index score in human resources for pandemic preparedness reported fewer COVID-19 

cases and deaths in the first 8 weeks after the country’s first reported case. The UHC-SCI and WGI 

country-level rankings were not associated with COVID-19 outcomes.  The associations between GHSI 

and IHR-SPAR scores and COVID-19 outcomes observed in this study demonstrate that these two 

indices, although imperfect, may have value, especially in countries with a population under 69.4 million 

people for the GHSI. Preparedness indices may have value; however, they should continue to be 

evaluated as policymakers seek to better prepare for future global public health crises. 
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MAIN MANUSCRIPT  

 

Introduction 

Over the last two decades, the global community has repeatedly confronted important infectious disease 

outbreaks, including SARS-CoV, H1N1, Ebola, Zika, MERS-CoV and the current SARS-CoV2 

pandemic. Comprehensive analyses have recognized the need to improve national health security 

capabilities and better coordinate regional and global efforts to anticipate and prepare for outbreaks 

(Sands et al., 2016; Morse et al., 2012; World Health Organization, 1995; Fineberg, 2014). In 2005, the 

World Health Assembly adopted the revised International Health Regulations (IHR (2005)), which legally 

came into force in 2007. The IHR (2005), building upon previous iterations, provides a stronger 

framework for the World Health Organization (WHO) and member states to support country preparedness 

capacity development regarding public health risks and emergencies which can have devastating impacts 

on human health and economies, as demonstrated by the COVID-19 pandemic global impact with over 

2.8 million lives and over 255 million full-time jobs lost (World Health Organization, n.d.; Gostin, 2004; 

International Labor Organization, 2021; Johns Hopkins University, 2021). Under the IHR (2005), 

member states are required to report potential public health emergencies of international concern to 

WHO, ensure their national health surveillance and response capacities meet certain functional criteria, 

have a set timeframe in which to meet these standards, and annually report this to WHO (World Health 

Organization, n.d.). In turn, WHO makes recommendations on measures that can be taken during public 

health emergencies of international concern, and is responsible for providing technical assistance and 

financing to member states to enhance their national surveillance and response capacities (World Health 

Organization, n.d.). 

 

Since the adoption of the IHR (2005), a number of efforts have been launched to assess the progress 

countries have made building national capacity to respond to potential infectious disease threats (Broberg, 

2020). This includes annual reporting on IHR capacities through the State Party Annual Reporting (IHR-
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SPAR) as well as the Joint External Evaluation (JEE) mechanisms. In addition, an independent group of 

organizations developed the Global Health Security Index (GHSI) to provide an external assessment of 

similar state capacities (Nuclear Threat Initiative et al., n.d.). These assessments may be used to inform 

national action plans, policies, and resource allocations that strengthen national capacities for health 

security (Nuclear Threat Initiative and Johns Hopkins Center for Health Security, 2019). Table 1 provides 

a detail description of the three pandemic preparedness indices. 

 

Effective responses to epidemics and pandemics also likely depend on more than preparation, early 

detection, and the initial response to public health crises, which compose the underlying framework of 

existing preparedness indices (Broberg, 2020; Wilson et al, 2008). We therefore also examined whether a 

country’s level of universal health coverage, as measured by WHO’s Universal Health Coverage Service 

Coverage Index (UHC-SCI), was associated with COVID-19 outcomes. The UHC-SCI measures a 

country’s progress towards Sustainable Development Goal (SDG) 3’s target 3.8.1, which is to provide 

coverage of essential health services (World Health Organization, 2019a). Additionally, we examined if a 

country’s political stability, government effectiveness, and control of corruption was associated with 

COVID-19 outcomes. The existing preparedness indices are more limited in their measures of these 

factors, which are captured by the World Bank Worldwide Governance indicator (WGI) (Kraay et al., 

2010). Table 1 provides a detailed description of the three national pandemic preparedness indices, 

alongside the UHC-SCI and WGI.  

 

Overall, the majority of countries have low or moderate levels of preparedness capacities as measured by 

IHR-SPAR, with high-scoring countries in Europe and low-scoring countries in Africa and Southeast 

Asia (World Health Organization, 2019b). Although the IHR-SPAR has been credited with setting clear 

benchmarks for improving national capabilities in the area of health security, it is limited by biases that 

may arise from country self-reporting (Sands et al., 2016; Gostin and Katz, 2016; Kandel et al., 2020). 

While JEE and IHR-SPAR scores are highly correlated, JEE scores have been found to be consistently 
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lower on average than self-reported scores under IHR-SPAR, likely because it is an external assessment 

of a country’s IHR capacities (Tsai and Katz, 2018). The GHSI shows that, collectively, international 

preparedness for epidemics and pandemics remains very weak (Nuclear Threat Initiative et al., n.d.). 

Although the GHSI methodology is comprehensive, questions remain about the skew of indicators 

towards priorities of high-income countries, the validity of some indicators, the scoring system and its 

weighting, and how the GHSI adds value to existing assessments of global health security (Razavi et al., 

2020). 

 

Two published studies have evaluated the association between preparedness indices (collectively JEE, 

GHSI and UHC-SCI) and COVID-19 burden. These counter-intuitively find that countries with higher 

preparedness scores have experienced a higher burden of cases and death (Aitken et al., 2020; Crosby et 

al., 2020). The objective of our study is to measure the associations between the preparedness indices and 

country-level daily data on COVID-19 sourced from the Johns Hopkins University (JHU) COVID-19 

Dashboard. Our research adds to the limited literature and further investigates the relationship between 

preparedness indicators and pandemic outbreaks, making several methodological improvements on 

previous studies. We examine the temporal relationship and population size effects between the 

preparedness indices and country-level outcomes, and disaggregate the preparedness indices into sub-

scales to determine which sub-scales are associated with the country-level outcomes. In addition, our 

study examines the association of the WGI with COVID-19.   As the global community and policy 

makers examine how to better prepare for future pandemics and prevent the severe public health and 

socio-economic toll of the COVID-19 pandemic from happening again, studies on the existing tools that 

benchmark country-level pandemic preparedness are now more important than ever. 
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Methods 

Country-level daily data on COVID-19 were sourced from the Johns Hopkins University (JHU) COVID-

19 Dashboard. A first research team worked to collect data on reported COVID-19 cases and deaths, 

extracted from 22 January 2020 through 17 June 2020. 

 

A second research team separately collected the most recent year data for each index: 2019 for GHSI, 

2019 or 2018 for IHR-SPAR, 2017 for UHC-SCI, and 2019 for WGI. Because the JEE data had more 

than 50% of its variables missing, the JEE index was excluded from the final analysis, leaving four 

indices: GHSI, IHR-SPAR, UHC-SCI and WGI.  

 

Sovereign states and non-sovereign territories (herein “countries” for simplicity) were included if their 

reported COVID-19 cases and deaths were reported in the JHU database and if they were ranked by at 

least 1 of the indices; a total of 195 countries met our inclusion criteria. Countries that did not meet 

inclusion criteria were North Korea, Turkmenistan, and small island countries from the Caribbean and the 

Atlantic and Pacific oceans (See Supplementary Table 1 for selected data per included country). For each 

included country, the first day a case (herein “index case date”) was identified from the JHU data 

repository and confirmed through independent follow-up of internet searches in national media/official 

government websites.  The search was done in English, Mandarin, Spanish, and Hindi.  

 

Starting with the 6th day after the index case date (T0), we divided the total number of COVID-19 cases 

and deaths over the immediate 7-day look-back window by the total country population and multiplied by 

1 million to determine 7-day rolling daily rates of cases and deaths per million country population. A 

country-week level outcome data file that included a maximum of 12 possible weekly rates of cases and 

deaths per million for each country was created by selecting the 6th day after T0 and multiples of 7 

thereafter, up until 12-weeks, or however long country data existed in the JHU repository up until 17 June 

2020. This process yielded a total of 2,310 weeks of outcomes data.  
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Data Analysis  

The small amount of country-level missing data in item-level and total preparedness index predictors 

(1.5-10.3%; see Supplementary Table 2) was imputed using multiple imputation (MI; 10 imputations) by 

predictive mean matching in exactly one procedure that controlled for population size, region of the world 

and 2017 Gross National Income (GNI) from the World Bank. For scales that included a total score 

predictor (GHSI, SPAR, UHC) the total score was imputed sequentially in the same procedure after items 

were imputed. For WGI, where a total score predictor was not available, individual items were imputed 

and the total score was computed after the imputation procedure within each of the 10 MI datasets. To 

standardize metrics across each of the 4 different indices and to allow for possible non-linear associations 

between index scores and rates of COVID-19 cases and deaths, each index score was transformed from a 

continuous variable to a 3-category rank-order variable (corresponding to low, middle, and high scores) 

based on the within-imputation tertile cut-points of the total country-level (n=195) data. This exact 

process was repeated for the 6 sub-indicator preparedness indices for GHSI, and 13 for IHR-SPAR. 

 

The final analytic dataset was created by merging the country level predictor data (ncountry=195) onto 

the country-week level outcomes data (nweek=2,310) and repeating this process for each of the 10 

imputations. To examine the individual associations of each index with weekly rates of COVID-19 cases 

and death rates per million pooled across the entire 12-week study period, we used discrete-time MI 

ordinary least squares (MI-OLS) regression analysis with country-week as the unit of analysis. The logic 

of this approach is identical to that of discrete-time survival analysis. To examine whether associations 

between indices and outcomes varied over time, three consecutive pooled 4-week MI-OLS models were 

separately estimated in parallel to the 12-week models. In total, 12-week and 4-week MI-OLS models 

were estimated for each of the 4 total indices and only 12-week models were estimated for each of the 

sub-indicator indices within each total index. 
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MI-OLS models included four country-level socio-demographic covariates: (1) a set of 6 dummy 

variables corresponding to 7 regions of the world (North America, South America, Europe, Africa, 

Middle East, Central and South Asia, and East Asia and Oceania); (2) a single continuous variable based 

on the decile-transformed rank order of per capita income (values=1-10) as defined by 2017 Gross 

National Income from the World Bank; (3) two continuous variables for the age distribution in the total 

population (%≥65 and %=15-64, with %≤14 as the reference category); and (4) a single continuous 

variable based on the decile-transformed rank order of total country size (values=1-10) as defined by 

2018 population from the World Bank World Development Indicators. Two methodological controls were 

also included in the MI-OLS models: the first being a set of 11 dummy variables denoting the country-

week interval in the final analytic dataset (values=1-12) and the second being another set of 11 dummy 

variables to distinguish the 12 consecutive weeks during which each country experienced their index case 

and thus began reporting outcomes data. This second methodological control adjusted for cohort effects 

as countries entered the analysis at different historical points in time while the first methodological 

control pooled, or averaged, incident weekly COVID-19 outcomes over the 12-week study period (see 

Supplementary Table 3). 

 

Since COVID-19 outcomes were standardized across countries by converting summary totals into rates 

per million population, and since countries with large populations (i.e. China) contributed as many weeks 

of data to the analytic file (nweek=12) as smaller countries (i.e. Andorra), we examined whether observed 

associations between preparedness indices and reported COVID-19 outcomes varied based on country 

population by testing for an interaction of the continuous control variable for population rank order and 

the GHSI and IHR-SPAR.  

 

Additionally, a sensitivity analysis was attempted using data from countries which reported testing rates.  

However, this disproportionately excluded countries with a smaller population and lower income 

countries in the Caribbean, Latin America and African nation states.  This also excluded data at the 



 

 
 

 

 

 
  

Page 14 of 32 
 

beginning of the pandemic, as reporting of testing data typically lagged case and death data by a few 

weeks for countries across the world.  For these reasons, these data are not included in our reporting. 

 

Results 

This study included data from 195 countries, which represent 99.5% of the population in the world as of 

2018. Almost all included countries reported at least 12 weeks of COVID-19 case and death data (93.8%, 

range=5-12 weeks). Africa reported the lowest proportion of countries with 12 weeks of data (85.5%); the 

remaining 5 world regions reported at least 90.0% of countries with 12 weeks. All countries in South 

America and Europe reported 12 weeks of data (nweek=2,310). 

 

Table 2 shows that overall, for the weeks 1-12 pooled model, both GHSI and IHR-SPAR demonstrated a 

significant association of higher index preparedness scores with lower rates of reported COVID-19 cases 

per million. This statistically significant finding is also observed for reported deaths per million (Table 3). 

This significance is mainly driven by weeks 1-4, and 5-8 after the reported index case date, and 

diminishes in weeks 9-12. UHC-SCI and WGI have no notable significance in correlation with our 

reported COVID-19 outcomes in the weeks 1-12 pooled model. Although not statistically significant, it is 

worth noting the directional reversal, in the association of both the UHC-SCI and WGI—countries that 

rank lower on these indices experience fewer reported COVID-19 cases and deaths per million. For the 

WGI, this finding reverses in weeks 9-12, becoming significant (countries that rank lower on WGI 

experience a higher reported burden of cases during weeks 9-12 after the index case date). This is not 

observed for reported deaths.  

 

In a deeper analysis of tables 2 and 3, we found that a country’s population size significantly interacted 

with the associations of the reported rates of COVID-19 cases and deaths with the GHSI (F2=12.7-21.9, 

p<0.001) but not with IHR-SPAR (F2=0.2-1.6, p=0.198-0.790). Table 4 (top panel) shows our sub-group 

analysis of the overall association of GHSI and reported COVID-19 outcomes among different groupings 
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of countries with similar populations, all based on decile cut-points. This demonstrates the overall finding 

for GHSI was consistent across all countries in the world except for those with the largest populations 

(i.e. the tenth decile, countries with a population  >69.5 million people), accounting for n=175 countries 

(Table 4, bottom panel).  

 

Supplementary Tables 4 and 5 shows analyses of the sub-indicators of GHSI and IHR-SPAR, 

demonstrating which sub-indicators within their respective index are statistically significant in their 

association with lower ranking and increased burden cases and deaths. For the GHSI, early detection is 

significantly associated with reported cases burden, while health system is significantly associated with 

reported deaths (Supplementary Table 4). The IHR-SPAR (Supplementary Table 5) shows that legislation 

and financing, coordination, food safety, human resources, national health emergency framework, points 

of entry, and radiation emergencies all demonstrate significantly associated with reported cases and 

deaths.  

 

Discussion 

Our study finds that countries ranking higher in the GHSI and IHR-SPAR experienced a lower burden of 

reported COVID-19 cases and deaths per million during their first 12 weeks of the pandemic. Upon 

stratification of our analyses, a more nuanced picture emerges. Indeed, a time-dependent relationship 

exists between the GHSI and IHR-SPAR scores and COVID-19 outcomes; significance and predictability 

are higher during weeks 1-4 and 5-8 and diminish in weeks 9-12. This tailing off of the association may 

occur because during the initial 8 weeks of the pandemic, governments can prepare through investments, 

policies, and infrastructure already in-place, which are measured by the preparedness indices. These 

factors include capacity in the preparedness, containment, and early mitigation phases of the response 

(Prevent Epidemics, 2020). However, after the 8th week, other factors that are not included in the indices 

may become more significant. There is evidence, for example, from previous outbreaks that trust in 

government may be important factor explaining why people vary in their compliance with public health 
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measures (Prevent Epidemics, 2020; Blair Et al., 2017; Zhu et al., 2020). This finding may also be 

supported by a recent analysis of the 2018 IHR-SPAR data from 182 countries, which concluded that, 

although governments are generally well-equipped to detect outbreaks, they are poorly prepared to 

prevent and respond to them (Kandel et al., 2020). This may also help explain why the WGI demonstrated 

a significant association with outcomes in weeks 9-12 of our analysis; countries ranking lower in 

governance indicators had more reported cases. 

 

When we stratify the GHSI by country population size, the significant associative value of the GHSI is 

observed only for the 175 countries that have a population below 69.4 million people, and not for the 20 

largest countries in the world. Although speculative, this may be because countries with very large 

populations (most populous 20 countries) experience more heterogeneity among cities and regions 

(Alesina and Spolaore 2003), face more complex issues with managing hierarchical health bureaucracies 

at scale (Axelsson et al 2007), are more socio-economically diverse, and many experience greater internal 

migration flows than countries with smaller populations (Bell and Charles-Edwards 2013). Very large 

countries may need a modified GHSI or several GHSI scores (i.e. sub-national scores) rather than a single 

composite score.   

 

Our sub-analysis of the GHSI demonstrated that 2 sub-scales out of 6, ‘early detection’ and ‘health 

system’, were highly associated with reported COVID-19 outcomes. This affirms that the GHSI 

indicators for preparedness and response (which are in accord with the elements of the IHR 2005) and 

health system capacity are valid.  Our finding suggests that countries that had lower capacity for early 

detection (which includes laboratory systems, real-time surveillance and reporting, a limited 

epidemiology workforce, and limited data integration between the human, animal, and environmental 

health sectors) were more likely to experience a higher reported burden of cases in the initial 8 weeks of 

the pandemic.  Similarly, countries that were ranked lower on the health system sub-scale (which includes 

health capacity in clinics, hospitals, and community care centers; limited medical countermeasures and 
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personnel deployment; low healthcare access; decreased communications with healthcare workers during 

a public health emergency; limited infection control practices and availability of equipment; and 

decreased capacity to test and approve new countermeasures) would experience more reported COVID-19 

deaths in the initial 8 weeks of the pandemic; that is, the strength of a country’s health system is inversely 

associated with reported deaths attributed to COVID-19 in the initial 8 weeks of the pandemic.  

 

The significant sub-scales in the IHR-SPAR, although self-reported, assess whether countries have 

standard operating procedures, protocols, and guidelines in place to ensure public health and medical 

safety, including scenario planning and communication and coordination efforts. These are all likely 

applicable and translatable to the initial 8-12 weeks of a country’s COVID-19 response. For the sub-scale 

with highest significance, human resource, countries that rank higher have a policy and coordination 

framework among training institutions, do human resource capacity mapping, and provide continuous 

training in relevant public health emergency areas, including field epidemiology. This is highly relevant 

to the initial COVID-19 response, since health workers and field epidemiologists are on the front lines of 

the pandemic. These countries experienced both a lower reported case and death burden than those 

ranking lower on this sub-scale. 

 

We also examined other circumstances that may contribute to a country’s pandemic response, such as 

progress towards UHC, service capacity, access to healthcare, and effective governance structures, as 

measured by the UHC-SCI and WGI; however, none of these showed significant relationships with 

outcomes. The counter-intuitive pattern of correlation (i,e, that lower ranking countries experienced fewer 

reported cases and deaths) suggests that these indices may be measuring other factors that are not relevant 

or specific to pandemic preparedness, as they were not developed for this purpose.   

 

Our study has 3 main public policy implications. The first is that preparedness indices may be time 

sensitive to the different stages of a pandemic; current indices better characterize performance in the 
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initial 8 weeks (i.e. preparedness, containment, early mitigation phases). Policy makers may need 

additional indices to assess and benchmark preparedness for public health emergencies beyond the initial 

8 weeks (i.e. mitigation, suppression, and recovery phases). Second, countries should carefully examine 

and consider increasing investment in human resources for pandemic preparedness. Our findings show 

that countries which ranked highest in human resource for pandemic preparedness, as measured by the 

GHSI and IHR-SPAR, had lower reported COVID-19 cases and deaths in the initial 8 weeks. Finally, 

specific to the GHSI, a single composite score for countries with a population greater than 69.5 million 

may not reflect the country’s level of preparedness, and population size and diversity should likely  be 

accounted for in further iterations.  

 

The overall findings of our study are opposite those of two other analyses, which concluded that countries 

that ranked higher in the GHSI experienced a higher burden of deaths and cases per million (Aitken et al., 

2020; Crosby et al., 2020). This may be explained by the different methodology of our study. First, our 

study examined the association between a country’s preparedness index score and COVID-19 outcomes 

at different weekly intervals, rather than the combined average case and deaths over an entire time period. 

Second, we simultaneously identified and controlled for possible cohort effects, as countries that 

experienced their index case date at similar historical points may follow similar “within cohort” COVID-

19 experiences and different “among cohort” COVID-19 experiences than other countries whose index 

case occurred before or afterward.  

 

Limitations 

Our study is an observational study utilizing data that likely has a high degree of variability, considering 

the COVID-19 pandemic continues to evolve and progress. Our two main outcome variables, reported 

cases per million and deaths per million, have several limitations. “Cases” are the number of infections 

reported by each country, and early in the pandemic, each country regularly changed the testing strategy 

and number tested based testing capacity. This likely made reporting of infections (i.e. cases) vary 
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considerably both among countries and within countries.  This is a potential threat to the validity of any 

associations discovered. Reported death rates may be a more stable comparison among countries. In this 

regard, our findings that reported death rates follow the same association with indices as reported cases is 

encouraging. We also acknowledge that, regarding index case date, many countries are now discovering 

that what was first reported as the index case date is likely not the index date and is likely not a reliable 

indicator of the date of first introduction of SARS-CoV-2 within the country.  Additionally, we did not 

report or directly control for country-week testing rates because of the high-level of missing testing data 

among countries in the JHU dataset and the high level of incomplete testing data among countries that 

reported testing data to JHU.  To incorporate testing data requires eliminating approximately half of the 

countries and ultimately this study decided to present observed associations with maximum external 

validity. 

 

Of necessity, the preparedness indices do not account for contextual issues such as population diversity, 

health care systems, service load, and patterns of co-morbidity. All are likely to increase the risk of new 

infectious pathogens being introduced and subsequently spread. We also did not include the JEE in the 

final analysis due to its small sample size. The JEE is important, since it is the only index that externally 

validates country reported IHR capacities. Finally, we recognize that using the indices as an explanatory 

tool may not be consistent with the original intent of the indices; namely, as tools for countries to gauge 

their level of pandemic preparedness and adjust investments and policies accordingly. 

 

Conclusion 

As global and national policy makers re-examine how to assess, measure and benchmark country-level 

preparedness to better manage and prevent crises such as COVID-19, tools such as the GHSI and IHR-

SPAR, although imperfect, may still have value and can be improved upon. Our findings suggest there are 

complexities in the ways in which these indices correlate with reported COVID-19 outcomes or fail to. 

We propose that future iterations of these global preparedness indices should consider different stages of 
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an outbreak, and should possibly include sub-national scores, especially for larger countries. Better 

preparedness indices may help individual countries, policy makers, and the international community, 

better prepare for the next pandemic. 
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Table 1. Summary of National Pandemic Preparedness Indices. 

Index Background Scale scoring system and 

subcomponents 

International 

Health 

Regulations - 

State Party 

Self-

Assessment 

Annual Report 

(IHR-SPAR) 

The International Health Regulations 

(2005) composed a legally binding set of 

regulations that provides a framework for 

managing public health threats that have 

the potential to cross borders – later 

articulated as global health security. The 

State Party Self-Assessment Annual 

Report (SPAR), was initially introduced 

in 2010 as a questionnaire for country 

reporting to the WHO as a mandatory 

component of the IHR Monitoring and 

Evaluation Framework. After the IHR 

review in 2018, the IHR SPAR was 

revised to become more concise and 

evidence based. It requires member states 

to self-report annually on their progress 

toward meeting IHR core capacities. 

SPAR is divided into 13 categories that 

aim to assess preparedness for a wide 

range of events, including zoonotic 

outbreaks, food safety events, chemical 

events, and radiation emergencies.  

Scores are self-reported on a scale from 1 

to 5. These scores are then transformed 

into percentages. The overall score is 

computed as a simple arithmetic mean of 

the 13 indicator scores. 

 

The IHR SPAR assesses legislation and 

financing; IHR coordination and national 

IHR focal point functions; zoonotic events 

and the human-animal interface; food 

safety; laboratory; surveillance; human 

resources; national health emergency 

framework; health service provision; risk 

communication; points of entry; chemical 

events; and radiation emergencies. 

Joint External 

Evaluation 

(JEE) 

To respond to the limitations of the 

SPAR, following the Ebola outbreak in 

2016, the WHO established the JEE 

process as a voluntary component of the 

IHR Monitoring and Evaluation 

framework. The tool was revised in 

2017. National assessments are derived 

from initial self-evaluation, corroborated 

with subsequent external evaluation. JEE 

assessments evaluate preparedness every 

Scores range from 1 to 5. The JEE does 

not report an overall country score (i.e. 

“Country Mission Report”). Scores are 

externally evaluated, with initial self-

assessment supplied by each country.  

 

The JEE assess national legislation, policy 

and financing; IHR coordination, 

communication and advocacy; 

antimicrobial resistance; zoonotic 
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3-5 years across 19 categories in a wide 

range of core IHR areas.   

 

diseases; food safety; biosafety and 

biosecurity; immunization; national 

laboratory system; (real-time) 

surveillance; reporting; human 

resources/workforce development; 

(emergency) preparedness; emergency 

response operations; linking public health 

and security authorities; medical 

countermeasures and personnel 

deployment; risk communication; points 

of entry; chemical events; and radiation 

emergencies. 

Global Health 

Security Index 

(GHSI) 

The GHS Index is a project of the 

Nuclear Threat Initiative and the Johns 

Hopkins Center for Health Security and 

was developed with The Economist 

Intelligence Unit.  It was developed to 

comprehensively assess health security 

across 195 state parties that make up the 

IHR, the GHSI measures both a 

country’s preparedness to prevent, detect, 

and respond to biological threats as well 

as elements that could exacerbate 

country risks for epidemics or 

pandemics, such as political, social, and 

economic stability and the strength of a 

country’s healthcare system and health 

workforce. The GHSI is an external 

assessment which uses only publicly 

available data through 140 qualitative 

and quantitative questions, organized 

across six categories, in an effort to 

encourage mutual transparency, 

accountability, and improvement across 

countries (Nuclear Threat Initiative et al., 

n.d.). 

Scores range from 0 to 100. The overall 

score is a weighted sum of the six 

categories, with weights determined by an 

international panel of experts. Scores are 

externally evaluated using only publicly 

available information. 

 

The GHSI assesses prevention of the 

emergence or release of pathogens; early 

detection and reporting of epidemics of 

potential international concern; rapid 

response to and mitigation of the spread of 

an epidemic; sufficient and robust health 

sector to treat the sick and protect health 

workers; commitments to improving 

national capacity, financing, and 

adherence to norms; and overall risk 

environment and country vulnerability to 

biological threats.  

Worldwide 

Governance 

Indicators 

(WGI) 

The World Bank developed the WGI to 

assesses governance of over 200 

countries and territories through six 

composite dimensions of voice and 

accountability, political stability, 

government effectiveness, regulatory 

quality, rule of law, and control of 

corruption (Kraay et al., 2010). 

Scores range from -2∙5 to 2∙5. The WGI 

does not report an overall country score. 

Scores are externally evaluated. 

 

The WGI assess voice and accountability; 

political stability and absence of 

violence/terrorism; government 

effectiveness; regulatory quality; rule of 
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law; and control of corruption. 

Universal 

Health 

Coverage 

Service Index 

(UHC-SCI) 

The UHC Service Coverage Index (SCI) 

arose out of a need to create a formal 

monitoring mechanism to assess country 

progress in attaining Sustainable 

Development Goal 3.8.1, coverage of 

essential health services among the 

general and most disadvantaged 

population. The SCI is used to advance 

primary healthcare as the mechanism to 

achieve UHC (World Health 

Organization, 2019a). It also attempts to 

capture other elements of the SDGs, such 

as gender and equity challenges, through 

tracking and disaggregating data by sex, 

household wealth, and geographic 

location when possible (World Health 

Organization, 2019a). The SCI assesses 

the average coverage of essential 

services in four areas of healthcare 

services: reproductive, maternal, 

newborn, and child health; infectious 

diseases; noncommunicable diseases; 

and service capacity and access (World 

Health Organization, 2019a). 

Scores range from 0 to 100. The overall 

score is computed as the geometric mean 

of 16 proxy indicators of health service 

coverage organized across four areas of 

healthcare services: reproductive, 

maternal, newborn and child health; 

infectious diseases, noncommunicable 

diseases; and service capacity and access. 

Scores are externally evaluated. 

 

The SCI is compiled using existing, 

publicly available data and estimates 

reported by countries, however, 

differences across countries in definition 

of indicator data, data collection, and data 

availability results in the need to impute 

missing data and report changes in SCI 

over broader time intervals (World Health 

Organization, 2019a; Hogan et al., 2018). 

Further, despite the SCI’s advantages of 

collecting simple, feasible, and relevant 

indicators for country use, the available 

indicators also limited to assessing contact 

coverage rather than effective coverage; 

omitting important health areas for which 

there does not exist robust indicators; and 

obscuring differences in country health 

needs, which drive their provision of 

health services (World Health 

Organization, 2019a). 

 

 
 

 

 

 

 

 



 

 
 

 

 

 
  

Page 29 of 32 
 

Table 2: Univariate associations of 4 cross-national global scales and total weekly estimated COVID-19 cases 

per million population based on OLS models, pooled across the first 12 weeks after index case (ncountry=195; 

nweek=2,310). 

 12-week Pooled
1
  Weeks 1-4 (nweek=780) Weeks 5-8 (nweek=775) Weeks 9-12 (nweek=755) 

   95% CI   95% CI   95% CI   95% CI 

  β P Lo
wer 

Up
per 

Β P Lo
wer 

Up
per 

β P Lo
wer 

Up
per 

β P Lo
wer 

Up
per 

GHSI                  

  Low 109.

5* 

<0.

001 

59.

0 

160

.0 

160.

3* 

<0.

001 

74.

1 

246

.5 

117.

2* 

0.00

1 

46.

4 

187

.9 

52.4 0.1

62 

-

21.

1 

125

.8 

  

Middl
e 

65.5

* 

<0.

001 

29.

3 

101

.7 

112.

6* 

<0.

001 

53.

0 

172

.2 

57.1

* 

0.04

6 

1.0 113

.3 

27.8 0.3

61 

-

31.
9 

87.

5 

  High  
(refere

nce) 

0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 

IHR-

SPAR 

                

  Low 108.

1* 

<0.

001 

66.

3 

150

.0 

148.

9* 

<0.

001 

81.

1 

216

.7 

119.

6* 

<0.

001 

54.

5 

184

.7 

59.4 0.1

10 

-

13.

5 

132

.3 

  

Middl
e 

-

30.2 

0.06

3 

-

62.
0 

1.7 20.8 0.44

1 

-

32.
1 

73.

6 

-

26.6 

0.30

2 

-

77.
1 

23.

9 

-

84.4
* 

0.0

02 

-

138
.9 

-

29.
9 

  High  
(refere

nce) 

0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 

  

UHC-

SCI 
                 

  Low -1.0 0.98

5 

-

105
.2 

103

.3 

-

29.6 

0.70

9 

-

192
.8 

133

.5 

-

48.5 

0.45

9 

-

180
.7 

83.

6 

82.8 0.1

05 

-

17.
3 

182

.8 

  
Middl

e 

-
60.0 

0.22
0 

-
161

.2 

41.
1 

-
65.0 

0.37
9 

-
219

.7 

89.
6 

-
88.3 

0.13
6 

-
207

.7 

31.
2 

-
26.7 

0.4
48 

-
96.

1 

42.
8 

  High  

(refere
nce) 

0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 

WGI                 

  Low 31.7 0.24
2 

-
21.

5 

84.
8 

-1.7 0.96
9 

-
89.

2 

85.
8 

-
11.6 

0.78
4 

-
94.

7 

71.
5 

107.
1* 

0.0
18 

18.
3 

195
.8 

  

Middl
e 

5.3 0.79

3 

-

34.
0 

44.

6 

-

40.5 

0.21

9 

-

105
.2 

24.

2 

-

14.6 

0.64

1 

-

75.
8 

46.

7 

69.6

* 

0.0

36 

4.4 134

.8 

  High  
(refere

nce) 

0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 

Note. * Indicates significance at the p<.05 level. Estimates reflect multiply-imputed (MI-10 imputations), pooled country-
week level data. MI-OLS models included 2 methodological controls: a first set of 11 dummy variables corresponding to 

weeks 2-12 after the first week of outcomes data per country (F11=0.4-0.4, p=.968-.971); and a second set of 11 dummy 
variables corresponding to weeks 2-12 after the first week of data in the analytic sample (week 1= January 13-20 - 
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Thailand, China, and Japan; F11=3.3-4.9, p=.000-.000; see Supplementary Table 3). MI-OLS models also included4 

demographic controls: two continuous variables for country age structure (i.e., % population ≥65 and 15-64; F2=5.0-7.5, 
p=0.000-0.006); a single continuous decile-transformed, world-based rank of country population (F1=9.7-33.6, p=0.000-

0.002); a single continuous decile-transformed, world-based rank of 2017 per capita GNI-PPP (F1=6.3-31.3, p=0.000-
0.025); and region of the world (F6=5.7-31.3, p=0.000-0.000). 

1. Variance inflation factor scores for preparedness scales (range=1.9-5.1) were below the threshold of 10, indicating that 
multicollinearity among scale predictors and control variables was not present in the MI-OLS models. 

 

 
Table 3: Univariate associations of 4 cross-national global scales and total weekly estimated COVID-19 

deaths per million population based on OLS models, pooled across the first 12 weeks after index case 

(ncountry=195; nweek=2,310). 

 12-week Pooled
1  Weeks 1-4 (nweek=780) Weeks 5-8 (nweek=775) Weeks 9-12 

(nweek=755) 

   95% CI   95% CI   95% CI   95% CI 

  β P Lo
wer 

Up
per 

β P Lo
wer 

Up
per 

β P Lo
wer 

Up
per 

β P Lo
wer 

Up
per 

GHSI                 
  Low 6.6

* 

<0.

001 

4.1 9.2 8.

4* 

<0.

001 

4.3 12.

4 

11.

6* 

<0.

001 

7.2 16.

0 

0.0 0.9

84 

-3.3 3.2 

  

Middl

e 

2.1

* 

0.03

3 

0.2 4.1 3.

4* 

0.03

4 

0.3 6.6 4.7

* 

0.00

5 

1.5 8.0 -

1.7 

0.2

32 

-4.6 1.1 

  High  

(refere

nce) 

0.0 ∙∙ ∙∙ ∙∙ 0.

0 

∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 

IHR-

SPAR 
                

  Low 5.2

* 

<0.

001 

2.8 7.6 8.

0* 

<0.

001 

4.2 11.

9 

8.4

* 

<0.

001 

4.5 12.

4 

-

0.8 

0.6

16 

-4.0 2.4 

  

Middl

e 

0.0 0.98

9 

-1.9 1.9 2.

6 

0.08

4 

-0.4 5.6 0.9 0.54

9 

-2.2 4.0 -

3.6

* 

0.0

05 

-6.1 -1.1 

  High  

(refere
nce) 

0.0 ∙∙ ∙∙ ∙∙ 0.

0 

∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 

  

UHC-

SCI 
                 

  Low -

3.8 

0.07

8 

-8.0 0.4 -

0.

3 

0.92

7 

-7.0 6.4 -

3.6 

0.31

4 

-

10.

7 

3.5 -

7.6

* 

0.0

01 

-

12.

1 

-3.0 

  

Middl

e 

-

3.7

* 

0.04

9 

-7.4 0.0 -

1.

5 

0.58

0 

-7.1 4.1 -

4.8 

0.11

3 

-

10.

8 

1.2 -

4.8

* 

0.0

02 

-7.7 -1.8 

  High  

(refere

nce) 

0.0 ∙∙ ∙∙ ∙∙ 0.

0 

∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 

WGI                 
  Low -

1.1 

0.46

8 

-4.0 1.8 -

0.

6 

0.81

7 

-5.5 4.3 -

1.5 

0.55

3 

-6.5 3.5 -

1.2 

0.5

35 

-5.1 2.6 
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Middl

e 

-

1.1 

0.31

6 

-3.2 1.1 -

1.

3 

0.47

2 

-4.9 2.3 -

2.2 

0.23

7 

-5.9 1.5 0.1 0.9

23 

-2.7 3.0 

  High  

(refere

nce) 

0.0 ∙∙ ∙∙ ∙∙ 0.

0 

∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 0.0 ∙∙ ∙∙ ∙∙ 

Note: * Indicates significance at the p<.05 level. Estimates reflect multiply-imputed (MI-10 imputations), pooled 

country-week level data. . MI-OLS models included 2 methodological controls: a first set of 11 dummy variables 

corresponding to weeks 2-12 after the first week of outcomes data per country (F11=0.4-0.4, p=.968-.971); and a second 
set of 11 dummy variables corresponding to weeks 2-12 after the first week of data in the analytic sample (week 1= 

January 13-20 - Thailand, China, and Japan; F11=3.3-4.9, p=.000-.000; see Supplementary Table 3). MI-OLS models also 

included 4  demographic controls: two continuous variables for country age structure (i.e., % population ≥65 and 15-

64; F2=5.0-7.5, p=0.000-0.006); a single continuous decile-transformed, world-based rank of country population 

(F1=9.7-33.6, p=0.000-0.002); a single continuous decile-transformed, world-based rank of 2017 per capita GNI-

PPP (F1=6.3-31.3, p=0.000-0.025); and region of the world (F6=5.7-31.3, p=0.000-0.000). 

1. Variance inflation factor scores for preparedness scales (range=1.9-5.1) were below the threshold of 10, indicating 

that multicollinearity among scale predictors and control variables was not present in the MI-OLS models. 

 
 

Table 4: Individual association of a cross-classification of GHSI and country population size with total weekly 

estimated COVID-19 cases per million population based on OLS models, pooled across the first 12 weeks 

after index case (ncountry=195; nweek=2,310). 

    Cases Deaths 

      95% CI   95% CI 

Panel 1 % SE β P Lower Upper β P Lower Upper 

GSHI ranking within 

country population
 1
 

          

  Population: > 19.5 

Million 
          

     Low 5.7 0.2 192.2* 0.002 72.9 311.5 13.9* <0.001 7.1 20.8 

     Middle 9.8 0.2 210.8* <0.001 91.8 329.9 14.3* <0.001 7.3 21.3 

     High  14.4 0.2 227.0* <0.001 105.1 348.8 16.8* <0.001 9.9 23.6 

  Population: =2.8 - 19.5 
Million 

          

     Low 11.6 0.2 210.9* <0.001 113.8 308.0 14.7* <0.001 9.0 20.4 

     Middle 12.5 0.2 156.2* <0.001 64.2 248.2 12.7* <0.001 7.3 18.1 

     High  16.6 0.2 67.2 0.1 -17.2 151.6 7.0* 0.0 2.0 12.0 

  Population: < 2.8 

Million 
          

     Low 15.5 0.2 205.4* <0.001 113.1 297.6 15.4* <0.001 10.4 20.4 

     Middle 11.3 0.2 162.2* <0.001 69.9 254.6 6.9* 0.009 1.7 12.0 

     High (reference) 2.6 0.1 0.0 ∙∙ 0.0 0.0 0.0 ∙∙ 0.0 0.0 

  

Panel 2           
  Population: <=69.4 

Million 2 
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     Low 35.8 0.3 120.7* <0.001 66.2 175.2 7.6* <0.001 4.6 10.6 

     Middle 33.3 0.3 79.9* <0.001 37.1 122.7 3.1* 0.007 0.9 5.3 

     High (reference) 30.8 0.3 0.0 ∙∙ 0.0 0.0 0.0 ∙∙ 0.0 0.0 

Note. %=Percent distribution of the 9-category cross-classification of GHSI ranking within country population; 
SE=standard error of the percent point estimate. Estimates reflect multiply-imputed (MI-10 imputations), pooled 

country-week level data. MI-OLS models included the same 6 controls as Tables 2 and 3. The interaction of GHSI 

and country population in predicting cases and deaths was significant (F2=12.7-21.9, p<0.001).  The interaction of 

IHR-SPAR and country population in predicting cases and deaths was not significant (F2=0.2-1.6, p=0.198-0.790). 

1. GHSI differences were not significantly associated with cases and deaths among the highest population 

countries (F2=0.5-1.5, p=.587-.220), but were separately significant among the middle (F2=12.7-12.9; 

p=.001-.001) and lowest (F2=5.3-20.1; p=.008-.001) population countries. 
 

2. GHSI 1 Population Category (panel 2) excludes countries in the highest decile of country population in the world. 

Model estimates represent 30.3% of the world population. 

 
 


