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Abstract
Background. The coronavirus disease 2019 (COVID-19) pandemic has been a severe threat to global
health.

Method. We calculated Spearman rank correlation coe�cients between a country’s case fatality risk at
various stages of the pandemic and the Healthcare Access and Quality (HAQ) index in 87 countries.

Results. COVID-19 case fatality risks and HAQ indexes were negatively correlated at <1000 con�rmed
cases. This negative correlation decreased and even turned positive (but nonsigni�cantly) as countries
approached >5000 con�rmed cases. As for per-capita cases, the aforementioned correlation was
signi�cantly negative at <100 cases per million people. This negative correlation decreased (r = −0.0429)
and became nonsigni�cant as countries approached >500 cases per million people.

Conclusion. Negative correlations between COVID-19 case fatality risks and HAQ indexes weakened and
then disappeared with the progressive burden of COVID-19 infection over time. In the end, even the best
public health systems were overwhelmed by the COVID-19 pandemic.

Introduction
As of April 12, 2020, the coronavirus disease 2019 (COVID-19) pandemic has caused 1.7 million
infections and 108,000 deaths (a case fatality risk of 6.24%) in 205 countries and territories1. The top �ve
countries with the highest number of cumulative con�rmed cases are the United States (530 thousand
cases), Spain (162 thousand cases), Italy (152 thousand cases), Germany (120 thousand cases), and
France (94 thousand cases)1. The pandemic’s threat to global health is unprecedented in recent history,
and an effective treatment and vaccine are still lacking.

For many infectious diseases, countries with better public health infrastructure tend to have lower case
fatality risks2-5. However, many developed countries with robust public health infrastructures have
reported case fatality risks of more than 10%, including France (14.8%), Italy (12.8%), the United Kingdom
(12.5%), Belgium (11.9%), the Netherlands (10.8%) and Spain (10.1%)1. By contrast, the case fatality risk
in China was only 4.0%1. The reason for such a variation in case fatality risks of COVID-19 worldwide
remains unclear.

Thus, in this ecological study, we explored the association between a country’s COVID-19 case fatality risk
and Healthcare Access and Quality (HAQ) index; the HAQ index has been a commonly used indicator of
public health capacity and quality of health care6.

 

Materials And Methods



Page 3/9

Data on daily con�rmed cases and deaths from COVID-19 (from December 31, 2019 to April 12, 2020) for
all countries worldwide were extracted from the online COVID-19 Worldwide Database provided by the
European Centre for Disease Prevention and Control7. We excluded countries with less than 500
con�rmed cases of COVID-19 infection. The case fatality risk for a country at a point in time was
calculated as the ratio of the cumulative number of deaths to the cumulative number of con�rmed cases
of COVID-19 infection. The population size of each country in 2018 was extracted from the World Bank
online database8. HAQ index data were obtained from the Global Burden of Disease 2016 Healthcare
Access and Quality Collaborators, the project that �rst formulated the index6. Each country’s HAQ index
(ranging from 0 to 100, where 100 indicates the highest quality) was estimated using principal
component analysis, incorporating mortality-to-incidence ratios for cancers (a crude estimate of cancer
survival) and risk-adjusted mortality rates for noncancer causes (a performance indicator of hospitals
and medical practitioners).

We calculated Spearman rank correlation coe�cients between the case fatality risks as of April 12, 2020
and HAQ indexes for all available countries (n = 87). To evaluate the progressive burden of COVID-19 over
time, we also calculated the Spearman rank correlation coe�cients for each stage of the pandemic. We
demarcated these stages by cumulative and per-capita con�rmed case numbers. Speci�cally, we
calculated the coe�cients for when a country �rst reached 500 (n = 87), 1000 (n = 68), 5000 (n = 33), and
10000 (n = 20) cases and when a country �rst reached 10 (n = 85), 50 (n = 69), 100 (n = 59), and 500 (n =
29) cases per million people in the population.

All statistical analyses were conducted using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
For all 87 countries analyzed, the Spearman rank correlation coe�cient between COVID-19 case fatality
risk as of 12 April, 2020 and HAQ index was (r) −0.0112 (p = 0.9183).

Figure 1 presents the Spearman rank correlation coe�cients for each stage of the pandemic, as de�ned
by the cumulative number of cases; panels A, B, C, and D in the �gure illustrate the results for 500, 1000,
5000, and 10,000 con�rmed cases, respectively. Speci�cally, COVID-19 case fatality risk and HAQ index
were negatively correlated for <1000 con�rmed cases: at 500 and 1000 con�rmed cases, COVID-19 case
fatality risk decreased by 2.18% (95% con�dence interval [CI]: 0.87% to 3.47%) and 3.22% (95% CI: 1.46%
to 4.95%), respectively, for every unit increase in HAQ index. This negative correlation decreased and even
turned positive (but nonsigni�cantly) as countries approached >5000 con�rmed cases.

Figure 2 presents the Spearman rank correlation coe�cients for each stage of the pandemic, as de�ned
by per-capita number of cases; panels A, B, C, and D in the �gure illustrate the results for 10, 50, 100, and
500 cases per million people in the population, respectively. Speci�cally, COVID-19 case fatality risk and
HAQ index were negatively correlated at <100 cases per million people: at 10, 50, and 100 cases per
million people, the COVID-19 case fatality risk decreased by 2.50% (95% CI: 1.19% to 3.80%), 3.63% (95%
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CI: 1.46% to 5.75%), and 3.10% (95% CI: 0.51% to 5.61%), respectively, for every unit increase in HAQ
index. This negative correlation decreased (r = −0.0429) and became nonsigni�cant as countries
approached >500 cases per million people.

Discussion
The negative correlation between COVID-19 case fatality risk and HAQ index weakened and then
disappeared with the progressive burden of COVID-19 infection over time. In the early phase of the COVID-
19 outbreak, countries with better public health infrastructure tended to have a lower case fatality risk.
However, at more than 5000 con�rmed cases (or more than 500 con�rmed cases per million people),
countries had similar case fatality risks regardless of the quality of their public health infrastructure. This
indicates that even the best public health systems were overwhelmed by the COVID-19 pandemic, a
pandemic that has been unprecedented in the past half a century. By comparison, recent pandemics such
as those of severe acute respiratory syndrome (SARS) in 2003, the H1N1 in�uenza virus in 2009, Middle
East respiratory syndrome (MERS) in 2012, the Ebola virus in 2014, and the Zika virus in 20159 had a
substantially lower global burden at 8096 cumulative con�rmed cases (case fatality risk: 9.56%) for
SARS10, 620,000 cases (1.26%) for H1N111, 2502 cases (34.41%) for MERS12, 15,227 cases (39.52%) for
Ebola13, and 220,000 cases (almost 0%) for Zika14.

Case fatality risk is also correlated with the scale of COVID-19 testing. Asymptomatic people with COVID-
19 (also known as silent spreaders) were estimated to comprise nearly one-third of all people with COVID-
1915. Mass testing helps identify asymptomatic carriers, and they can then be isolated to mitigate
disease transmission; with a greater denominator from a larger number of con�rmed asymptomatic
cases, the overall case fatality risk decreases16. We calculated the test-positivity rate (number of
con�rmed cases/total number of people tested), which allowed us to obtain data for the denominator
(total number of people tested) from the Our World in Data17 database. We obtained such data only for
high-HAQ countries (HAQ > 80) at >10,000 con�rmed cases. As illustrated in Figure 3, larger-scale COVID-
19 testing (positivity rate < 10%) resulted in a consistently low case fatality risk as the pandemic
progressed; by contrast, smaller-scale testing (positivity rate > 10%) resulted in a rapid increase in case
fatality risk as the pandemic progressed. The scope of testing also impacts the overall mortality rate in
the population at large. Figure 4 shows that as the scope of testing becomes smaller (positivity rate
becomes larger), the COVID-19 mortality rate increases. In view of these, we strongly urge all countries
still in the early stage of COVID-19 outbreaks to expand the scope of COVID-19 testing to mitigate disease
transmission and avoid the impending collapse of health systems.

Finally, although age and comorbidity are strong predictors of COVID-19 case fatality risk18-21, data on
these two predictors were unavailable for analysis in this ecological correlation study.

Abbreviations
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COVID-19: coronavirus disease 2019; HAQ: healthcare access and quality; SARS: severe acute respiratory
syndrome; MERS: middle east respiratory syndrome

Declarations
Funding

This paper is supported by grants from the Ministry of Science and Technology in Taiwan (MOST 104-
2314-B-002-118-MY3, MOST 105-2314-B-002-049-MY3, MOST 108-3017-F-002-001, MOST 108-2314-B-
002-127-MY3), and the Innovation and Policy Center for Population Health and Sustainable Environment
(Population Health Research Center, PHRC) from Featured Areas Research Center Program within the
framework of the Higher Education Sprout Project by the Ministry of Education in Taiwan (NTU‐
109L900308).

Competing interests

The authors declare that they have no competing interests.

Research Ethics Approval

Not Applicable. The aggregate-level data by country was used in this study, and no personal information
was used and showed in the text and result.

References
1. World Health Organization. Situation report – 83: Coronavirus disease 2019 (COVID-19). Available

at:https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200412-sitrep-83-
covid-19.pdf?sfvrsn=697ce98d_4. Accessed at: 12 April 2020.

2. Besnier E, Thomson K, Stonkute D, et al. Which public health interventions are effective in reducing
morbidity, mortality and health inequalities from infectious diseases amongst children in low-income
and middle-income countries (LMICs): protocol for an umbrella review. BMJ Open 2019; 9(12):
e032981.

3. Vandenberg O, Kozlakidis Z, Schrenzel J, Struelens MJ, Breuer J. Control of Infectious Diseases in the
Era of European Clinical Microbiology Laboratory Consolidation: New Challenges and Opportunities
for the Patient and for Public Health Surveillance. Front Med (Lausanne) 2018; 5: 15.

4. Kluge H, Martin-Moreno JM, Emiroglu N, et al. Strengthening global health security by embedding the
International Health Regulations requirements into national health systems. BMJ Glob Health 2018;
3(Suppl 1): e000656.

5. Inglesby T, Cicero A. Protecting the Nation from Health Security Threats. Health Secur 2017; 15(1): 1-
5.

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200412-sitrep-83-covid-19.pdf?sfvrsn=697ce98d_4


Page 6/9

�. GBD 2016 Healthcare Access and Quality Collaborators. Measuring performance on the Healthcare
Access and Quality Index for 195 countries and territories and selected subnational locations: a
systematic analysis from the Global Burden of Disease Study 2016. Lancet 2018; 391(10136): 2236-
71.

7. European Centre for Disease Prevention. Download today’s data on the geographic distribution of
COVID-19 cases worldwide. Available at: https://www.ecdc.europa.eu/en/publications-
data/download-todays-data-geographic-distribution-covid-19-cases-worldwide. Accessed at: 13 April
2020.

�. The World Bank. World population numbers for each countries and territories. Available at:
http://api.worldbank.org/v2/en/indicator/SP.POP.TOTL?downloadformat=excel. Accessed at: 18
March 2020.

9. Reperant LA, Osterhaus ADME. AIDS, Avian �u, SARS, MERS, Ebola, Zika... what next? Vaccine 2017;
35(35): 4470-4.

10. World Health Organization. Summary of probable SARS cases with onset of illness from 1 November
2002 to 31 July 2003. Available at: https://www.who.int/csr/sars/country/table2004_04_21/en/.
Accessed at: 21 April 2004.

11. World Health Organization. Pandemic (H1N1) 2009 - update 76. Available at:
https://www.who.int/csr/don/2009_11_27a/en/. Accessed at: 27 November 2009.

12. World Health Organization. MERS situation update – December 2019. Available at:
http://applications.emro.who.int/docs/EMCSR246E.pdf?ua=1. Accessed at: December 2019.

13. World Health Organization. Ebola data and statistics – situation summary. Available at:
https://apps.who.int/gho/data/view.ebola-sitrep.ebola-summary-latest?lang=en. Accessed at: 13
May 2016.

14. World Health Organization. Zika cases and congenital syndrome associated with Zika virus reported
by countries and territories in the Americas, 2015 - 2017 Cumulative cases. Available at:
https://www.paho.org/hq/dmdocuments/2017/2017-dec-21-phe-ZIKV-cases.pdf. Accessed at: 21
December 2017.

15. Nishiura H, Kobayashi T, Miyama T, et al. Estimation of the asymptomatic ratio of novel coronavirus
infections (COVID-19). Int J Infect Dis 2020; 94: 154-5.

1�. Fauci AS, Lane HC, Red�eld RR. Covid-19 - Navigating the Uncharted. N Engl J Med 2020; 382(13):
1268-9.

17. Our World in Data. Coronavirus pandemic: daily updated research and data - Total COVID-19 tests.
Available at: https://ourworldindata.org/grapher/full-list-total-tests-for-covid-19. Accessed at: April
2020.

1�. Onder G, Rezza G, Brusaferro S. Case-Fatality Rate and Characteristics of Patients Dying in Relation
to COVID-19 in Italy. JAMA 2020.

19. Verity R, Okell LC, Dorigatti I, et al. Estimates of the severity of coronavirus disease 2019: a model-
based analysis. Lancet Infect Dis 2020.

https://www.ecdc.europa.eu/en/publications-data/download-todays-data-geographic-distribution-covid-19-cases-worldwide
http://api.worldbank.org/v2/en/indicator/SP.POP.TOTL?downloadformat=excel
https://www.who.int/csr/sars/country/table2004_04_21/en/
https://www.who.int/csr/don/2009_11_27a/en/
http://applications.emro.who.int/docs/EMCSR246E.pdf?ua=1
https://apps.who.int/gho/data/view.ebola-sitrep.ebola-summary-latest?lang=en
https://www.paho.org/hq/dmdocuments/2017/2017-dec-21-phe-ZIKV-cases.pdf
https://ourworldindata.org/grapher/full-list-total-tests-for-covid-19


Page 7/9

20. Russell TW, Hellewell J, Jarvis CI, et al. Estimating the infection and case fatality ratio for
coronavirus disease (COVID-19) using age-adjusted data from the outbreak on the Diamond Princess
cruise ship, February 2020. Euro Surveill 2020; 25(12).

21. McMichael TM, Currie DW, Clark S, et al. Epidemiology of Covid-19 in a Long-Term Care Facility in
King County, Washington. N Engl J Med 2020.

 

Figures

Figure 1

Countries’ Spearman rank correlation coe�cients between COVID-19 case fatality risk and HAQ index at
500 (A), 1000 (B), 5000 (C), and 10000 (D) cumulative con�rmed cases.

Figure 2
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Countries’ Spearman rank correlation coe�cients between COVID-19 case fatality risk and HAQ index at
10 (A), 50 (B), 100 (C), and 500 (D) cases per million people in the population.

Figure 3

Evolution of case fatality risk with progressive burden of COVID-19 infection for high-HAQ countries (HAQ
> 80).



Page 9/9

Figure 4

Correlation between COVID-19 mortality rates and positivity rates as of 12 April 2020 (ES: Spain; IT: Italy;
BE: Belgium; FR: France; NL: Netherlands; UK: United Kingdom; CH: Switzerland; SE: Sweden; US: United
States; PT: Portugal; AT: Austria; DE: Germany; CA: Canada; IL: Israel; KR: South Korea).


