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Dear Editor, 

Zhang et al., recently provided evidence in this journal that the

timely supply of adequate medical resources can reduce COVID-

19 related mortality 1 . They found that the case fatality rate was

4.5% in Wuhan (where the epidemic was most intense and hospi-

tals overrun) compared to 0.5% in the rest of China where services

were not as stretched 

1 . Dramatic interventions to increase hospital

capacity in Wuhan were associated with a subsequent decline in

the case fatality rate in this city. 1 They and others have suggested

that high COVID-19 mortality is partly related to hospital capac-

ity being exceeded and as a result patients receiving suboptimal

care. 2 A ‘flattening the curve’ approach has been advocated to pre-

vent this from happening. 2–4 This refers to a combination of strate-

gies to slow the spread of COVID-19 which would in turn spread

out the peak of the epidemic and prevent hospital capacity being

overrun. 3 , 4 There has however been considerable heterogeneity in

the extent to which countries have attempted to slow the spread

of SARS CoV-2. 2 , 3 , 5 The United Kingdom, for example, initially

favored encouraging the development of herd-immunity 5 . 

We tested the flattening-the-curve hypothesis by using linear

regression to assess the country-level association between crude

case fatality rate and cumulative number of COVID-19 infec-

tions/10 0,0 0 0 inhabitants controlling for the age of the epidemic

(number of days between first case reported and 29 March) and

COVID-19 testing intensity (number of tests/10 0 0 0 0 inhabitants;

Model 1). In Model 2, health expenditure per capita was also

controlled for, and in Model 3 a dummy variable for WHO world

region was added. The data was obtained from sources including
Table 1 

Country level, multivariate linear regression of factors associated with COVID-19 case fat

Model 1 Model 2

Coef. (95% CI) P-Value Coef. (95

N 65 59 

Cumulative cases .037 (0.021–0.052) < 0.001 0.040 (0

Testing intensity −0.003 ( −0.004- −0.002) < 0.001 −0.003 (

Age of epidemic −0.0205 ( −0.0470–0.0061) 0.129 −0.034 (

Health expenditure −0.0002

Region ∗

Asia 

Europe 

Americas 

Eastern mediterranean 

∗ There was only one country from sub Saharan Africa (SSA) and this was therefore 

East Asian regions were combined into one Asian region. 

https://doi.org/10.1016/j.jinf.2020.04.007 
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he European Centre for Disease Prevention and Control (ECDC)

ata repository (see online supplement for origin and definitions

f variables used). The most recent data available as of 29 March

020 was used. 

Complete data was available for 65 countries. Case fatality rate

aried between 0.08% and 10.8% (median 1.5%, IQR 0.7–2.9%; STa-

le 1). There was also a considerable variation in the number of

OVID-19 cases per capita (median 103, IQR 20–374 cases/10 0,0 0 0)

nd intensity of testing (median 1236, IQR 332–3822 tests per

0 0,0 0 0). 

In all three multivariate models, the case fatality rate was posi-

ively associated with the cumulative number of cases (Model 1:

oef. 0.037, 95% CI 0.021–0.052) and negatively associated with

he intensity of testing (Model 1: Coef. −0.003, 95% CI −0.004-

0.002; Table 1 ). The strength of this association did not vary

hen controlling for health expenditure per capita (Model 2) or

HO world region (Model 3; Table 1 ). 

A parsimonious way to interpret these results is that the coun-

ries that have succeeded in slowing the spread of COVID-19 have

een able to reduce its mortality via preventing hospitals from be-

ng overrun. 1 As such these findings could be interpreted as being

upportive of flatten-the-curve campaigns. It is important to note

hat the estimates of the crude case fatality ratio can be biased

pwards by under-reporting of cases and downwards by the fail-

re to account for the delay from diagnosis to death. 6 , 7 We ad-

usted for the former and later via controlling for testing intensity

nd age of the epidemic, respectively. We acknowledge that this

ethod is imperfect. We did not control for other variables such as

he age structure and prevalence of comorbidity which may have

nfluenced mortality. 6 Finally, we cannot be certain which compo-

ent of the flatten-the-curve response was responsible for the re-

uctions in case fatality. 
ality rate. 

 Model 3 

% CI) P-Value Coef. (95% CI) P-Value 

59 

.023–0.056) < 0.001 0.043 (0.023–0.063) < 0.001 

 −0.004- −0.001) < 0.001 −0.003 ( −0.004- −0.001) < 0.001 

 −0.063- 0.005) 0.019 −0.0300 ( −0.0679- 0.0080) 0.119 

 ( −0.0005- 0.0000) 0.072 −0.0002 ( −0.0005- 0.0001) 0.135 

Ref. 

−0.376 ( −2.209- 1.457) 0.682 

−0.298 ( −2.234–1.640) 0.759 

0.609 ( −2.211–3.430) 0.666 

combined with the Eastern Mediterranean region. The Western Pacific and South 

eserved. 
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Despite these methodological weaknesses, this study provides

urther support for the concept that interventions that slow the

pread of SARS CoV-2 will reduce case fatality rates. 

uthors’ contributions 

CK conceptualized the study, was responsible for the acquisi-

ion, analysis and interpretation of data and wrote the analysis up

s a manuscript. 

unding 

Nil 

thical approval 

The analysis involved a secondary analysis of public access eco-

ogical level data. As a result, no ethics approval was necessary. 

nformed consent 

Not applicable 

eclaration of Competing Interest 

The author declares that he/she has no competing interests. 

cknowledgements 

Nil. 
upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi: 10.1016/j.jinf.2020.04.007 . 

eferences 

. Zhang Z, Yao W, Wang Y, Long C, Fu X. Wuhan and Hubei COVID-19 mortality

analysis reveals the critical role of timely supply of medical resources. J Infect
2020 Epub 2020/03/27PubMed PMID: 32209384. doi: 10.1016/j.jinf.2020.03.018 . 

. Anderson RM , Heesterbeek H , Klinkenberg D , Hollingsworth TD . How will coun-
try-based mitigation measures influence the course of the COVID-19 epidemic?

Lancet. 2020; 395 (10228):931–4 . 

. Thunstrom L., Newbold S., Finnoff D., Ashworth M., Shogren J.F. The benefits and
costs of flattening the curve for COVID-19. Available at SSRN 3561934. 2020. 

. Tanne JH , Hayasaki E , Zastrow M , Pulla P , Smith P , Rada AG . Covid-19: how doc-
tors and healthcare systems are tackling coronavirus worldwide. BMJ 2020:368 . 

. Hunter DJ. Covid-19 and the stiff upper lip - the Pandemic response in the United
Kingdom. N Engl J Med 2020 Epub 2020/03/21PubMed PMID: 32197002. doi: 10.

1056/NEJMp2005755 . 

. Russell TW , Hellewell J , Jarvis CI , van Zandvoort K , Abbott S , Ratnayake R ,
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. Eurosurveillance. 2020; 25 (12):20 0 0256 . 

. Wu JT , Leung K , Bushman M , Kishore N , Niehus R , de Salazar PM , et al. Esti-
mating clinical severity of COVID-19 from the transmission dynamics in Wuhan,

China. Nat Med. 2020:1–5 . 

Chris Kenyon 

HIV/STI Unit, Institute of Tropical Medicine, Antwerp, Belgium

Division of Infectious, Diseases and HIV Medicine, University of Cape

Town, Anzio Road, Observatory 7700, South Africa

E-mail address: ckenyon@itg.be 

https://doi.org/10.1016/j.jinf.2020.04.007
https://doi.org/10.1016/j.jinf.2020.03.018
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0003
https://doi.org/10.1056/NEJMp2005755
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30215-2/sbref0006
mailto:ckenyon@itg.be

