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a b s t r a c t 

The infection fatality ratio (IFR) is the risk of death per infection and is one of the most important epi- 

demiological parameters. Enormous effort s have been undertaken to estimate the IFR for COVID-19. This 

study examined the pros and cons of several approaches. It is found that the frequently used approaches 

using serological survey results as the denominator and the number of confirmed deaths as the numer- 

ator underestimated the true IFR. The most typical examples are South Africa and Peru (before official 

correction), where the confirmed deaths are one-third of the excess deaths. We argue that the RT-PCR- 

based case fatality ratio (CFR) is a reliable indicator of the lethality of COVID-19 in locations where testing 

is extensive. An accurate IFR is crucial for policymaking and public-risk perception. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

The infection fatality ratio (IFR) and case fatality ratio (CFR) de- 

ne the risk of death per infection and per case, respectively. The 

ifference between IFR and CFR depends on the definition of the 

ase. If infection is defined as case, then CFR equals IFR. It is very 

mportant to determine the IFR because it influences the control 

olicy and individual risk perception. It would be straightforward 

o determine the IFR in a closed, small population, such as the Di- 

mond Princess Cruise, where the CFR was 1.3% without age stan- 

ardization ( Russell et al. 2020 ) and 0.5% after age standardization 

 Faust and Del Rio 2020 ). However, it is not easy to determine the

rue IFR in a large population because different approaches to es- 

imate IFR have been proposed in a large population ( Meyerowitz- 

atz and Merone 2020 ; Levin et al. 2020b ; Brazeau et al. 2020 ;

oannidis 2021 ). Meyerowitz-Katz and Merone conducted a meta- 

nalysis and found an IFR of 0.68% (0.53–0.82%) for COVID-19 

 Meyerowitz-Katz and Merone 2020 ). The current study examined 

he pros and cons of these approaches to estimate IFR. It found 

hat the RT-PCR-based crude CFR with correction accounting for 

nder-reporting of asymptomatic cases in locations where testing 
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s extensive should be a reliable indicator of the lethality of COVID- 

9. 

To estimate the IFR, the number of deaths and the number of 

elated infections are needed. 

Levin et al. ( Levin et al. 2020b ), Brazeau et al. 

 Brazeau et al. 2020 ) and Ioannidis ( Ioannidis 2021 ) used serolog- 

cal surveys to infer the number of infections. Levin et al.’s work 

as based on data up to June 2020, while many countries such 

s Australia experienced a severe wave in July–August 2020. A 

onger time interval, particularly covering large-scale community 

utbreaks, is preferable for reliable estimation. Even though dif- 

erent data and approaches were used, the age-stratified IFRs (IFR 

or different age groups) are largely consistent in different studies. 

urthermore, Randolph and Barreiro ( Randolph and Barreiro 2020 ) 

inked CFR with herd immunity to guide the distribution of health 

esources. 

erspective on classification for IFR/CFR estimation methods 

T-PCR CFR 

If the real time RT-PCR-confirmed COVID-19 cases and deaths 

re only considered, the crude CFR may be defined, denoted here- 

fter as RT-PCR CFR, which is the reported COVID-19 deaths di- 

ided by the reported COVID-19 cases. Although the real-time RT- 

CR misses a significant proportion of cases, the numbers of RT- 

CR-confirmed cases are important indicators for informing control 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Figure 1. Time-varying instantaneous RT-PCR CFR, which was calculated in a sliding 

window of 120 days for six countries. The RT-PCR CFR varied over time, which could 

be because of different testing policies implemented over time. 
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olicies. The RT-PCR CFR is influenced by the testing policy (e.g., if 

nly symptomatic or severe cases are tested, then RT-PCR CFR will 

e much larger than the IFR). 

ero-RT-PCR IFR 

When the numbers of deaths are RT-PCR confirmed, while the 

umbers of infections are inferred via serological surveys, sero- 

T-PCR IFR is obtained. This approach seems to be an improve- 

ent over the RT-PCR CFR because the under-reporting of the in- 

ections (i.e., the denominator) is addressed. Nonetheless, it has 

bvious limitations, given that under-reporting in deaths still ex- 

sts and could be severe. For example, in South Africa and Peru, it 

as reported that the excess deaths (most are likely from COVID- 

9) tripled the reported COVID-deaths ( Sguazzin 2021 ; Dyer 2021 ). 

he excess deaths typically mean the difference between all-cause 

eaths in a pandemic year and the average number of all-cause 

eaths in the five years before the pandemic. This underreport- 

ng of COVID-19 deaths is common in all countries without suf- 

cient testing. Unless postmortem serological testing can be used, 

he sero-RT-PCR IFR will underestimate the true IFR by a factor of 

s large as one-third. Alternatively, excess deaths may be used to 

mprove the numerator. 

ero-excess IFR 

When the numbers of excess deaths are used as a proxy for 

OVID-19 deaths and the numbers of infections are inferred via 

erological surveys, a sero-excess IFR is obtained. This should be 

he most ideal approach with which to estimate the overall and 

ge IFR of COVID-19 in a location where COVID-19 has caused 

ommunity-wide outbreaks. Among these three approaches, the 

ero-excess IFR is the best in principle, but may not be feasible 

t present owing to data availability. 

Moreover, some previous studies were carried out in the early 

hase of the pandemic (e.g., up to June 2020) ( Levin et al. 2020a ).

OVID-19 had not yet caused a large-scale community-wide out- 

reak in some countries before June 2020 (e.g., Australia). This 

ade the estimate in these countries less representative of the 

rue scenario. Figure 1 shows the instantaneous RT-PCR CFR for 

everal countries to illustrate the effects of the choice of time in- 

erval. 
44 
It is argued that the RT-PCR CFR in locations where testing is 

xtensive should be a reliable indicator of the lethality of COVID- 

9. The mean annual income of the population in these locations 

s generally high, death reports are of high quality, and the medical 

ystems have avoided a breakdown under large-scale community- 

ide outbreaks. Under these conditions, their RT-PCR CFR is of ref- 

rence value. To show this, data from the beginning of the pan- 

emic up to March 2021 were included, which was much longer 

han the previous studies. The effects of vaccination, however, were 

ot yet evident. 

esults for selected RT-PCR data 

This study collected COVID-19 RT-PCR cases and deaths 

nd tests for 221 countries and regions from https://www. 

orldometers.info/coronavirus/coronavirus-cases/ . It divided coun- 

ries/regions into different categories according to the level of suc- 

essful control (thus avoiding a medical system breakdown) in 

erms of deaths/million population. Particularly, countries/regions 

here total deaths/million were between 20–100 were selected, 

hich indicated large-scale community transmission but without 

reaking the medical system, owing to successful control mea- 

ures such as extensive testing. Extensive testing typically leads 

o a low positive rate (i.e., a low proportion of positive tests out 

f all tests). High deaths/million population ( > 100 deaths/million) 

r low deaths/million population ( < 20 deaths/million) would im- 

ly either a breakdown of the medical system or no large-scale 

ommunity-wide spread, respectively. However, this study was in- 

erested in the typical scenario of a large-scale community-wide 

pread without a medical system breakdown. Furthermore, it se- 

ected countries/regions with a testing positive rate < 5% (share of 

ests returning a positive result), which suggests extensive testing 

nd that the pandemic is under control in a location ( WHO 2020 ).

T-PCR CFR was calculated using total deaths divided by the total 

umber of confirmed cases. Although there should be a delay be- 

ween the death cases and confirmed cases (about two weeks), this 

as omitted for simplicity. Finally, there were 14 countries/regions 

hat satisfied the above selection criteria. The summary of selected 

ountries/regions and the estimates of RT-PCR CFR are given in the 

upplementary information. The key findings have been summa- 

ized as follows: 

Generally, the RT-PCR CFR fell into the range (0.005, 0.02), 

hich is partly consistent with the serological results estimated by 

evin et al. ( Levin et al. 2020b ). On the one hand, the IFR range for

ountries with comprehensive tracing programs from Levin et al.’s 

stimates was (0.005, 0.018). On the other hand, Levin et al.’s es- 

imates for countries with a large population (e.g., South Korea) 

ere significantly lower than the current estimation. The data used 

y Levin et al. was up to June 2020 when the instantaneous CFR 

as low. 

For these locations under selection criteria, the RT-PCR CFR had 

 median of 1.37%. Locations such as Hong Kong, Australia, Japan, 

nd South Korea that have a relatively successful control of the 

andemic with measures including extensive testing, a large pop- 

lation size, and strong ties to other regions (e.g., Hong Kong is 

n important hub, and Hong Kong’s data were not used in many 

revious studies due to the lack of large-scale serological surveys 

n Hong Kong ) had a higher CFR than those with small popula- 

ions like Iceland. It was noted that wide use of self-testing kits 

e.g., in Japan) could lead to a higher positive testing rate due to 

he under-reporting of negative results in self-testing. This did not 

mpact the estimates, as long as the deaths and cases were from 

he same positive pool. Using RT-PCR CFR avoided underestima- 

ion of IFR based on sero-RT-PCR IFR in previous studies, because 

f under-reporting of COVID-19 deaths in places such as Peru and 

outh Africa ( O’Driscoll et al. 2021 ). The Peru government (Sala 

https://www.worldometers.info/coronavirus/coronavirus-cases/
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Figure 2. Comparison of IFR estimations from four studies. 
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ituacional 2021 ) nearly tripled its death data after completion of 

he study. 

iscussions and Comparisons 

This study had some limitations. It was noted that the esti- 

ated RT-PCR CFR was 1.37%, which was higher than the true IFR. 

owever, it is unlikely to be vastly different owing to implementa- 

ion of extensive testing. It be can assumed that 80% of infections 

re reported in Hong Kong, South Korea, Japan, and Australia, due 

o extensive testing and/or universal testing. Thus, the 1.37% could 

e corrected to 1.37% 

∗0.8 = 1.096% in a typical large population with 

ommunity-wide outbreak but without medical breakdown. If the 

eporting rate was much lower than 80%, the successful control in 

hese selected locations would be difficult to explain. Particularly 

n Hong Kong, universal testing of 1.5 million people only found 

 few cases. In Hong Kong, reported numbers include both symp- 

omatic and asymptomatic cases. Suspected COVID-19 deaths are 

igorously screened. In Hong Kong, 22% cases are imported cases, 

hich are healthier than the local cases. The CFR among imported 

ases is 1/10 that of the local cases. Excluding imported cases is 

nlikely to change the conclusion. 

As the contribution of reinfection is assumed as low, it can 

e ignored for now. All large-scale studies found that the rate 

f reinfection is < 1% ( Falahi and Kenarkoohi 2020 ; Roy 2020 ;

heehan, Reddy, and Rothberg 2021 ; Okhuese 2020 ). In Peru, the 

eported deaths (excess deaths) reached a level of 0.5% in the 

hole population. If the reinfection was ignored and it was as- 

umed that 80% of the population had been infected, the IFR would 

e 0.625%. In an extreme scenario (very unlikely), if 100% of the 

opulation had been infected, the IFR would be 0.5%. 

The overall IFR in a population is influenced by several fac- 

ors: time interval, population age profile, and the availability 

f medical supplies. Previous studies looked at age-stratified IFR. 

igure 2 compares the results from Hong Kong with three age- 

pecific IFR estimations in previous studies ( Levin et al. 2020b ; 

razeau et al. 2020 ; O’Driscoll et al. 2021 ; Tao et al. 2021 ). The

T-PCR CFR in Hong Kong matched the age-specific IFR from pre- 

ious studies for most age groups, which confirms that the cur- 

ent RT-PCR CFR, obtained effortlessly, should be a useful indicator 

f the lethality of COVID-19. Using the population age profile and 

ge-specific IFR should be avoided to infer an overall IFR in a loca- 
45 
ion without considering the current selection criteria, particularly 

he condition of the medical system and the availability of medical 

upplies. 

Figure 2 lists the point estimation and confidence interval of 

he study in Hong Kong (RT-PCR CFR) and another three studies. 

he RT-PCR CFR well matched the other three studies in most age 

roups; this confirms the argument that the RT-PCR CFR is a good 

roxy of IFR. In the elderly group (age ≥ 75 years), the RT-PCR CFR 

f Hong Kong was higher, which could mean that other studies are 

nderestimates because of improper use of serological survey in 

he denominator and RT-PCR-confirmed deaths in the numerator. 

onclusions 

In conclusion, there are pros and cons of different approaches 

o estimate IFR. The argument is that the RT-PCR CFR in locations 

nder certain criteria (e.g., with large-scale community transmis- 

ion, without medical breakdown, with extensive testing) should 

e considered as a reliable reference value for policymaking. The 

ero-RT-PCR CFR may be severely biased towards low value (e.g., 

n South Africa and Peru) owing to different rules applied for the 

umerator and denominator values. 

ompeting interests 

The authors declare that they have no competing interests. 

cknowledgments 

None. 

unding 

The work described in this paper was partially supported by 

 grant from the Research Grants Council of the Hong Kong Spe- 

ial Administrative Region, China (HKU C7123-20G) and by the Na- 

ional Natural Science Foundation of China (Grant Nos. 11905120 

nd 11947416).. 

ontributions 

All authors conceived the study, carried out the analysis, wrote 

he draft, discussed the results, revised the manuscript critically, 

nd approved it for publishing. 

thics approval and consent to participate 

Not applicable. 

onsent for publication 

Not applicable. 

eferences 

razeau Nicholas F , Verity Robert , Jenks Sara , Fu Han , Whittaker Charles , Win-
skill Peter , Dorigatti Ilaria , Walker Patrick , Riley Steven , Schnekenberg Ricardo P ,

Hoeltgebaum Henrique , Mellan Thomas A , Mishra Swapnil , Juliette T Unwin H ,
Watson Oliver J , Cucunubá Zulma M , Baguelin Marc , Whittles Lilith , Bhatt Samir ,

Ghani Azra C , Ferguson Neil M , Okell Lucy C . COVID-19 Infection Fatality Ratio:
Estimates from Seroprevalence. Imperial College London; 2020 . 

yer Owen . Covid-19: Peru’s official death toll triples to become world’s highest. 
BMJ (Clinical research ed.) 2021;373:n1442 . 

alahi S , Kenarkoohi A . COVID-19 reinfection: prolonged shedding or true reinfec- 

tion? New Microbes and New Infections 2020;38 . 
aust Jeremy Samuel , Del Rio Carlos . Assessment of deaths from COVID-19 and from

seasonal influenza. JAMA internal medicine 2020;180:1045–6 . 
oannidis JPA . Infection fatality rate of COVID-19 inferred from seroprevalence data. 

Bull World Health Organ 2021;99:19–33f . 

http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0004
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0004
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0004
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0005
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0005


G. Luo, X. Zhang, H. Zheng et al. International Journal of Infectious Diseases 113 (2021) 43–46 

L  

L  

M

O  

 

O

R

R

R  

 

S

S

S

T  

W

evin Andrew T , Hanage William P , Owusu-Boaitey Nana , Cochran Kensington B ,
Walsh Seamus P , Meyerowitz-Katz Gideon . Assessing the age specificity of in- 

fection fatality rates for COVID-19: systematic review, meta-analysis, and public 
policy implications. European J Epidemiolgy 2020a:1–16 . 

evin Andrew T , Hanage William P , Owusu-Boaitey Nana , Cochran Kensington B ,
Walsh Seamus P , Meyerowitz-Katz Gideon . Assessing the age specificity of in- 

fection fatality rates for COVID-19: systematic review, meta-analysis, and public 
policy implications. European journal of epidemiology 2020b;35:1123–38 . 

eyerowitz-Katz Gideon , Merone Lea . A systematic review and meta-analysis of 

published research data on COVID-19 infection fatality rates. International Jour- 
nal of Infectious Diseases 2020;101:138–48 . 

’Driscoll Megan , Santos Gabriel Ribeiro Dos , Wang Lin , Cummings Derek AT , Az-
man Andrew S , Paireau Juliette , Arnaud Fontanet , Simon Cauchemez , Hen-

rik Salje . Age-specific mortality and immunity patterns of SARS-CoV-2 ′ . Nature 
2021;590:140–5 . 

khuese, Victor Alexander. 2020. ’Estimation of the probability of reinfection with 

COVID-19 coronavirus by the SEIRUS model’, medRxiv : 2020.04.02.20050930. 
andolph Haley E , Barreiro Luis B . Herd Immunity: Understanding COVID-19. Im- 

munity 2020;52:737–41 . 
oy Sayak . COVID-19 Reinfection: Myth or Truth? SN Comprehensive Clinical 

Medicine 2020;2:710–13 . 
46 
ussell Timothy W , Hellewell Joel , Jarvis Christopher I , van Zandvoort Kevin , Ab-
bott Sam , Ratnayake Ruwan , Flasche Stefan , Eggo Rosalind M , Edmunds WJohn ,

Kucharski Adam J CMMID COVID-19 working group. 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- 
surveillance 2020;25 . 

ala Situacional. 2021. ’Covid 19 en el Perú - Ministerio del Salud’. https://covid19. 
minsa.gob.pe/sala _ situacional.asp . 

guazzin, Antony. 2021. ’Real South African Covid-19 Death Toll May Be Around 

20 0,0 0 0 ′ , Bloomberg.com . 
heehan, Megan M., Anita J. Reddy, and Michael B. Rothberg. 2021. ’Reinfection 

Rates among Patients who Previously Tested Positive for COVID-19: a Retrospec- 
tive Cohort Study’, medRxiv : 2021.02.14.21251715. 

ao Jun , Zhang Xiaoyu , Musa Salihu S , Yang Lin , He Daihai . High Infection Fatality
Rate Among Elderly and Risk Factors Associated With Infection Fatality Rate and 

Asymptomatic Infections of COVID-19 Cases in Hong Kong. Frontiers in Medicine 

2021;8:763 . 
HO. Public health criteria to adjust public health and social measures in the con- 

text of COVID-19: annex to considerations in adjusting public health and social 
measures in the context of COVID-19, 12 May 2020. World Health Organization; 

2020 Accessed July 08 https://apps.who.int/iris/handle/10665/332073 . 

http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0008
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0008
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0008
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0011
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0011
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0011
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0012
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0012
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0013
https://covid19.minsa.gob.pe/sala_situacional.asp
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0017
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0017
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0017
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0017
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0017
http://refhub.elsevier.com/S1201-9712(21)00793-1/sbref0017
https://apps.who.int/iris/handle/10665/332073

	Infection fatality ratio and case fatality ratio of COVID-19
	Introduction
	Perspective on classification for IFR/CFR estimation methods
	RT-PCR CFR
	Sero-RT-PCR IFR
	Sero-excess IFR

	Results for selected RT-PCR data
	Discussions and Comparisons
	Conclusions
	Competing interests
	Acknowledgments
	Funding
	Contributions
	Ethics approval and consent to participate
	Consent for publication
	References


