
ESTIMATES OF THE 

SEVERITY OF COVID-19 

DISEASE
A model based-analysis

Martina Ancora 3D



RECAP

WHO?

A group of 

doctors and 

scientist funded

by UK Medical

Research Council. 

Correct estimations about infection fatality

ratio, case fatality ratio, onset-to-death

average duration and proportion of infected 

individuals who are likely to require 

hospitalisation.

To provide robust 

estimates, accounting 

for censoring and 

ascertainment biases.

WHY? WHAT?

MRC Centre for Global Infectious 

Disease Analysis, Abdul Latif 

Jameel Institute for Disease and 

Emergency Analytics, and 

Department of Infectious Disease 

Epidemiology, Imperial College 

London

By collecting data for dead 

patient in mainland China and 

outside it and calculating age-

stratified estimations taking

account of location and 

information such as sex and pre-

existing conditions

WHERE? HOW?



Where did the epidemic begin?

The epidemic began in mainland China, with a 

geographical focus in the city of Wuhan, Hubei.

What symptoms can we notice in a COVID-19 

affected patient (non-severe)?

Patients frequently show symptoms associated with 

viral pneumonia, most commonly fever, cough, sore 

throat, myalgia, and fatigue.

Which symptoms can be defined as severe or 

critical?

Tachypnoea [≥30 breaths per min], oxygen saturation 

≤93% at rest, high blood pressure, respiratory

failure, mechanical ventilation, septic shock, or

other organ dysfunction or failure that requires intensive

care

Who is generally most inclined to come down with 

COVID-19 in a critical condition?

Those at highest risk for severe disease

and death included people over the age of 60 years and

those with underlying conditions, including hypertension,

diabetes, cardiovascular disease, chronic respiratory

disease, and cancer.

Something about COVID-19



NUMBERS AND 
PERCENTAGES 

Number of worldwide cases: 414,179

Number of worldwide deaths: 18440

Originary country: China (Wuhan, Hubei)

Recently-occurred cases outside China

Italy: 69,176     USA: 51,914     Iran: 24,811

According to the report from the WHO–China Joint

Mission on COVID-19, 80% of the 55924 patients with

laboratory-confirmed COVID-19 in China to Feb 20, 

2020, had mild-to-moderate disease, including both

non- pneumonia and pneumonia cases, while 13·8%

developed severe disease and 6·1% developed to a 

critical stage requiring intensive care



A FOCUS ON 
THE GRAPH

DEATHS

SEVERE (CRITICAL) CASES

SYMPTOMATIC CASES

ASYMPTOMATIC OR MILD CASES

DETECTED IN WUHAN

DETECTED IN 

TRAVELLERS FROM 

WUHAN

DETECTED IN 

HOSPITALS

DETECTED

BY CONTACT 

TRACING

AND INFLUENZA-

LIKE

ILLNESS 

SURVEILLANCE

• severe and critical cases are 

likely to be identified in the 

hospital setting, presenting 

with atypical viral pneumonia

• many more cases are likely to 

be symptomatic but might 

not require hospitalitation. 

they can be identified 

through links to international 

travels to high-risk areas, 

through population 

surveillance, through 

influenza-like illness or 

through contact-tracing of 

contacts of confirmed cases



WHY IS CRUDE CASE FATALITY RATIO MISLEADING?

Crude case fatallity ratio = 
n. of deaths

n. of total cases

Not accurate because

Cases which

haven’t developed

symptoms yet are 

not taken into

account (it

generally takes 

from 2 to 3 weeks 

for the virus to be 

diagnosted)

During a growing

epidemic, the final

clinical outcome of 

most of the 

reported cases is

typically unknown.

During the 

exponential

growth phase of 

an epidemic, the 

observed time 

lags between the 

onset of 

symptoms and 

outcome

(recovery or 

death) are 

censored

surveillance of a 

newly emerged

pathogen is

typically biased

towards detecting

clinically severe 

cases, especially at

the start of an 

epidemic when

diagnostic capacity

is low

Data are primarily

obtained through

hospital surveillance

and, thus, are likely

to represent

patients with 

moderate or severe 

illness, so clinical 

outcomes are likely 

to be more severe 

and any estimate of 

the case fatality 

ratio will be higher.



TERMS DEFINITION

ONSET - the beginning or early stages of symptoms that the body 

manifests 

OUTCOME - something that follows as a result or consequence (it can be 

deadly or positive, so the subject can be either discharged from hospital 

or dead)

PCR- protein that increases its value during an infection (it can sky-

rocket fifty-thousand-fold its normal value during a critical infection)



CRITERIA TO DEFINE A SUSPECTED CASE 

Combination of 

symptoms

Recent travel history 

in an affected country

MISSING OF ASYMPTOMATIC CASES AND PART 

OF MILD CASES 

OVERRATED CASE FATALITY RATIO



DATA COLLECTION

Individual-level data on early

deaths from mainland China

Individual-level data on cases

outside mainland China

Data on aggregate cases and 

deaths in mainland China

Data on infection in repatriated

international Wuhan residents

Data on cases and deaths on 

the Diamond Princess cruise 

ship

Demographic data

48 dead patients affected by 

COVID-19 up to Feb 8 2020 

in Hubei

2010 cases reported in 37 countries 

and two special administrative

regions of China until Feb 25 2020

Data on 70 117 confirmed and 

clinically diagnosed cases by date of 

onset in Wuhan and elsewhere in 

China from Jan 1 to Feb 11, 2020

data from six flights that

departed between Jan 30 and 

Feb 1, 2020

Data of 3711 passengers aboard

the quarantined ship «Diamond 

Princess»

Age-stratified population data 

for 2018 from the National 

Bureau of Statistics of China



• Elimination of cases without appropriate information such as sex, age or onset date

• Elimination of cases with onset before Jan 1, 2020, or death before Jan 21, 2020,

Data selection from outside China

• Elimination of cases without information about dates of recovery, report, or locality.

• Imputation of onset dates on cases without appropriate information. 

Data selection from mainland China

Data on aggregate cases and deaths in mainland China
• Extraction of cases from WHO–China Joint Mission report.

• Disaggregation of cases into 10-year age bands between 0–9 years and 70–79 years 

old, and a further age band for those aged 80 years or older



• Collection of data from government or ministry of health websites and media 
reports.

Data selection on cases and deaths on the Diamond Princess cruise ship

• Extraction of data on 3711 tested passengers on board

• Collection on data about ten deaths among these cases from the reports of the 
Japan Ministry of Health, Labour and Welfare19 and international media.

Data selection on infection in repatriated international Wuhan residents

Data selection on the whole Chinese population

• Collection of data from the National Bureau of Statistics of China



FINAL ESTIMATIONS 
impeding factors

during a growing epidemic, a 

higher proportion of the cases 

will have been infected 

recently

Re-parametrisation of a gamma 

model to account for exponential

growth using a growth rate of

0·14 per day

Missing onset dates

Imputation of dates on the 

basis of dates of report, where

available.



The case fatality ratio 

increases disproportionately

in older age-groups



ESTIMATIONS: case fatality ratio

DEFINITION: the «case fatality ratio» is the proportion of 
deaths from a certain disease compared to the total number of 
people diagnosed with the disease for a certain period of time

1. Scientists obtained a modelled estimate of the cumulative number of deaths by age under 

an age-dependent case fatality ratio

2. This estimate was compared with the observed deaths by age using a Poisson likelihood.

3. The ratio of current cumulative cases to current number of deaths was corrected for under-

ascertainment

CRUDE – 2.29%

ADJUSTED FOR 

CENSORING – 3.67%

ADJUSTED FOR CENSORY, 

DEMOGRAPHY AND UNDER-

ASCERTAINMENTE – 1.38%

Using parametric and non-parametric methods



ESTIMATIONS: infection fatality ratio

DEFINITION: the «infection fatality ratio» is the rate at 
which people die when they are infected with the disease, 
including also mild and/or asymptomatic cases

1. Scientists fitted to data on infection prevalence from international Wuhan residents 

who were repatriated to their home countries.

2. Then they fitted their age-stratified case fatality ratio and infection fatality ratio model 

with use of Bayesian method

3. To validate the esteem they compared their data with the “Diamond Princess”’ cases

INFECTION 

FATALITY RATIO -

0·657%

Using parametric and non-parametric methods



ESTIMATIONS: proportion hospitalised
from aggregated case data

DEFINITION: the hospitalization proportion is the 
proportion of infected individuals who require 
hospitalization (total number of 
cases/hospitalization-needing patients)

1. Scientists used the previous demography-

adjusted under-ascertainment rates 

Using parametric and non-parametric methods



OTHER ESTIMATIONS 
and CONSIDERATIONS

MEAN TIME FROM ONSET TO DEATH

1. Examinations of 34 deaths in China

2. Correction for bias introduced by the 

growth of the epidemic

FINAL RESULT – 17.8 days

MEAN ONSET-TO-RECOVERY TIME

1. Examination of 169 cases outside

mainland China

FINAL RESULT – 24.7 days

• Reported cases in Wuhan were more 

frequent in older age groups, REFLECTING 

AN HIGHER SEVERITY

• cases outside of Wuhan might show a bias 

in terms of the relationship between age 

and travel

• high under-ascertainment of cases in 

younger age groups both inside and 

outside of Wuhan

• a higher level of under-ascertainment 

overall in Wuhan compared with outside 

of Wuhan

• The estimated case fatality ratio was lower 

in those aged under 60 years of age



FINAL DISCUSSION and CRUCIAL POINTS

only severe cases require hospitalisation. This assumption is clearly different 

from the pattern of hospitalisation that occurred in China, where 

hospitalisation was also used to ensure case isolation.

it remains unclear whether the fact that a little number of young infected people 

reflects low risk of death or a difference in susceptibility, although early results 

indicate young people are not at lower risk of infection than adults.

The case fatality ratio is likely to be strongly influenced by the availability of 

health-care facilities.


