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Measuring COVID-19 disease severity in a popula-
tion has been important for understanding the public 
health impact of each variant of concern. It also impacts 
immunologists and virologists closely as it reflects popu-
lation immunity and the mechanisms of viral infection. 
A watershed moment in the COVID-19 pandemic 
was the emergence of the Omicron (B.1.1.529) variant 
of SARS- CoV-2 with widespread reports of lower dis-
ease severity relative to previous variants such as Delta 
(B.1.617.2). The lower disease severity seen in popu-
lations during the Omicron wave of the SARS- CoV-2 
pandemic infection1 can be attributed to changes in 
the virus that limit its ability to spread in the lungs and, 
probably most importantly, to increased immunity in the 
population from previous SARS- CoV-2 infection and 
vaccination2. However, in children, Omicron infections 
led to more hospital admissions than in previous waves3,4. 
Does this mean that Omicron is causing more severe dis-
ease in children, or is the difference based on how disease 
severity is defined? While the current Omicron wave is 
waning globally, a clearer concept of disease severity 
should help us evaluate the variants to come.

Disease severity is measured using outcomes such as 
total hospital admissions, requirement for supplemen-
tal oxygen and ventilation, and death (Fig. 1a). Hospital 
admission is a measure that is not very specific: it does 
not indicate cause, and there can be a wide range of 
severity. People may also be admitted with, but not 
because of, SARS- CoV-2 infection. However, severity 
measures become more specific for lower respiratory 
tract damage caused by COVID-19 disease as severity 
increases.

Measurement generally has one of three forms: 1) 
per unit time, usually daily, for example number of new 
hospital admissions per day; 2) as an integral over a 
time interval, for example total excess mortality over an  
infection wave; and 3) as a fraction of infections, for 
example fraction of deaths out of the total number of 
people infected within a defined period. These measure-
ments all involve disease severity but are used differently. 

Knowing daily hospital admissions would be important 
for planning sufficient hospital capacity. Total disease or 
mortality may be important to calculate the human and 
economic cost of an infection wave. Fraction of infec-
tions that are severe is important to know to answer 
questions such as: “Is my child more or less likely 
to become severely ill if infected with this variant?” 
with implications for risk assessment, behaviour and 
mechanisms of pathogenicity.

In terms of immunological mechanisms, inferring 
disease severity from a daily or cumulative measure 
may be misleading because a higher number of deaths, 
hospital admissions or other metrics may result from 
an increase in infections, not increased severity. Higher 
infection prevalence can happen because the virus has 
evolved to transmit better, or because there was no 
lockdown or non- pharmacological interventions in 
place. Normalizing by the number of infections should 
eliminate this dependence. However, it introduces a new 
complication: what is the denominator? Not all infec-
tions are reported, either because they are asymptomatic, 
or because people have difficulty accessing testing or 
choose not to test.

To give an example, a clinical trial recruiting people 
during the Omicron infection wave in South Africa5 
showed that 31% of apparently healthy individuals 
arriving to enrol were qPCR positive for SARS- CoV-2. 
Given the population of South Africa is approximately 
59 million, this would equate to about 18 million peo-
ple infected. By contrast, the total number of reported 
SARS- CoV-2 cases in South Africa between 25 November  
2021 and 15 February 2022 (the Omicron wave) was 
692,153 (see Related links). This gives a ratio of 26 to 1 
of unreported to reported infections.

A more precise way to estimate unreported infections 
may be community surveys. The REACT-1 study in the 
UK randomly surveys about 100,000 people monthly 
for SARS- CoV-2 and may capture about a 2- week win-
dow of infection per sampling, given that SARS- CoV-2 
is detectable by qPCR in most people for this period.  
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The study found an infection prevalence of 2.9%6 
between 8 February and 1 March 2022, when Omicron 
dominated. Between 19 October to 5 November 2021, 
when Delta was dominant, infections were at 1.6%7. 
Extrapolating this to the UK population of 67 million 
and comparing the resulting number to the number of 
UK reported cases (see Related links) in a two- week 
interval within the surveyed Omicron and Delta peri-
ods gives 27% reported and 73% unreported infections 
for Omicron. The estimate for Delta is 58% reported 
and 42% unreported infections (Fig. 1b). Estimates for 
unreported infections may be dependent on vaccina-
tion prevalence, age of the infected population, and 
likely many other factors, and so may be specific to 
the population surveyed. They are used here as ball-
park figures to illustrate how they influence the assess-
ment of relative disease severity between Omicron  
and Delta.

To compare relative disease severity, we used data 
from the Delta and Omicron infection waves in the USA 
(Fig. 1c) available from the Centers for Disease Control 
and Prevention (see Related links). The number of 
cumulative deaths in the Omicron wave (analysed from 

15 December 2021 to 15 March 2022) was very similar to 
that seen in the Delta wave (analysed from 15 July 2021 
to 15 November 2021; Fig. 1d). However, the number 
of confirmed cumulative cases during this period was 
twofold higher with Omicron (Fig. 1e). Based on the ball-
park figures for unreported infections stated above, the 
number of total estimated infections was about fivefold 
higher for Omicron (Fig. 1f). Normalized by the number 
of confirmed cases — the case fatality ratio — Omicron 
infection had about a twofold lower mortality relative 
to Delta (Fig. 1g). Normalized by the total number of 
infections — the infection fatality ratio — the differ-
ence became approximately fivefold (Fig. 1h). For com-
parison (see Related links), the same time- windows in 
South Africa, also corresponding to Delta and Omicron 
dominated periods, had 699,236 reported cases and 
23,894 deaths (Delta) and 492,181 cases and 9,555 deaths 
(Omicron). This gives a case fatality ratio of 3.4% for 
Delta and 1.9% for Omicron, again about a twofold dif-
ference. Therefore, Omicron does have lower severity by 
these measures, with the precise severity drop relative 
to Delta dependent on how the number of infections is 
estimated.
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Fig. 1 | Estimating disease severity. a | A simplified severity scale for COVID-19 disease. b | Ballpark estimate of the fraction 
of unreported infections based on UK surveillance data. c | Periods for the USA Delta (15 July 2021 to 15 November 2021) and 
Omicron (15 December 2021 to 15 March 2022) infection waves used in the analysis. The period between 15 November  
and 15 December was not analysed to avoid times when both variants were circulating. d,e | Cumulative number of deaths 
(d) and reported cases (e) since the start of each infection wave from Centers for Disease Control and Prevention (CDC) 
data. f | Cumulative number of estimated total infections in each wave, calculated by dividing the number of cumulative 
reported cases by the UK estimated fraction of reported to total infections as determined from data in (b). g | Case fatality 
ratio, the cumulative number of deaths divided by the cumulative number of reported infections per wave. h | Infection 
fatality ratio, the cumulative number of deaths divided by the cumulative number of estimated total infections per wave.
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But is Omicron more severe in children? In children, 
the fraction of SARS- CoV-2- positive cases admitted to 
hospital in South Africa doubled during the Omicron 
wave compared to in the Delta wave8,9. This seems to 
point to higher disease severity. However, the in- hospital 
case fatality ratio of children under 5 in the Omicron 
wave was 0.5% versus 0.6% in the Delta wave9. A similar 
trend, but with lower case fatality, was seen in older chil-
dren. Consistent with this, the fraction of ventilated  
children under 5 in the UK was 2.9% in the Omicron 
wave versus 5.1% in other waves10.

Although the adult severity scale may miss paediatric- 
specific symptoms such as seizures, which are more 
prevalent with Omicron8, it seems that measures of high 
severity and death do not support that Omicron is more 
severe than Delta in children. Also, a lower fraction of 
children than adults die with both variants. So why are 
more children admitted with Omicron? One possibil-
ity is that, like in adults, there were more unreported 
cases of infection in the Omicron wave and this drove 
the higher admissions, but admissions did not result in 
as many severe outcomes as with the other variants. For 
example, in South Africa, 61% of children were admitted 
with fever or dehydration from diarrhoea and vomiting8. 
There are clinical protocols for paediatric management 
that require children to be admitted for fever or fluid 
management. These are generally short admissions for 
supportive care and may not lead to the more dangerous 
respiratory symptoms.

A related explanation is that Omicron leads to a shift 
in symptoms (for example, more fever). This may be 
harder to discern in adults possibly because of the gap 
in immunity between adults and children (that is, adults 
are more likely to be vaccinated). Also, most adults may 
not require admission for fever.

What all this may show is that measures of disease 
severity should be interpreted with caution. As seen in 
children, the metric of hospital admissions as a fraction 
of cases may not be a good measure, as it does not fully 
reflect more severe disease. The number of deaths is an 

easily accessible measure and captures the most severe 
outcome, but may be misleading if it is not normalized 
by the number of infections. The infection fatality ratio  
may therefore be the most informative metric, and popu-
lation surveys measuring active infection prevalence 
should be used to get an accurate estimate of this.
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