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We are close to another Christmas under the pandemic. The media are discussing the possibility of 
further restrictions during Christmas time to mitigate the spread of the virus. A common theme is 
the comparison with previous waves observed in Spring and Summer 2021. Since mid-October, we 
observed an increase in the number of detected cases in several European countries, with UK and 
Germany reporting exceptionally high recordings. In Italy, the incidence has increased visibly, but 
the rate is definitely not exponential. The rise in cases is not surprising at all. We are currently living
an almost normal life, with many economic activities open after the summer break, the cancellation 
of many social restrictions. The arrival of the cold season favours the spread of the virus, following 
the fact that millions of Italians are still not immunized.
The current Italian monitoring system does not strictly focus on the incidence of new cases but 
rather on the severity of the cases as measured by the pressure on the National Health System and 
the number of daily deaths. That is mainly because, unlike the previous waves, the level of severity 
of the COVID-19 in the last few weeks would seem to be less critical than earlier. Likely, this could
be due to the high proportion of vaccinated people in Italy, around 84% with full doses at 11-30-
2021 of the over 12 population (see the Italian government website 
https://www.governo.it/it/cscovid19/report-vaccini/). Breakthrough cases are not rare in a context of
high incidence, but these are primarily mild infections that only require isolation at home. 
For this reason, it is crucial to analyse whether the current growth of the infection can lead to 
critical consequences in terms of deaths and hospitalizations, primarily focusing on the admissions 
in intensive care units (ICU).
We suggest looking at three incidence-type indicators: the number of positive detected cases, the 
number of deaths due to COVID-19, and the number of new admissions in intensive care units 
recorded weekly. To make their trajectories comparable over time, crude counts were scaled by the 
size of the respective ranges (observed in the time window considered) through the following 
transformation
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where Yt is any one of those three indicators, and then expressed as percentages. These indicators 
are shown in Figure 1, from 3-1-2021 until 5-12-2021. 

Figure 1. Covid-19 in Italy during 2021, incidence (black), deaths (blue), ICUs (red), 
weekly counts scaled by the size of the respective ranges and expressed as percentages

Three waves are clearly visible: the first one, from the week following 14-2-2021; the second, from 
the week following 4-7-2021; and the third, from the week following 17-10-2021 and still active. In
the first wave, the indicators referring to the number of new ICU admissions (in red) and the 
number of deaths (in blue) have similar trajectories to incidence (in black). Instead, after July and 
particularly the last wave, the slopes of both the ICU admissions and deaths indicators show 
patterns less steep than the growth of the incidence of the detected cases.
Very likely, these different growth levels could indicate that the composition of the contagion is 
currently less severe than the one observed since mid-February 2021, in which deaths and ICU 
admissions increased with very similar rates as the detected cases incidence rate. Furthermore, we 
can easily notice the (well-known) delays of around 2 to 4 weeks in the peaks for ICU admissions 
and deaths with respect to the cases peak. In other words, we know that the peak of ICU admissions
will follow the peak of incidence cases by approximately 2 weeks, similarly for deaths with a lag of 
approximately 4 weeks.
To better describe the severity of the contagion, we consider two additional indicators: the ICU-to-
case ratio and the death-to-case ratio. Here we use the death-to-case ratio as classically defined in 
epidemiology (Merrill et al., 2017; Choi et al., 2019), that is, the number of deaths assigned to the 
COVID-19 during a given time interval (the week), divided by the number of new cases detected in 
the same period. Therefore, by analogy, the ICU-to-case ratio is defined as the number of new 
admissions in ICUs attributed to COVID-19 each week divided by the number of new cases 
detected in the same week.
Note that some people counted in the numerators of both ratios may have contracted the virus 
weeks earlier. These indicators can be though describing the severity of the contagion (Arjas-Reyes 
et al., 2020; Wu et al., 2020) up to detection bias; although they are not analytic indicators like the 
crude fatality rate, for instance (Merrill et al., 2017; Choi et al., 2019). The death-to-case ratio and 
the ICU-to-case ratio are shown in Figure 2; they are both expressed x1000 incidence cases, 
therefore, for every week, they represent the numbers of deaths and ICU admissions respectively, in
correspondence of 1000 incidence cases observed in that week. 
Both ratios have opposite trends compared to the contagion's main patterns. Indeed, they tend to 
increase when the incidence cases decrease and vice versa. During February’s wave, the levels of 



the death-to-case ratio and ICU-to-case ratio are approximately within the ranges 14-40 and 10-15, 
respectively. Then, when looking at the second and third waves, those ranges substantially decrease.
In terms of mean values, from the first wave to the second and third ones, the death-to-case ratio 
decreases on average from 28.0 to 8.7 deaths x1000 incidence cases (with a reduction of 69%) 
while the ICU-to-case ratio decreases on average from 11.5 to 5.9 ICU admissions x1000 cases 
(with a reduction of 50%).

(a) death-to-cases ratio (b) ICU-to-cases ratio

Figure 2. Covid-19 in Italy during 2021, (a) death-to-case ratio (blue) expressed x1000 
incidence cases, (b) ICU-to-case ratio (red) expressed x1000 incidence cases.

Furthermore, concerning the current wave that started from mid-October, the death-to-case ratio  
decreases from around 16 deaths x1000 cases, at the end of September, to the current level of 
around 5 deaths x1000 cases (with a reduction of 68%). Similarly, the ICU-to-case ratio decreases 
from around 9 admissions in ICU x1000 cases, at the end of September, to the current value of 
around 4 admissions in ICU x1000 cases (with a reduction of 55%).
The epidemic is still spreading, with a relevant amount of new cases detected. However, these cases'
impact on severe adverse events, like ICU admission and death, is much limited compared to what 
happened at the beginning of 2021 and even more during 2020. Caution should be still in place, and
restrictions must apply if necessary. The reason is that an extremely high prevalence can still lead to
a large number of hospitalizations, even if the individual probability of severe disease is very low. 
However, the situation is under control now in Italy, thanks to the current restrictions and 
vaccination policies. Interventions based on a misinterpretation of the data can make people worry, 
pandemic fatigue, and lower resilience when restrictions might be actually needed (Divino et al, 
2021). 
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