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Highlights

e We estimated the impact of OmicronVsDelta Variant on severe COVID-19 in Italy
e Omicron variant had a reduced risk compared to Delta Variant (IRR=0.77)
e The largest difference was observed in cases aged 40-59 (IRR=0.66)

e The vaccine was associated to a lower risk in both Omicron and Delta cases
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Abstract

Background

During 2022, Omicron became the dominant SARS-CoV-2 variant in Europe. This study aims to assess
the impact of such variant on severe disease from SARS-CoV-2 compared with the Delta variant in

Italy.
Methods

Using surveillance data, we assessed the risk of developing severe COVID-19 with Omicron infection
compared with Delta in individuals aged >12 years using a multilevel negative binomial model
adjusting for sex, age, vaccination status, occupation, prior infection, weekly incidence and
geographical area. We also analyzed the interaction between the sequenced variant, age and

vaccination status.
Results

We included 21,645 cases of SARS-CoV-2 infection where genome sequencing found Delta (10,728)
or Omicron (10,917), diagnosed from 15/11/2021 to 01/02/2022. Overall, 3,021 cases developed
severe COVID-19. We found that Omicron cases had a reduced risk of severe COVID-19 compared
with Delta cases (IRR=0.77; 95%Cl:0.70-0.86). The largest difference was observed in cases aged 40-
59 (IRR=0.66; 95%Cl:0.55-0.79), while no protective effect was found in those aged 12-39 (IRR=1.03;
95%Cl:0.79-1.33). Vaccination was associated with a lower risk of developing severe COVID-19 in

both variants.
Conclusion

The Omicron variant is associated with a lower risk of severe COVID-19 compared to infection with

the Delta variant, but the degree of protection varies with age.
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Background

On 29 January 2020, the first SARS-CoV-2 case was notified in Italy [1,2] and, by 21 February 2022,
almost 12 million confirmed cases and 150,000 deaths from COVID-19 had been recorded in

the country [3].

In Italy, several Variants of Concern (VOC) have been identified, but only three of them have become
dominant. The Alpha (B.1.1.7) variant became dominant in February 2021, replacing the ancestral
strain [4]. By mid-2021, the Delta (B.1.617.2) variant started to disseminate in the country, quickly
becoming the most prevalent variant by July 2021 [5]. On November 2021, the Omicron variant
(originally lineage B.1.1.529, then identified as sublineages BA.1, BA.2, BA.3, BA.4, BA.5 and several
Omicron-Omicron recombinants) was sequenced in South Africa and Botswana. A few weeks later,
the WHO declared this new variant a variant under monitoring (VUM) and two days later a VOC [6].
The Omicron variant has been described to have some mutations associated with increased
transmissibility with respect to previous variants [7], which could explain how, in less than a month,
its prevalence grew in Italy from 0.3% (beginning of December 2021) to 81% (early January 2022)

[8,9].

Omicron’s mutations have also been associated with an higher probability of reinfection [10] and
with reduced severity [11]. In fact, previous studies have reported a reduced risk of hospitalization

[12—-14] and death [15] associated with this variant compared with the Delta variant.

Despite this emerging evidence, there is wide variation in the published estimates of severe disease
risk between omicron and previous variants, and is still not well understood how individual factors
such as age could modulate such risk. The aim of this paper is to strengthen the evidence around

this issue.

Methods
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Study design and data sources

We conducted a retrospective cohort study using individual data retrieved from the Italian National
COVID-19 Integrated Surveillance System. This system collects individual demographic and clinical
information on all the notified cases of SARS-CoV-2 infection tested positive in the country, including
the variant responsible of infection, if the positive sample has been sequenced, and clinical
outcomes (hospitalisation, admission to intensive care unit (ICU), recovery or death) [1,16]. We also
used individual information about vaccination status, retrieved from the National Vaccination
Registry coordinated by the Italian Ministry of Health, that was linked to the surveillance data

through the individual tax code [17].
Population under study and outcomes

We considered all cases of SARS-CoV-2 infection diagnosed from 15 November 2021 (diagnosis of
the first case of Omicron variant in Italy) to 1 February 2022 (to show a homogeneous period, about
a month, of delta predominance and omicron predominance, net of a period of coexistence) for
whom sequencing had detected the Omicron or the Delta variant as the cause of infection and who
were eligible for vaccination at the beginning of the study period (aged 12 years or more). Cases
were followed up until 21 February 2022 and the data for both datasets was extracted on the 23
March 2022, allowing for a month between the end of the follow up and the date of data extraction
for possible reporting delays. We excluded from the analysis cases with missing information for the
variables of interest (i.e. age and sex) and those whose date of hospital admission or date of death

was recorded as preceding the diagnosis.

We analysed the association between severe COVID-19 (Yes/No) - defined as a SARS-CoV-2 infection
leading to hospitalization, admission to ICU, or death within 20 days from diagnosis - and variant

(Delta or Omicron), identified using nasopharyngeal swab tested positive with RT-PCR. According to
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Italian guidelines, only hospitalised cases with respiratory symptoms compatible with COVID-19
should be reported as hospitalised in the surveillance system [18]. According to indications from the
World Health Organization (WHO), deaths were only considered as related to SARS-CoV-2 in the
absence of a clear cause of death different from COVID-19 (e.g., road accident) and in the absence

of a complete clinical recovery from the disease [19].

We classified cases according to their vaccination status as follows: unvaccinated, incompletely
vaccinated, completely vaccinated (completion of the primary cycle) by 120 days or less, completely
vaccinated by more than 120 days, and completely vaccinated with an additional booster dose.
More information on this classification can be found in the Italian surveillance bulletin [3]. We
considered as reinfections only diagnoses occurred at least 90 days after a previous positive test,

according to the Italian guidelines [20].
Statistical Analysis

We described the main characteristics of cases and the frequency of the outcomes of interest using
counts and percentages. To estimate the incidence rate ratios (IRRs) of the dichotomous dependent
variable, severe COVID-19, we used a Negative Binomial Mixed Model (Model 1) where the
sequenced variant was the independent variable of interest. We included in the model as covariates
the sex, healthcare worker status (Yes/No-Not indicated), age group (12-19 years, 20-39 years, 10-
year age groups from 40-49 to 70-79 years, and 280 years), vaccination status, information about
reinfection (Yes/No) and the weekly normalized regional incidence in the general population,
obtained as the difference between observed incidence and mean incidence and divided by the
standard deviation of the overall incidence. We included into the model the geographical region
(NUTS2 according to Eurostat) as random effect. Given that one of the two sub-samples for

sequencing were targeted at cases who had been infected after vaccination, and that Omicron cases
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probably are overrepresented among the vaccine breakthrough cases (due to the lower vaccine
effectiveness against Omicron), this analysis was also performed restricting only to cases who were
not vaccinated at the time of diagnosis. We carried out another analysis (Model 2) using the same
model and including the interaction between the sequenced variant and age re-coded into three
groups (12-39, 40-59 and 260 years). In addition, we performed a third model (Model 3) including
the interaction between the sequenced variant and vaccination status. Estimates from all models
are presented with their 95% confidence interval (Cl). Finally, we conducted a sensitivity analysis for
all of three models. In this analysis we used the same exclusion criteria as above to select population
under study, except for the sequencing criteria. For this reason we added a period variable
categorized as ”Delta” (Delta variant predominance, from 15/11/2021 to 15/12/2021), “Both”
(Delta/Omicron variants coexistence from 16/12/2021 to 05/01/2022) and “Omicron” (Omicron
variant predominance, from 06/01/2022 to 01/02/2022). Cut-off dates were decided based on the
national variant bulletin [21]. Thus, using this new population, we carried out Model 1, Model 2 and

Model 3. All the analyses were carried out with RStudio 2021.09.0 under R 4.1.2 [22].
Ethics approval and consent to participate

The collection of data used for this manuscript is compulsory according to national laws on
infectious diseases. The COVID-19 Italian National Working group on Bioethics has stated that
consent for the collection of this data in the context of the COVID-19 emergency is not mandatory,
based on Guideline 12 of the WHO on ethical issues in public health surveillance [23]. The legal
ordinance n. 640 [24] of February 28 2020, explicitly declares Istituto Superiore di Sanita as entitled
to collect data for COVID-19 surveillance and that such data can be used and shared, upon
anonymization, to advance scientific knowledge on this new disease. In addition, the dissemination
of COVID-19 surveillance data was authorised by Decree Law n.24 of 24 March 2022 (art.13) [25]

and, because of the retrospective design and the large size of the population under study, in
7
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accordance with the Authorization n. 9 released by the Italian data protection authority on the 15
December 2016, the individual informed consent was not requested for the conduction of this study

[26].
Results

From 15 November 2021 to 1 February 2022 there were 5,482,069 cases aged 12 years or more
reported to the Italian National COVID-19 Integrated Surveillance System. The percentage of cases
sequenced differed throughout the study period. During the first two weeks (from 15/11/2021 to
29/11/2021) 4,811 (3.09%) cases were sequenced whereas from 27/12/2021 to 10/01/2022, during
the Omicron’s wave, only 0.31% (n = 6,228) cases were sequenced. The decrease over time was
homogeneous across the entire territory. Of these, 21,873 (0.40%) were found to have been
infected by the Omicron or Delta variants. We excluded 228 cases with a date of
hospitalisation/death that preceded the date of diagnosis (1.04%), leaving 21,645 cases available
for the analysis, 10,728 (49.6%) infected by the Delta variant and 10,917 (50.4%) infected by the

Omicron variant. There weren’t records with missing information about sex or age.

When comparing Delta and Omicron cases, no differences in the sex distribution were observed.
Omicron cases were more frequently healthcare workers than Delta cases (5.0% versus 2.2%) and
more frequently vaccinated with at least one dose of a COVID-19 vaccine. Omicron cases were
generally younger than Delta cases and more likely to have had a prior diagnosis of SARS-CoV-2

infection (4.9% versus 1.7%). (Table 1).

During the study period, we observed 4,047 severe events in 3,021 cases (Table 2). We found that
12% of Omicron cases had at least one severe event versus 16% of the Delta cases. All the events
analysed -hospitalisations, ICU admissions and deaths- were less frequent in Omicron cases than in

Delta cases.
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The results from the multivariable analysis (Model 1) (Figure 1 and Table S1 of the Supplementary
Material 1) show that cases infected with the Omicron variant were 23% less likely to develop severe
COVID-19 compared with Delta cases (IRR: 0.77; 95% Cl: 0.70 to 0.86). With regards to the other
factors included in analysis, we found a higher risk of developing severe COVID-19 among males
compared with females (IRR: 1.25; 95% Cl 1.16 to 1.35) and among unvaccinated individuals. We
also found a clear age gradient where the risk of severe COVID-19 increased with age. Finally, we
found a lower risk of developing severe COVID-19 among healthcare workers and among those with
a prior diagnosis of SARS-CoV-2 infection. When restricting this analysis to only those unvaccinated,
still those infected with Omicron variant were at lower risk to develop severe Covid-19 compared
with Delta cases (IRR:0.68; 95% Cl: 0.59-0.79, data not shown in table/figure).The sensitivity analysis
(Table S2 of Supplementary Material 2) shows that the risk associated to the period of Omicron
predominance is 40% (IRR: 0.60, 95% Cl: 0.58 to 0.62) less than period of Delta predominance. The
risk decreases in period of coexistence too (IRR: 0.81, 95% Cl: 0.78 to 0.83). In general, the estimated
values obtained using the whole period data agree with the result obtained in Model 1 except for
healthcare workers (Model 1: IRR=0.51 95% CI:0.34-0.76, Sensitivity Analysis: IRR=1.75, 95% Cl:1.63-
1.89) and normalized incidence (Model 1: IRR=1.13 95% Cl:1.09-1.18, Sensitivity Analysis: 0.78, 95%

C1:0.76-0.81).

Results from Model 2 show that cases aged 40+ years infected by the Omicron variant had a reduced
risk of developing severe COVID-19 compared to cases in the same age group who were infected by
the Delta variant (40-59 years: IRR=0.66, 95% Cl: 0.55-0.79; 60+ years: IRR=0.79, 95% Cl: 0.70-0.88).
By contrast, the difference in the risk of severe COVID-19 according to SARS-CoV-2 variant was found
to be negligible in cases younger than 40 years (Table 3). The results were consistent with those of
the sensitivity analysis (Table S3 of Supplementary Material 2) where we compared the period of

Omicron predominance with the reference, the Delta predominance period. The IRR estimate in the

9
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12-39 years age group significantly differs from estimates in the 40-59 years age group (p=0.003)
and 60+ years age group (p=0.049), while the difference between the IRR estimated in the 40-59

and 60+ years age groups was not statistically significant (p=0.057).

Vaccination was estimated to be effective in preventing severe COVID-19 in both Delta and Omicron
cases, particularly where the primary cycle was completed (Table 4). The only vaccination status
that was not found to be a protective factor at the 95% confidence interval level was incomplete
vaccination in Omicron cases (IRR: 0.87; 95% Cl: 0.66 to 1.15). Vaccination provided a higher degree
of protection in Delta cases than in Omicron cases. The only exception was cases that had received
the third dose of the vaccine, for whom protection against severe COVID-19 was similar in both
groups. The results of this Model are confirmed by the sensitivity analysis conducted on the entire
population (Table S4 of Supplementary Material 2). The estimated values confirmed that
vaccination had a preventive affect against severe COVID-19 in all the periods examined. The
protection was higher during the period of Delta predominance and coexistence of the two variants

than in Omicron predominance period.

10
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Discussion
Main Findings

Since the beginning of the year 2022, most of the new SARS-CoV-2 infections in Italy have been
caused by the Omicron variant, which was found to be predominant in the country according to
national representative surveys conducted from 3 January 2022 onwards [9]. Our results suggest
that SARS-CoV-2 cases infected by the Omicron variant were 23% less likely to develop severe
COVID-19 compared to those infected by the Delta variant. Infections due to the Omicron variant
were less severe than those due to the Delta variant particularly in the oldest age groups (40-59 and
60+ years), while the difference was negligible in the youngest cases aged 12-39 years. Finally, we
found that vaccination was effective in preventing severe COVID-19 in all cases, especially in people

infected with the Delta variant.
Comparison with other studies

Our results are in line with findings reported previously in the literature suggesting a reduction in
the risk of severe COVID-19 in Omicron cases compared with Delta case. They also coincide with
animal data showing a decreased lung infectivity and pathogenic effects of Omicron compared to
Delta and ancestral SARS-CoV-2 [27]. However, the risk reduction estimated in our study is lower
than that reported in other countries. Studies conducted in England have estimated that the
Omicron variant reduces the risk of hospitalisation from COVID-19 by over 50% and the risk of death
by 69% compared with the Delta variant [15,28]. In Portugal, the reduction of the risk of
hospitalisation and death in Omicron cases compared to Delta cases was estimated at 75% and 86%,
respectively [12]. There are several factors that could partly explain the differences between these
studies and our results. One possible influential factor could be differences in hospital attendance

and/or admission across countries, given that not all healthcare systems suffered equal pressure

11
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during the omicron wave. Furthermore, during omicron it became more challenging to discriminate
between hospitalisations where omicron was the reason of admission and those where it was an
incidental finding. Thus, models across countries should be compared with caution when they use

severe COVID-19 as the outcome of interest.

Estimating the age-specific IRRs of severe COVID-19 in Omicron cases relative to Delta cases, we
found no differences in the youngest age group but a reduced risk of severe COVID-19 associated
with the Omicron variant in adults aged 40-59 years and elderly cases aged 60+ years. A previous
study reporting as well a slightly higher likelihood of severe disease with Omicron infection in the
younger age groups, suggests that this finding could be due to differences in the clinical presentation
between Omicron and Delta infections [28]. More specifically, that children infected with Omicron
may be more likely to present with fever and upper respiratory symptoms, which could lower the
threshold for hospital admission.[29]. In any case, the lack of significant risk differences between
delta and Omicron in the younger population, together with the increased protection against severe
diseases found in people vaccinated with the booster dose, confirm the role of age and

immunization in preventing severe diseases.

In Italy 90% of vaccine administrations were performed using mRNA vaccines (approximately 65%
Comirnaty and 25% Spikevax) [30]. In this context, in line with other studies, we found that
vaccination provided a protective effect against severe COVID-19, both in Delta and in Omicron
cases [12,28]. The fact that we found a lower degree of vaccine-induced protection in Omicron cases
compared with Delta are consistent with findings from studies suggesting that Omicron’s spike
mutations confer a higher probability of evading acquired immunity compared with Delta [31]. The
only vaccinated group showing similar degree of protection against severe COVID-19 due to the
Omicron and Delta variants consisted of cases who received a booster dose of vaccine. However,

this comparison might be affected by selection bias, given that most of the Delta cases included in
12
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our study occurred early in the study period, when only the most fragile population was eligible to
receive a booster dose. Finally, besides the protection conferred by vaccine-induced immunity, we
also found that immunity induced by a previous infection was a protective factor against severe

COVID-19, in line with findings from another study [32].
Strengths and limitations

This study provides valuable information for public health authorities. We carried out an analysis on
a relatively large nationally representative sample of cases and we were able to adjust for several

individual variables, reducing the probability of residual confounding.

Yet, our analysis has several limitations. The sampling strategy foresaw two separate sub samples
[33,34]. The first is a randomly draw sample from the total diagnosed cases; and the second is
drawn from cases with particular characteristics (e.g., having contracted SARS-CoV-2 after
vaccination). Though the choice of sample components is random with respect to the severity of
the disease at the time of testing, it is possible that in periods with high incidence, severe cases were
more likely selected for sequencing than milder ones, thus, inducing a selection bias. Another
limitation is that the percentage of sequenced cases changed during the study period. We carried
out a sensitivity analysis on all notified cases in Italy (whether sequenced or not) during the same
period and classifying them as Delta or Omicron based on the prevalence of the variant in the day
they were diagnosed. The results show that the risk of severe disease in the Omicron-prevalent
period was 40% lower than the risk associated with Delta (Table S2 of Supplementary Material 2).
The results of this sensitivity analysis suggest that the reduction in the clinical risk associated to
Omicron is larger than the one estimated in our main analysis. We were not able to account for this
possible bias, as we did not have information on cases’ comorbidities. Due to this bias, the estimated

IRR for normalized incidence obtained with the sensitivity analysis doesn’t agree with the estimated

13
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value obtained with Model 1. As previously mentioned, the omicron variant is associated with higher
transmissibility but also lower severity; therefore, if there were no selection bias, it would not be
strange to think that as incidence increases, disease severity decreases, as per the sensitivity
analysis. Instead, in Model 1, with only sequenced cases, as incidence increases, the risk of severe
disease also increases Another limitation is that, as for all studies based on surveillance data, an
ascertainment bias might have affected our estimates, given that part of all SARS-CoV-2 infections
occurred in the country might have been not notified. The under ascertainment and under
reporting, due to the introduction of house testing from the end of 2021, could have played a role
in our estimates. Unfortunately, we haven’t a precise estimate of this, but, if the under
ascertainment and under reporting increased during the Omicron predominance period, our
estimates of reduction of COVID-19 severity could be underestimated. In fact, an individual with
only a positive home test will not be reported to the Italian National COVID-19 Integrated
Surveillance System unless he needs to be hospitalized or dies; in such cases he will be swabbed at
the hospital entrance or following determination of the cause of death. Finally, compared to other
studies, given the relatively low number of admissions to ICU and deaths, we were not able to

provide robust outcome-specific estimates.
Conclusions

Omicron cases were less likely to develop severe COVID-19 compared to Delta cases, in particular
those aged 40 years or more. Immunity induced by a previous infection or vaccination provided

protection against severe disease, both in Omicron and in Delta cases.

14
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FIGURE & TABLES & SUPPLEMENTARY MATERIALS

Table 1 - Individual characteristics of SARS-CoV-2 cases included in the study.

Sex
Female 5,563 (51.9%) 5,747 (52.6%)
Male 5,165 (48.1%) 5,170 (47.4%)

Vaccination Status

Unvaccinated 3,256 (30.4%) O 1,877 (17.2%)
Incompleted 263 (2.5%) \ 440 (4.0%)

Completed within 120dd 5,071 (47.2& 4,445 (40.7%)
Completed for more than 120dd 1,833@) 1,439 (13.2%)
Completed + booster dose ) 2716 (24.9%)

Reinfection
Yes 184 (1.7%) 540 (4.9%)
No 10,544 (98.3%) 10,377 (95.1%)
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Table 2 - Incidence rate of severe COVID-19 events.

Hospitalization 1,167 (11) 946 (9) 2,113 (10)

Death 457 (4) 306 (3) 763 (4)

Table 3 - Adjusted incidence rate ratio of severe COVID-19 in O@n cases compared to Delta

cases by age (Model 2) \O

Omicron vs Delta

<0.001 ***

40-59 years

\(\

Table 4 - Adjus @ence rate ratio of severe COVID-19 in vaccinated vs unvaccinated cases by

SARS-CoV-2 variant (Model 3)

Unvaccinated Reference
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Completed + booster dose 0.42 0.33 0.54 <0.001 ***
Omicron

Incompleted 0.87 0.66 1.15 0.316

Completed within 120 days 0.60 0.47 0.77 <0.001 ***

Completed for more than 120 days 0.53 0.46 0.60 <0.001 ***

Completed + booster dose 0.37 0.32 0.43 <0.001 ***

Figure 1 — Adjusted incidence rate ratio estimated with the Negative Binomial Linear Mixed Model
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*The IRR for normalized incidence, obtained as the difference between observed incidence and
mean incidence and divided by the standard deviation of the overall incidence, is expressed as a

unit-increase of the standard deviation.

Supplementary Material 1 - Adjusted incidence rate ratio with 95% Confidence Level estimated

with the Model 1

Supplementary Material 2 — Adjusted incidence rate ratio with 95% Confidence Level estimated

for sensitivity analysis
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