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We assessed the impact of COVID-19 vaccination in
Italy, by estimating numbers of averted COVID-19
cases, hospitalisations, ICU admissions and deaths
between January and September 2021, by age group
and geographical macro areas. Timing and speed of
vaccination programme implementation varied slightly
between geographical areas, particularly for older
adults. We estimated that 445,193 (17% of expected;
range: 331,059-616,054) cases, 79,152 (32%; range:
53,209-148,756) hospitalisations, 9,839 ICU admis-
sions (29%; range: 6,434-16,276) and 22,067 (38%;
range: 13,571-48,026) deaths were prevented by
vaccination.

The roll-out of the vaccination against coronavirus dis-
ease (COVID-19) was launched in Italy on 27 December
2020 [1] and by the end of September 2021, 84% of
the eligible population aged 12 years and older, had
received at least one dose of a vaccine against COVID-
19. National [2,3] and international [4] researchers have
found high levels of vaccine effectiveness (VE) against
severe acute respiratory syndrome coronavirus (SARS-
CoV-2) infection and severe COVID-19.

We evaluated the direct impact of the Italian vaccina-
tion programme on the number of cases, on hospitali-
sations, on admissions to intensive care units (ICU)
and on deaths, by estimating the numbers of these
outcomes prevented (averted events) by COVID-19 vac-
cination between January (week 2/2021) and the end
of September 2021 (week 38/2021) by age groups and
geographical macro area.
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Vaccine deployment and uptake

The target groups for COVID-19 vaccination followed
the recommendations of the Ministry of Health [5], with
healthcare workers, residents in long-term care facili-
ties and persons aged over 80 years being the first to
receive the vaccines. Successively, the vaccine roll-
out was extended to clinically extremely vulnerable
groups and younger age groups in descending order,
prioritising those with multiple comorbidities. The pre-
sent vaccination programme in Italy targets the whole
population aged 12 years and older with access to
the national healthcare. About 80% of the vaccinated
population has received the mRNA vaccines Cominarty
(BNT162b2 mRNA, BioNTech-Pfizer, Mainz, Germany/
New York, United States (US)) or Spikevax (mRNA-1273,
Moderna, Cambridge, US), whereas the rest of the
population has received Vaxzevria (ChAdOx1 nCoV-19,
Oxford-AstraZeneca, Cambridge, United Kingdom (UK)
or COVID-19 Vaccine Janssen (Ad26.COV2-S, Janssen-
Cilag International NV, Beerse, Belgium).

There was notable heterogeneity in the pace of vac-
cine uptake both across Italian regions and across
Italian macro areas (North-West, North-East, Centre,
and South-Islands, based on nomenclature of territo-
rial units for statistics (NUTS1) areas for Italy [6]). While
vaccine uptake was faster in the Centre of Italy, par-
ticularly in those aged 60-79 years, the South-Islands
area has consistently reached lower levels of vaccine
uptake in those aged 8oyears and oldercompared the
other macro areas (Figure 1). By the end of September
(week 38), 65% (ranging from 63% in the North-East
to 66% in the North-West and in the Centre) of those
aged under 60 years, 84% (ranging from 82% in the
South-Islands to 87% in the Centre) of those aged
between 60 and 69 years, 89% (ranging from 87% in
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FIGURE 1
Cumulative monthly full vaccination coverage by age group and geographical macro area?, Italy, week 2/2021-week 38/2021
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the South-Islands to 91% in the Centre) of those aged
between 70 and 79 years and 92% (ranging from 85%
in the South-Islands to and 96% in the North-East) of
those aged 80 years and older had received the recom-
mended number of doses of vaccine.

To account for the time-lag between vaccination and
the development of immunity, we assumed a delay
of 2 weeks for each of the vaccine doses [7,8]. Thus,
we defined as partially vaccinated those in the period
between 14 days post-first dose and 13 days post-
second dose; and as fully vaccinated those who had
received the second dose or a single dose least 14 days
earlier.

Estimation of events averted by the vaccination
programme

To measure the events adverted, we obtained data
on all notified COVID-19 cases exploiting the case-
based national COVID-19 integrated surveillance sys-
tem [9], and data from vaccine coverage through the
national vaccination portal of the Ministry of Health
[10], both updated on 11 November 2021. We focused
on data covering the population aged 12 years and
older, for the period between 11 January (week 2) and
30 September (week 38) 2021. The weekly number of
COVID-19 cases, hospitalisations, ICU admissions and
deaths averted by the vaccination campaign was esti-
mated using a method widely used in the study of the
impact of the vaccination during the influenza season
[11,12] and recently applied to calculate vaccine-pre-
vented COVID-19 deaths [13]. Details can be found in
the Supplementary Material 2.

The weekly number of observed COVID-19 cases, hos-
pitalisations, ICU admissions and deaths were sum-
marised by date of diagnosis or sampling since we
were interested in measuring the number of cases
hospitalised, admitted to ICU and died and not when
these events took place. We included in our analysis
only hospitalisations, ICU admissions and deaths that
occurred within 30 days of the COVID-19 diagnosis,
which account for ca 96%, 97%, and 88% of the total
numbers reported in the study period, respectively
(Supplementary Figure S1). All analyses were stratified
by age group (<60 years, 60—69 years, 70—79 years,
and 8oyears and older), and geographical macro area.
The results were further analysed by splitting the study
period into three phases (January—March, April-June,
July—September) characterised by different epidemio-
logical situations and different levels of vaccination
coverage (Table S1).

Details about VE estimation, methods and results
used in this study can be found in the Supplementary
Material 3. We also performed a sensitivity analysis var-
ying the VE in an interval of +/—10 percentage points,
considering as max upper limit 100%. The results of
the sensitivity analyses are presented as ranges of the
estimated averted events to indicate uncertainties.
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All the analysis were performed using R (version 4.1.1)
[14]. The list of the R packages used is available in the
Supplementary Material.

COVID-19 cases, hospitalisations, ICU
admissions and deaths observed and
averted

A total of 445,193 (range: 331,059-616,054) cases,
79,152 (range: 53,209-148,756) hospitalisations,
9,839 (range: 6,434-16,276) ICU admissions and
22,067 (range: 13,571-48,026) deaths were estimated
to have been averted by the vaccination campaign
(Table), which account for 17% (range: 14%—-23%), 32%
(range: 24%—47%), 29% (range: 21%—41%) and 38%
(range: 28%-57%) of the expected events (observed
plus averted), respectively.

Age-stratified hospitalisations, ICU admissions
and deaths

Without vaccination, the expected hospitalisation rate
would have been 214, 595, 871, 1,592 per 100,000
respectively for those aged under 60, 60-69, 70-79
and 8oyears and oldervs the observed rate of 163,
421, 618, 886 per 100,000 (ranges see Table). In terms
of admissions to ICU, we observed a differences of g
(range: 4-6), 37 (range: 24-48), 50 (range: 31-80)
and 50 (range: 30—128) events per 100,000 between
the expected and the observed cumulative rate among
those under 60, 60-69, 70-79 years old and those
aged 8oyears and older, respectively. We estimated
that 71% (range: 69—79) of the overall deaths were
averted for those aged 8oyears and older, and that
18% (range: 14-19), 8% (range: 5-9) and 2% (range:
1-3) were averted for those aged 70-79, 60-69 and
under 60 years, respectively.

COVID-19 cases, hospitalisations, ICU
admissions and deaths by geographical macro
area

We observed large differences between observed and
expected cumulative rates for the four studied out-
comes by geographical macro area according to their
vaccination coverage (Figures 2 and 3). Areas that
achieved high vaccination coverage (around 90%) by
the end of June in those aged 8oyears and older (North-
East, North-West and Centre) already had an estimated
percentage of averted events for all outcomes together
of over 50% in the period between April and June.

Without vaccination, between July and September,
the overall expected mortality rate for those aged 80
years and older would have been 224 (range: 128-669)
per 100,000 vs the observed rate of 32 per 100,000
during the same months (Figure 3). In the South and
Islands we observed the lowest difference between the
expected, 157 (range: 117-233) and the observed mor-
tality rate, 52; whereas in the Centre we observed the
largest difference, 332 (range: 170-1,170) vs 27. In the
same period, for people aged 60-69 and 70-79 years
in all the geographical areas, we estimated a percent-
age of averted hospitalisations and ICU admissions
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FIGURE 2

Cumulative and expected incidence rate (A) and cumulative and expected hospitalisation rate (B) with uncertainty ranges?,
by period, age group and geographical macro area, Italy, week 2/2021-week 38/2021
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higher than 60%. Furthermore, for those aged under
60 years, the observed mortality rate and the observed
hospital rate was less than half of the expected one by
week 38 at the end of September, in all the geographi-
cal areas.

Overall, we estimated that 74% (range: 72-77), 70%
(range: 66-80), 75% (range: 71-82) and 62% (range:
55-78) of cases, hospitalisations, ICU admissions and
deaths were, respectively, averted between July and
September, given that the average full vaccination cov-
erage at the end of September was higher than 60%
in all age groups. Indeed in this period 48% (range:
40-57), 73% (range: 63-85), 78% (range: 68-86) and
83% (range: 73-93) of the expected cases, hospi-
talisations, ICU admissions and deaths were averted,
respectively.

www.eurosurveillance.org

Ethical statement

The dissemination of COVID-19 surveillance data was
authorised by the Italian Presidency of the Council
of Ministers on 27 February 2020 (Ordinance number
640).

Discussion

The pace of the roll-out of COVID-19 mass vaccination
varied by age group and across geographical macro
areas in ltaly, particularly in people aged 80 years and
older, and influenced the magnitude of prevented infec-
tions, hospitalisations, ICU admissions and deaths. The
South-Islands experienced less averted events than
other macro areas mainly because of a slower vaccina-
tion uptake in those at higher risk and the high inci-
dence of COVID-19 cases observed during the tourist
season (July—August). Rates of expected and observed
events for all four outcomes started to diverge in the
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FIGURE 3

Cumulative and expected ICU admission rate (A) and cumulative and expected mortality rate (B) with uncertainty ranges?,
by period, age group and geographical macro area, Italy, week 2/2021-week 38/2021
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period between January and March in those aged 8o
years older; and between April and June in the other
age groups. Our model estimations show that without
vaccination, peaks in hospitalisations, ICU admissions
and deaths higher than those observed would have
been detected for people aged 8o years and older
starting from April and for other age groups from July
to September. Overall, the largest proportions of hos-
pitalisations and deaths prevented by the vaccination
was observed in the oldest age group (41%; range
38-53 and 71%; range 69-79, respectively), whereas
the largest number of averted ICU admissions has
been observed in those aged between 60 and 79 years

(59%; range: 52-57).

Our results are consistent with the current litera-
ture that demonstrates a positive impact of COVID-19

vaccination in preventing infections [4] and severe dis-
ease [13,15], with a larger reduction in the COVID-19
burden in older adults [16,17]. Furthermore, previous
studies have estimated the number of deaths averted
as a result of the vaccination roll-out [13,15,17,18].
However, to the best of our knowledge, this is the first
study that, exploiting a standard approach, estimates
the impact of the COVID-19 vaccinations in terms of
prevented events in Italy for all the age groups eligi-
ble for vaccination and which analyses geographical
differences.

The analysis has several limitations. The method used
assumes that vaccination impact is only driven by its
direct effects and does not take into account its poten-
tial indirect effects such as impact on the overall trans-
missibility and/or relaxation of restriction measures.

www.eurosurveillance.org
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The proposed calculation may therefore have under-
estimated the number of avoided events. Moreover,
since our approach is not based on a dynamic-trans-
mission model, it is not able to predict future behav-
ioural changes of the population in the counterfactual
situation of no-vaccination having been available in
2021, as Italy may have implemented multiple restric-
tion measures over 2021 had the vaccines not been
available. Although we performed a sensitivity analy-
sis to determine how different values of VE affect the
estimates, we did not take into account other factors
that have been found to influence VE, such as the vac-
cine type [19]. Finally, concurrent with the start of the
vaccination roll-out, various non-pharmaceutical inter-
ventions were introduced to control the spread of the
virus. Both the measures and the vaccination uptake
are likely to have had an impact on the incidence of
COVID-19 cases, hospitalisations, ICU admissions and
deaths.

Conclusion

Our findings show a positive impact of the COVID-19
vaccination programme in lItaly, and suggest that the
rapid vaccination of high-risk groups has prevented a
considerable number of severe COVID-19 outcomes.
Averted hospitalisations and ICU admissions ranged
between 53,209 and 148,756 and 6,434 and 16,276,
respectively, and for deaths averted the range was
13,571—48,026. Geographical areas that achieved high
vaccination rates faster were able to prevent a larger
number of hospitalisations, ICU admissions and deaths
over the summer months.
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