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Impact of COVID-19 vaccination on the risk of SARS-CoV-2 infection and hospitalization and death in Italy 
(27.12.2020 - 29.08.2021) 
Combined analysis of data from the National Vaccination Registry 
and the COVID-19 Integrated Surveillance System
Key Points
· The aim of this report is to estimate the risk of COVID-19 (including symptomatic and asymptomatic cases), and the risk of subsequent hospitalization, admission to an intensive care unit (ICU), and death, at different time intervals since vaccination, in individuals fully vaccinated with mRNA vaccines in Italy, both overall and separately by age group, vaccination priority group, and epidemic phase.
· This report takes into consideration over 29 million people (more than 56% of the Italian population aged ≥16 years) who received at least one dose of an mRNA COVID-19 vaccine (Comirnaty or Spikevax, received by over 80% of vaccinated individuals) by mid-August and followed-up to the 29th of August 2021. The risk of being diagnosed with COVID-19 is assessed up to seven months since the first vaccine dose, while the risk of diagnosis with subsequent hospitalization, admission to ICU, or death is assessed up to six months.
· The incidence rate ratios and vaccine effectiveness in preventing the study events at different time intervals from the second dose were estimated considering the time interval 0-14 days from the 1st dose as reference group (as a proxy of unvaccinated individuals).
· In the overall population, over the whole study period, we did not observe a reduction of the protective effect of vaccination, against symptomatic or asymptomatic COVID-19 diagnosis, after about seven months since the 2nd dose (vaccine effectiveness=89%), nor against diagnosis with subsequent hospitalization (vaccine effectiveness=96%), admission to ICU (vaccine effectiveness=96%), or death (vaccine effectiveness=99%) after about 6 months.
· In immunocompromised vaccinated individuals, a reduction of the protective effect of vaccination against any COVID-19 diagnosis was observed starting from 28 days after the 2nd dose, although estimates have large confidence intervals.
· Similarly, a reduction of the protective effect of vaccination was observed in individuals affected by comorbidities, among whom vaccine effectiveness against any COVID-19 diagnosis (symptomatic or asymptomatic) decreased from 75% at 28 days after the 2nd dose to 52% after 141-224 days.
· We also observed a slight increase in the risk of any diagnosis among individuals ≥80 years of age and nursing home residents after about 6 months from the 2nd dose; nevertheless, vaccine effectiveness remained >80% at about 7 months after the 2nd dose.
· The analysis stratified by epidemic phase showed that vaccine effectiveness in preventing any symptomatic or asymptomatic COVID-19 diagnosis in completely vaccinated persons (> 14 days since the 2nd dose) decreased from 84.8% (95% CI: 84.3-85.3%) in the period from 27/12/2020 to 13/6/2021 (characterized by predominance of the alpha variant) to 67.1% (95% CI: 65.1-69.0%) in the period from 19/7/2021 to 29/8/2021 (characterized by predominance of the delta variant).
· By contrast, vaccine effectiveness in preventing diagnosis with subsequent hospitalization remains high: 91.7%, (95% CI: 91.0-92.4%) during phase-alpha and 88.7 (95% CI: 66.1-96.3%) during phase-delta (analysis of hospitalization censored on 1/8/2021). However, these estimates lack precision and need more follow-up data for an adequate evaluation.
· The diminished effectiveness against any COVID-19 diagnosis, observed during phase-delta, may be due to waning immunity of vaccines or immune-evasion. Behavioral factors may also have contributed.
· A longer follow-up time is needed to adequately evaluate any potential reduction of the protective effect of vaccination against severe illness (i.e., hospitalization, admission to ICU, death), both overall and by vaccination priority groups, during the epidemic phase-delta. 
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Introduction
As other European countries, Italy launched its COVID-19 vaccination campaign on 27 December 2020. Four vaccines are approved and licenced for use in Italy: mRNA vaccines Comirnaty (BNT162b2 mRNA, BioNTech-Pfizer, Mainz, Germany/New York, United States (US) and Spikevax (mRNA-1273, Moderna, Cambridge, US); and viral vector vaccines Vaxzevria (ChAdOx1 nCoV-19, Oxford-AstraZeneca, Cambridge, United Kingdom), and Janssen (Ad26.COV2-S (recombinant), Janssen-Cilag International NV, Beerse, Belgium). As of September 1st 2021, 72% of the Italian population aged 12 years or more had received at least one dose of vaccine, with 64% having received the full vaccination series. About 80% of vaccinated persons in Italy received the mRNA vaccine Comirnaty or Spikevax, the first authorised and utilised during the vaccination campaign. 
For all vaccines, the initial randomised trials have shown a high efficacy against a primary endpoint of symptomatic COVID-19. The effectiveness of these vaccines in reducing morbidity and mortality rates from SARS-CoV-2 diagnosis has been confirmed by observational data collected since being widely distributed, in real world scenarios (1-7). Recent observational studies have also attempted to address the challenges that remain about the potential waning of vaccine-induced immunity and a possible decreased effectiveness against variants of concerns (8).
Regarding the variants of concern, Italy has been characterized by an epidemic phase with a predominance of the Alpha variant in the first six months of 2021, a transition phase from mid-June to mid-July in which Alpha and Delta variants were both largely circulating, and a subsequent phase characterised by predominance of the Delta variant (9). 
This is the fourth report on the combined analysis of data from the Italian National Vaccination Registry and the national COVID-19 integrated surveillance system. This activity is pursuant to Decree-law No. 2 of 14 January 2021 regulating the information systems that are instrumental to implementing the national strategic vaccination plan for the prevention of SARS-CoV-2 infections (Art. 3, Paragraph 7).
Previous reports were exclusively based on the Alpha predominance phase and they estimated that the highest effectiveness (against risk of any Covid-19 diagnosis, hospitalization and death) occurred starting 15-30 days after second dose administration, plateauing after that and remaining quite stable up to around 5 months (7, 10). 
In this study, we aim to provide, based on a longer follow-up time and a higher number of vaccinated individuals, an updated estimate of the risk of any COVID-19 diagnosis, hospitalization, including admission to an ICU, and death, in Italy, at different time intervals since vaccination, in individuals fully vaccinated with an mRNA vaccine, both overall and separately by age group, vaccination priority group, and epidemic phase. 


Methods for estimating the risk of diagnosis, hospitalization, admission to an Intensive Care Unit (ICU) and death in vaccinated individuals in Italy
The national integrated COVID-19 surveillance system in Italy collects data on individual cases of confirmed COVID-19 defined as any person with a laboratory-confirmed human SARS-CoV-2 infection, whether symptomatic or asymptomatic (11). Following diagnosis, cases are followed and any COVID-related hospitalization, admission to ICU, or death among these is reported to the surveillance system.  
We retrieved, from the Italian National Vaccination Registry held by the Ministry of Health (12), data on vaccinated persons (updated up to 15/9/2021). This registry reports date and type of vaccine administration, demographic data (i.e., age, sex, region of administration), information about mutually exclusive priority groups as reported by the local health units where individuals were vaccinated (e.g., health care worker, nursing home residents, school personnel, member of armed forces, member of other essential services, presence of any chronic comorbidity) and information about immunocompromised status. 
To analyse data on COVID-19 outcomes (i.e., diagnosis of SARS-CoV-2 infection with or without symptoms, COVID-19–related hospitalization, admission to ICU, death) we performed a record linkage of this data with that from the National COVID-19 Integrated Surveillance System coordinated by the Italian National Institute of Health (updated 15/9/2021). 
We excluded from the analysis individuals diagnosed with SARS-CoV-2 infection prior to receiving their first vaccination dose, and those who had not been subjected to at least a two-weeks observation period (follow-up) following vaccination, to allow for development and notification of the events under study. Moreover, we excluded all individuals who received at least one dose with vaccines other than the Comirnaty and Spikevax, the first vaccines authorised and utilised during the vaccination campaign, therefore allowing for a longer observation period.   
Further details about the two data sources used for this analysis can be found in previous reports/publications (7,10).

Figure 1. Timeline of the periods of selection and event ascertainment in the population under study 
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Figure 1 shows the timeline at which the study populations were selected. In particular, the rate of diagnosis of COVID-19, calculated for the period up to August 29, was estimated in individuals who had received a first dose of vaccine by August 15, to allow an adequate follow-up period of at least 14 days from vaccine administration for diagnostic assessment (including the incubation period). Record linkage was performed on data extracted on 15 September to allow time for diagnosed cases to be reported to the surveillance system. 
For the same reasons, rates of diagnosis with subsequent hospitalisation, ICU admission and death were ascertained in those who had received the first of vaccine by July 18. A longer follow-up period was necessary in this case to allow an adequate time to observe possible worsening of clinical conditions up to hospitalization/death. We considered only hospitalizations, admissions to ICU, and deaths occurring within 28 days from diagnosis.

The details of the inclusion and exclusion criteria are described in Figure 2. 

Figure 2. Flow chart of the study population from the National Vaccination Registry and the COVID-19 Integrated Surveillance System for assessment of the study events
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We split individual data by two-week time intervals from the first and second dose administration and fixed the censoring date at 29/8/2021 to evaluate any Covid-19 diagnosis, and at 1/8/2021 to evaluate diagnosis with subsequent hospitalisation, admission to ICU, and death. The incidence rates of any diagnosis and of diagnosis with subsequent hospitalisation, ICU admissions, and death were calculated as the ratio between the number of study events and the total observation period (person-time in days) in the time-interval 0-14 days after the first dose administration and after the second dose administration. 
Of note, at in this analysis we do not have information on the vital status, not related to COVID-19 diagnosis. Thus, based on the life tables published by the Italian Institute of Statistics (Istat) for the year 2020 (13), by region, age and sex, assuming a uniform distribution of deaths over the year, we accounted for the expected date of death in vaccinated individuals who did not experience the events under study in calculating the person-days of exposure. The follow-up period ended at the date of SARS-CoV-2 diagnosis for those who experienced the study events.
Rates were also stratified by age group (<40 years, 40-59 years, 60-79 years, and ≥80 years), gender, geographical area (north, centre, and south and islands), calendar period of administration of the first vaccine dose, and vaccination priority group (healthcare workers, nursing home residents, individuals with comorbidity, immunocompromised individuals, other priority groups (e.g., school personnel, army forces)). 
Multivariable analyses were then performed to estimate the reduction of risk of any diagnosis and diagnosis with subsequent hospitalisation, ICU admission and death at different time intervals after the administration of the second dose of vaccine compared to the 0–14-day time-interval after the first dose administration (reference period, proxy of the risk in the unvaccinated individuals, see reference 7 for details). 
The multivariable analyses were carried out through negative binomial regression model with a robust variance estimator, including the following covariates: gender, age group, region of vaccination, vaccine brand (Comirnaty/Spikevax), vaccination priority group, and epidemic phase [phase-alpha, from 27/12/2020 to 13/6/2021: predominance of alpha variant (B.1.1.7); transition phase, from 14/6/2021 to 18/7/2021: transition period; and phase-delta, from 19/7/2021 to 29/8/2021 (diagnosis) or 1/8/2021 (diagnosis with subsequent hospitalisation, admission to ICU, and death): predominance of delta variant (B.1.617.2)] (9). The analyses were also adjusted for calendar week of the first dose administration and for regional weekly incidence in the general population. 
For each of the study events (any diagnosis and diagnosis with subsequent hospitalisation, ICU admission, and death), the impact of vaccination at two-week time intervals from administration of the second vaccine dose was measured as the incidence rate ratio (IRR) with 95% confidence intervals (95% CI), using the incidence rate in the in the first two weeks after the first dose administration as reference. The analysis of risk reduction of any diagnosis at different time intervals after the administration of the second dose of vaccine was also stratified by vaccination priority group, age group, and epidemic phase.



Vaccination coverage and risk of COVID-19 diagnosis and of diagnosis with subsequent hospitalization, ICU admission and death at different time-intervals from vaccine administration in Italy
At the extraction date (15/9/2021), more than 43 million people had received at least one dose of the approved vaccines (around 73% of the Italian population, more than 78% of the Italian population aged 12 years or more). More than 40 million individuals were vaccinated without a previous COVID-19 diagnosis, and among them, more than 31 million people, aged 16 years old or more, were vaccinated with mRNA vaccines (Figure 2).

[bookmark: _Hlk83829945]Figure 3. Cumulative (panel A) and relative distribution of (panel B) of first dose vaccine administration by calendar week and age-group in persons vaccinated with Comirnaty or Spikevax
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Figure 3 shows the cumulative number (panel A) and the relative distribution (panel B) of first dose administration by calendar week and age group. Of note, the age distribution by calendar week mainly reflects the priority groups, with HCW and nursing home residents being the initial groups that were vaccinated in January and February 2021, followed by individuals aged 80 years old and above (February and March) and individuals with high-risk comorbidities. Subsequently, age was the main criterion used for vaccination. Comirnaty was the most used vaccine, and about 85% of people were vaccinated with an mRNA vaccine (Figure 4).

Figure 4. Cumulative (panel A) and relative distribution of (panel B) of first dose vaccine administration by calendar week and vaccine brand in persons vaccinated with Comirnaty or Spikevax
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The analysis evaluating the risk of any COVID-19 diagnosis was based on 29 million people vaccinated by  the 15th of August 2021; the analyses on the more severe outcomes were based on more than 26 million people vaccinated by the 18th of July, 2021. The incidence of any COVID-19 diagnosis declines from 1.13 per 10,000 person-days in the first 14 days after the first dose, to 0.34 after the second dose. A similar decrease is also observed after stratification by age, gender, geographic area, calendar period and vaccination priority group (Table 1).
Similar estimates are obtained when considering COVID-19 diagnoses with subsequent hospitalization (overall: 0.17 and 0.02 per 10,000 person-days, respectively in the first 14 days after the first dose and after the second dose, Table 2), admission to ICU (0.02 to 0.001, Table 3), or death within 28 days from diagnosis (0.05 to 0.01, Table 4), also when stratifying for the characteristics here considered. The risk reductions for Covid-19 diagnosis (any or for those with more severe outcome) were confirmed and had a larger magnitude of difference compared to the period  14 days post first dose when considering only time-periods starting  14 days since the second dose (data not shown in Table) 
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Table 1. Incidence rate of COVID-19 diagnosis in persons vaccinated with Comirnaty or Spikevax before 15 August 2021
	 
	0-14 days from administration of 1st dose (reference)
	0+ days from administration of 2nd dose

	Characteristics of persons involved in the study
	Diagnoses
	Person-days
	Incidence 
per 10,000 person-days*
	Diagnoses
	Person-days
	Incidence 
per 10,000 person-days*

	Total
	46,427
	410,704,354
	1.13
	69,608
	2,064,771,490
	0.34

	Age group (years)
	 
	 
	 
	 
	 
	 

	<40 
	14,979
	116,564,239
	1.29
	17,569
	332,241,890
	0.53

	40-59
	11,884
	149,027,269
	0.80
	24,600
	648,180,359
	0.38

	60-79
	8,242
	89,962,423
	0.92
	12,753
	575,428,814
	0.22

	≥80
	11,322
	55,150,424
	2.05
	14,686
	508,920,428
	0.29

	Sex
	
	
	
	
	
	

	Females
	24,755
	213,807,852
	1.16
	39,389
	1,136,179,756
	0.35

	Males
	21,672
	196,896,502
	1.10
	30,219
	928,591,734
	0.33

	Geographical area of vaccination
	 
	 
	 
	 
	 
	 

	North
	26,914
	217,061,647
	1.24
	35,125
	1,098,117,724
	0.32

	Centre
	6,306
	56,368,359
	1.12
	9,833
	290,018,762
	0.34

	South and Islands
	13,207
	137,274,348
	0.96
	24,650
	676,635,005
	0.36

	Period of first immunisation with a COVID-19 vaccine
	 
	 
	 
	 
	 
	 

	27/12/2020-31/01/2021
	9,526
	17,158,746
	5.55
	18,376
	249,352,024
	0.74

	01/02/2021-28/02/2021
	3,928
	16,528,682
	2.38
	7,961
	194,401,627
	0.41

	01/03/2021-28/03/2021
	6,431
	28,679,483
	2.24
	7,830
	287,410,508
	0.27

	29/03/2021-25/04/2021
	7,239
	52,648,132
	1.37
	9,424
	421,111,941
	0.22

	26/04/2021-23/05/2021
	4,529
	78,928,619
	0.57
	9,397
	441,386,648
	0.21

	24/05/2021-20/06/2021
	2,163
	116,517,465
	0.19
	13,005
	378,117,736
	0.34

	21/06/2021-18/07/2021
	4,014
	56,286,348
	[bookmark: _Hlk83281641]0.71
	3,543
	90,575,428
	0.39

	19/07/2021-15/08/2021
	8,597
	43,956,880
	1.96
	72
	2,415,578
	0.30

	Vaccination priority group
	
	
	
	
	
	

	Health care workers
	7,883
	20,749,659
	3.80
	16,502
	264,476,435
	0.62

	Nursing home residents
	3,399
	3,950,760
	8.60
	4,097
	44,083,837
	0.93

	Persons with comorbidities
	5,341
	56,735,741
	0.94
	9,580
	349,536,920
	0.27

	Immunocompromised persons
	105
	1,009,136
	1.04
	149
	6,137,758
	0.24

	Other priority groups
	3,958
	37,520,376
	1.05
	8,863
	228,587,233
	0.39

	No/not specified priority groups
	25,741
	290,738,682
	0.89
	30,417
	1,171,949,308
	0.26


*Incidence=Number of COVID-19 diagnosis/person-days

Table 2. Incidence rate of COVID-19 diagnosis with subsequent hospitalisation in  persons vaccinated with Comirnaty or Spikevax before 18 July 2021
	
	0-14 days from administration of 1st dose (reference)
	0+ days from administration of 2nd dose

	Characteristics of persons involved in the study
	Hospitalizations
	Person-days
	Incidence 
per 10,000 person-days*
	Hospitalizations
	Person-days
	Incidence 
per 10,000 person-days*

	Total
	6,117
	366,742,232
	0.17
	2,893
	1,351,960,496
	0.02

	Age group (years)
	
	
	
	
	
	

	<40 
	168
	87,579,371
	0.02
	76
	164,510,496
	0.005

	40-59
	602
	136,907,984
	0.04
	245
	376,774,565
	0.01

	60-79
	1,656
	87,414,832
	0.19
	544
	405,128,037
	0.01

	≥80
	3,691
	54,840,046
	0.67
	2,028
	405,547,398
	0.05

	Sex
	
	
	
	
	
	

	Females
	2,836
	193,556,274
	0.15
	1,446
	759,977,311
	0.02

	Males
	3,281
	173,185,958
	0.19
	1,447
	591,983,185
	0.02

	Geographical area of vaccination
	 
	 
	 
	 
	 
	 

	North
	4,137
	193,857,446
	0.21
	1,849
	722,852,438
	0.03

	Centre
	685
	50,246,151
	0.14
	435
	188,770,728
	0.02

	South and Islands
	1,295
	122,638,635
	0.11
	609
	440,337,330
	0.01

	Period of first immunisation with a COVID-19 vaccine
	
	
	
	
	
	

	27/12/2020-31/01/2021
	717
	17,157,128
	0.42
	535
	216,186,929
	0.02

	01/02/2021-28/02/2021
	739
	16,527,867
	0.45
	547
	162,661,309
	0.03

	01/03/2021-28/03/2021
	1,909
	28,678,133
	0.67
	951
	232,490,262
	0.04

	29/03/2021-25/04/2021
	1,791
	52,647,018
	0.34
	676
	319,792,789
	0.02

	26/04/2021-23/05/2021
	664
	78,928,377
	0.08
	146
	287,669,387
	0.01

	24/05/2021-20/06/2021
	177
	116,517,372
	0.02
	38
	132,030,379
	0.003

	21/06/2021-18/07/2021
	120
	56,286,337
	0.02
	0
	1,129,442
	0

	Vaccination priority group
	
	
	
	
	
	

	Health care workers
	285
	20,670,464
	0.14
	190
	224,153,517
	0.01

	Nursing home residents
	646
	3,933,569
	1.64
	409
	36,998,294
	0.11

	Persons with comorbidities
	993
	55,992,567
	0.18
	392
	241,033,074
	0.02

	Immunocompromised persons
	20
	988,191
	0.20
	8
	4,206,478
	0.02

	Other priority groups
	208
	35,458,799
	0.06
	130
	159,423,086
	0.01

	No/not specified priority groups
	3,965
	249,698,642
	0.16
	1,764
	686,146,048
	0.03


*Incidence=Number of COVID-19 diagnosis with subsequent hospitalization/person-days


Table 3. Incidence rate of COVID-19 diagnosis with subsequent admission to an ICU, in persons vaccinated with Comirnaty or Spikevax before 18 July 2021
	
	0-14 days from administration of 1st dose (reference)
	0+ days from administration of 2nd dose

	Characteristics of persons involved in the study
	ICU admission
	Person-days
	Incidence 
per 10,000 person-days*
	ICU admission
	Person-days
	Incidence 
per 10,000 person-days*

	Total
	623
	366,747,289
	0.02
	175
	1,351,973,498
	0.001

	Age group (years)
	
	
	
	
	
	

	<40 
	2
	87,579,819
	0.0002
	1
	164,512,648
	0.0001

	40-59
	57
	136,908,864
	0.004
	17
	376,776,835
	0.0005

	60-79
	260
	87,415,706
	0.03
	53
	405,130,670
	0.001

	≥80
	304
	54,842,900
	0.06
	104
	405,553,345
	0.003

	Sex
	
	
	
	
	
	

	Females
	208
	193,559,149
	0.01
	67
	759,985,545
	0.001

	Males
	415
	173,188,140
	0.02
	108
	591,987,952
	0.002

	Geographical area of vaccination
	
	
	
	
	
	

	North
	421
	193,861,007
	0.02
	90
	722,861,306
	0.001

	Centre
	72
	50,247,221
	0.01
	32
	188,773,973
	0.002

	South and Islands
	130
	12,263,906
	0.11
	53
	440,338,219
	0.001

	Period of first immunisation with a COVID-19 vaccine
	
	
	
	
	
	

	27/12/2020-31/01/2021
	55
	17,158,658
	0.03
	25
	216,192,456
	0.001

	01/02/2021-28/02/2021
	90
	16,528,654
	0.05
	32
	162,662,956
	0.002

	01/03/2021-28/03/2021
	215
	28,679,441
	0.07
	53
	232,492,550
	0.002

	29/03/2021-25/04/2021
	160
	52,648,104
	0.03
	50
	319,795,673
	0.002

	26/04/2021-23/05/2021
	83
	78,928,619
	0.01
	13
	287,669,919
	0.0005

	24/05/2021-20/06/2021
	12
	116,517,465
	0.001
	2
	132,030,503
	0.0002

	21/06/2021-18/07/2021
	8
	56,286,348
	0.001
	0
	1,129,442
	0

	Vaccination priority group
	
	
	
	
	
	

	Health care workers
	28
	20,671,507
	0.01
	11
	224,157,369
	0.0005

	Nursing home residents
	52
	3,934,346
	0.13
	17
	37,000,007
	0.005

	Persons with comorbidities
	134
	55,993,162
	0.02
	44
	241,034,541
	0.002

	Immunocompromised persons
	2
	988,205
	0.02
	3
	4,206,534
	0.01

	Other priority groups
	25
	35,459,067
	0.01
	9
	159,424,225
	0.001

	No/not specified priority groups
	382
	249,701,002
	0.02
	91
	686,150,823
	0.001


*Incidence=Number of COVID-19 diagnosis with subsequent admission to ICU/person-days


Table 4. Incidence rate of COVID-19 diagnosis with subsequent death in persons vaccinated with Comirnaty or Spikevax before 18 July 2021 
	
	0-14 days from administration of 1st dose (reference)
	0+ days from administration of 2nd dose

	Characteristics of persons involved in the study
	Deaths
	Person-days
	Incidence 
per 10,000 person-days*
	Deaths
	Person-days
	Incidence 
per 10,000 person-days*

	Total
	1,979
	366,747,458
	0.05
	786
	1,351,973,749
	0.01

	Age group (years)
	
	
	
	
	
	

	<40 
	1
	87,579,819
	0.0001
	2
	164,512,648
	0.0001

	40-59
	24
	136,908,884
	0.002
	19
	376,776,839
	0.001

	60-79
	336
	87,415,743
	0.04
	78
	405,130,755
	0.002

	≥80
	1,618
	54,843,013
	0.30
	687
	405,553,507
	0.02

	Sex
	
	
	
	
	
	

	Females
	905
	193,559,247
	0.05
	363
	759,985,640
	0.00

	Males
	1,074
	173,188,211
	0.06
	423
	591,988,109
	0.01

	Geographical area of vaccination
	
	
	
	
	
	

	North
	1,325
	193,861,162
	0.07
	493
	722,861,472
	0.01

	Centre
	212
	50,247,221
	0.04
	118
	188,773,973
	0.01

	South and Islands
	442
	122,639,075
	0.04
	175
	440,338,304
	0.004

	Period of first immunisation with a COVID-19 vaccine
	
	
	
	
	
	

	27/12/2020-31/01/2021
	450
	17,158,732
	0.26
	192
	216,192,562
	0.01

	01/02/2021-28/02/2021
	281
	16,528,679
	0.17
	178
	162,663,015
	0.01

	01/03/2021-28/03/2021
	653
	28,679,483
	0.23
	260
	232,492,551
	0.01

	29/03/2021-25/04/2021
	490
	52,648,132
	0.09
	142
	319,795,758
	0.004

	26/04/2021-23/05/2021
	86
	78,928,619
	0.01
	11
	287,669,919
	0.0004

	24/05/2021-20/06/2021
	14
	116,517,465
	0.001
	3
	132,030,503
	0.0002

	21/06/2021-18/07/2021
	5
	56,286,348
	0.001
	0
	1,129,441
	0

	Vaccination priority group
	
	
	
	
	
	

	Health care workers
	12
	20,671,527
	0.01
	10
	224,157,373
	0.0004

	Nursing home residents
	522
	3,934,425
	1.33
	212
	37,000,156
	0.06

	Persons with comorbidities
	211
	55,993,176
	0.04
	64
	241,034,626
	0.003

	Immunocompromised persons
	1
	988,205
	0.01
	2
	4,206,534
	0.005

	Other priority groups
	28
	35,459,067
	0.01
	14
	159,424,225
	0.001

	No/not specified priority groups
	1,205
	249,701,058
	0.05
	484
	686,150,836
	0.01


*Incidence=Number of COVID-19 diagnosis with subsequent death/person-days


Figure 5 shows the estimates, obtained from multivariable negative binomial regression model, of the adjusted Incidence Rate Ratios (IRRs) of any COVID-19 diagnosis and diagnosis with subsequent hospitalization, admission to ICU and death following the 2nd vaccine dose compared to the time interval 0-14 days after the first dose.
In the overall study population, over the whole observation period, the adjusted estimates of the IRRs of COVID-19 diagnosis and diagnosis with subsequent hospitalisation, ICU admission and death decreased rapidly starting 14 days from the first dose, plateauing after 15-28 days from the 2nd dose and reaching a vaccine effectiveness (VE) of 89% against diagnosis at around seven months after the second dose. Effectiveness against admission to either a regular hospital ward or ICU, at around six months was 96% while against death it reached 99% (Figure 1).

Figure 5. Adjusted Incidence rate ratio (IRR) of any diagnosis and diagnosis with subsequent hospitalisation, admission to ICU and death at different time intervals after the 2nd dose administration in the overall population vaccinated with Comirnaty or Spikevax (reference: 0-14 days after 1st dose administration).
[image: ]


A similar pattern was observed for the risk of any COVID-19 diagnosis in the stratified analyses by age group, with IRRs reaching similar values of around 0.10 at 7 months after the second dose, in all age groups younger than 80 years of age (Figure 6). A slight increase of the IRR is observed among persons aged 80 and above starting 197 days after the second dose and reaching 0.16, thereafter maintaining an effectiveness of 84% at 211-224 days.

Figure 6. Adjusted Incidence Rate ratio (IRR) of any Covid-19 diagnosis after the 2nd dose (reference: 0-14 days after 1st dose of Comirnaty or Spikevax), by age group

[image: ]


Figures 7 shows the estimates of IRRs of SARS-CoV-2 diagnosis in priority group subpopulations. Among health care workers, the IRRs decreased substantially after the second dose, compared to the time-interval 0-14 days after the 1st dose, reaching the value of 0.06 at 211-224 days.

Figure 7. Adjusted Incidence Rate ratio (IRR) of any Covid-19 diagnosis after the 2nd dose (reference: 0-14 days after 1st dose of Comirnaty or Spikevax), by mutually exclusive priority group subpopulation.
[image: ]

Among nursing home residents, the IRR of any COVID-19 diagnosis showed a rapid decline after the second dose until 15-28 days from its administration. After this time, it remained substantially stable (at about 0.15), although slightly increasing after approximately six months from the 2nd dose. Among persons with comorbidities and immunocompromised persons, after an initial decline of the IRR until 15-28 days from the 2nd dose, we observed a trend of increase, with IRR reaching a value of 0.48 in persons with comorbidities after 141-224 days from the 2nd dose. It is worthwhile to note that estimates for time intervals more ahead from vaccination among people affected by comorbidities and, more evidently, among immunocompromised individuals have a lower precision, as shown by the wider confidence intervals. This is due to the relatively small number of people included in these risk groups and exposed in the last time intervals. 


The analyses of vaccine effectiveness in preventing any COVID-19 diagnosis by epidemic phase show a different profile between Phase-alpha, when the alpha variant was predominant (period from 27/12/2020 to 13/06/2021), and Phase-delta, characterised by predominance of the delta variant (period from 19/07/2021 to 29/08/2021) (Figure 8). In phase-alpha we observed a constant decrease in IRR starting from 14 days after the second dose administration, conversely in phase-delta we observed an increase in the IRR of SARS-CoV-2 diagnosis starting from 29-42 days after the administration of the second dose, as expected because of the known increased transmissibility of the delta variant. At the time of the analysis, it was not possible to estimate the IRR for diagnosis with subsequent hospitalisation, ICU admission and death during phase-delta due to the short observation period, especially for the reference group (this analysis is censored on 1/8/2021 and considers only individuals vaccinated before 19/7/2021).

Figure 8. Adjusted Incidence rate ratio (IRR) of any COVID-19 diagnosis (symptomatic and asymptomatic) after the 2nd vaccine dose, by epidemic phase (reference: 0-14 days after 1st dose administration; vaccinated with Comirnaty or Spikevax).
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Analogous analyses as those of Figure 8, based on COVID-19 diagnoses followed by hospitalization/ICU admission/death are not presented here because, as shown in figure 1, there was not substantially sufficient follow-up time with current data and this will be evaluated in the next report. 

Vaccine effectiveness in preventing any COVID-19 diagnosis in completely vaccinated individuals (vaccinated with the 2nd dose since more than 14 days) decreased from 85% during phase-alpha to 67% during phase-delta (Figure 9). Conversely, although the estimates lack precision, preliminary analyses of vaccine effectiveness in preventing COVID 19 diagnosis with subsequent hospitalization suggest that the effectiveness remains high during phase delta (VE=89% during phase-delta compared to 92% during phase-alpha).



 

Figure 9. Adjusted vaccine effectiveness in preventing any COVID-19 diagnosis (symptomatic and asymptomatic) and diagnosis with subsequent hospitalization after complete vaccination (> 14 days from 2nd dose administration), by epidemic phase (reference: 0-14 days after 1st dose administration; vaccinated with Comirnaty or Spikevax).
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Interpretation and caveat
Our results suggest that in Italy, COVID-19 vaccination with two doses of mRNA vaccines has significantly reduced the risk of COVID-19 diagnosis and COVID-19-related hospitalisation and death, particularly starting 14 days from receipt of the second dose. In the overall study population, the risk of any COVID-19 diagnosis, hospitalisation, ICU admission and death decreased rapidly starting 14 days after the first dose, with the highest vaccine effectiveness (VE) (compared to the risk in the 14 days after the first dose which is considered equivalent to the risk in the unvaccinated population) being observed in the interval 15-28 days after the second dose and remaining quite stable in the following months. Effectiveness was 89% against any COVID-19 diagnosis about seven months after the second dose, 96% against a COVID-19 diagnosis with admission to hospital or to an ICU at about six months, and 99% against COVID-19-related death at about six months. Similar levels of VE were observed for any COVID-19 diagnosis in the stratified analyses by age group, except for the ≥80-year age group where a slight decrease was observed at about 6 months after the second dose (VE 84%). A similar trend was observed for nursing home residents. More importantly an increasing trend in the risk of any COVID-19 diagnosis was observed among immunocompromised individuals and in persons with comorbidities, starting about one month after the second dose and continuing for the study period. These results could indicate the early occurrence of waning immunity among these groups. However, there is evidence that the primary vaccination might not induce adequate protection in at least some immunocompromised individuals (14, 15). No increased risk of any COVID-19 diagnosis was observed among healthcare workers. 
Vaccine effectiveness against any COVID-19 diagnosis was recently estimated, in another ISS report, using unvaccinated individuals as reference, to be 77% during the period April-September 2021 (17). In the present report, a more detailed analysis by epidemic phase seems to indicate that protection against any COVID-19 diagnosis (including symptomatic and asymptomatic infection) is somewhat lower in recent months during which the delta variant has been prevalent in Italy and a progressive relaxation of legal restrictions regarding social behaviour has taken place (67% during phase delta compared to 85% during phase alpha). These results are not unexpected considering the known increased transmissibility of the delta variant (16). However, we were unable to adequately evaluate whether there is decreased protection against more severe illness (i.e. risk of hospitalization, admission to ICU or death) during this time period as this analysis requires a longer follow-up of cases. However, preliminary analyses, although lacking precision, suggest that protection against hospitalisation remain high during phase-delta (88.7%, 95% CI: 66.1-96.3%). We will continue to monitor trends of vaccine effectiveness in the next reports.
Some limitations need to be taken into account when evaluating these results. Although we accounted for regional age and sex specific competitive risk of death due to causes other than COVID-19, it is possible that a residual bias may still be present in our estimates because of the differential mortality in some population subgroups. For example, nursing home residents are likely to be at higher risk of death for other causes compared with the general population of the same region, age and sex, thus leading to underestimate the incidence of SARS-CoV-2 infection with increasing time since vaccination, and therefore to underestimate the waning effect in this population subgroup.
Moreover, health care workers more exposed to the risk of infection (e.g. personnel working in ICU), who were probably vaccinated early on in the campaign, are likely to be tested more frequently and therefore promptly diagnosed in case of SARS-CoV-2 infection compared to others (e.g. administrative staff). As a consequence, any “waning” effect in healthcare workers could be even lower than that observed. Currently however, our results do not point to any waning of effectiveness in this population. 
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