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Abstract  

We analyze here data from the Italian coronavirus disease 2019 (COVID-19) 

vaccination campaign for providing real-world evidence on age-dependent efficacy of 

vaccination. Vaccine efficacy against infection, COVID-19 related hospitalization and 

intensive care unit (ICU) admission increased according to vaccination status, from 

people who received primary COVID-19 vaccination >4 months ago (36%, 87% and 

93%, respectively), to those who received primary COVID-19 vaccination <4 months 

ago (60%, 90% and 94%, respectively), and finally to those with booster vaccine dose 

(60%, 98% and 98%, respectively). Vaccine efficacy (both primary and booster) against 

SARS-CoV-2 infection increased with ageing, though a similar trend could not be 

observed for hospitalization or ICU admission. Booster vaccine doses generated 

adjunctive protection against all endpoints compared to early primary vaccination in 

older people (i.e., aged >60 years). In conclusion, vaccine-elicited SARS-CoV-2 

immunity declines over time, though vaccine boosters are effective for restoring 

immunity and conferring adjunctive protection. 

 

Keywords: SARS-CoV-2; COVID-19; Vaccination; Efficacy 
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1. Introduction 

 First appearing at the end of 2019 in the city of Wuhan (China) as a local 

outbreak of atypical pneumonia, the pathology that is now universally known as 

coronavirus disease 2019 (COVID-19) has spread all over the world, affecting over 300 

million people and causing already 5.5 million deaths at the beginning of January 2022 

according to statistics of the John Hopkins University Coronavirus Resource Center [1]. 

Despite the many physical preventive measures (i.e., social distancing, partial or total 

closures, use of face masks, hand hygiene and so forth) that have been put in place since 

the beginning of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

pandemics [2], the numbers of new COVID-19 cases and hospitalizations are still 

growing exponentially as a results of many concomitant factors, most significantly the 

appearance of new SARS-CoV-2 variants of concern (e.g., Omicron B.1.1.529), 

characterized by extremely higher infectivity and major capacity to evade the immune 

response [3]. 

 Several lines of evidence now attest that widespread vaccination is the most 

effective strategy to limit the otherwise dramatic medical and social impact of SARS-

CoV-2 spread in the population. A number of meta-analyses have been published so far 

on vaccine efficacy for preventing symptomatic COVID-19 illness [4-7], which 

underpinned that vaccine efficacy may depend on several aspects such as the type of 

vaccine, demographical (age, sex, ethnicity, body mass index) and clinical 

(immunocompetence, co-morbidities) characteristics of recipients, number of doses and 

time elapsed since the last vaccine dose administration. 

The impact of recipients’ age on efficacy of COVID-19 vaccination remains an 

important issue, considering that the older and vulnerable population is that imposing 

the largest burden on healthcare due the higher risk of developing severe/critical forms 

of COVID-19 [8]. A recent meta-analysis published by Wang and co-authors concluded 
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that the SARS-CoV-2 geometric mean titer measured by live virus neutralization test in 

vaccinated older adults (i.e., aged 55 years or older) was significantly higher than that 

found in younger vaccine recipients, thus raising important doubts as to whether the 

immunogenicity achieved after completing a primary vaccination may need additional 

“boosters” for obtaining a sufficient level of protection against the unfavourable 

consequences of this new and life-threatening infection in older people [5]. This 

straightforward concept, attributable to the so-called immunosenescence, has been more 

recently reaffirmed by Collier et al. [9], who also evidenced that vaccine-elicited 

humoral and cellular immunity appears significantly lower in recipients aged 80 years 

or older. 

To provide real-world evidence on the age-dependent efficacy of COVID-19 

vaccination, we provide here an updated analysis of the Italian nationwide vaccination 

campaign. 

 

2. Materials and Methods 

We accessed the official data emerging from the Italian nationwide COVID-19 

vaccination campaign and published on a weekly basis by the Italian National Institute 

of Health (Istituto Superiore di Sanità, ISS; Last available update, January 7, 2022). The 

official bulletin of the ISS contains update statistics on COVID-19 vaccinations 

(primary and/or booster doses), as well as on total number of new diagnoses of SARS-

CoV-2 infection, COVID-19 related hospitalizations and intensive care unit (ICU) 

admissions in the country, presented as a whole and clustered by age ranges (i.e., 12-39, 

40-59, 60-80 and >80 years) [10].  

Vaccine efficacy was expressed as odds ratio (OR) with 95% confidence interval 

(95%CI) of SARS-CoV-2 infection, COVID-19 related hospitalization and COVID-19 

related intensive care unit admission across different age cohorts, and was estimated 



 5 

using MetaXL, software Version 5.3 (EpiGear International Pty Ltd., Sunrise Beach, 

Australia). This study was conducted in accordance with the Declaration of Helsinki, 

under terms of relevant local legislation. The research was based on freely and publicly 

available ISS data, such that Ethical Committee approval was not required. 

 

3. Results 

At the time of our updated analysis (i.e., January 7, 2022) a total number of 

37.668 million of Italian citizens had already completed a primary vaccination cycle 

(26.019 million over 4 months ago and 11.648 million within 4 months since the last 

primary vaccine dose), 8.102 million had received a vaccine booster dose, whilst 6.660 

million citizens were still unvaccinated. Primary vaccination coverage was as follows: 

Pfizer/BionTech (mRNA-based) 67.1%, Moderna (mRNA-based) 21.0%, AstraZeneca 

(Adenovirus-based) 10.5% and Janssen (Adenovirus-based) 1.3%, respectively. 

The results of our analysis are shown in Figures 1 to 3. Vaccine efficacy against 

development of SARS-CoV-2 infection gradually increased from 36% in people who 

had received primary COVID-19 vaccination over 4 months ago (OR 0.64; 95%CI, 

0.42-0.99), to 60% (OR, 0.40; 95%CI, 0.29-0.55) in those who had received primary 

COVID-19 vaccination within 4 months as well as in those who had received a booster 

vaccine dose (OR, 0.40; 95% 0.22-0.72) (Figure 1). Notably, the efficacy of vaccination 

(both primary and booster dose administration) against development of SARS-CoV-2 

infection increased in parallel with ageing, being the lowest in the younger cohort (12-

39 years; 15-55%) and the highest in those aged 80 years or older (72-86%).  

As shown in Figure 2, vaccine efficacy against COVID-19 related 

hospitalization also gradually increased from 87% in people who had received primary 

COVID-19 vaccination over 4 months ago (OR 0.13; 95%CI, 0.08-0.23), to 90% (OR, 

0.10; 95%CI, 0.06-0.16) in those who had received primary COVID-19 vaccination 
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within 4 months, up to 98% in those who had received a booster vaccine dose (OR, 

0.02; 95% 0.01-0.03). Unlike the effectiveness against SARS-CoV-2 infection, vaccine 

efficacy against COVID-19 related hospitalization did not display a clear age-related 

trend, appearing the lowest (i.e., 79% and 87%) in people aged 60-80 or >80 years who 

had received primary COVID-19 vaccination by over 4 months, but then becoming the 

highest in these same age groups after receiving the booster dose (i.e., 98% in both 

cases). 

Vaccine efficacy against COVID-19 related ICU admission is shown in Figure 

3. As for the previous endpoints, vaccine efficacy progressively increased from 93% in 

people who had received primary COVID-19 vaccination over 4 months ago (OR 0.0.7; 

95%CI, 0.03-0.16), to 94% (OR, 0.06; 95%CI, 0.03-0.13) in those who had received 

primary COVID-19 vaccination within 4 months, up to 98% in those who had received 

a booster vaccine dose (OR, 0.02; 95% 0.01-0.02). As for hospitalizations, vaccine 

efficacy did not display a clear age-related trend for odds of ICU admission, appearing 

the lowest (i.e., 93% and 87%) in people aged 60-80 or >80 years who had received 

primary COVID-19 vaccination over 4 months ago, but then becoming the highest in 

this same age group after receiving the booster dose (i.e., 99% in both cases). 

 

4. Discussion 

With the refurbished and unremitting spread of SARS-CoV-2 infections, 

hospitalizations and ICU admissions recorded over recent times all around the world 

[1], the laboratory and medical burden for diagnosing and managing new COVID-19 

cases is becoming more challenging than ever [11]. Although the recently emergent 

Omicron variant seems to be associated with lower severity of COVID-19 illness, its 

extremely magnified infectivity (over 3-fold that of the former Delta B.1.617.2 strain) is 

enormously amplifying the number of SARS-CoV-2 infections and, consequently, the 
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risk that more vulnerable individuals may need hospital care [12]. It is hence obvious 

that whatever strategy aimed at preventing or limiting the circulation of the virus and its 

unfavourable impact on vulnerable individuals, shall be regarded as a primary 

healthcare issue. To this end, verification of efficacy of COVID-19 vaccination in 

different age classes of the general population is essential in the face of a dramatic 

shortages of material and human resources for supporting (or even maintaining) 

ongoing worldwide vaccination and booster campaigns [13]. 

In our analysis, in keeping with previous reports, we observed vaccine efficacy 

was found to clearly wane over time, with protection against all of the clinical endpoints 

that we analysed in this study declining 4 months after completion of the primary 

vaccination cycle. This decline appeared especially accentuated in older individuals 

(i.e., aged 60 years or older), wherein vaccine efficacy against the risk of COVID-19 

related hospitalization and ICU admission decreased from 87% to 79-87% and from 91-

92% to 87-93%, respectively, after 4 months from the last primary vaccine dose. 

However, vaccine efficacy against both endpoints was considerably enhanced to ≥98% 

in older persons who received the booster vaccine dose. This aspect not only supports 

the practice of restoring immune protection by administration of periodic vaccine 

boosters (e.g., at least 4 months after completing the primary vaccination), but provides 

further evidence that adjunctive vaccine doses may generate larger protection against 

hospitalization and ICU admission compared to the standard primary vaccination. 

Besides the favourable impact on reducing hospital pressure driven by COVID-

19 hospitalizations and ICU admissions, the administration of vaccine booster doses 

appeared also to be effective for reducing viral circulation compared to vaccine 

effectiveness recorded more than 4 months after primary vaccination (i.e., 60% vs. 

36%), though no clear adjunctive effect on infection could be noted comparing primary 

vaccination within 4 months vs. the booster in the total population (i.e., 40% vs. 40%). 
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Such results on infection may be biased, as recently vaccinated or boosted individuals 

may be less likely to by symptomatic and seek testing. Nonetheless, the booster vaccine 

dose was effective to further lower the odds of SARS-CoV-2 infection in the older 

population (i.e., from 70% to 75% in those aged 60-80 years and from 81% to 86% in 

those aged 80 years or older, respectively), thus bringing obvious advantages to this 

more vulnerable part of the population, in whom early diagnosis is mandatory to enable 

interventions to prevent disease progression and in whom even mild/moderate viral 

infections may have substantial clinical consequences. 

 

5. Conclusion 

In conclusion, the results of our analysis confirm that vaccine-elicited SARS-

CoV-2 immunity declines over time [14], though we also support the concept that 

vaccine boosters may not only be effective for restoring immunity [15], but also for 

conferring adjunctive protection against the risk of infection and any type of COVID-19 

related hospitalization, especially in the older population. 
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Figure 1. Efficacy of coronavirus disease 2019 (COVID-19) vaccination against the 

risk of developing SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) 

infection. 

 
 

 

OR, odds ratio; 95%CI, 95% confidence interval  
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Figure 2. Efficacy of coronavirus disease 2019 (COVID-19) vaccination against the 

risk of COVID-19 related hospitalization. 

 
 

 

OR, odds ratio; 95%CI, 95% confidence interval  
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Figure 3. Efficacy of coronavirus disease 2019 (COVID-19) vaccination against the 

risk of COVID-19 related intensive care unit (ICU) admission. 

 
 

 

OR, odds ratio; 95%CI, 95% confidence interval  

 

 


