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Background: As Ireland prepared for an autumn 2023 
COVID-19 vaccination booster campaign, there was 
concern that vaccine fatigue would affect uptake, 
which has been abating. Aim: This study aimed to 
quantify the direct impact of the COVID-19 vaccination 
programme in Ireland on averted COVID-19-related 
outcomes including symptomatic presentations to 
primary care/community testing centres, emergency 
department (ED) presentations, hospitalisations, 
intensive care unit (ICU) admissions and deaths, in 
individuals aged ≥ 50 years, during Omicron domi-
nance. Methods: We conducted a retrospective obser-
vational COVID-19 vaccine impact study in December 
2021–March 2023 in Ireland. We used national data 
on notified outcomes and vaccine coverage, as well 
as vaccine effectiveness (VE) estimates, sourced from 
the World Health Organization’s live systematic review 
of VE, to estimate the count and prevented fraction 
of outcomes in ≥ 50-year-olds averted by the COVID-
19 vaccination programme in this age group. Results: 
The COVID-19 vaccination programme averted 48,551 
symptomatic COVID-19 presentations to primary care/
community testing centres (36% of cases expected in 
the absence of vaccination), 9,517 ED presentations 
(53% of expected), 102,160 hospitalisations (81% of 
expected), 3,303 ICU admissions (89% of expected) and 
15,985 deaths (87% of expected). Conclusions: When 
Omicron predominated, the COVID-19 vaccination pro-
gramme averted symptomatic and severe COVID-19 
cases, including deaths due to COVID-19. In line with 
other international vaccine impact studies, these find-
ings emphasise the benefits of COVID-19 vaccination 
for population health and the healthcare system and 

are relevant for informing COVID-19 booster vaccina-
tion programmes, pandemic preparedness and com-
municating the reason for and importance of COVID-19 
vaccination in Ireland and internationally.

Introduction
The COVID-19 pandemic presented an unprecedented 
challenge to populations, governments and health 
and social care systems in Ireland and worldwide [1]. 
Nationally and internationally, there has been a reduc-
tion in severe outcomes following COVID-19 infection, 
largely attributed to the roll-out of effective COVID-
19 vaccines [2]. In Ireland, since December 2021, the 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) Omicron variant and various sub-lineages 
and recombinants, have predominated [3]. Globally, 
reduced severity of SARS-CoV-2 infection has been 
reported for Omicron compared with other variants 
(e.g. Delta), likely due to increased population-level 
immunity, protection from vaccination and prior infec-
tion [4]. However, enhanced infectivity, immune eva-
sion, and reduced vaccine effectiveness (VE) against 
Omicron variants have also been reported [5].

The COVID-19 vaccination programme commenced in 
Ireland in December 2020. Based on recommendations 
from the National Immunisation Advisory Committee 
(NIAC), vaccination roll-out was prioritised to popula-
tion groups with a higher risk of complications from 
or exposure to SARS-CoV-2 infection [6]. As in other 
European countries, such groups included individu-
als in residential care facilities, healthcare workers 
(HCWs), those with immunocompromise and underlying 
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medical conditions and those in older age groups, 
beginning with people aged ≥ 85 years before progress-
ing in a stepwise approach to those in younger age 
cohorts [7,8]. Further detail on the COVID-19 vaccination 
programme in Ireland is included in the Supplementary 
Materials’ section entitled ‘The roll-out of the COVID-19 
vaccination programme in Ireland’.

By winter 2021/22, when the first Omicron variant (BA.1) 
emerged as the dominant circulating variant, 94% of 
the population in Ireland aged ≥ 18 years were fully vac-
cinated with a primary COVID-19 vaccine course [9], 
and the first booster campaign was being rolled out by 
priority group, according to NIAC recommendations [6].

During 2022, the COVID-19 vaccination booster cam-
paign continued with the recommendation for second 
and third booster doses for those in priority groups 
according to NIAC guidance [10]. In Ireland, mRNA, 
viral vector and protein subunit vaccines have been 
administered, however, mRNA vaccines have been 
preferentially used for booster vaccination [6]. Prior 
to September 2022, only monovalent mRNA vaccines 
were available, however from September 2022, biva-
lent mRNA vaccines were preferentially offered when 
available [6].

In the current post-acute phase of the COVID-19 pan-
demic, vaccination strategies continue to evolve [11]. In 
Ireland, and internationally, vaccination recommenda-
tions to target certain population groups have contin-
ued to be informed by the risk of severe illness in these 
groups e.g. those in older age groups, and the effec-
tiveness of the vaccine at reducing severe outcomes 
[12-14]. In Ireland in autumn 2023, a COVID-19 booster 
vaccine was recommended for all ≥ 50-year-olds, 

HCWs and those aged ≥ 5 years with immunocompro-
mise or a high risk of serious illness from SARS-CoV-2 
infection [6,15].

As Ireland prepared for the autumn booster campaign, 
there was concern that vaccine fatigue would impact 
vaccine coverage, which has been abating [16,17]. As 
COVID-19 vaccination was offered to all ≥ 50-year-olds, 
understanding and quantifying the impact of COVID-19 
vaccination in this key target group was important to 
inform future vaccination strategies in Ireland and com-
munication materials for healthcare professionals and 
the public, including clear communication about the 
rationale for recommendations for additional booster 
doses for the 2023/24 booster campaign and for future 
autumn/winter COVID-19 vaccination programmes.

The aim of this study was to quantify the direct impact 
of the COVID-19 vaccination programme in people 
aged ≥ 50 years in Ireland on COVID-19 cases present-
ing to primary care and community testing centres with 
symptoms, emergency department (ED) presentations 
and hospitalisations with COVID-19 and intensive care 
unit (ICU) admissions and deaths due to COVID-19 in 
this age group, during a period of Omicron variant 
dominance from December 2021 until March 2023.

Methods

Study design
We conducted a retrospective observational COVID-
19 vaccine impact study, estimating, for those 
aged ≥ 50 years, the number of events averted by vac-
cination in this age group and the disease prevented 
fraction (PF). We estimated the number of averted 
events (NAE) using a method originally used to assess 

What did you want to address in this study and why?
In this study, we wanted to assess the impact that the COVID-19 vaccination programme has had in Ireland 
during the Omicron period in people aged ≥ 50 years. We estimated the number of symptomatic and severe 
cases of COVID-19 that have been prevented by vaccination to inform future vaccination recommendations, 
as well as communication with healthcare professionals and the public about the reason for additional 
COVID-19 boosters.

What have we learnt from this study?
The COVID-19 vaccination programme in Ireland prevented illness and death due to COVID-19 in people 
aged ≥ 50 years. COVID-19 vaccination therefore protected population health and the healthcare system, 
underscoring through impact estimates the importance of vaccination.

What are the implications of your findings for public health?
The uptake of additional COVID-19 vaccination booster doses has been lower compared with the uptake of 
the primary vaccination course and first boosters. The findings of this study can be used to inform future 
COVID-19 vaccination policies, planning for winter seasons, pandemic preparedness, and communication 
about the importance of ongoing COVID-19 vaccination programmes in Ireland and in other countries.
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the impact of influenza vaccination in Portugal [18], 
which has been adapted and used internationally to 
estimate the impact of COVID-19 vaccination [19,20]. 
The study was during a period of Omicron dominance 
from week 51 2021 (week beginning 20/12/2021) when 
Omicron became the dominant circulating variant in 
Ireland [3], to week 12 2023 (week ending 26/03/2023), 
which was immediately before a change in national 
COVID-19 testing policies [21]. An overview of COVID-
19 testing recommendations and non-pharmaceutical 
interventions (NPI) recommended between December 
2021 and April 2023 is provided in the Supplementary 
Materials’ section entitled ‘Overview of non-pharma-
ceutical interventions during Omicron dominance in 
Ireland: December 2021 to 1st April 2023’.

Data sources and data extraction
Data on key outcomes, VE and COVID-19 vaccine cover-
age were required.

Outcome data
Notified symptomatic COVID-19 cases who consulted 
primary care or attended a COVID-19 community test-
ing centre, as well as ED presentations and hospitali-
sations with COVID-19 and ICU admissions and deaths 
due to COVID-19 reported in those aged ≥ 50 years 
were extracted from Ireland’s Computerised Infectious 
Disease Reporting system (CIDR). CIDR is the national, 
validated surveillance repository for notifiable dis-
eases data in Ireland. Only laboratory-confirmed cases 
were included. A laboratory-confirmed case was a 
case for whom SARS-CoV-2 virus genetic material was 
detected by PCR. Anonymised case-based data were 
used to calculate weekly counts of each outcome and 
a weekly rolling average number of outcomes observed 
over 3 weeks.

Within CIDR, a patient type variable was used to classify 
COVID-19 cases according to whether they attended a 
general practitioner (GP)/community testing centre or 
an ED or were hospitalised. These outcome categories 
were exclusive. Death and ICU admission status were 
recorded using different variables: outcome and ICU 
admission. Cases who were subsequently admitted to 
ICU or who died were excluded from the symptomatic 

presentation to GP/community testing centres, ED 
presentation and hospitalisation outcomes to more 
accurately estimate the impact on each outcome 
exclusively. Cases who were admitted to ICU and who 
subsequently died were included in the ICU admission 
outcome.

Outcome 1, symptomatic COVID-19 cases presenting to 
primary care/community testing centres, was defined 
as a notified laboratory-confirmed COVID-19 case who 
was symptomatic, and either consulted their GP or 
attended a community COVID-19 testing centre. Those 
whose symptom status was unknown were excluded 
from this outcome. The symptomatic variable was used 
only for the symptomatic presentation to primary care/
community testing centres outcome category, to spe-
cifically exclude those who were asymptomatic who 
had been referred for testing in community testing cen-
tres due to being a close contact of a COVID-19 case. 
Due to suboptimal completeness of the symptomatic 
variable within the national surveillance database, the 
symptomatic variable was not used for the classifica-
tion of outcomes 2–5.

Outcome 2, ED presentation was defined as a notified 
laboratory-confirmed COVID-19 case who presented for 
emergency care in an ED due to or with COVID-19.

Outcome 3, hospitalisation, was defined as a notified 
laboratory-confirmed COVID-19 case who was hospital-
ised due to or with COVID-19.

Within ED presentation (outcome 2) and hospitalisa-
tion (outcome 3) variables, it was not specified within 
the variables whether the case presented to ED or was 
hospitalised due to COVID-19 or due to another cause 
and had COVID-19 detected on ED presentation or on 
hospitalisation.

Outcome 4, ICU admission, was defined as a noti-
fied laboratory-confirmed COVID-19 case with an ICU 
admission due to COVID-19. In Ireland, a universal sur-
veillance system is in place for monitoring all COVID-19 
cases admitted to ICU due to COVID-19. To be classified 
as an ICU admission due to COVID-19, COVID-19 infec-
tion must be stated as the primary source of the ICU 
admission by the ICU medical team.

Outcome 5, death, was defined as a death where 
COVID-19 was a direct or contributing cause of death 
resulting from a clinically compatible illness in a con-
firmed COVID-19 case, unless there was a clear alter-
native cause of death that could not be related to 
COVID-19. Deaths where there was a clear alternative 
cause of death (e.g. a death due to road traffic acci-
dent) are not notified as COVID-19 deaths nationally 
and were therefore excluded from these analyses. 
In a sensitivity analysis, the definition of a COVID-19 
death was changed to include those classified only as 
having a cause of death field completed within CIDR 
where death was specified as being due to COVID-19 to 

Figure 1
Weekly vaccination coverage by vaccination status in 
people aged ≥ 50 years, Ireland, week 53 2020–week 24 
2023
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compare results between this definition and the study 
outcome.

Vaccine effectiveness data
The International Vaccine Access Center (IVAC), John 
Hopkins Bloomberg School of Public Health and the 
World Health Organization (WHO) are conducting an 
ongoing, live systematic review of COVID-19 VE studies 
[22]. The literature search strategy and inclusion crite-
ria for this systematic review and live VE estimates are 
available from the IVAC VIEW-hub platform (https://
view-hub.org/resources) [23]. VE estimates (reported 
up to 21 July 2023) were extracted from this platform. 
The methodology was informed by the WHO methodol-
ogy for extracting VE estimates [22], by other studies 
that have used IVAC data [24], and by consultation with 
colleagues working on vaccine impact studies interna-
tionally [19,20]. Study specific inclusion criteria for the 
selection of studies for inclusion and criteria for selec-
tion of VE estimates are included in the Supplementary 
Materials’ section entitled ‘Study specific inclusion 
criteria’.

VE estimates were extracted for each outcome by vac-
cination status (primary course, first booster, second 
booster or third booster). Given that the coverage of the 
primary course and first booster was high at the begin-
ning of the study period, as illustrated in Figure S1 in 
the Supplementary Materials, the latest reported VE 
estimates for the primary course and booster 1 (by time 
since vaccination) were used. Extracted VE estimates 
were collated, and an average of the VE point estimates 
against each study outcome for each vaccination sta-
tus was calculated. To account for uncertainty around 
VE estimates, a minimum and maximum VE estimate 
was calculated around the average VE point estimate 
by varying the VE by +/− 10%. In this sensitivity analy-
sis, where VE was already over 90%, the maximum VE 
was estimated at 99.9%. An additional sensitivity anal-
ysis was conducted by extracting the 95% confidence 
intervals (CIs) reported around each point estimate 
included and calculating an average upper and lower CI 
around each point estimate of VE.

COVID-19 vaccination coverage data
COVID-19 vaccination coverage data for Ireland were 
sourced from the Health Protection Surveillance 

Centre (HPSC) using data reported to the European 
Surveillance System (TESSy) and the European surveil-
lance portal for infectious diseases (EpiPulse), coordi-
nated by the European Centre for Disease Prevention 
and Control (ECDC). The HPSC reports data on COVID-
19 vaccine doses administered in Ireland to TESSy/
EpiPulse each week. The TESSy/EpiPulse data con-
tain weekly numbers of vaccinations by age group and 
the dose of vaccine administered, they do not contain 
information on time since vaccination or sex. Weekly 
cumulative population vaccination counts and cover-
age in those aged ≥ 50 years by vaccination dose (com-
plete primary course, first booster, second booster, 
third booster, fourth booster) were calculated. As the 
cumulative coverage of the fourth booster at the end 
of the study period (week 12 2023) was 0.1% in those 
aged ≥ 50 years, this study was restricted to assess-
ing the impact of the complete primary vaccination 
course, first booster, second booster and third booster. 
Cumulative weekly coverage for each exclusive vacci-
nation status (e.g. primary course only, primary course 
and first booster only, primary course and first and 
second booster only, primary course and first, second 
and third booster only) was calculated.

The definitions of vaccination status in this study 
aligned with national definitions which are described 
in the Supplementary Material’s subsection entitled 
‘Definition of vaccination status used for COVID-19 
vaccination coverage calculations’ [16]. For calculation 
of cumulative weekly vaccination coverage, the most 
up to date, Central Statistics Office (CSO) census sin-
gle year estimates available in Ireland (updated in May 
2023) were used as the population denominator [25]. 
In circumstances where, due to data quality issues, 
the cumulative weekly count exceeded the population 
denominator, the count was capped at the population 
denominator to ensure the cumulative vaccination cov-
erage did not exceed 100%.

Data analysis
The impact of COVID-19 vaccination on each outcome 
was estimated using the formula below adapted from 
other vaccine impact studies [18-20]. The NAEs for each 
vaccination status (k), the three weekly rolling average 
of observed events/outcomes (n), vaccine coverage 
for a specific vaccination status (VC) and the absolute 

Table 1
Average COVID-19 vaccine effectiveness point estimates by specific vaccination status and outcome

Vaccine effectiveness (%) by outcome Primary coursea Booster 1a Booster 2a Booster 3a

Symptomatic infection/casesb 20 40 22 26
Emergency department presentation 29 56 57 62
Hospitalisation 62 86 73 73
Intensive care unit admission 76 90 94 94
Death 72 90 84 84

Source: https://view-hub.org/resources [23].
a Uncertainty estimates of +/− 10% included around all vaccine effectiveness estimates.
b Symptomatic infection/cases were not hospitalised and were not classified as having severe infection.
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VE against the event/outcome for a specific vaccina-
tion status were included in this formula. The weekly 
and total NAEs were calculated for the study period for 
each outcome by vaccination status (k); primary course 
(pc), first booster (b1), second booster (b2) and third 
booster (b3).

The total number of expected events in the absence of 
vaccination during the study period was calculated by 
summing the events observed and the events averted. 
The weekly and total age-specific cumulative incidence 
of observed and expected events per 100,000 popula-
tion was calculated. The PF for each outcome (by vac-
cination status) was estimated using the formula:

Minimum and maximum values for averted and 
expected counts, rates and PF for each outcome were 
calculated by varying the VE estimates by +/− 10%. 
These maximum and minimum values were reported as 
a range around each vaccine impact estimate. A sensi-
tivity analysis using average 95% CIs around the point 
VE estimate was also undertaken. All data analyses 
were conducted in R version 4.2.1 [26].

Results

Vaccine coverage
At the beginning of the study period (week 51 2021), 
cumulative coverage of the primary COVID-19 vaccine 
course and booster 1 vaccines in those aged ≥ 50 years 
was 99.9% and 78.0% respectively. At the end of 
the study period (week 12 2023), cumulative cover-
age of booster 1 was 93.0%, booster 2 was 60.3% and 
booster 3 was 24.0%. During the study period those 
vaccinated with booster 1 following completion of the 
primary vaccination course contributed to the highest 
proportion of population COVID-19 vaccination cover-
age (Figure 1). 

Vaccine effectiveness
Average VE point estimates for the Omicron variant cal-
culated against symptomatic infection/cases [27-29], 
ED presentation [30-38], hospitalisation [28,36,39-46], 
ICU admission [41,43,47,48], and death [42-44,46-
50] are shown in  Table 1. Uncertainty estimates of 
+/− 10% were included around each average point esti-
mate shown in Table 1. Table S7 in the Supplementary 
Materials’ section entitled ‘Sensitivity Analyses’ shows 
the average 95% CIs around each estimate used for a 
sensitivity analysis.

Observed, averted and expected outcomes
The observed and expected cumulative weekly inci-
dence rate per 100,000 population aged ≥ 50 years with 
uncertainty estimates presented as a range for each 
outcome (including the sensitivity analysis varying the 
definition of a COVID-19 death) is shown in Figure 2.

Figure 2
Observed and expected rate of outcomes per 100,000 population aged ≥ 50 years, including (A) symptoms, (B) ED 
presentation, (C) hospitalisation, (D) ICU admission and (E–F) death, Ireland, week 51 2021–week 12 2023

ED: emergency department; ICU: intensive care unit; SA: sensitivity analysis.

a SA varying the definition of a death due to COVID-19 from death where COVID-19 was a direct or contributing cause of death (panel E) to 
deaths where it was specified in a cause of death variable that death was due to COVID-19 (panel F).
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During the study period (week 51 2021 to week 12 
2023), the COVID-19 vaccination programme in Ireland 
averted an estimated 48,551 (30,296–73,574) sympto-
matic presentations to primary care/community test-
ing centres; 9,517 (6,364–14,382) ED presentations; 
102,160 (58,753–246,021), hospitalisations; 3,303 
(1,500–15,801) ICU admissions and 15,985 (8,031–
61,814) deaths (Table 2).

The PF for each outcome (Table 2) estimated that the 
COVID-19 vaccination programme in Ireland prevented 
36% (26–46%) of expected symptomatic COVID-19 
presentations to primary care/community testing cen-
tres, 53% (43–63%) of expected ED presentations, 81% 
(71–91%) of expected hospitalisations and 89% (79–
98%) of expected ICU admissions and 87% (77–96%) 
of expected deaths.

Analysis by vaccination status estimated that most 
averted outcomes occurred among those who had com-
pleted a primary course and the first booster (Table 3). 
Roll-out of second and third boosters began during the 
study period (Figure 1). Roll-out of the third booster 
began in week 38 2022 and during the study period, 
the third booster averted an estimated 260 (140–420) 
symptomatic presentations to primary care/commu-
nity testing centres, 394 (269–590) ED presentations, 
4,414 (2,660–8,839) hospitalisations, 228 (95–1,066) 
ICU admissions and 688 (361–2,227) deaths (Table 3).

Changing the outcomes to counts rather than 3-week 
rolling averages and varying the definition of a death 
due to COVID-19 did not impact the PF as illustrated in 
Tables S4, S5 and S6 of the Supplementary Materials’ 
section ‘Sensitivity Analyses’. A sensitivity analysis 
using average 95% CIs around the average VE point 
estimates produced a minimal change in the ranges 
reported around each vaccine impact estimate for 
each outcome as presented in Table S8 and S9 of 
the Supplementary Materials’ section ‘Sensitivity 
Analyses’.

Discussion
This study used national surveillance data, national 
vaccine coverage data and average VE point estimates 
sourced from original published literature included 
in the WHO’s ongoing live systematic review of VE, to 
investigate COVID-19 vaccine impact [22]. The study 
estimated that during an Omicron period in Ireland, 
among those aged ≥ 50 years, the COVID-19 vaccina-
tion programme reduced symptomatic presentations 
to primary care/community testing centres by 36%, ED 
presentations by 53%, hospitalisations by 81%, ICU 
admissions by 89% and deaths by 87%.

Vaccine fatigue has been recognised as an emerging 
and important public health issue internationally, par-
ticularly as waning immunity and the emergence of new 
variants mean that booster doses are likely to continue 
to be required [51]. The findings of this study are there-
fore timely and relevant nationally and internationally 
for communication with the public and healthcare pro-
fessionals about the importance of vaccination and 
the benefits of ongoing booster campaigns for recom-
mended groups and may be useful for communication 
in future (autumn/winter) COVID-19 vaccination cam-
paigns, to counter vaccine fatigue.

During the study period, completion of a primary course 
and booster 1 vaccination continued to avert sympto-
matic and severe cases of COVID-19 in the population 
aged ≥ 50 years. This finding emphasises the impor-
tance of the initial high national vaccine coverage with 
effective COVID-19 vaccines following the roll-out of the 
vaccination programme starting in December 2020 and 
is an important finding for public health communica-
tion about the rationale for and benefits of vaccination 
and for future pandemic preparedness and planning.

However, the impact of booster 1 vaccines reported in 
this study reflects the high proportion of the popula-
tion vaccinated with booster 1 following completion of 
a primary vaccination course during this study period 
in Ireland. Importantly, this study also found that the 

Table 2
Observed, averted and expected outcomes, as well as disease prevented fraction in those aged ≥ 50 years, Ireland, week 51 
2021–week 12 2023

Outcomea Observed Averted Averted rangeb Expected Expected rangeb Observed 
ratec

Expected 
ratec

Expected 
ratec rangeb PF PF rangeb

Symptomatic 
cased 86,570 48,551 30,296–73,574 135,121 116,866–160,144 5,103.9 7,966.3 6,890.0–9,441.6 0.36 0.26–0.46

ED presentatione 8,422 9,517 6,364–14,382 17,939 14,786–22,804 496.5 1,057.6 871.8–1,344.5 0.53 0.43–0.63

Hospitalisation 24,578 102,160 58,753–246,021 126,738 83,331–270,599 1,449.0 7,472.1 4,912.9–15,953.7 0.81 0.71–0.91

ICU admission 392 3,303 1,500–15,801 3,695 1,89–16,193 23.1 217.8 111.5–954.7 0.89 0.79–0.98

Death 2,429 15,985 8,031–61,814 18,414 10,460–64,243 143.2 1,085.6 616.7–3,787.6 0.87 0.77–0.96

ED: emergency department; ICU: intensive care unit; PF: disease prevented fraction; VE: vaccine effectiveness.
a 3-week rolling average.
b Range calculated by varying average VE point estimates by +/− 10%.
c Per 100,000 population.
d Symptomatic COVID-19 case presenting to primary care or community testing centre.
e ED presentation excluded cases subsequently hospitalised or who were admitted to an ICU or who died.
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ongoing COVID-19 vaccination campaign and subse-
quent booster doses (booster 2 and 3) had benefits at a 
population level particularly against serious outcomes 
(hospitalisation, ICU admissions and death). This find-
ing, in conjunction with known waning of COVID-19 
vaccine immunity [52], emphasises the importance of 
ongoing and timely COVID-19 booster vaccinations.

Nationally and internationally, the COVID-19 pandemic 
continues to impact population health and health ser-
vices [1,53,54]. The effect of COVID-19 on health and 
care services is both direct and indirect as COVID-19 
impacts healthcare capacity to provide both scheduled 
and unscheduled care [1,21,55]. This study examined a 
more recent period in the pandemic and demonstrated 
the value and ongoing benefits of the national COVID-
19 vaccination programme in terms of preventing 
serious outcomes including hospitalisations and ICU 
admissions. If even the lower estimates of expected 
outcomes in the absence of vaccination had occurred 
during this study period, acute hospital and ICU capac-
ity in Ireland would have been overwhelmed [56]. This 
likely would have resulted in morbidity and mortality 
in the population over and above what is reported in 
this study due to both COVID-19 and other illness. This 
finding is important for communication about the ben-
efits of COVID-19 booster vaccination programmes to 
preserve and protect healthcare capacity, particularly 
during autumn/winter surge periods of respiratory 
infections.

The findings of this study are consistent with other 
published vaccine impact studies using similar and dif-
ferent methodologies [19,20,57]. Further assessment 
of vaccine impact is required both nationally and inter-
nationally and population-level vaccine impact stud-
ies should be conducted on an ongoing basis, both 
for COVID-19 and other vaccine preventable diseases 
e.g. influenza to assess the impact of vaccination pro-
grammes. These vaccine impact studies should, where 
possible, follow internationally agreed standardised 

methodologies and protocols to facilitate interpreta-
tion of results and comparison between countries. In 
Ireland, the HPSC is a partner in the ECDC’s Vaccine 
Effectiveness, Burden and Impact Studies of COVID-
19 and Influenza (VEBIS) network and a member of 
the VEBIS consortium; this platform could be used to 
progress this work. Robust and reliable VE data are 
essential for undertaking vaccine impact studies and 
the certainty of VE estimates is critical to an accurate 
assessment of vaccine impact. National VE estimates 
would be a key enabler of undertaking vaccine impact 
studies and would improve the reliability and the gen-
eralisability of the findings to the population in Ireland.

Estimating COVID-19 vaccine impact is complex and 
questions remain, particularly about waning immunity 
by time since vaccination, contribution of immunity 
following prior infection, and the optimal timing of 
booster doses. However, the benefits of vaccination 
at a population level have been demonstrated in this 
vaccine impact study and the findings are relevant in 
Ireland and in Europe for public health communication, 
vaccination policy, planning for future (autumn/winter) 
COVID-19 vaccination programmes and for cost effec-
tiveness analyses.

This study has nevertheless some limitations. It esti-
mated the direct effect of the COVID-19 vaccination pro-
gramme in those aged ≥ 50 years only. The benefits of 
vaccination in this age group and in younger age groups 
on transmission and on the preservation of healthcare 
capacity were not considered and therefore the ben-
efits of the COVID-19 vaccination programme may have 
been underestimated. During the study period, uptake 
of COVID-19 booster vaccines was lower in younger age 
groups in Ireland, 34.5% in those aged ≥ 18 years as 
shown in Table S1 of the Supplementary Materials [16]. 
Changing vaccination coverage within different age 
groups in the population may have influenced the inci-
dence of observed outcomes in those aged ≥ 50 years. 
Additionally, immunity from prior infection and hybrid 

Table 3
Averted outcomes in those aged ≥ 50 years by vaccination status, Ireland, week 51 2021–week 12 2023

Outcomea Observed Averted Averted rangeb PCc PC rangeb,c B1d B1d rangeb B2e B2e rangeb B3f B3f rangeb

Symptomatic caseg 86,570 48,551 30,296–73,574 3,649 1,577–6,492 42,554 140–420 2,087 991–3,567 260 140–420

ED presentationh 8,422 9,517 6,364–14,382 634 343–1,081 7,098 269–590 1,391 939–2,100 394 269–590

Hospitalisation 24,578 102,160 58,753–246,021 8,117 4,439–
20,604 73,362 2,660–8,839 16,268 9,570–35,008 4,414 2,660–8,839

ICU admission 392 3,303 1,500–15,801 314 143–1,510 2,150 95–1,066 611 260–2,921 228 95–1,066

Death 2,429 15,985 8,031–61,814 1,484 723–5,941 11,486 361–2,227 2,328 1,199–8,130 688 361–2,227

ED: emergency department; ICU: intensive care unit; VE: vaccine effectiveness.
a 3-week rolling average.
b Range calculated by varying average VE point estimates by +/− 10%.
c PC: Outcome averted among people who had primary vaccination course only, with range.
d B1: Outcome averted among people who had primary vaccination course and booster 1 only, with range.
e B2: Outcome averted among people who had primary vaccination course, booster 1 and booster 2 only, with range.
f B3: Outcome averted among people who had primary vaccination course, booster 1, booster 2 and booster 3 only, with range.
g Symptomatic COVID-19 case presenting to primary care or community testing centre.
h ED presentation excluded cases subsequently hospitalised or who were admitted to an ICU or who died.
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immunity within the total population may have influ-
enced the incidence of outcomes and the effectiveness 
of vaccinations in those aged ≥ 50 years.

Only PCR confirmed cases notified to the national sur-
veillance database (CIDR) were included in this study. 
These data represent only those who sought care and 
were tested, this may have underestimated the counts 
of each outcome in the population and the impact of 
vaccination. For the outcomes of ED presentation and 
hospitalisation, confirmed cases may have had inci-
dental SARS-CoV-2 infection which was not the cause 
of their experiencing the outcome, this may have over-
estimated the impact of the vaccination programme. 
Additionally, during the study period there were 
changes to testing, surveillance policies and national 
advice regarding NPIs, which may have impacted the 
number of notifications and the epidemiology of noti-
fied cases. To take this into account, the study period 
was restricted to a period of least change in testing, 
surveillance policies and national advice on NPIs.

There were challenges in the interpretation of VE esti-
mates from primary studies. Specifically, the lack 
of data on prior SARS-CoV-2 infection and the chal-
lenge in interpretation of VE by time since vaccination. 
The emergence of new variants may potentially have 
resulted in confounding by calendar time. VE estimates 
may also have been impacted by differences (e.g. risk 
factors, behaviours) between vaccinated and unvacci-
nated populations.

The average VE point estimates used in this study 
sourced from published studies included in the WHO 
live systematic review may not be an accurate esti-
mation of VE within the population in Ireland due to 
differences in study populations, vaccination sched-
ules, infection rates and different indirect impacts of 
vaccination within study populations compared with 
Ireland. There is therefore uncertainty attached to the 
estimation of VE in this study. A sensitivity analysis 
varying the VE by +/− 10% was conducted to address 
this uncertainty and to present a range around all 
reported estimates of vaccine impact. This follows 
approaches taken in other similar vaccine impact stud-
ies [19,20]. A further sensitivity analysis using average 
95% CIs around each average VE point estimate was 
also undertaken. Additionally, there were limited VE 
estimates available against study outcomes for later 
vaccination doses; specifically, the third booster. VE 
estimates specific to Ireland were not calculated for 
this study due to small sample size available within 
the Sentinel GP surveillance network and the Severe 
Acute Respiratory Infection (SARI) surveillance system. 
Both networks are undergoing expansion currently 
to increase representativeness. These limitations in 
relation to VE data emphasise the importance of hav-
ing national VE estimates, where possible, to use for 
future vaccine impact studies. Additionally, this study 
did not consider waning of VE over time and popula-
tion vaccine coverage data by time since vaccination 

was not available. To further take uncertainty about VE 
into consideration, the latest reported VE estimates by 
time since vaccination for primary course and booster 1 
were extracted from the literature. However, due to 
these uncertainties, VE may have been over or under-
estimated in this study.

Vaccine coverage data and VE estimates were not avail-
able by sex and therefore differences in vaccine impact 
by sex were not investigated in this study.

Conclusion
During a period of Omicron variant dominance, the 
COVID-19 vaccination programme in Ireland averted 
symptomatic and severe cases of COVID-19 includ-
ing deaths due to COVID-19. Vaccination therefore 
reduced morbidity and mortality in the population 
aged ≥ 50 years and protected population health and 
the healthcare system. In line with other international 
vaccine impact studies, the findings of this study 
emphasise the importance of high population vacci-
nation coverage and the availability of effective vac-
cines and are relevant for informing ongoing COVID-19 
booster vaccination programmes, planning future 
(autumn/winter) COVID-19 vaccination programmes, 
pandemic preparedness and communicating the ration-
ale for and importance of vaccination in Ireland and 
internationally.
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