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Abstract

:

In 2021–2022, most of the Spanish population received COVID-19 vaccines and a high proportion of them had SARS-CoV-2 infection. We estimated the rate of hospitalisations and deaths that were averted by risk reduction among vaccinated COVID-19 cases. Hospitalisations and deaths were analysed among COVID-19 cases confirmed in 2021 and 2022 in Navarre, Spain. To calculate the number of prevented outcomes by sex, age, comorbidities, and semester, the difference in the risk of each outcome between unvaccinated and vaccinated cases was multiplied by the number of vaccinated cases. COVID-19 vaccination coverage with any dose reached 88%, 86% with full vaccination, and 56% with a booster dose. The cumulative rates per 1000 inhabitants were 382 COVID-19 confirmed cases, 6.70 hospitalisations, and 1.15 deaths from COVID-19. The estimated rates of prevented events by vaccination were 16.33 hospitalisations and 3.39 deaths per 1000 inhabitants, which was 70.9% and 74.7% of expected events without vaccination, respectively. People aged 80 years and older or with major chronic conditions accounted for the majority of hospitalizations and deaths prevented by COVID-19 vaccination. One hospitalisation and death due to COVID-19 were averted for every 53 and 258 people vaccinated, respectively. The high COVID-19 vaccine effect in reducing the risk of severe outcomes and the high vaccination coverage in risk populations prevented three out of four hospitalisations and deaths due to COVID-19 during a period of intense circulation of SARS-CoV-2.
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1. Introduction


Since the detection of the first case of COVID-19 in February 2020, SARS-CoV-2 circulated continuously in Spain for more than 3 years. The first wave of the COVID-19 pandemic accumulated a considerable number of hospitalisations and deaths due to COVID-19 in a few weeks, demonstrating the enormous pandemic capacity and severity of SARS-CoV-2 [1]. Non-pharmacological preventive measures were applied to modulate the circulation of SARS-CoV-2, but the relaxation in their application was usually followed by increases in infections, hospitalisations, and deaths [2,3].



In Spain, the COVID-19 vaccination campaign started on 27 December 2020 and was successively targeted to the population over 5 years old, from older to younger age groups. Immunocompromised people were prioritized regardless of age. Messenger RNA vaccines, Comirnaty (BNT162b2 mRNA, BioNTech-Pfizer, New York, United States) or Spikevax (mRNA-1273, Moderna, Cambridge, United States), were used for the majority of primary courses (~84%) and all booster doses, and adenovirus-based vaccines, Vaxzevria (ChAdOx1 nCoV-19, Oxford-AstraZeneca, Cambridge, United Kingdom) or Janssen vaccine (Ad26.COV2-S, Janssen-Cilag International NV, Beerse, Belgium) were used in all other primary courses [4,5].



High effectiveness of COVID-19 vaccination was reported in preventing hospitalisations and deaths due to COVID-19 (usually >80%), but effectiveness in preventing SARS-CoV-2 infection was lower and decreased over time [6,7,8,9,10,11,12,13,14,15,16,17,18,19,20]. This means that COVID-19 cases had a lower risk of hospitalisation and severe diseases if they were previously vaccinated [10]. Since COVID-19 vaccination was not able to control SARS-CoV-2 transmission over time, especially in the Omicron circulation period [20,21,22,23], the majority of the population was finally infected [24]. Therefore, the risk reduction in hospitalisation and death among vaccinated COVID-19 cases was responsible for most of the impact of COVID-19 vaccination on the health of the population [10].



Many studies have evaluated the COVID-19 vaccine effectiveness [6,7,8,9,10,11,12,13,14,15,16,17,18,19,20]; however, the whole impact of the COVID-19 vaccination programs during the pandemic has barely been evaluated, although these interventions were great challenges for public health. The number of events averted in the population is the main endpoint of a vaccination program and depends on the incidence of the event in unvaccinated people, the effectiveness of the vaccine, and the vaccination coverage, especially in high-risk groups [25]. This evaluation is essential to compare and prioritize among different public health interventions.



The seroprevalence of antinucleocapsid antibodies in the Navarre region, Spain, was 11% in November 2020 and increased to 62% in May 2022 [26,27], suggesting that more than half of the population was infected by SARS-CoV-2 during this period. The objective of this study was to estimate the number and rate of hospitalisations, intensive care unit (ICU) admissions, and deaths that were averted by risk reduction among vaccinated COVID-19 cases during a period of intense SARS-CoV-2 circulation.




2. Materials and Methods


2.1. Study Setting, Data Sources, and Design


This observational population-based study analysed information from the enhanced epidemiological surveillance of COVID-19 and the vaccination register in the region of Navarre, Spain (~660,000 inhabitants) [3], where the Regional Health Service provides medical care to residents free of charge at the point of use. This study included all people who tested positive for SARS-CoV-2 for the first time between January 2021 and December 2022.



The enhanced surveillance of COVID-19 was based on the electronic reporting of all confirmed cases from public and private healthcare centres and laboratories, including diagnoses using the polymerase chain reaction (PCR) and antigen tests on nasopharyngeal swabs. Diagnoses performed in pharmacies and those reported by the patient through the established online procedure were also included.



The COVID-19 outcomes evaluated were hospitalisation, ICU admission, and death. Within the epidemiological surveillance, medical doctors reviewed the outcomes that occurred during the 3 months after the SARS-CoV-2 positive test. COVID-19 hospitalised cases were defined as patients admitted for 24 h or more or who died due to COVID-19. Deaths due to confirmed COVID-19 that occurred outside the hospital were also assessed.




2.2. COVID-19 Vaccination and Covariables


The regional vaccination register was used to obtain the number of doses of COVID-19 vaccine, date of immunisation, and product. A case was considered ‘fully vaccinated’ after receiving 1 dose of the Janssen vaccine or 2 doses of other products, and ‘partially vaccinated’ if only 1 dose of these other products was received. Booster doses after the primary series were also considered. Each vaccine dose was counted 14 days after administration.



Vaccination status was considered in the following 7 categories: (1) unvaccinated (reference category); (2) partially vaccinated; (3) fully vaccinated in the first 6 months before the positive test; (4) fully vaccinated more than 6 months before the positive test; (5) a booster dose in the first 6 months before the positive test; (6) a booster dose more than 6 months before the positive test; and (7) a second booster dose.



Study variables included sex, age, major chronic conditions, COVID-19 vaccination status, and date of COVID-19 diagnosis. Diagnoses of major chronic conditions were obtained from primary healthcare electronic medical records and included immune compromise and other chronic conditions (cardiovascular diseases, diabetes mellitus, liver cirrhosis, chronic kidney disease, chronic obstructive pulmonary diseases, asthma, dementia, stroke, rheumatic diseases, cancer, and body mass index  ≥  40 kg/m2).



Information on SARS-CoV-2 test results (PCR, antigen test, and self-testing), vaccination status, and other variables related to the same individual were linked using a unique personal identifier.



Four semesters were considered in the study period. The period from January to June 2021 was characterised by a progressive increase in vaccination coverage against COVID-19 and the circulation of the EU1 lineage and the Alpha variant. From July to December 2021, children’s vaccination started and elderly adults received the first booster dose, while the Delta variant became dominant. January to June 2022 was characterised by high vaccination coverage, a progressive extension of a booster dose to adults, and predominance of circulation of the Omicron BA.1 and BA.2 subvariants. July to December 2022 was characterised by very high coverage of full vaccination or with a booster dose and progressive administration of a second booster dose in the high-risk population, while the Omicron BA.4 and BA.5 subvariants circulated [28].




2.3. Statistical Analysis


A counterfactual evaluation compared the observed COVID-19 outcomes with those that would have occurred in the same population, during the same period, and under the same conditions, assuming that no COVID-19 cases had been previously vaccinated against COVID-19.



Among COVID-19 confirmed cases, the risk of each outcome (hospitalisation, ICU admission, and death) was calculated by vaccination status categories, sex, age groups (0–4, 5–19, 20–34, 35–49, 50–64, 65–79, and ≥ 80 years), underlying conditions (immunocompromised, other underlying chronic conditions, and none), and semester. The number of prevented outcomes by risk reduction among vaccinated COVID-19 cases was calculated as the risk difference between unvaccinated individuals and those in each vaccination category multiplied by the number of COVID-19 cases in the respective vaccination status category. This analysis was stratified for each category combining sex, age group, presence of underlying condition, and semester. The total impact of vaccination was the sum of the number of events prevented in each category. The estimated number of events prevented was used to calculate the rate per 1000 inhabitants and the percentage they represented among the total events expected in the absence of vaccination, including observed and prevented events. The annual population covered by the Navarre Health Service was used to calculate vaccination coverage and incidence rates by sex, age, and major chronic conditions.



For the entire study period, the number of people vaccinated for each event prevented by the reduced risk among vaccinated COVID-19 cases was calculated by dividing the number of people vaccinated by the number of events prevented.





3. Results


3.1. COVID-19 Vaccination Coverage and Incidence of COVID-19 Outcomes


At the end of 2021, 84% of the population had received any dose of COVID-19 vaccine, 81% were fully vaccinated, and 35% had received one booster dose. In December 2022, the coverage increased to 88%, 86% and 56%, respectively, and 18% had received a second booster dose (Figure 1).



In the 2021–2022 period, 252,108 persons were confirmed with COVID-19 for the first time (382 per 1000 inhabitants), 4419 of them were hospitalised due to COVID-19 (6.70 per 1000 inhabitants), 447 were admitted to ICU (0.68 per 1000), and 756 died from COVID-19 (1.15 per 1000 inhabitants). More than half of the cases were diagnosed in the first semester of 2022.



Of COVID-19 cases confirmed for the first time during the study period, 73.0% had received any COVID-19 vaccine dose, 69.0% were fully vaccinated, and 29.8% had received any booster dose. The proportion of COVID-19 cases who had received any dose of the COVID-19 vaccine increased from 4.3% in the first semester of 2021 to 93.3% in the second semester of 2022. Vaccination coverage was higher in women, older age groups, and immunocompromised people (Table 1).




3.2. Hospitalisations and Deaths Averted by COVID-19 Vaccination


During 2021 and 2022, it was estimated that 10,767 hospitalisations, 1375 ICU admissions, and 2232 deaths due to COVID-19 were averted because COVID-19 cases had previously received any COVID-19 vaccine dose. Averted events comprised 16.33 hospitalisations, 2.09 ICU admissions, and 3.39 deaths per 1000 inhabitants, and 70.9%, 75.5%, and 74.7% of the events that would have been expected to occur in the absence of vaccination, respectively.



The rates of observed and prevented hospitalisations were higher in men than in women, but the rate of averted deaths was higher in women. The rates of prevented hospitalisations and deaths progressively increased with age and were higher in immunocompromised patients. Patients with major chronic conditions without immune compromise represented 77% of hospitalizations, 66% of ICU admissions, and 68% of deaths prevented by COVID-19 vaccination (Table 2, Table 3 and Table 4).



The percentage of expected hospitalisations that were prevented by COVID-19 vaccination was higher than 70% in people older than 50 years and in patients with major chronic conditions without immune compromise. On average, this percentage increased until the first semester of 2022 (83.4%) and declined in the second semester of 2022 (62.5%).



The rates of observed COVID-19 hospitalisations and those prevented by COVID-19 vaccination were much higher in people aged 50 years and older than in the younger population (Table 2). The highest rates of ICU admission, both observed and prevented, occurred in people aged 50 to 79 years old (Table 3). Most of the observed deaths due to COVID-19 (72%) and those averted by COVID-19 vaccination (78%) were concentrated in the population aged 80 years and older (Table 4).




3.3. Impact of COVID-19 Vaccination over Time


In the first semester of 2021, COVID-19 vaccination coverage in the population grew rapidly up to 58%. Risk reduction in previously vaccinated COVID-19 cases averted 5.8%, 5.1%, and 6.0% of all expected hospitalisations, ICU admissions, and deaths due to COVID-19 in the population, respectively. In the second semester of 2021, the vaccination coverage increased to 84%, and the proportion of COVID-19 outcomes averted by risk reduction among vaccinated COVID-19 cases increased to 75.4% of expected hospitalisations, 82.3% of ICU admissions, and 71.7% of deaths. The highest incidence of COVID-19 cases was observed in the first semester of 2022, when the percentages of averted outcomes increased to 83.4%, 90.0%, and 85.2%, respectively. In the second semester of 2022, the incidence of COVID-19 cases and all analysed outcomes decreased, and the proportion of averted events also decreased to 62.5%, 57.0%, and 54.0%, respectively (Table 2, Table 3 and Table 4).



The highest rates of COVID-19 hospitalisations were observed in 2020 before the availability of COVID-19 vaccines. The proportion of expected hospitalisations that was averted by risk reduction in vaccinated COVID-19 cases gradually increased during 2021 and, in the second semester of 2021, it exceeded half of the expected hospitalisations. In the absence of vaccination, the rate of hospitalizations in the first semester of 2022 would have multiplied by three or four the rate of hospitalisations observed in the pre-vaccination periods. The population impact of COVID-19 vaccination in reducing the risk of ICU admission among vaccinated COVID-19 cases was more pronounced in the second semester of 2021, while the impact in reducing the risk of death due to COVID-19 was especially pronounced in the first semester of 2022 (Figure 2).




3.4. Vaccine Doses Administered and People Vaccinated for Each Event Prevented


On average, during the study period, we estimated that for every 134, 1046, and 644 doses of vaccine administered, one hospitalisation, one ICU admission, and one death due to COVID-19 were averted, respectively, by risk reduction in vaccinated COVID-19 cases. One hospitalisation was averted for every 53 COVID-19 vaccinated persons, one ICU admission for every 419, and one death due to COVID-19 for every 258 vaccinated persons.





4. Discussion


The present study estimates that COVID-19 vaccination avoided a considerable number and proportion of the expected hospitalisations, ICU admissions, and deaths among COVID-19 cases in Navarre. This impact markedly softened the dramatic scenario that would be expected in the absence of COVID-19 vaccination. This considerable impact in the prevention of hospitalisations and deaths was due to the coincidence of several circumstances: the extremely high incidence of SARS-CoV-2 infections, especially since the spread of the Omicron variant [3,26]; the high effectiveness of the vaccine in risk reduction in severe outcomes among COVID-19 cases regardless of the SARS-CoV-2 variant [6,7,8,9,10,11,12,13,14,15,16,17,18]; the large full vaccination coverage that was quickly achieved in the population, firstly, with the complete vaccination schedule, and latterly, with a booster dose in the high-risk people; and the appropriate prioritisation of vaccination to people at highest risk of developing severe infection outcomes [4]. The confluence of all these circumstances led to the success of this vaccination program.



On average, only 53 people vaccinated were sufficient to prevent one COVID-19 hospitalisation and 258 people vaccinated to prevent one death due to COVID-19. These findings show the high efficiency of this vaccination program in the context of the COVID-19 pandemic.



COVID-19 vaccination initially showed an important preventive effect of infections and a powerful risk reduction in severe forms of the disease [6,7]. The vaccination effectiveness in preventing transmission decreased over time since the last dose and was also lower against the successive variants of concern, Alpha, Delta, and Omicron [8,23]. In addition, the relaxation in adherence to non-pharmacological preventive measures among vaccinated people could counteract part of the vaccine effect in preventing infections [29].



By the end of the study period, the majority of the population had received a SARS-CoV-2 infection [30], which demonstrated that the risk reduction in severe outcomes among vaccinated COVID-19 cases was more relevant for the vaccination impact than the effect in preventing SARS-CoV-2 infection.



The proportion of severe outcomes that were prevented increased rapidly with the rising coverage of full vaccination and booster doses in the high-risk population. Although COVID-19 cases were more frequently vaccinated in women than men, the rates of observed and averted hospitalisations were higher in men, suggesting greater vulnerability and potential benefit of vaccination for men. Women had a higher impact of COVID-19 vaccination in preventing deaths, probably due to the more complete vaccination coverage. The vaccination impact was earlier and more intense in the elderly because they had a higher risk of hospitalisation and death in the case of being infected and because they were offered each dose of vaccine first [4]. Most of the deaths prevented by COVID-19 vaccination (78%) were concentrated in the population aged 80 years and older.



Although the rates of prevented hospitalisations and deaths were higher in immunocompromised patients, those with major chronic conditions without immune compromise accounted for the majority of hospitalizations, ICU admissions, and deaths prevented by COVID-19 vaccination because they were a large population group and accounted for most of the serious outcomes of the SARS-CoV-2 infection [31].



The greatest impact of vaccination on the number of hospitalisations and deaths averted was observed in the first semester of 2022, given the much higher incidence of infections during the Omicron period, the relaxation of non-pharmacological preventive measures [2,3], and the high vaccination coverage in the high-risk population. As a result, the percentages of the expected hospitalisations, ICU admissions, and deaths due to COVID-19, which were averted in the first semester of 2022, rose to 83.4%, 90.0%, and 85.2%, respectively. The results show that in the absence of vaccination, the rates of hospitalisations and deaths due to COVID-19 during the Omicron period would have far exceeded that observed in the periods before the vaccine was available. Although the percentage of ICU admissions averted was higher in the first semester of 2022, the number of ICU admissions averted was higher in the second semester of 2021, which can be explained by the greater tendency of the Delta variant than Omicron to cause severe outcomes [32,33].



To the best of our knowledge, only one study in the Netherlands estimated the number of hospitalisations averted by COVID-19 vaccination during the period when most of the population had received their first COVID-19 infection [34]. Other studies evaluated the impact of COVID-19 vaccination only during the first year of the vaccination campaign [34,35,36,37,38]. These studies estimated that 56–74% of hospitalisations and 58–82% of deaths were averted by COVID-19 vaccination [34,35,36,37,38], which is consistent with the results of our study at that time.



The risk reduction and the proportion of expected COVID-19 outcomes that were averted by COVID-19 vaccination declined in the second semester of 2022. By then, a high proportion of the population had been infected by SARS-CoV-2 regardless of their vaccination status, although many of these infections had not been confirmed [3,30]. These infections produce some natural protection that may dilute the estimates of COVID-19 vaccination effect and impact [30].



In interpreting this study, some aspects must be taken into account. The estimates came from a counterfactual analysis, which compared the observed reality with a theoretical scenario of no vaccination against COVID-19 but maintained all the other conditions unchanged. However, it seems unlikely that such steep increases in the incidence of severe COVID-19 outcomes would not have prompted additional non-pharmacological preventive measures. Therefore, what vaccination possibly contributed to was not avoiding all these events, but rather allowing the normalisation of productive activity and social life, while maintaining a moderate and manageable incidence of serious illness and deaths due to COVID-19.



The vaccine effect to prevent SARS-CoV-2 infections was not considered; therefore, the total impact of vaccination may be even greater. However, since COVID-19 vaccines have not achieved complete control of SARS-CoV-2 transmission [27,28] but have achieved a high effect in reducing the risk of hospitalisation and death due to COVID-19, the main impact of vaccination is expected as a result of this effect [10].



This study only considered the first COVID-19 diagnosis of each person. Since hospitalisations and deaths due to COVID-19 reinfections were not considered, the total number of events prevented would be even higher. However, the risk of a second infection and its severity tends to be much lower than that of the first one, so the first episodes capture most of the severe disease burden [39,40].



The present study has the advantage of a case-to-case comparison. COVID-19 cases were obtained from the same information source regardless of vaccination status, which ensures the comparability of data. The calculations were made in homogeneous strata with respect to the expected effect of vaccination because the analyses were stratified by the combinations of sex, age group, comorbidity, semester, and vaccination status.



Although children younger than 5 years were excluded from COVID-19 vaccination, they were included in the analysis to achieve population-based results. The rate and proportion of averted events will be higher in the analysis restricted to the target population for COVID-19 vaccination.



The present study has some limitations. An undiagnosed first infection was probably more common among unvaccinated people [30], which could lead to an underestimation of the effectiveness and impact of vaccination. Variability in the COVID-19 vaccination effect in reducing the risk of severe outcomes by vaccine product and variant was not considered [8,33], but the stratification by age and semester provided a good control of these effects because changes in circulating variants roughly coincided with semester changes [3]. This study was performed in a region where the large majority of the population had the first COVID-19 infection after being fully vaccinated; therefore, the results may differ from other sites where people were mainly infected before vaccination. The epidemiological and vaccination conditions of this study may not be similar to other sites.




5. Conclusions


In conclusion, vaccination against COVID-19 in Navarre had a very relevant impact on the prevention of hospitalisations, ICU admissions, and deaths due to COVID-19 since it completely changed the severity and lethality of this disease. This impact was the result of the high vaccine effect on risk reduction in severe outcomes among COVID-19 cases, the high vaccination coverage, and the prioritisation of vaccination in the high-risk population in a period of intense SARS-CoV-2 circulation. The confluence of all these circumstances led to the spectacular success of this vaccination program. The COVID-19 vaccination campaign entailed an extraordinary scientific, organisational, and economic effort that had a considerable impact on the population’s health. In the absence of COVID-19 vaccination, the progressive normalisation of the COVID-19 infection that took place in Europe in 2022 would have produced a significant number of additional hospitalisations and deaths. Fortunately, most hospitalisations and deaths were avoided owing to the COVID-19 vaccination. Rapid vaccine development may be essential to minimise the impact of pandemics.
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Figure 1. COVID-19 vaccination status per week in the general population. 
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Figure 2. Biannual rate of COVID-19 outcomes per 1000 inhabitants and estimated rate of outcomes averted by risk reduction in vaccinated COVID-19 cases: (a) Hospitalisation; (b) intensive care unit admission (ICU); and (c) death due to COVID-19. The estimated number of events prevented was obtained as the sum of the results from analyses stratified for each category combining sex, age group, presence of major chronic condition, semester, and COVID-19 vaccination status. 
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Table 1. COVID-19 confirmed cases and COVID-19 vaccination status at COVID-19 diagnosis.
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COVID-19 Confirmed

Cases in 2021–2022

	
COVID-19 Vaccination Status at COVID-19 Diagnosis

%




	

	
Number

	
Rate per 1000 Inhabitants

	
Any Dose

	
Full Vaccination

	
First Booster Dose

	
Second Booster Dose






	
Sex

	

	

	

	

	

	




	
Men

	
116,945

	
359

	
70.3

	
66.0

	
25.9

	
0.7




	
Women

	
135,163

	
405

	
75.3

	
71.6

	
33.1

	
0.8




	
Age, years

	

	

	

	

	

	




	
0–4

	
9734

	
352

	
0

	
0

	
0

	
0




	
5–19

	
44,176

	
415

	
43.8

	
32.6

	
0.4

	
0




	
20–34

	
43,459

	
416

	
68.9

	
66.3

	
11.5

	
0.1




	
35–49

	
61,210

	
424

	
83.8

	
80.8

	
22.5

	
0.3




	
50–64

	
47,905

	
339

	
86.6

	
83.3

	
41.6

	
0.9




	
65–79

	
30,619

	
328

	
91.6

	
90.2

	
76.8

	
2.5




	
80+

	
15,005

	
358

	
92.9

	
91.6

	
84.5

	
3.0




	
Major chronic condition

	

	

	

	

	

	




	
Immunocompromised

	
3862

	
358

	
85.3

	
83.3

	
55.0

	
8.9




	
Other chronic condition

	
73,686

	
358

	
81.9

	
78.6

	
46.1

	
1.3




	
No

	
174,560

	
394

	
69.0

	
64.6

	
22.3

	
0.3




	
Semester

	

	

	

	

	

	




	
2021–1

	
22,264

	
34

	
4.3

	
1.0

	
0

	
0




	
2021–2

	
74,568

	
113

	
64.7

	
60.4

	
4.4

	
0




	
2022–1

	
130,260

	
198

	
85.6

	
81.0

	
39.9

	
0.3




	
2022–2

	
25,016

	
38

	
93.3

	
92.8

	
79.3

	
6.0




	
Total

	
252,108

	
382

	
73.0

	
69.0

	
29.8

	
0.7











 





Table 2. Observed number and rate of hospitalizations due to COVID-19 and estimated hospitalizations prevented by risk reduction in vaccinated COVID-19 cases.
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Observed Hospitalisations

	
Estimated Hospitalisations Prevented a




	

	
Number

	
Rate per 1000 Inhabitants

	
Number

	
Rate per 1000 Inhabitants

	
Prevented Events among the Total Expected in the Absence of Vaccination, %






	
Sex

	

	

	

	

	




	
Men

	
2469

	
7.58

	
5633

	
17.31

	
69.5




	
Women

	
1950

	
5.84

	
5134

	
15.39

	
72.5




	
Age, years

	

	

	

	

	




	
0–4

	
97

	
3.51

	
0

	
0

	
0




	
5–19

	
34

	
0.32

	
5

	
0.05

	
12.7




	
20–34

	
160

	
1.53

	
143

	
1.37

	
47.2




	
35–49

	
475

	
3.29

	
915

	
6.34

	
65.8




	
50–64

	
932

	
6.60

	
2256

	
15.98

	
70.8




	
65–79

	
1211

	
12.99

	
3439

	
36.87

	
74.0




	
80+

	
1510

	
36.07

	
4010

	
95.80

	
72.6




	
Major chronic condition

	

	

	

	

	




	
Immunocompromised

	
319

	
29.57

	
500

	
46.37

	
61.1




	
Other chronic condition

	
2665

	
12.94

	
7338

	
35.65

	
73.4




	
No

	
1435

	
3.24

	
2929

	
6.62

	
67.1




	
Semester

	

	

	

	

	




	
2021–1

	
1480

	
2.25

	
92

	
0.14

	
5.8




	
2021–2

	
1053

	
1.60

	
3234

	
4.91

	
75.4




	
2022–1

	
1277

	
1.94

	
6429

	
9.75

	
83.4




	
2022–2

	
609

	
0.92

	
1013

	
1.54

	
62.5




	
Total

	
4419

	
6.70

	
10,767

	
16.33

	
70.9








a The estimated number of hospitalisations prevented was obtained as the sum of the results from analyses stratified for each category combining sex, age group, presence of major chronic condition, semester, and COVID-19 vaccination status.













 





Table 3. Observed number and rate of intensive care unit (ICU) admissions due to COVID-19 and prevented admissions by risk reduction in vaccinated COVID-19 cases.
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Observed ICU Admissions

	
Estimated ICU Admissions Prevented a




	

	
Number

	
Rate per 1000 Inhabitants

	
Number

	
Rate per 1000 Inhabitants

	
Prevented Events among the Total Expected in the Absence of Vaccination, %






	
Sex

	

	

	

	

	




	
Men

	
289

	
0.89

	
770

	
2.37

	
72.7




	
Women

	
158

	
0.47

	
604

	
1.81

	
79.3




	
Age, years

	

	

	

	

	




	
0–4

	
4

	
0.14

	
0

	
0

	
0




	
5–19

	
2

	
0.02

	
0

	
0

	
0




	
20–34

	
23

	
0.22

	
23

	
0.22

	
49.7




	
35–49

	
64

	
0.44

	
184

	
1.27

	
74.2




	
50–64

	
157

	
1.11

	
640

	
4.54

	
80.3




	
65–79

	
182

	
1.95

	
468

	
5.02

	
72.0




	
80+

	
15

	
0.36

	
60

	
1.44

	
80.1




	
Major chronic condition

	

	

	

	

	




	
Immunocompromised

	
36

	
3.34

	
17

	
1.58

	
32.1




	
Other chronic condition

	
247

	
1.20

	
914

	
4.44

	
78.7




	
No

	
164

	
0.37

	
444

	
1.00

	
73.0




	
Semester

	

	

	

	

	




	
2021–1

	
202

	
0.31

	
11

	
0.02

	
5.1




	
2021–2

	
163

	
0.25

	
758

	
1.15

	
82.3




	
2022–1

	
65

	
0.10

	
583

	
0.88

	
90.0




	
2022–2

	
17

	
0.03

	
23

	
0.03

	
57.0




	
Total

	
447

	
0.68

	
1375

	
2.09

	
75.5








a The estimated number of intensive care unit admissions prevented was obtained as the sum of the results from analyses stratified for each category combining sex, age group, presence of major chronic condition, semester, and COVID-19 vaccination status.













 





Table 4. Observed number and rate of deaths due to COVID-19 and prevented deaths by risk reduction in vaccinated COVID-19 cases.
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Observed Deaths

	
Estimated Deaths Prevented a




	

	
Number

	
Rate per 1000 Inhabitants

	
Number

	
Rate per 1000 Inhabitants

	
Prevented Events among the Total Expected in the Absence of Vaccination, %






	
Sex

	

	

	

	

	




	
Men

	
411

	
1.26

	
1079

	
3.31

	
72.4




	
Women

	
345

	
1.03

	
1154

	
3.46

	
77.0




	
Age, years

	

	

	

	

	




	
0–4

	
0

	
0

	
0

	
0

	
0




	
5–19

	
0

	
0

	
0

	
0

	
0




	
20–34

	
1

	
0.01

	
0

	
0

	
0




	
35–49

	
4

	
0.03

	
5

	
0.04

	
56.8




	
50–64

	
40

	
0.28

	
83

	
0.59

	
67.4




	
65–79

	
166

	
1.78

	
414

	
4.44

	
71.4




	
80+

	
545

	
13.02

	
1730

	
41.33

	
76.0




	
Major chronic condition

	

	

	

	

	




	
Immunocompromised

	
52

	
4.82

	
195

	
18.03

	
78.9




	
Other chronic condition

	
566

	
2.75

	
1712

	
8.32

	
75.2




	
No

	
138

	
0.31

	
326

	
0.74

	
70.2




	
Semester

	

	

	

	

	




	
2021–1

	
184

	
0.28

	
12

	
0.02

	
6.0




	
2021–2

	
153

	
0.23

	
388

	
0.59

	
71.7




	
2022–1

	
293

	
0.44

	
1684

	
2.55

	
85.2




	
2022–2

	
126

	
0.19

	
148

	
0.22

	
54.0




	
Total

	
756

	
1.15

	
2232

	
3.39

	
74.7








a The estimated number of deaths prevented was obtained as the sum of the results from analyses stratified for each category combining sex, age group, presence of major chronic condition, semester, and COVID-19 vaccination status.
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