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Abstract 24 

Limited evidence exists on the level and longevity of protection afforded by current COVID-19 vaccines against 25 

infection and hospitalisation with the Omicron variant. 26 

SARS-CoV-2 PCR testing rates in Denmark are exceptionally high. In this nationwide cohort analysis, from 27 

December 28, 2021 to February 15, 2022 during which Omicron was the predominant variant, PCR testing data 28 

are combined with other national register data with near-complete information on all vaccinations, 29 

hospitalisations and comorbidities in the population. Trends over time in vaccine effectiveness after two and 30 

three doses with BNT162b2 (Pfizer-BioNTech) and mRNA-1273 (Moderna) are estimated using Cox regression. 31 

Despite relatively poor protection against infection (symptomatic or asymptomatic), vaccine effectiveness against 32 

COVID-19-associated hospitalisation was high after the third dose declining from 88.8% (95% CI: 87.3 to 33 

90.1%) to 79.0% (76.5 to 81.3%) for BNT162b2 and 90.2% (87.3 to 92.5%) to 83.6% (77.7 to 88.0%) for 34 

mRNA-1273 over the first four months after vaccination. 35 

 36 

  37 



3 
 

Introduction 38 

On 26 November, 2021, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant B.1.1.529, 39 

named Omicron, was classified as a variant of concern by the World Health Organisation and has since spread 40 

rapidly across the globe including in Denmark despite high COVID-19 vaccine coverage.[1-3] Similar to the 41 

situation in many other countries, community transmission in Denmark was growing exponentially by the end of 42 

2021 with the Omicron variant accounting for more than 90% of daily cases by December 28, 2021, and more 43 

than 99% since mid-January 2022.[4,5]  44 

Meanwhile there is growing evidence that the existing COVID-19 vaccines protect less well against infection with 45 

the Omicron variant than against infection with previous variants and that immunity after only two COVID-19 46 

vaccine doses is relatively short-lived, likely due to a combination of immune evasion and waning over time.[6-10]. 47 

This has led to an accelerated rollout of additional COVID-19 vaccine doses in many countries. In Denmark, a 48 

third dose with either the BNT162b2 (Pfizer-BioNTech) or mRNA-1273 (Moderna) vaccine has since December 49 

2021 been offered to all adults who received their second dose more than four-and-a-half months earlier. Most 50 

people have taken up the offer of a third dose; by 15 February 2022, approximately 3.6 million people (76% of the 51 

adult population) had received their third dose.[11] In some countries a fourth dose has also been offered or is 52 

being considered, usually with priority given to elderly and other vulnerable or exposed population groups.[12] 53 

However, more evidence is needed from large-scale epidemiological studies to better understand the level and 54 

longevity of protection after mRNA vaccination against SARS-CoV-2 infection with the Omicron variant, 55 

including how well the vaccines protect against severe disease and hospitalisation. 56 

Since 2020, mass testing by polymerase chain reaction (PCR; free of charge and available to all whether 57 

symptomatic or not, and without needing referral) has been a central part of Denmark’s COVID-19 surveillance 58 

and control strategy.[13] Consequently, the rates of PCR testing in the Danish population are among the highest 59 

in the world with around a quarter of the population tested each week during December 2021 and January 2022.[11] 60 

Combined with existing centrally-held nationwide individual-level registry data that comprise details on vaccination 61 

history, hospital appointments and other clinical and demographic information, the national COVID-19 62 

surveillance data provide a rich source of information for investigation of vaccine effectiveness at population level.  63 
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The aim of the present cohort study was to estimate the protection of COVID-19 mRNA vaccines separately by 64 

month since vaccination after two or three doses against infection or hospitalisation with the Omicron variant 65 

using population-level Danish nationwide register data collected between 28 December, 2021 and 15 February, 66 

2022 when the Omicron variant was the predominant strain in the country. 67 

Results  68 

Unvaccinated participants were more likely to be male than vaccinated participants and to live in or around 69 

Copenhagen. Compared with the triple-vaccinated population they were also younger and had fewer comorbidities 70 

(Table 1). Those who received mRNA-1273 for their third dose were generally younger with fewer comorbidities 71 

and vaccinated a little later than those who received BNT162b2. Many double-vaccinated participants received a 72 

third dose during the study period (516,765 of 1,091,397) while some previously unvaccinated participants received 73 

a first dose (8,901 of 202,896). 74 

Among the 202,896 participants who contributed unvaccinated time, nearly two-thirds (n=132,102) tested positive 75 

by PCR during the study period resulting in a crude infection rate of 7.1 per person-year at risk. The infection rate 76 

was similar when restricting the unvaccinated population to the comparison group for the analysis of vaccine 77 

protection after three doses, i.e. to those over the age of 18 years (Table 2).  78 

VE against infection 79 

Infection rates were lower in the double-vaccinated population resulting in adjusted vaccine effectiveness estimates 80 

of 37.0% (95% confidence interval: 35.6 to 38.3%) and 37.9% (34.4 to 41.2%) 14 to 30 days after vaccination with 81 

BNT162b2 and mRNA-1273 respectively (Table 2, Figure 1). For both vaccine types, protection declined gradually 82 

thereafter to 27.4% (26.2 to 28.5%) and 23.3% (21.1 to 25.5%) respectively in the fourth month after vaccination. 83 

Among those who had received their second dose of BNT162b2 more than 120 days earlier, the median time since 84 

the second dose at the end of follow-up was 161 days (interquartile range [IQR]: 148 to 177 days) with a remaining 85 

vaccine effectiveness against infection of only 9.8% (9.2 to 10.4%). The median time since vaccination among 86 

those who had received their second dose of mRNA-1273 more than 120 days earlier was 149 days (IQR: 142 to 87 

160 days) with a vaccine effectiveness of 13.2% (12.3 to 14.2%). 88 
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In the triple-vaccinated population, the vaccine effectiveness against infection was 47.9% (47.4 to 48.3%) and 89 

47.7% (47.0 to 48.3%) for BNT162b2 and mRNA-1273 respectively in the first 14-30 days after vaccination, 90 

dropping to 40.5% (38.9 to 42.2%) and 37.9% (33.4 to 42.0%) respectively among those who had received their 91 

third dose over 120 days earlier. The median time since vaccination at the end of follow-up was 141 days (IQR: 92 

131-151 days) and 130 days (IQR: 125-140 days) for those who had received a third dose of the BNT162b2 or 93 

mRNA-1273 vaccine respectively more than 120 days earlier.  94 

VE against hospitalisation 95 

After two doses, vaccine effectiveness against COVID-19-associated hospital admission was 50.5% (33.9 to 63.0%) 96 

in the period 14 to 30 days after vaccination with BNT162b2. The point estimates for the subsequent time periods 97 

ranged from 42.6% to 51.6% but with relatively wide confidence intervals providing little evidence of a change 98 

over time. Vaccine effectiveness against hospitalisation after two vaccine doses was not estimated for the mRNA-99 

1273 vaccine due to sparse data. 100 

After three doses, vaccine effectiveness against COVID-19-associated hospital admission was 88.8% (87.3 to 101 

90.1%) and 90.2% (87.3 to 92.5%) in the first 14-30 days after vaccination with the BNT162b2 or mRNA-1273 102 

vaccine respectively. The protection against hospitalisation declined gradually thereafter to 79.0% (76.5 to 81.3%) 103 

and 83.6% (77.7 to 88.0%) in the fourth month after the third vaccine dose with BNT162b2 or mRNA-1273 104 

respectively. Among those vaccinated with a third dose more than 120 days earlier, the vaccine effectiveness was 105 

66.2% (61.1 to 70.7%) and 77.3% (63.1 to 86.1%), respectively, for the BNT162b2 and mRNA-1273 vaccines.  106 

Discussion 107 

Protection against SARS-CoV-2 infection in the initial period after two mRNA vaccine doses was around 37% 108 

with significant waning in the three months thereafter and little remaining protection among those vaccinated more 109 

than 121 days ago. Among those vaccinated with a third dose, vaccine protection against infection reached a higher 110 

level of around 48% with less waning in the months thereafter. Vaccine effectiveness against COVID-19 related 111 

hospitalisation after two doses with the BNT162b2 vaccine ranged from 42.6% to 51.6% although the estimates 112 

were relatively imprecise. After three mRNA vaccine doses, however, the level of protection was considerably 113 

better with estimates of vaccine effectiveness against COVID-19-associated hospitalisation around 90% in the 114 
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initial period, and remaining around 80-90% in the first four months after vaccination with evidence of further 115 

waning thereafter. 116 

The vaccine protection against infection in our study, during a period when Omicron was the predominant strain, 117 

was markedly lower than that observed against infection with earlier variants such as the SARS-CoV-2 B.1.617.2 118 

(Delta) or B.1.1.7 (Alpha) variants.[14,15] However, the high level of protection against hospitalisation, especially 119 

after a third dose, provides reassurance that both mRNA vaccines protect well against serious disease progression 120 

with COVID-19. 121 

The vaccine effectiveness estimates were remarkably similar across the two vaccine types, whether modelling 122 

infection or hospitalisation, and by time since vaccination. Despite narrow confidence intervals (reflecting the very 123 

large sample sizes), the small contrasts that were observed may not reflect genuine differences in the protection 124 

afforded by the two vaccine products but may instead be due to small variations in the recipient populations and 125 

timing of rollout with the two vaccine products. 126 

Previous studies have investigated the protection afforded by COVID-19 mRNA vaccines against symptomatic 127 

infection with the Omicron variant.[6,7] In these, similar or higher estimates were observed after two vaccine 128 

doses, while the level of protection after three doses reported in both studies was higher than that observed in our 129 

study, but also with evidence of waning. It is worth noting, however, that in both studies vaccine effectiveness was 130 

derived from an odds ratio estimate rather than a risk or a rate ratio; the resultant vaccine effectiveness estimate is 131 

therefore expected to be higher with the overestimation from logistic regressions accentuated relative to earlier 132 

variants by the higher Omicron case rates. Another explanation for the comparably lower estimates in the present 133 

study may be that ours estimated vaccine effectiveness against any infection, whether symptomatic or 134 

asymptomatic, made possible only by the extremely high levels of PCR testing in the population.  135 

Three studies in hospital populations in the United States have found very similar levels of protection to those in 136 

the present study after three mRNA doses against COVID-19-associated hospitalisations during the Omicron 137 

period with vaccine effectiveness around 90%.[16-18] One of these stratified the analysis by time since vaccination 138 

and found a vaccine effectiveness of 91% (88 to 93%) in the first couple of months after vaccination which 139 

decreased to 78% (67 to 85%) after four months. [18] All three studies also found relatively poorer protection after 140 
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just two doses. In the United Kingdom, the UK Health Security Agency has reported similar findings on vaccine 141 

effectiveness after an mRNA booster dose against hospitalisation following infection with the Omicron variant.[19] 142 

Finally, a study from South African of members of a healthcare organisation estimated a vaccine effectiveness of 143 

70% (62 to 76%) against hospitalisation for COVID-19 during the Omicron period after two BNT162b2 doses 144 

but did not report vaccine protection after three doses or by time since vaccination.[20]. Importantly, irrespective 145 

of vaccine protection, infection with the Omicron variant is much less likely to lead to hospital admission compared 146 

with the Delta variant.[21] 147 

Limitations 148 

We defined a COVID-19 related hospitalisation as an all-cause hospital admission lasting at least 12 hours and 149 

occurring up to 14 days after or two days before a positive SARS-CoV-2 test. Some of the hospitalisations included 150 

in our analysis will therefore have been due to causes other than COVID-19. Assuming that the rate of 151 

hospitalisation due to other causes is similar in the vaccinated and unvaccinated populations, the lack of specificity 152 

around the definition may have resulted in underestimation of the vaccine effectiveness. As with most 153 

observational studies of vaccine effectiveness, there are other potential sources of bias too. For instance, 154 

differences in behaviour, socio-demographic and clinical characteristics between vaccinated and unvaccinated 155 

individuals may have impacted infection exposure or propensity for severe disease beyond what is captured 156 

through the existing adjustment variables. Furthermore, cases were identified through PCR testing, and estimates 157 

of vaccine effectiveness against infection (but not hospitalisation) rely on participants attending PCR test facilities 158 

when feeling unwell or suspecting exposure to infection. Hence, if unvaccinated participants were less prone to 159 

PCR testing when feeling unwell, the protective effect of the vaccines would be underestimated. Finally, although 160 

the study excluded previous PCR confirmed cases, we were unable to exclude unidentified previous cases, which, 161 

if more prevalent among the unvaccinated population would also result in an attenuation of the estimated vaccine 162 

effectiveness.  163 

Conclusion 164 

In summary, this nationwide cohort study contributes to growing evidence that the existing COVID-19 mRNA 165 

vaccines provide relatively poor protection against any infection (symptomatic or asymptomatic) with the Omicron 166 

variant. However, the observed mRNA vaccine effectiveness against COVID-19-associated hospitalisation was 167 
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high after a third dose and remained around 80% or higher for both vaccines over the first four months following 168 

a third dose. Our findings suggest that third-dose mRNA vaccination is important in order to control hospital 169 

admission rates during an era of the highly transmissible Omicron variant. 170 

Methods 171 

Data sources 172 

Person-level data on COVID-19 vaccinations, including dates and products administered, were extracted from the 173 

Danish Vaccination Registry which records all administered COVID-19 vaccinations in the country.[22] As part 174 

of Denmark’s COVID-19 surveillance and control strategy since 2020, centrally registered, free-of-charge PCR 175 

testing is available to all, whether symptomatic or not and without referral.[13] Person-level data on all SARS-CoV-176 

2 infections confirmed by reverse transcription PCR in Denmark were extracted from the Danish Microbiology 177 

Database.[23] Hospital admission dates and information on comorbidities were obtained from the Danish National 178 

Patient Registry.[24] We defined a COVID-19-associated hospitalisation as any hospital admission lasting at least 179 

12 hours and occurring no earlier than two days before, and no later than 14 days after, a positive PCR test. 180 

Information on sex, age, vital status and area of residency (indicating EU NUTS-2 regions) was obtained from the 181 

Danish Civil Registration System, and all data sources were linked through the unique civil registry number assigned 182 

to all Danish residents. [25-27]  183 

Study population 184 

By August 2021 all residents in Denmark over the age of 12 years had been offered two vaccine doses, and from 185 

December 2021 those aged over 18 years who had received their second dose more than four and a half months 186 

earlier were offered a third dose.[28] The study included all residents in Denmark aged 12+ years (or 18+ years for 187 

the analysis of three doses) on 28 December, 2021 without a previous positive PCR test. Those not tested during 188 

the study period were excluded.  189 

Statistical analysis 190 

We analysed time until SARS-CoV-2 infection, or COVID-19-associated hospitalisation, over a seven-week period 191 

starting on 28 December, 2021 when the Omicron variant accounted for approximately 90% of all PCR confirmed 192 
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cases investigated for Omicron through a variant specific PCR test targeting the 452L mutation, and increasing to 193 

>99% by mid-January 2022. [5,29] 194 

Fitting a separate Cox regression model for each dose level, rates of SARS-CoV-2 infection among participants 195 

who had received two or three doses of either of the two COVID-19 mRNA vaccines that are part of the Danish 196 

vaccination programme, BNT162b2 and mRNA-1273, were compared with the rate of infection in unvaccinated 197 

participants. Rates of COVID-19-associated hospitalisations among vaccinated versus unvaccinated participants 198 

were similarly compared. Vaccine effectiveness against hospitalisation after two vaccine doses was not estimated 199 

for the mRNA-1273 vaccine due to sparse data. 200 

Participant time was included in the analysis from December 28, 2021 or, if later, 14 days after the second (or third 201 

where applicable) dose. Time was included until the earliest of February 15, 2022, a positive SARS-CoV-2 PCR 202 

test (or COVID-19-associated hospitalisation depending on the modelled outcome), emigration, death or 203 

vaccination with any COVID-19 vaccine (first dose for unvaccinated participants and third dose in the analysis 204 

comparing two versus zero doses).  205 

Exposure status was categorised as either unvaccinated or vaccinated with the last dose administered in the past 206 

14-30 days, 31-60 days, 61-90 days, 91-120 days or over 120 days ago. Time falling outside of these categories was 207 

not included in the analysis. Contrasts were estimated for each of the five vaccinated exposure categories versus 208 

unvaccinated time as hazard ratios with 95% confidence intervals in Cox regression models. The models were 209 

adjusted for age (<18, 18-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, ≥85 years), sex, number of comorbidities 210 

(0, 1, 2, ≥3) and residency region (categorical variable with five levels) with calendar time as the underlying time 211 

scale to control for temporal variations in the overall infection rate. Vaccine effectiveness was calculated as 1 minus 212 

the hazard ratio.  213 

All analyses were done using the SAS Software v9.4. Figures were done in GraphPad Prism v9. According to 214 

Danish law, ethical approval is not required for anonymized aggregated register-based studies. 215 

 216 
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Data availability 217 

De-identified participant-level data are available for access to members of the scientific and medical community 218 

for non-commercial use only. Applications should be submitted to Forskerservice at The Danish Health Data 219 

Authority, where they will be reviewed on the basis of relevance and scientific merit. To contact Forskerservice please 220 

see https://sundhedsdatastyrelsen.dk/da/forskerservice. 221 

  222 

https://sundhedsdatastyrelsen.dk/da/forskerservice
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 333 

Table 1. Participant characteristics by vaccination status. 334 

  BNT162b2 (Pfizer-BioNTech) mRNA-1273 (Moderna) 

 Unvaccinated 2 doses 3 doses 2 doses 3 doses 

      

Total 202,896 (100)    874,421 (100) 1,553,188 (100) 216,976 (100) 243,352 (100) 

      

Female sex 102,486 (50.5) 444,038 (50.8)    840,763 (54.1) 111,654 (51.5) 134,859 (55.4) 

Age (years)      

   Median 30 26 52 32 39 

   IQR 22-42 17-39 40-63 29-36 32-56 

   Range 12-100+ 12-100+ 18-100+ 12-100+ 18-100+ 

Region      

   Capital 64,133 (31.6) 252,746 (28.9) 474,368 (30.5) 60,868 (28.1) 46,625 (19.2) 

   Central 42,752 (21.1) 213,720 (24.4) 386,728 (24.9) 49,429 (22.8) 46,572 (19.1) 

   Northern 19,448 (  9.6)   92,620 (10.6) 163,862 (10.6) 25,795 (11.9) 27,620 (11.4) 

   Zealand 31,885 (15.7) 121,634 (13.9) 205,190 (13.2) 23,092 (10.6) 47,394 (19.5) 

   Southern  44,678 (22.0) 193,701 (22.2) 323,040 (20.8) 57,792 (26.6) 75,141 (30.9) 

Comorbidities‡      

     0 177,392 (87.4)    781,778 (89.4) 1,218,493 (78.5) 189,623 (87.4) 201,251 (82.7) 

     1   21,664 (10.7)      79,630 (  9.1)    246,576 (15.9)   24,521 (11.3)   33,738 (13.9) 

     2     3,093 (  1.5)      10,497 (  1.2)      65,331 (  4.2)     2,467 (  1.1)     6,596 (  2.7) 

   ≥3        747 (  0.4)        2,516 (  0.3)      22,788 (  1.5)        365 (  0.2)     1,767 (  0.7) 

      

Data shown are frequencies (percentages) unless otherwise specified. IQR=interquartile range. ‡Number of 335 

comorbidities out of the following: diabetes, adiposity, haematological and other cancers, neurological diseases, 336 

kidney diseases cardiovascular diseases, chronic pulmonary diseases, respiratory diseases, and immune diseases. 337 

Some participants contributed follow-up time first as unvaccinated and subsequently as vaccinated with 2 doses of 338 

BNT162b2 (n=1,232) or mRNA-1273 (n=75). Some participants contributed follow-up time to both the analysis of 339 

vaccine effectiveness after 2 and 3 doses after receiving dose 3 during the study with either BNT162b2 (n=321,070) or 340 

mRNA-1273 (n=106,758). 341 

 342 

  343 
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Table 2 Protection against infection and hospitalisation with the Omicron SARS-CoV-2 variant after 2 and 3 mRNA vaccine doses in Denmark from December 28, 2021 344 

to February 15, 2022. 345 

  BNT162b2 (Pfizer-BioNTech)  mRNA-1273 (Moderna) 

 

Outcome 

Days since 

vaccination  

 

Population 

Person-

years 

 

Cases 

Adjusted VE 

(95% CI) 

  

Population 

Person-

years 

 

Cases 

Adjusted VE 

(95% CI) 

           

Protection against 

infection  

after 2 doses 

Not vaccinated 202,896 18,676 132,102 (ref)  202,896 18,676 132,102 (ref) 

   14-30   59,306   1,995     9,112 37.0 (35.6; 38.3)      9,184      326     1,282 37.9 (34.4; 41.2) 

   31-60    66,925   3,449   22,152 27.4 (26.3; 28.4)    11,227      564     3,278 27.1 (24.5; 29.6) 

   61-90    53,982   2,154   14,215 26.6 (25.3; 27.9)    11,668      460     2,524 26.8 (23.8; 29.6) 

   91-120 122,743   4,091   18,868 27.4 (26.2; 28.5)    36,042   1,198     5,065 23.3 (21.1; 25.5) 

   121+ 772,964 44,463 283,989   9.8 (  9.2; 10.4)  197,984 10,168   50,576 13.2 (12.3; 14.2) 

           

Protection against 

hospitalisation 

after 2 doses 

Not vaccinated 202,896 18,676     1,309 (ref)      

   14-30   59,306   1,995          48 50.5 (33.9; 63.0)  Estimates not shown due to sparse data 

   31-60   66,925   3,449          98 48.5 (36.6; 58.2)     

   61-90   53,982   2,154          71 42.6 (26.9; 54.9)      

   91-120 122,743   4,091          83 47.2 (33.7; 57.9)      

   121+ 772,964 44,463        962 51.6 (47.2; 55.6)      

           

Protection against 

infection after 3 

doses 

Not vaccinated    167,033 15,752 105,397 (ref)  167,033 15,752 105,397 (ref) 

   14-30 1,227,227 49,731 135,404 47.9 (47.4; 48.3)  204,758   8,011   31,729 47.7 (47.0; 48.3) 

   31-60 1,225,572 69,663 302,004 41.0 (40.5; 41.5)  178,454   8,666   38,504 45.5 (44.9; 46.2) 

   61-90    573,576 22,520   78,795 41.0 (40.3; 41.7)    68,081   2,862   10,469 43.5 (42.2; 44.7) 

   91-120    200,520   9,841   37,694 38.6 (37.7; 39.5)    21,072      916     4,237 36.9 (34.8; 38.9) 

   121+      59,085   3,338   11,574 40.5 (38.9; 42.2)      4,780      174        845 37.9 (33.4; 42.0) 

           

Protection against 

hospitalisation 

after 3 doses 

Not vaccinated    167,033 15,752 1,252 (ref)  167,033 15,752 1,252 (ref) 

   14-30 1,227,227 49,731    366 88.8 (87.3; 90.1)  204,758   8,011      60 90.2 (87.3; 92.5) 

   31-60 1,225,572 69,663 1,059 88.5 (87.4; 89.6)  178,454   8,666    139 87.7 (85.3; 89.7) 

   61-90    573,576 22,520    827 84.9 (83.1; 86.5)    68,081   2,862      78 87.8 (84.5; 90.4) 

   91-120    200,520   9,841    783 79.0 (76.5; 81.3)    21,072      916      44 83.6 (77.7; 88.0) 

   121+      59,085   3,338    651 66.2 (61.1; 70.7)      4,780      174      17 77.3 (63.1; 86.1) 

VE denotes vaccine effectiveness. CI denotes confidence interval. VE is calculated as 1 minus the hazard ratio from a Cox regression model adjusted for age, sex, 346 

comorbidity count and region of residency. The population included Danish residents aged ≥18 years (or ≥12 years for the analysis of 2 doses) on December 28, 2021 347 

without a previous positive SARS-CoV-2 test and with at least one PCR test during the study period. Participants were able to contribute follow-up time in more than 348 

one time category and (if vaccinated during the study period) to both the analysis of VE after 2 and 3 doses. 349 
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Figure 1 Protection against infection and hospitalisation with the SARS-CoV-2 Omicron variant after two and three 

vaccine doses with either BNT162b2 (Pfizer-BioNTech) or mRNA-1273 (Moderna). VE denotes vaccine effectiveness 

(%). The vertical bars indicate 95% confidence intervals. 
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