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Abstract 19 

Introduction: Individuals with a prior severe acute respiratory corona virus 2 (SARS-CoV-2) infection 20 

have a moderate to high degree of protection against reinfection, though seemingly less so when the 21 

Omicron variant of SARS-CoV-2 started to circulate. The aim of this study was to evaluate the vaccine 22 

effectiveness (VE) against SARS-CoV-2 reinfection, that is, in individuals with prior SARS-CoV-2 23 

infection, during periods with different dominant SARS-CoV-2 variants. 24 

Methods: A nationwide cohort study design including all individuals with a confirmed SARS-CoV-2 25 

infection, who were alive and residing in Denmark between 1 January 2020 and 31 January 2022 were 26 

used. Using Danish nationwide registries, we obtained information on SARS-CoV-2 infections, 27 

Coronavirus Disease 2019 (COVID-19) vaccination, age, sex, comorbidity, staying at hospital and region 28 

of affiliation. The study population included were individuals with prior SARS-CoV-2 infection. Crude 29 

and adjusted estimates of VE against SARS-CoV-2 reinfection with 95% confidence intervals (CIs) were 30 

calculated using Poisson and Cox regression models, respectively. The VE estimates were calculated 31 

separately for three periods with different dominant SARS-CoV-2 variants (Alpha (B.1.1.7), Delta 32 

(B.1.617.2), or Omicron (B.1.1.529)) and by time since vaccination using unvaccinated as the reference. 33 

Findings: The study population comprised of 209,814 individuals infected before or during the Alpha 34 

period, 292,978 before or during the Delta period and 245,530 before or during the Omicron period. Of 35 

these, 40,281 individuals had completed their primary vaccination series during the Alpha period (19.2%), 36 

190,026 during the Delta period (64.9%) and 158,563 during the Omicron period (64.6%). VE against 37 

reinfection following any COVID-19 vaccine type administered in Denmark, peaked at 85% (95% CI: 38 

37% to 97%) at 104 days or more after vaccination during the Alpha period, 88% (95% CI: 81% to 92%) 39 

14-43 days after vaccination during the Delta period and 60% (95% CI: 58% to 62%) 14-43 days after 40 

vaccination during the Omicron period. Waning immunity was observed, and was most pronounced 41 

during the Omicron period.  42 
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Interpretation: This study shows that, in previously infected individuals, completing a primary 43 

vaccination series was associated with a significant protection against SARS-CoV-2 reinfection compared 44 

with no vaccination for all three variant periods. Even though vaccination seems to protect to a lesser 45 

degree against reinfection with the Omicron variant, these findings are of public health relevance as they 46 

show that previously infected individuals still benefit from COVID-19 vaccination in all three variant 47 

periods. 48 

Key words: Vaccine effectiveness; SARS-CoV-2 reinfection; real-life-setting; epidemiology  49 
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Introduction 50 

Previous observational studies have investigated the association between Coronavirus Disease 2019 51 

(COVID-19) vaccination and severe acute respiratory corona virus 2 (SARS-CoV-2) reinfection,1–3 but 52 

the duration and effect of protection from vaccination after a SARS-CoV-2 infection remains uncertain. 53 

Despite an estimated moderate to high natural protection against reinfection with non-Omicron variants 54 

of SARS-CoV-2,4–6 data from Denmark and Qatar suggests a lower protection against reinfection with 55 

the Omicron (B.1.1.529) variant.5,6 Therefore, it is of great public health concern to examine the additional 56 

benefits of vaccination among individuals with a history of SARS-CoV-2 infection. 57 

In Denmark, the healthcare system provides universal healthcare to everyone residing in Denmark,7 58 

guaranteeing access to free COVID-19 testing and vaccines as well as medical care. A COVID-19 59 

vaccination program was rolled out in increments from end of December 2020, prioritizing those with 60 

increased exposure to SARS-CoV-2 or risk of severe COVID-19.8 A booster vaccination campaign was 61 

rolled out in the same manner from September 2021. Vaccines administered in Denmark were: Comirnaty 62 

(BNT162b2), Spikevax (mRNA-1273), Vaxzevria (ChAdOx1) and Janssen (Ad26.COV2-S). 63 

The study objective was to examine VE against SARS-CoV-2 reinfection in previously infected 64 

individuals, and to assess the effect of time since vaccination (waning) in calendar periods where the 65 

SARS-CoV-2 variants Alpha (B.1.1.7), Delta (B.1.617.2) or Omicron were dominant. 66 

 67 

Methods 68 

Data extraction and preparation 69 

The Danish Civil Registration System (CRS) holds information on date of birth, emigration, immigration 70 

and death of all individuals in Denmark.9 CRS also holds a unique personal registration number for all 71 

residents in Denmark. Information on SARS-CoV-2 infections, defined as a positive SARS-CoV-2 72 
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Reverse Transcription Polymerase Chain Reaction (RT-PCR) test, was obtained from the Danish 73 

Microbiology Database (MiBa), which is a national database containing real-time information on all 74 

microbiological laboratory test results from all clinical microbiology and private test centers, including 75 

date of sampling.10 Information on all COVID-19 vaccines (exposure) was obtained from the Danish 76 

Vaccination Registry (DVR). All vaccinators are obliged to document administered vaccines in this 77 

registry.11 Information on comorbidity was retrieved from the Danish National Patient Registry 78 

(DNPR).12 A primary vaccination series was defined as two doses COVID-19 mRNA vaccine (Comirnaty 79 

or Spikevax), two doses Vaxzevria or one dose Janssen. We combined information from the CRS, DVR 80 

and DNPR using the unique personal registration number and identified all individuals who were alive 81 

and residing in Denmark between 1 January 2020 and 31 January 2022. Using the unique personal 82 

registration number and MiBa, we found those who had a confirmed SARS-CoV-2 infection during the 83 

study period, and these individuals constitute the study population. Rapid antigen test results are also 84 

recorded in MiBa, but were not included in the analyses due to a low sensitivity.13 Individuals with a 85 

positive antigen test were urged to confirm the result by RT-PCR. We applied a 90-day window following 86 

a laboratory confirmed RT-PCR SARS-CoV-2 positive test to avoid ongoing infections being 87 

misclassified as new infections.  88 

The potential confounders age, sex, comorbidity, region of affiliation and staying at hospital were 89 

included in the analyses. Information on age, sex, and region of affiliation was obtained from the CRS.9 90 

Comorbidity was defines as having a comorbidity diagnosis within 5 years prior to study entry. Diagnoses 91 

in the DNPR are coded according to the International Classification of Diseases, 10th revision (ICD-92 

10).12 The ICD-10 codes used to define comorbidity diagnoses are shown in Supplementary Table 1. 93 

Categorization of region of affiliation is shown in Supplementary Table 2. 94 

 95 
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Statistical analyses 96 

Analyses were performed in three calendar periods with different dominant SARS-CoV-2 variants. A 97 

variant period (Alpha, Delta or Omicron) was defined when a variant accounted for 75% or more of all 98 

whole genome sequenced PCR tests.14 Individuals with a confirmed first-time SARS-CoV-2 infection 99 

were followed from 20 February 2021 until 15 June 2021 for the Alpha period, from 4 July to 20 100 

November 2021 for the Delta period, and from 21 December 2021 to 31 January 2022 for the Omicron 101 

period. For all three variant periods, individuals were followed from start of follow-up or the date of the 102 

first infection, whichever came latest, and until they had a confirmed SARS-CoV-2 reinfection (outcome), 103 

died, immigrated, received a booster vaccine or end of follow-up, whichever came first. Separate analyses 104 

were conducted for each variant period. 105 

We used a Poisson regression model accounting for over-dispersion (quasi-Poisson) to estimate crude 106 

incidence rate ratios (IRRs), and a Cox proportional hazards regression model with underlying calendar 107 

time to estimate hazard ratios (HRs) adjusted for sex, age, region of affiliation, any comorbidity and 108 

staying at hospital. Sex, any comorbidity, and region of affiliation were included as categorical variables, 109 

while age and staying at hospital were included as time-varying covariates. The explanatory variable 110 

vaccination was included as a time-varying exposure, and a person was considered completely vaccinated 111 

from 14 days or more after the last dose of a primary vaccination series, while a person was unvaccinated 112 

until receiving the first vaccine dose. The time from receiving the first vaccine dose and until 13 days 113 

after receiving the second dose was excluded from the analyses. We found the protection from previous 114 

infection to be stable through the study period (data not shown), and therefore did not include time since 115 

infection in the models. 116 

The proportional hazards assumptions were assessed graphically and found to be valid. VE was calculated 117 

as a percentage: 𝑉𝐸𝑐𝑟𝑢𝑑𝑒 = (1 − 𝐼𝑅𝑅) ∙  100, and 𝑉𝐸𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 = (1 − 𝐻𝑅) ∙  100.  118 

Data were analyzed using R version 4.1.2 (R Foundation for Statistical Computing, https://www.R-119 

project.org/). 120 
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 121 

Ethical considerations 122 

In Denmark, approval from the Ethics Committee is not required for this type of study. The study 123 

adheres to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE).15  124 

 125 

Results 126 

Study population 127 

The included populations for the variant periods comprised of 209,814 individuals with a COVID-19 128 

infection before or during the Alpha period, 292,978 before or during the Delta period, and 245,530 129 

before or during the Omicron period. Of these individuals, 40,281 (Alpha, 19.2%), 190,026 (Delta, 130 

64.9%) and 158,563 (Omicron, 64.6%) completed their primary vaccination series during follow-up in 131 

the respective variant periods (Table 1). The mRNA vaccines, Comirnaty and Spikevax, accounted for 132 

more than 84% of the COVID-19 vaccines administered (Table 1). Individuals who completed a primary 133 

vaccination series in the Alpha period were older, predominantly female and more individuals had 134 

comorbidity when compared to the Delta and Omicron periods. Individuals completing a primary 135 

vaccination series in the Omicron period had the lowest median age (Table 1).  136 

 137 

Table 1. Descriptive overview of the study population at start of follow-up 138 

 139 

SARS-CoV-2 reinfection 140 

During the Alpha period, 437 individuals had a confirmed SARS-CoV-2 reinfection (Table 2). The 141 

adjusted VE against reinfection was statistically insignificant (42%, 95% CI: -2% to 67%) 14-43 days after 142 

vaccination, but rose to significant levels of 84% (95% CI: 65% to 93%) 44-103 days after vaccination 143 

and 85% (95% CI: 37% to 97%) 104 days or more after vaccination (Table 2). During the Delta period, 144 
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1,678 individuals had a reinfection, giving an adjusted VE against reinfection of 88% (95% CI: 81% to 145 

92%) 14-43 days after vaccination. VE declined from the initial 88% to 59% (95% CI: 41% to 71%) at 146 

134-163 days after vaccination, after which it fluctuated due to few events and was statistically 147 

insignificant at 284 days or more after vaccination (Table 2). For infection with the Omicron variant, VE 148 

peaked at 60% (95% CI: 58% to 62%) 14-43 days after vaccination and declined to 14% (95% CI: 10% 149 

to 17%) 164-193 days after vaccination (Table 2). Here, the VE fluctuated due to few events and became 150 

statistically insignificant at 284-313 days after vaccination. VE decreased over time since vaccination for 151 

the Delta and Omicron and waning seemed to be more pronounced for the latter.  152 

 153 

Table 2. Vaccine effectiveness against SARS-CoV-2 reinfection during periods of Alpha, Delta or Omicron 154 
dominance 155 

 156 

VE against hospitalization and death were also analyzed, but due to too few events, it was not possible 157 

to estimate VE. 158 

 159 

Discussion 160 

In this nationwide, population-based cohort study, we found primary COVID-19 vaccination to be 161 

associated with a significant VE against SARS-CoV-2 reinfection during periods dominated by Alpha, 162 

Delta or Omicron variants.  163 

For the Delta and Omicron periods, the protection was highest 14-43 days after completed primary 164 

vaccination series, although lower against the Omicron variant. In the Alpha dominated period, the VE 165 

was initially low and statistically insignificant, but rose 104 days or more after vaccination. During this 166 

period the oldest and most vulnerable individuals were vaccinated, including those with a less responsive 167 

adaptive immune system and antibody production.16–18 A slower immune response following vaccination 168 

might explain the statistically insignificant VE seen in the immediate post vaccination period in the 169 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 1, 2022. ; https://doi.org/10.1101/2022.06.01.22275858doi: medRxiv preprint 

https://doi.org/10.1101/2022.06.01.22275858
http://creativecommons.org/licenses/by/4.0/


9 
 

present study. In addition, a slower clearance of previous infections have been observed the elderly 170 

Danish population4. Hence, a minimum of 90 days between two positive tests might not be sufficient to 171 

clear a SARS-CoV-2 infection in the elderly, which would lead to an underestimated VE estimate in this 172 

population.  173 

In the Delta period, a VE of 88% against reinfection was observed 14-43 days after vaccination. 174 

This is in accordance with observational studies from Sweden and Israel, in periods of both Alpha and 175 

Delta19 or Delta dominance2  where VE ranged from 66% (95% CI: 61% to 69%)19 to 82% (95% CI: 176 

80% to 84%)2.  177 

For the Omicron period, our study showed an initial VE against reinfection of 60% (95% CI: 58% 178 

to 62%), which is lower than what we found for the other variants, but still indicates an additional 179 

protection following vaccination. This is similar to a pre-print study from Qatar, were a VE of 55.1% 180 

(95% CI: 50.9% to 58.9%) against reinfection with the Omicron variant after two doses of Comirnaty 181 

was estimated.20 A lower VE of two doses COVID-19 mRNA vaccines against hospitalization was also 182 

seen in a period dominated by Omicron (34.6%, 95% CI: 25.5% to 42.5%) compared to Delta (47.5%, 183 

95% CI: 38.8% to 54.9%), in a test-negative design study from USA.21 184 

A major strength of this study is the completeness of the Danish registries, which reduces the risk 185 

of selection bias as they cover all individuals residing in Denmark and their contacts with vaccination- or 186 

test centers, as well as the Danish personal registration number ensuring individual-level linkage of data. 187 

Also, Denmark has had one of the highest testing rates in the world,22 which limits the risk of 188 

undiscovered reinfections. 189 

 This study also has some limitations. Despite the high test rate, we cannot rule out undetected 190 

reinfections, especially asymptomatic infections among vaccinated individuals, which might inflate the 191 

VE. We also cannot rule out that vaccinated and unvaccinated individuals had different health seeking 192 

behavior or risk behavior, which could affect VE. Additionally, from April 2021, a corona pass was 193 

introduced in Denmark and a valid corona pass gained by previous infection or vaccination, was required 194 
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for a broad range of social activities, including restaurants, gyms etc.. This may have affected test activity 195 

differently for unvaccinated and vaccinated individuals. However, this was common practice during both 196 

the Delta and Omicron period and might therefore not play a role when considering VE in these periods.  197 

In summary, this study showed that among previously infected individuals who have completed a 198 

primary vaccination series, there is a significant VE against SARS-CoV-2 reinfection for the SARS-CoV-199 

2 variants Alpha, Delta and Omicron; lasting up to 9 months. Even though vaccination seems to protect 200 

to a lesser degree against reinfection with the Omicron variant, these findings are of public health 201 

relevance as they show that previously infected individuals still benefit from COVID-19 vaccination in 202 

all three variant periods. 203 

 204 

Role of funding source 205 

Not applicable as neither Statens Serum Institut nor any of the authors received funding for this study. 206 

 207 

  208 
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Tables  285 

Table 1. Descriptive overview of the study population at start of follow-up 286 

Variant: 
 
 

Follow-up: 

Alpha 
(B.1.1.7) 

Delta 
(B.1.617.2) 

Omicron 
(B.1.1.529) 

20 February – 15 June 2021 4 July – 20 November 2021 21 December 2021 – 31 January 2022 

Study population at 
entry (individuals 

with prior first-time 
SARS-CoV-2 

infection) 

Vaccinated 
individuals 

Study population at 
entry (individuals 

with prior first-time 
SARS-CoV-2 

infection) 

Vaccinated 
individuals 

Study population at 
entry (individuals 

with prior first-time 
SARS-CoV-2 

infection) 

Vaccinated 
individuals 

Number of individuals included, n (%) 209,814 (100) 40,281 (19.2) 292,978 (100) 190,026 (64.9) 245,530 (100) 158,563 (64.6) 

Sex, n             

Female (%) 106,717 (50.9) 24,200 (60.1) 146,111 (49.9) 95,623 (50.3) 120,432 (49.0) 77,595 (48.9) 

Male 103,097 16,081 146,867 94,403 125,098 80,968 

Median age [IQR] 35.3 [21.1-52.9] 63.5 [45.7-73.6] 32.0 [20.0-50.0] 41.2 [25.2-55.4] 25.4 [15.4-38.1] 27.6 [18.8-40.8] 

Vaccine product, n (%)             

Comirnaty  34,383 (85.4)  161,115 (84.8)  134,046 (84.5) 

Janssen   1,057 (2.6)   1,629 (0.9)   466 (0.3) 

Spikevax  4,781 (11.9)  27,201 (14.3)  24,020 (15.1) 

Vaxzevria   60 (0.1)   81 (0.04)   31 (0.02) 

Region of affiliation, n (%)         

Denmark 150,622 (71.8) 34,209 (85.0) 205,051 (70.0) 147,281 (77.5) 159,224 (64.8) 115,417 (72.8) 

High-income 45,237 (21.6) 4,087 (10.1) 67,875 (23.2) 31,524 (16.6) 67,252 (27.4) 32,932 (20.8) 

Other 13,670 (6.5) 9 (0.02) 19,896 (6.8) 11,182 (5.9) 18,963 (7.7) 10,179 (6.4) 

Unknown 285 (0.1) 1,976 (5.0) 156 (0.05) 39 (0.02) 91 (0.04) 35 (0.2) 

Any comorbidity, n (%) 66,318 (31.6) 22,360 (55.5) 85,200 (29.1) 60,571 (31.9) 56,710 (23.1) 35,524 (22.4) 

Abbreviations: IQR, interquartile range; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2 287 
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Table 2. Vaccine effectiveness against SARS-CoV-2 reinfection during periods of Alpha, Delta or Omicron 288 
dominance 289 

 
Alpha variant 

(B.1.1.7) 

 20 February - 15 June 2021 

  Reinfections, n PYRS 
Adjusted vaccine effectiveness against  

SARS-COV-2 reinfection* 

      VE 95% CI 

Previously infected and unvaccinated 405 41,774.00 0% (ref) - - 

Previously infected and vaccinated 

(Days since vaccination) 
          

14-43 22 2,098.77 42% -2% 67% 

44-103 8 1,778.44 84% 65% 93% 

≥104 2 406.34 85% 37% 97% 

 Abbreviations: CI, confidence interval; PYRS, person-years; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VE, vaccine effectiveness 290 
*Adjusted for age, sex, region of affiliation, any comorbidity and staying at hospital 291 

  
Delta variant 

(B.1.617.2) 

  4 July - 20 November 2021 

  Reinfections, n PYRS 
Adjusted vaccine effectiveness against  

SARS-COV-2 reinfection* 

       VE 95% CI 

Previously infected and unvaccinated 1392 33,620.05 0% (ref) - - 

Previously infected and vaccinated 

(Days since vaccination) 
          

14-43 26 12,263.52 88% 81% 92% 

44-73 32 12,918.54 85% 79% 90% 

74-103 69 11,813.05 79% 72% 84% 

104-133 67 7,556.37 71% 62% 78% 

134-163 44 3,796.79 59% 41% 71% 

164-193 23 2,265.85 72% 54% 83% 

194-223 15 1,046.61 67% 42% 81% 

224-253 5 477.28 71% 26% 88% 

254-283 3 208.60 82% 40% 94% 

≥284 2 25.22 54% -93% 89% 

 Abbreviations: CI, confidence interval; PYRS, person-years; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VE, vaccine effectiveness 292 
*Adjusted for age, sex, region of affiliation, any comorbidity and staying at hospital 293 

  294 
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Table 2. Continued 295 

 

Omicron variant 

(B.1.1.529) 

  21 December 2021 - 31 January 2022 (end of follow-up) 

   
Adjusted vaccine effectiveness against  

SARS-COV-2 reinfection* 

   Reinfections PYRS  VE  95% CI 

Previously infected and unvaccinated 24,002 7,712.27 0% (ref) - - 

Previously infected and vaccinated 

(Days since vaccination) 
          

14-43 2033 1,690.69 60% 58% 62% 

44-73 1271 746.05 50% 47% 53% 

74-103 1061 702.72 43% 39% 46% 

104-133 3014 1,954.08 34% 32% 37% 

134-163 6737 3,271.95 20% 17% 22% 

164-193 3195 1,189.79 14% 10% 17% 

194-223 502 209.88 21% 13% 28% 

224-253 161 71.18 22% 8% 35% 

254-283 53 32.57 41% 22% 55% 

284-313 32 17.06 29% -1% 50% 

314-343 25 13.09 28% -8% 52% 

≥344 20 6.16 32% -7% 56% 

Abbreviations: CI, confidence interval; PYRS, person-years; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VE, vaccine effectiveness 296 
*Adjusted for age, sex, region of affiliation, any comorbidity and staying at hospital 297 

 298 

 299 

  300 
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Supplementary 301 

Table S1. Overview of ICD-10 codes included in the comorbidity variable   302 

Disease ICD-10 codes  

Diabetes  E10-E14 

Adiposity E65-E68 

Cancer C00-C80, Z85 

Neurological diseases G10-G14, G20-G23, G35-G37, G71-G73, G80-G83, 
G90-G91, G93-G96, G99, M51 (without G360, G902) 

Kidney diseases N180-N200Z, N18, Z992   

Hematological cancers C81-C96, Z856-Z857 

Cardiovascular diseases I20, I230-I259Z, I45-I499Z, I24, I50-I099Z, I340-
I399Z, I05, I44, I21-I238Z, I000-I029Z, I30-I399Z, 
I26-I289Z, I40-I439Z, I50-I528Z, R01-R012B, I10-
I59Z 

Respiratory diseases J400-J998Z, J40, J100-J229Z, J68, J430-J499  

Immune diseases B200-B249Z, B20, Z21, D800-D899Z, Z923, Z926, 
Z941-Z949, Z94 (without Z945, Z947)   

Other diseases  K700-K709, K70, E150-E909Z, D500-D649Z, D709-
D779Z, D50, D650-D699Z, K710-K778Z, Q200-
Q349Z, A150-A199Z, A15, Z902, Z905, Y90, Y900-
Y919, Z251,  

Abbreviations: ICD-10, International Classification of Diseases 10th revision 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 
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Table S2. Categorization of region of affiliation. 318 

Region of affiliation Definition  

Danish Individuals who were born in Denmark or abroad and have at least one parent who is Danish citizen and 
born in Denmark. 

High-income Individuals with country of origin* of Nordic countries, EU countries, Andorra, Liechtenstein, Monaco, 
San Marino, Switzerland, the United Kingdom, the Vatican City, Canada, the United States, Australia and 
New Zealand. 

Other Individuals with country of origin* of all other countries than the countries defined by western heritage. 

*Country of origin is defined as follows:  319 

 When neither parent is known, the country of origin is defined on the basis of the person's own information. If the person is an 320 

immigrant, it is assumed that the country of origin is equal to the country of birth. If the person is a descendant, it is assumed 321 

that the country of origin is equal to the country of citizenship. 322 

 When only one parent is known, the country of origin is defined based on its country of birth. If this is Denmark, the country 323 

of citizenship is used. 324 

 When both parents are known, the country of origin is defined on the basis of the mother's country of birth and country of 325 

citizenship, respectively. 326 

 327 

 328 

 329 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 1, 2022. ; https://doi.org/10.1101/2022.06.01.22275858doi: medRxiv preprint 

https://doi.org/10.1101/2022.06.01.22275858
http://creativecommons.org/licenses/by/4.0/

