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INTRODUCTION 
The worldwide spread of severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) has been associated with 
the evolution and emergence of mutated viral variants. Alt-
hough many nucleotide mutations are synonymous and do 
not directly impact viral fitness, multiple amino acid substi-
tutions in functional domains of the Spike protein have been 
observed, some of which have been shown to impact trans-
missibility, disease severity, and pre-existing immunity (1). 

SARS-CoV-2 variants with multiple mutations that are 
suspected to impact viral virulence, transmission, or efficacy 
of diagnostics, vaccines and antivirals have been designated 
variants of concern (VOC) (2). As of December 2021, five 
VOCs had been defined by the ECDC and WHO: Alpha 
(B.1.1.7, first detected in September 2020 in the United King-
dom), Beta (B.1.351, first detected in May 2020 in South Af-
rica), Gamma (P.1, first detected in November 2020 in Brazil), 
Delta (B.1.617.2, first detected in October 2020 in India) and 
Omicron (B.1.1.529, first detected in November 2021 in multi-
ple countries) (2). All these VOCs contain amino acid substi-
tutions in the receptor binding domain (RBD) and N-
terminal domain (NTD) of the Spike protein, which are 
known to be the main targets of neutralizing antibodies. Sev-
eral studies have shown decreased neutralization of VOCs by 

convalescent and post-vaccination sera in vitro, with little or 
no reduction in sensitivity for the Alpha variant, and the 
highest reduction in sensitivity of Beta and Omicron, and to 
a lesser extent, of Gamma and Delta (3–6). 

These observations, and the rapid global spread of VOC 
like Alpha and then Delta, caused concerns in early 2021 that 
SARS-CoV-2 VOCs may escape pre-existing immunity and 
may still be able to infect and be transmitted by vaccinated 
and previously infected individuals. There are indications 
that the vaccine effectiveness (VE), especially against SARS-
CoV-2 infection or mild COVID-19, is lower for the Beta, 
Gamma and Delta variant(7). After vaccination, an increase 
in the proportion of individuals infected with the Alpha and 
Beta variants compared to the parental strain was observed 
(8). Less is known about the association between the Beta and 
Gamma variants and re-infection. In a (case-)matched test-
negative design, no differences were found for infection-in-
duced protection between the Alpha and Delta variant (9). 
Although an ecological study from the UK did not find an 
increase in the re-infection rate for the Alpha variant relative 
to pre-existing variants in the last quarter of 2020 (10), in-
creased risk of re-infection by the Beta, Gamma, or Delta var-
iants compared to the Alpha variant still needs to be 
established. For the Omicron BA.1 variant we showed that 
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infection- and vaccine-induced protection was largely re-
duced compared with Delta (11). 

In January 2021, the COVID-19 vaccination program was 
rolled out in the Netherlands, which first prioritized health 
care workers, nursing home residents, and the elderly. Cur-
rent approved vaccines are either based on an mRNA vector 
(Comirnaty (BNT162b2, BioNTech/Pfizer, Spikevax (mRNA-
1273/Moderna) or on an adenovirus-based vector system 
(Vaxzevria (ChAdOx1/AstraZeneca), Ad26.COV2.S (Janssen)) 
and are aimed at eliciting a Spike protein-specific humoral 
immune response that induces antibodies that prevent virus 
entry and replication (12, 13). All persons 12 years and older 
have been offered COVID-19 vaccination in the Netherlands 
as of July 2021. As of May 2022, 86% of all adults were fully 
vaccinated, and 89% received at least one dose (14). In the 
vaccination program in the Netherlands, Comirnaty has been 
the most commonly used vaccine and has been offered to all 
age groups (76.0% of all administered doses). Spikevax has 
been used primarily for residents of long term care facilities, 
health care workers, high medical risk groups, and later for 
the general population <60 years old (8.5% of all adminis-
tered doses). Vaxzevria has been used mostly in health care 
workers and the 60-65 year old age group (12.1% of all admin-
istered doses). Janssen COVID-19 vaccine has been used 
mostly in the 50-59 year old age group and young adults 
(3.4% of all administered doses) (15). Vaccination has proven 
to be highly effective against COVID-19, especially against 
hospitalization and death, and has reduced the secondary at-
tack rate within households (16–20). 

Infection with SARS-CoV-2 can also elicit a protective im-
mune response but re-infections are possible. Studies com-
paring infection rates during the first and second surge of the 
SARS-CoV-2 pandemic between people who tested RT-PCR or 
antigen negative and positive in Denmark, Austria and Italy 
reported protection against repeat infection of 81%, 91% and 
94%, respectively (21–23). A prospective cohort study among 
health care workers in the UK found a 84% lower risk of in-
fection after a previous infection (24). 

In the Netherlands, randomly selected SARS-CoV-2 RT-
PCR positive specimens are sequenced to continuously mon-
itor changes in the virus (25). The Alpha variant started to 
increase rapidly from January 2021 and quickly became the 
dominant strain in the Netherlands. From June 2021, the 
Delta variant increased rapidly and caused nearly all infec-
tions from August 2021 onwards. In this study we aimed to 
investigate whether vaccine- or infection-induced immunity 
protected less well against infection by specific variants using 
national epidemiological and molecular surveillance data 
from March to August 2021. We employed a case-only ap-
proach in which we compared the immune status among 
cases infected with the Beta, Gamma, or Delta variants versus 
the Alpha variant. We assessed the relative effectiveness of 

vaccination against Beta, Gamma or Delta compared to Alpha 
variant (26). Similarly, we analyzed the protective effect of 
previous SARS-CoV-2 infection against a new infection with 
Beta, Gamma or Delta vs Alpha variants. Previous studies 
used a similar design and found relative protection differ-
ences between Alpha-Beta and Delta-Omicron BA.1 (8, 11). 

RESULTS 
From 1 March to 31 August 2021, a total of 661,658 SARS-

CoV-2 positive cases were collected in the national surveil-
lance database (Table 1). Of these, 38,261 (5.8%) cases were 
partially vaccinated individuals, 25,933 (3.9%) were fully vac-
cinated individuals, and 10,565 (1.6%) had a known previous 
infection (Fig. S1). Among vaccinated individuals, most re-
ceived Comirnaty (65.0%), followed by Vaxzevria (19.3%), 
Janssen COVID-19 vaccine (9.8%) and Spikevax (5.9%). We 
included data of 29,305 samples that were sequenced through 
the national SARS-CoV-2 surveillance program (Table 1). In 
addition, 1,516 additional randomly selected samples were se-
quenced to gain insight into variants present during infec-
tions after vaccination and re-infections. 

Up until June 2021, 94.4% (14,068 of 14,903) of infections 
were caused by the Alpha variant, with a small proportion 
caused by the Beta (1.3%) and Gamma (1.3%) variants. The 
proportion of Delta increased from 0.9% (42 of 4874) in May 
to 98.7% (4561 of 4620) in August 2021. This pattern was ob-
served over different immune statuses (Fig. 1, Fig. S2). In to-
tal, 17,890 (58.0%) Alpha, 209 (0.7%) Beta, 250 (0.8%) 
Gamma, 11,937 (38.7%) Delta and 535 (1.7%) other variant se-
quences were observed. 

Logistic regression analysis showed that full vaccination 
was significantly associated with infection by the Beta, 
Gamma or Delta variants compared to the Alpha variant (ad-
justed OR: 3.1 (95% CI: 1.3-7.3); 2.1 (95% CI: 1.1-4.2); 1.8 (95% 
CI: 1.4-2.4); respectively; Fig. 2). The association for partial 
vaccination was less strong and not significant for Beta and 
Gamma but was significant for Delta when compared to Al-
pha (adjusted OR: 1.6 (95% CI: 1.3-2.0); Fig. 2). We did not 
find a significant association between previous infection and 
the Beta, Gamma or Delta variant over Alpha (adjusted OR: 
1.4 (95% CI 0.5-3.8); 0.3 (95%CI 0.0-1.8; 0.9 (95%CI 0.6-1.5), 
respectively; Fig. 2). Younger age was significantly associated 
with prevalence of the Delta variant, age groups 10-19 (ad-
justed OR: 1.4 (95% CI: 1.1-1.8)) and 20-29 (adjusted OR: 1.3 
(95% CI: 1.0-1.7)) years old, which highlights the importance 
of adjustment for age group (Fig. S3 shows multivariable 
analysis). Analysis of data using only genomic surveillance, 
and excluding data from additional sampling of vaccinated 
and re-infected cases, revealed similar odds ratios for Delta 
variant (OR: 1.7 (95% CI 1.2-2.3) for fully vaccinated), alt-
hough no significance was measured for Beta and Gamma 
likely due to insufficient observations for these variants. 

When stratified by vaccine type, the point estimates differ 
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somewhat between the different vaccines although the confi-
dence intervals are wide and overlapping (Table 2). The asso-
ciation between partial vaccination and the Delta variant was 
significant for Comirnaty (OR: 1.7 (95% CI 1.3-2.1) and 
Vaxzevria (OR: 2.0 (95% CI 1.2-3.4) but not Spikevax (OR: 1.0 
(95% CI 0.5-1.7). In addition, we stratified the fully vaccinated 
by time since vaccination. The association for individuals 
with less time (14-59 days) between onset and last dose was 
higher (OR: 2.3 (95%CI 1.6-3.4)) compared to individuals with 
≥60 days (OR: 1.4 (95%CI 0.9-2.0)) for the Delta variant. A 
similar trend was observed for the Beta variant and Gamma 
variant, although these analyses resulted in wider confidence 
intervals (Table 2). 

DISCUSSION 
Using national epidemiological and whole genome se-

quencing surveillance data from March to August 2021 in the 
Netherlands, our analysis provides evidence for an increased 
risk of infection by the Beta, Gamma, or Delta variants com-
pared to the Alpha variant after full vaccination, regardless 
of the vaccine used. This indicates lower vaccine effectiveness 
against infection with the Beta, Gamma and Delta variants 
compared to the Alpha variant. No clear differences between 
vaccine types were observed as confidence intervals largely 
overlapped. Interestingly, we did not find a significant differ-
ence between susceptibility to any of the investigated VOCs 
among individuals with immunity due to a previous infection 
compared to naïve individuals. Of note, these analyses do not 
aim to determine the probability of getting infected after vac-
cination or previous infection, but rather calculate the likeli-
hood of getting infected with specific VOCs. 

The association with vaccination status was higher for 
Beta and Gamma (OR of 3.1 and 2.1, respectively) than for 
Delta (OR of 1.8), although confidence intervals for Beta and 
Gamma were wide because of low numbers. This is in line 
with literature showing lower vaccine effectiveness estimates 
against infection for Beta and Gamma compared to Delta (7). 
An OR for Delta of 1.8 implicates a reduction of vaccine effec-
tiveness from ~90% to 80%, which has been shown in the UK 
(27, 28). Current literature still shows high vaccine effective-
ness of 90-95% against severe COVID-19 for the Delta variant 
(7, 19), which is reassuring. However, note that with very high 
vaccine effectiveness, a difference of a factor 1.5-2.0 between 
two variants could go unnoticed, as it would only mean a de-
crease of effectiveness of for example 95 to 92%. Nonetheless, 
comparisons of clinical trials for COVID-19 vaccines variant 
must consider these differences. 

Spike binding and neutralization have been shown to be 
substantially reduced against Beta, Gamma, and Delta, with 
the largest reduction in neutralization against Beta (3–5), 
which is consistent with our results. This observation did not 
differ for infection- or vaccine-induced immunity, although 
convalescent sera from mild infections showed lower levels 

of neutralization potency to VOCs compared to hospitalized 
cases and vaccinated individuals (3). However, in Alpha and 
Beta a reduction was not observed for T-cell-mediated im-
munity (29). 

We observed a larger effect of vaccination in the first 14-
59 days after vaccination (i.e., OR 2.3 (95%CI 1.6-3.4) for 
Delta) compared to 60 days and longer (i.e., OR 1.4 (95%CI 
0.9-2.0) for Delta), suggesting that the difference in VE be-
tween Delta and Alpha variant reduces over time since vac-
cination, possibly due to waning immunity. The decline of VE 
with time since vaccination is described in a systematic re-
view (30). A large cohort study describes an effect of waning 
and a small effect of the circulating variant (i.e., Delta vs non-
Delta) on the VE against SARS-CoV-2 infection (31). They ob-
served a non-delta VE of 97% and a delta VE of 93% one 
month after vaccination, which meant a ratio of 2.3 between 
non-delta VE and delta VE. Four to five months post vaccina-
tion, VE estimates of 67% and 53% for non-delta and delta 
were observed respectively, at a ratio of 1.4, and this corre-
sponds with our results. Given the broad and sometimes over-
lapping confidence intervals of these data, however, the 
differences need to be interpreted with caution. 

We found no association between previous infection and 
a new infection with Beta, Gamma, or Delta versus Alpha, 
suggesting that there is no difference in protection from a 
previous infection between Beta, Gamma, or Delta variants 
compared to the Alpha variant. This is in line with the similar 
relative risk reductions for re-infection found for the Alpha 
and Delta variant (9). Early studies showed that previous in-
fection conferred better protection than vaccination without 
previous infection during the Delta period (32, 33). Best pro-
tection was induced by the combination of vaccination and 
previous infection. However, primary infection comes with a 
risk of hospitalization or death, especially in older persons or 
individuals with underlying conditions. Even if infection-in-
duced immunity protects better against re-infection with 
novel variants, vaccination is preferred over infection to pro-
tect individuals against severe disease as the cumulative risk 
from two infections should be considered. 

There are some limitations to our study, including the is-
sue of asymptomatic or mild cases with low viral load being 
less likely to identify, and only detectable infections could be 
sequenced and included in analyses. In addition, sequencing 
is more successful in samples with low to medium Ct values 
(high to medium viral load). If infection with Beta, Gamma 
or Delta leads to lower Ct values than Alpha, and Ct values 
are higher for infections after vaccination (34–36), this could 
have led to an overestimation of the studied association. An-
other limitation is that prior infections could go undetected, 
especially if it occurred during the first wave when there was 
no mass scale testing capacity. This could lead to an underes-
timation of cases with a previous infection, as we do not 
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directly measure pre-existing infection-induced immunity. 
In conclusion, our results confirm a lower vaccine effec-

tiveness against infection for the Delta variant, and similarly 
the Beta and Gamma variant, compared to Alpha. This effect 
was largest early after complete vaccination. These findings 
are informative for considerations on vaccine updates, future 
vaccination and pandemic control strategies and similar 
analyses for novel variants, such as Omicron variants or other 
future variants. 

MATERIALS AND METHODS 
Study design 
The aim of this study was to assess if there is an increased 

risk of infection for the Beta, Gamma, or Delta variant com-
pared to Alpha for individuals with infection- or vaccine-in-
duced immunity. Start and end points for used SARS-CoV-2 
isolates were based on the variant circulation measured in 
the Dutch national SARS-CoV-2 molecular surveillance pro-
gram (37). The starting point was defined by the dominance 
of the Alpha variant as this is our dependent variable in the 
regression analysis and endpoint was based on the disappear-
ance of this variant from the surveillance data, as almost all 
isolates contained Delta variant from Augustus up to Novem-
ber 2021. 

Data 
Persons testing positive for SARS-CoV-2 either by commu-

nity testing or in a hospital are notified by Public Health Ser-
vices (PHS) to the national surveillance database. Community 
testing is available through the PHS. Testing is encouraged 
for individuals experiencing COVID-19-like symptoms, con-
tact with a positive case, returning from another country, or 
upon a positive self-test. Data relevant for source and contact 
tracing and for surveillance was collected in the national sur-
veillance database through a telephone interview, including 
data on vaccination status (i.e., number of doses, type of vac-
cine, and date of vaccination). 

The Dutch national SARS-CoV-2 molecular surveillance 
program sequences whole virus genomes of randomly se-
lected SARS-CoV-2 positive specimens from both community 
testing (via PHS) and hospitals, using nationwide geograph-
ical distribution. In the current analysis, only samples with 
information on vaccination status or previous infection can 
be used. This information is collected in the national surveil-
lance database and linked to sequence data using a sample 
identifier supplied during community testing. Sequences 
from hospital samples (5,893 out of the total 42,662 (13.8%) 
sequences of the SARS-CoV-2 genomic surveillance samples) 
and 7,464 of the 36,769 sequenced community samples were 
excluded as these could not be linked to the national surveil-
lance database for required meta-data. As our study period 
was during the roll out of the vaccination program, the num-
ber of sequenced samples among vaccinated persons was 
small. Therefore, additional sequencing was done on a 

random sample of positive tests of vaccinated persons to in-
crease the statistical power of the study for analysis of the 
association between vaccination and variant, and this was 
also done for positive tests from persons with a previous in-
fection. This additional random sampling was done on a tri-
weekly basis and resulted in an additional inclusion of 1,516 
cases. In the current analyses, cases with a sampling date be-
tween March 1 and August 31, 2021, were included. 

Ethics 
The Centre for Clinical Expertise at the National Institute 

for Public Health and the Environment (RIVM) assessed the 
research proposal following the specific conditions as stated 
in the law for medical research involving human subjects. 
The work described was exempted for further approval by the 
ethical research committee. Pathogen surveillance is a legal 
task of the RIVM and is carried out under the responsibility 
of the Dutch Minister of Health, Welfare and Sports. The Pub-
lic Health Act provides that RIVM may receive pseudony-
mized data for this task without individual consent. 

RT-PCR amplification and Nanopore sequencing 
Most isolates were sequenced according to the following 

representative sequence method. Total nucleic acid from 
combined nasopharyngeal and oropharyngeal swabs were ex-
tracted using MagNApure 96 (MP96) with the total nucleic 
acid kit small volume (Roche). Total nucleic acid was eluted 
in 50 μl Tris EDTA buffer. SARS-CoV-2 specific RT-PCR am-
plification and sequencing was performed using the Na-
nopore protocol based on the ARTIC v3 amplicon sequencing 
protocol (38). Several modifications to the protocol were 
made for optimization: 1) The total volume of the cDNA reac-
tion is 12μl with a volume of 0.4μl Superscript IV instead of 
0.6μl. 2) primer concentrations and primer sequence were 
adjusted for several amplicons to optimized amplicon yield 
and to match novel variants. Updated primer sequences are 
available upon request. 3) No distinction was made on the 
basis of Cp value, PCR was performed using 47 cycles. After 
the combination of PCR reactions A and B, the samples were 
quantified with the Qubit, samples with a concentration 
>35ng/μl were diluted to 6ng/μl in water. 5 μl of diluted PCR 
mix was used in the end-prep reaction. This end-prep is incu-
bated for 15 min at 20°C and 15 min at 65°C. Barcoding was 
performed using the NEBNext Ultra II Ligation Module 
(E7595). In short, 1.3 μl end-prepped DNA was added to 2.5μl 
water, 6μl NEBNext Ultra II Ligation Master Mix, 0.2μl NEB-
Next Ligation Enhancer and 2 μl Native barcode SQK-LSK109 
(EXP-NBD196). The Barcoding was incubated for 30 min at 
20°C and 20 min at 65°C. Barcoded fragments were washed 
with twice with 870 μl short fragment buffer (SFB), once with 
150 μl ethanol and eluted in 74 μl after 4 min incubation with 
the beads. Adapter ligation was perfomed using NEBNext 
Quick Ligation Module (NEB) in a total volume 50 μl using 
25 μl of AMPure XP beads. After washing with 125 μl short 
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fragment buffer (SFB), the pellet was resuspended in 15.5 μl 
elution buffer. Finally, 45ng of library preparation was loaded 
on a flowcell (Nanopore) and sequencing was performed on 
a R9.4.1 flow cell multiplexing 48 up to 96 samples per se-
quence run for a run-time of 30 hours on a GridION (Na-
nopore). 

GridION data was analyzed to get consensus genomes, 
with the SARS2seq pipeline and additional manual curation 
(39). These genomes were analyzed with Pangolin (version 
3.1.11) and NextClade (version 1.3.0) to get a final variant call 
(40, 41). 

Vaccination and previous infection status 
Vaccination status is determined relative to the date used 

for statistics (DUFS). For symptomatic cases, this is the date 
of symptom onset or, if missing, the date of a positive test 
result minus 2 days. For asymptomatic cases, the DUFS is the 
date of positive test result. Fully vaccinated is defined as hav-
ing received two doses of Comirnaty, Spikevax or Vaxzevria 
at least 14 days before DUFS or one dose of Janssen COVID-
19 vaccine at least 28 days before DUFS. Partially vaccinated 
is defined as having received one dose of Comirnaty, Spikevax 
or Vaxzevria at least 14 days before DUFS, or two doses of 
Comirnaty, Spikevax or Vaxzevria less than 14 days before 
DUFS. A case is defined as recently vaccinated after one dose 
of Comirnaty, Spikevax or Vaxzevria 0-13 days or Janssen 
COVID-19 vaccine 0-27 days before DUFS. Individuals with a 
subsequent positive RT-PCR or antigen test result with an in-
terval of at least 8 weeks after a previous positive test, includ-
ing a period without symptoms, were defined as re-infections. 
This is either reported in the notification by the PHS or iden-
tified using record linkage by date of birth, sex, and 6-digit 
postal code. Previous infection history was mostly based on a 
previous positive test in the national surveillance database, 
although in a small number of cases it was based on a self-
reported positive test (13 cases, 2.7% of all previous infec-
tions). 

Statistical analyses 
We compared the proportion of the four VOCs (Alpha, 

Beta, Gamma and Delta variant) between four immune status 
groups: 1) unvaccinated cases without a known previous in-
fection (naïve), 2) partially vaccinated cases without a known 
previous infection, 3) fully vaccinated cases without a known 
previous infection, 4) unvaccinated cases with a previous in-
fection. In a secondary analysis, fully vaccinated cases were 
further stratified by time between infection and last vaccina-
tion (<60 days versus >=60 days). Cases who were recently 
vaccinated, irrespective of their previous infection status, 
were excluded from the analyses, due to a possible incom-
plete immune response. Since the number of vaccinated cases 
with a previous infection was small (n = 111) this group was 
excluded. 

The association between immune status and the Beta, 

Gamma and Delta variant was assessed using multinomial 
logistic regression. Immune status (group 2: partially vac-
cinated, group 3: fully vaccinated and group 4: previous in-
fection versus group 1: naïve) was included in the model as 
the independent variable and Beta, Gamma or Delta vs Alpha 
as the dependent variable. We estimated odds ratios (ORs) 
with 95% confidence interval (CI) for any vaccine type and 
separately for Comirnaty, Spikevax, Vaxzevria and Janssen 
COVID-19 vaccine. An odds ratio of 1 would mean that the 
protection from vaccination or previous infection is the same 
against Beta, Gamma or Delta infection and Alpha infection. 
An odds ratio of >1 would mean that vaccination or previous 
infection give lower protection against Beta, Gamma or Delta 
infection than against Alpha infection. An additional analysis 
was performed on the time since vaccination, stratifying the 
fully vaccinated by 14-59 and more than 60 days between 
complete vaccination and DUFS. As calendar time is both re-
lated to vaccination uptake and prevalence of a certain vari-
ant, i.e., a confounder, we correct for calendar week of sample 
date in all regression models. We used a natural cubic spline 
(5 kn) to adjust for calendar week to not restrict the associa-
tion between calendar time and variant prevalence to follow 
a certain form, e.g., linear or exponential. In addition, all 
analyses were also adjusted for 10-year age group (40-49 
years as reference) and sex. 
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Fig. 1. Variants found in SARS-CoV-2 positive samples of individuals with naïve 
(unvaccinated and no known previous infection), vaccine-induced, or infection-
induced immune status. Number of naïve, partially vaccinated, fully vaccinated, 
and reinfected documented SARS-CoV-2 positive individuals by variant from 
March 1 to August 31, 2021 (upper panels) and proportion of the respective 
groups (lower panels) per week of sampling (in ISO 8601 format). 
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Fig. 2. Odds ratios of the logistic regression models for the association 
between immune status and VOC (Beta, Gamma or Delta over the Alpha 
variant). Logistic regression models are adjusted for week of sampling, sex 
and 10-year age group. Error bars correspond to the 95% confidence intervals. 
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Table 1.  Characteristics of notified SARS-CoV-2 positive cases overall and for which variant information was 
available, 1 March to 31 August 2021, the Netherlands.  

  Notifications Variant information from 
genomic surveillance 

Variant information 
from additional 

sampling 
Total 661,658 29,305 1,516 
Immune status    

Naïve 487,063 (73.6%) 20,804 (71.0%) NA 
Recently 
vaccinated 

47,565 (7.2%) 2,140 (7.3%) 18 (1.2%) 

Partially 
vaccinated 

38,261 (5.8%) 2,016 (6.9%) 707 (46.6%) 

Fully vaccinated 25,933 (3.9%) 1,791 (6.1%) 516 (34.0%) 
Previous infection 10,565 (1.6%) 284 (1.0%) 191 (12.6%) 
Vaccinated and 
previous infection 

2,065 (0.3%) 62 (0.2%) 49(3.2%) 

Unknown 50,206 (7.6%) 2,208 (7.5%) 35 (2.3%) 
Age group    

0-9 42,666 (6.4%) 1,818 (6.2%) 4(0.3%) 
10-19 125,782 (19.0%) 5,869 (20.0%) 111 (7.3%) 
20-29 157,896 (23.9%) 7,018 (23.9%) 283 (18.7%) 
30-39 92,400 (14.0%) 4,162 (14.2%) 187 (12.3%) 
40-49 85,492 (12.9%) 3,851 (13.1%) 222 (14.6%) 
50-59 87,112 (13.2%) 3,652 (12.5%) 265 (17.5%) 
60-69 44,226 (6.7%) 1,828 (6.2%) 251 (16.6%) 
70-79 21,074 (3.2%) 848 (2.9%) 86 (5.7%) 
80+ 5,010 (0.8%) 259 (0.9%) 107 (7.1%) 

Sex    
Male 330,247 (49.9%) 14,437 (49.3%) 629 (41.5%) 
Female 331411 (50.1%) 14,868 (50.7%) 692 (58.5%) 

Symptoms    
Yes 556,214 (84.1%) 25,478 (86.9%) 1355 (89.4%) 
No 66,593 (10.1%) 2,248 (7.7%) 121 (8.0%) 
Unknown 38,851 (5.9%) 1,579 (5.4%) 40 (2.6%) 

Month (sampling 
date) 

   

March 149,103 (22.5%) 5,408 (18.5%) 177 (11.7%) 
April 171,534 (25.9%) 4,621 (15.8%) 335 (22.1%) 
May 114,536 (17.3%) 4,874 (16.6%) 137 (9.1%) 
June 24,904 (3.8%) 3,162 (10.8%) 97 (6.4%) 
July 146,978 (22.2%) 6,620 (22.6% 438 (28.9%) 
August 54,603 (8.3%) 4,620 (15.8%) 331(21.8%) 
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Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs) for the association between immune status and 
VOC (Beta, Gamma or Delta over the Alpha variant) by vaccine type and days between onset and last dose, both 
adjusted for week of sampling, sex and 10-year age group.  

  Beta 
OR (95% CI) 

Gamma 
OR (95% CI) 

Delta 
OR (95% CI) 

Naïve Reference Reference Reference 
Partially 
vaccinated 

   

Comirnaty 1.2 (0.3-4.4) 2.0 (1.0-3.9) 1.7 (1.3-2.1) 
Spikevax n/a 2.7 (0.6-11.3) 1.0 (0.5-1.7) 
Vaxzevria 2.0 (1.0-4.0) 1.0 (0.5-2.1) 2.0 (1.2-3.4) 

Fully vaccinated    
Comirnaty 3.2 (1.4-7.6) 2.1 (1.0-4.7) 2.1 (1.4-3.2) 
Spikevax n/a n/a 1.3 (0.4-4.1) 
Vaxzevria n/a 2.7 (0.6-12.0) 1.4 (0.9-2.3) 
Janssen n/a 3.7 (0.5-31.0) 2.2 (1.1-4.0) 

Naïve Reference Reference Reference 
Fully vaccinated    

14-60 days 3.4 (1.3-8.8) 2.9 (1.2-6.8) 2.3 (1.6-3.4) 
>60 days 2.1 (0.3-15.4) 1.5 (0.5-4.2) 1.4 (0.9-2.0) 

 
 


