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Abstract

Background: Information on vaccine effectiveness in a context of novel variants of

concern (VOC) emergence is of key importance to inform public health policies. This

study aimed to estimate a measure of comparative vaccine effectiveness between

Omicron (BA.1) and Delta (B.1.617.2 and sub-lineages) VOC according to vaccination

exposure (primary or booster).

Methods: We developed a case–case study using data on RT-PCR SARS-CoV-

2-positive cases notified in Portugal during Weeks 49–51, 2021. To obtain measure

of comparative vaccine effectiveness, we compared the odds of vaccination in Omi-

cron cases versus Delta using logistic regression adjusted for age group, sex, region,

week of diagnosis, and laboratory of origin.

Results: Higher odds of vaccination were observed in cases infected by Omicron

VOC compared with Delta VOC cases for both complete primary vaccination (odds

ratio [OR] = 2.1; 95% confidence interval [CI]: 1.8 to 2.4) and booster dose

(OR = 5.2; 95% CI: 3.1 to 8.8), equivalent to reduction of vaccine effectiveness from
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44.7% and 92.8%, observed against infection with Delta, to �6.0% (95% CI: 29.2%

to 12.7%) and 62.7% (95% CI: 35.7% to 77.9%), observed against infection with

Omicron, for complete primary vaccination and booster dose, respectively.

Conclusion: Consistent reduction in vaccine-induced protection against infection

with Omicron was observed. Complete primary vaccination may not be protective

against SARS-CoV-2 infection in regions where Omicron variant is dominant.

K E YWORD S

case–case design, COVID-19, Delta variant, Omicron variant, SARS-CoV-2, vaccine
effectiveness

1 | BACKGROUND

The Omicron (BA.1) SARS-CoV-2 variant first reported in South Africa

on November 24, 2021,1 has been designated by the World Health

Organization2 as a variant of concern (VOC), as it presents several

mutations associated with increased transmissibility and higher risk of

reinfection.3,4 The Omicron (BA.1) variant yields an S-gene target fail-

ure (SGTF) signal (due to the deletion Δ69–70 in the Spike protein) in

some polymerase chain reaction (PCR) tests (e.g., TaqPath COVID-19,

ThermoFisher, Waltham, MA, USA), which can be used as a proxy for

Omicron detection and differentiation from the circulating Delta

(B.1.617.2 and sub-lineages) variant (in which the Δ69–70 is rarely

detected).5

The Omicron had a swift rise in Europe becoming dominant in a

few weeks in England, Scotland, and Denmark,6 and the European

Center for Disease Prevention and Control (ECDC) risk assessment7

referred that would become dominant in early January 2022 in all

European Union (EU) member states. Most EU countries had ongoing

mass population vaccination, with considerably high primary vaccina-

tion coverage in some countries. Portugal began rolling out the

booster campaign, which started in September 2021 for immunosup-

pressed individuals and older than 50 years old, and in late December

2021, it was expanded to all adults. By December 26, the booster cov-

erage was about 2.5 million doses.8

The first studies on neutralization assays revealed an extensive

but incomplete escape of Comirnaty BNT162b2-elicited

neutralization,9 but booster dose increased the neutralization.10

These preliminary in vitro results were confirmed by the first vac-

cine effectiveness (VE) studies in England and Scotland11,12 for

symptomatic infections for both complete primary vaccination

schemes and booster doses. The UK study estimated a reduction of

VE for symptomatic infection with the Omicron with no effect for

two ChAdOx1 (AstraZeneca) doses and 8.8% (95% confidence inter-

val [CI]: 7.0 to 10.5) at 25 or more weeks post dose 2 of

BNT162b2 (Comirnaty).11 Another study in Denmark found similar

results with reduced VE against Omicron infection compared with

Delta for two doses of BNT162b2 (Comirnaty) and mRNA-1273

(Moderna), with an increase in VE after a booster dose.13 It is still

unclear the reasons for differences in the VE of different vaccines

and if the decreased VE translate for other countries with different

vaccination coverage. It is fundamental to understand how this

novel VOC impacts the transmission dynamics in highly vaccinated

populations.

To shed some light on those questions, we aim to replicate a

study previously performed to estimate the comparative VE of mRNA

vaccines between Delta (B.1.617.2 and sub-lineages) and Alpha

(B.1.1.7) VOC.14 Our objective is to measure comparative VE (any

vaccine) between Omicron and Delta VOC cases according to the

complete primary scheme, time since the primary vaccine scheme, and

booster dose uptake. Additionally, we intend to translate comparative

VE estimates between Omicron versus Delta VOC into VE estimates

against Omicron infection using published estimates of COVID-19 VE

against Delta.

2 | METHODS

2.1 | Study design

To estimate a measure of comparative COVID-19 VE of a complete

primary vaccination scheme and of the booster dose against the

SARS-CoV-2 Omicron (BA.1) versus Delta (B.1.617.2 and sub-

lineages) VOC infections, we used a case–case study design.15 A simi-

lar approach has been used in Portugal to compare COVID-19 VE

against Alpha and Delta VOC and has been previously described else-

where.14 This design has been proven useful to address the questions

of COVID-19 VE in the context of novel VOC emergence comparing

directly the odds of vaccination between RT-PCR-positive cases

infected with different VOC. Considering cases of the Omicron SARS-

CoV-2 infection as cases of interest and Delta infections as the refer-

ence group, higher vaccination odds in Omicron cases in a case–case

study are indicative of lower effectiveness of COVID-19 vaccines

against the Omicron compared with the Delta VOC (supporting

information).

The study period covered 3 weeks (December 6–26, 2021), start-

ing on Week 49 with a predominant circulation of the Delta VOC and

relative frequency of the Omicron of 4.2%16 until Week 51, when the

Omicron became predominant (50.8%).17

The target population included individuals resident in mainland

Portugal aged 12 or more years old (eligible for vaccination at the time
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of the data collection)18 with positive RT-PCR notified to the manda-

tory National Epidemiological Surveillance Information System

(SINAVE) during the study period. To evaluate the effect of primary

vaccination, data were restricted to individuals without a history of

previous SARS-CoV-2 infection or vaccine booster. To access the

effect of the booster dose, we restricted the sample to those aged

50 or more years old because younger age groups were not yet eligi-

ble for the booster vaccination at the time of the study and to those

without a history of previous SARS-CoV-2 infection.18 We excluded

individuals with missing data on National Health Service User number,

age, sex, place of residence, or diagnosis date from all analyses.

2.2 | Data sources

2.2.1 | SARS-CoV-2 cases

We linked laboratory data on Ct values and whole-genome sequenc-

ing (WGS) on SARS-CoV-2-positive cases collected by the National

SARS-CoV-2 Genomic Surveillance Network and three private molec-

ular biology laboratories (UNILABS, Algarve Biomedical Center, and

Portuguese Red Cross) to the national electronic vaccination register

(VACINAS) and the National Epidemiological Surveillance Information

System that contains basic demographic information on cases and

data of previous SARS-CoV-2 infections since the beginning of the

pandemic. Deterministic data linkage was performed on January

4, 2022, by the General Directorate of Health using the National

Health Service User number that uniquely identifies individuals in all

national administrative health registries. Based on the National Health

Service User number, records for duplicated samples, collected within

90 days, were removed maintaining only data from the first collected

sample registry for each SARS-CoV-2 infection.

2.2.2 | Variant classification

As an outcome, we considered laboratory-confirmed SARS-CoV-2

infection (either symptomatic or asymptomatic). SARS-CoV-2 variants

were classified by viral WGS or inferred for non-sequenced samples

based on spike (S) gene target failure (SGTF) using the TaqPath™

Covid 19 CE IVD RT-PCR Kit (Thermo Scientific™) assay, as follows:

no S-gene amplification (SGTF = Omicron BA.1) and S-gene amplifi-

cation (non-SGTF = Delta). TaqPath S-positive samples could be con-

fidently classified as Delta because this VOC was dominant in

Portugal since the last summer (weekly frequencies above 99%

between Weeks 30 and 47, when Omicron started emerging) (https://

insaflu.insa.pt/covid19/).

2.2.3 | Vaccination status

In Portugal, four vaccines were authorized for primary vaccination at

the time of the study: three brands (BNT162b2 [Comirnaty,

https://www.pfizer.com] or mRNA-1273 SARS-CoV-2 [Moderna,

https://www.modernatx.com] and ChAdOx1 nCoV-19 [AstraZeneca,

https://www.astrazeneca.com] with a two-dose regimen) and one

brand (Ad26.COV2-S [Janssen, https://www.janssen.com] with a

single-dose regimen). mRNA vaccines (Comirnaty and Moderna) were

used for the boost.18 Both homologous and heterologous vaccination

schemes were considered.

Vaccination exposure, obtained through the electronic

nationwide register VACINAS, was classified as (i) unvaccinated

(no register of vaccine administration); (ii) partial primary vaccination

(SARS-CoV-2 infection diagnosis less than 14 days after completing

the primary vaccination scheme according to the product used);

(iii) complete primary vaccination (SARS-CoV-2 infection diagnosis

14 or more days following the complete vaccination scheme according

to the product characteristics: 14 days or more days after the second

dose of mRNA or Vaxzevria vaccines uptake and 14 days after the sin-

gle dose of the Janssen COVID-19 vaccine uptake); (iv) partial boost

(SARS-CoV-2 infection diagnosis less than 14 days after booster dose

uptake); and (v) boost complete (SARS-CoV-2 infection diagnosis

14 or more days following booster dose uptake).

To account for time since vaccination uptake, we additionally

considered three categories within the complete primary vaccination:

(i) complete primary vaccination less than 113 days (16 weeks);

(ii) complete primary vaccination 113–168 days (17–24 weeks); and

(iii) complete primary vaccination more than 168 days (25 or more

weeks).

To avoid small sample size bias, we will not present estimates for

vaccine exposure categories with sample size n < 20.

2.3 | Ethical statement

The genomic surveillance of SARS-CoV-2 in Portugal is regulated

by the Assistant Secretary of State and Health Executive Order

(Despacho No. 331/2021) of January 11, 2021. The research on

genomic epidemiology of novel coronavirus (SARS-CoV-2) received

the clearance of the Ethics Committee of Instituto Nacional de

Saúde Doutor Ricardo Jorge on March 30, 2021. As this study is

based on electronic health records data linkage, the requirement

for patients’ informed consent was waived by the Ethics

Committee.

2.4 | Statistical analysis

Characteristics of participants infected with Omicron and Delta VOC

were compared using the chi-square test. Logistic regression adjusted

for age group, sex, region of residence, week of diagnosis, and labora-

tory of origin was used to estimate adjusted odds of complete/

boosted vaccination in Omicron-infected cases compared with Delta-

infected SARS-CoV-2 cases. If the odds of vaccination between Omi-

cron and Delta cases are similar, we expect to obtain an odds ratio

(OR) = 1, a proxy of no difference in VE. If the odds of vaccination

KISLAYA ET AL. 3 of 10
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among Omicron cases are higher compared with Delta, we expect an

OR to be greater than one (OR > 1) and as such lower VE against

Omicron compared with Delta VOC. In contrast, an OR smaller than

one (OR < 1) will indicate higher VE against Omicron in comparison

with Delta VOC.

We also provide estimates of VE against the Omicron laboratory-

confirmed infection (either symptomatic or asymptomatic) for the

complete primary vaccination scheme and the booster dose by com-

bining previously published VE estimates against Delta and OR esti-

mated in this study using the following formula:

F I GU R E 1 Participants selection
flowchart, Portugal, Weeks 49–51, 2021.
(A) Participants aged 12+ years old.
(B) Participants aged 50+ years old.
SGTF, S-gene target failure; WGS, whole-
genome sequencing.

4 of 10 KISLAYA ET AL.
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VEOmicron ¼1� 1�VEDeltað Þ �ORcase�case½ �

where VEOmicron represents COVID-19 VE against Omicron VOC,

VEDelta represents COVID-19 VE estimates against Delta VOC, and

ORcase�case represents the ratio of vaccination odds between Omicron

cases versus Delta cases obtained through a case–case design.

To account for uncertainty from the CIs around point estimates,

we used Monte Carlo simulations, considering that the logarithm of

ORcase�case and the logarithm of (1�VEDelta) are normally distributed.

A more detailed description of Monte Carlo simulations is provided in

the supporting information.

2.5 | Sensitivity analysis

To assess the bias of misclassification error associated with the SGTF

method, we included only cases identified exclusively through WGS.

We also restricted the analysis to the samples with Ct values below

25 (Ct < 25) as samples with higher Ct values are less likely to be suc-

cessfully sequenced by WGS.

To account for the effect of previous infection, we performed an

additional analysis including cases with previous infection. For this,

we considered the following levels of exposure, combining informa-

tion on vaccination status and previous infection: (i) unvaccinated

T AB L E 1 Distribution of SARS-CoV-2 Omicron and Delta cases by method of classification, sex, age, region, week of diagnosis, and COVID-
19 vaccination status.

Omicron Delta

p-valuean % n %

Method of VOC classification

S-gene 4732 96.6 7705 93.5

WGS 138 2.8 452 5.5

WGS + S-gene 28 0.6 88 1.1

Sex 0.009

Female 2535 51.76 4074 49.41

Male 2363 48.24 4171 50.59

Age group <0.001

12–19 671 13.7 648 7.9

20–29 1508 30.8 1625 19.7

30–39 967 19.7 1779 21.6

40–49 961 19.6 1913 23.2

50–64 745 15.2 1825 22.1

65+ 46 0.9 455 5.5

Region <0.001

Alentejo 258 5.3 431 5.2

Algarve 50 1.0 153 1.9

Centro 414 8.5 975 11.8

Norte 2592 52.9 5307 64.4

Lisboa 1584 32.3 1379 16.7

Week <0.001

49 184 3.8 3428 41.6

50 1032 21.1 2960 35.9

51 3682 75.2 1857 22.5

Vaccination brand <0.001

Unvaccinated 315 6.4 888 10.8

AstraZeneca 274 5.6 717 8.7

Janssen 876 17.9 1524 18.5

Moderna 639 13.1 696 8.4

Comirnaty 2794 57.0 4420 53.6

Abbreviations: VOC, variant of concern; WGS, whole-genome sequencing.
ap-value of chi-square test.

KISLAYA ET AL. 5 of 10
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without previous infection; (ii) unvaccinated with previous infection;

(iii) partially or completely vaccinated with previous infection;

(iv) completely vaccinated without previous infection; and (v) booster

vaccination without previous infection. Previous infection was defined

as having laboratory confirmation of SARS-CoV-2 at least 90 days

before current diagnosis by RT-PCR or rapid antigen test.

3 | RESULTS

Of a total of 15,001 samples collected during the study period for the

population aged 12 or more years old, 13,143 were included in the

main analysis (Figure 1). Of those 4898 (37.3%) were classified as

Omicron and 8245 (62.7%) as Delta. The distribution of Omicron

cases differed from the distribution of Delta cases by all considered

covariates (Table 1).

3.1 | Main results

We observed higher odds of complete vaccination in Omicron cases

versus Delta (OR = 2.1), suggesting reduced effectiveness of

complete vaccination schemes with mRNA or viral vector vaccines

in preventing SARS-CoV-2 infection with the novel Omicron (BA.1)

VOC in the Portuguese population aged 12 or more years old

(Table 2).

Considering time since complete scheme vaccine uptake, we

found statistically significant higher odds of vaccination in Omicron

cases for all time intervals since complete vaccination, indicative of VE

reduction regardless of time since complete vaccination.

We estimated higher odds of reinfection with Omicron, regard-

less of vaccination status (Table 2), suggesting a lower level of protec-

tion conferred by previous infection as well as by hybrid immunity

(previous infection + vaccination) against Omicron compared with

Delta.

Sensitivity analysis restricted to cases classified only by WGS for

the population aged 12 years or older corroborated the observed dif-

ferences in odds of complete vaccination between the Omicron and

Delta cases, leading to a slightly higher point estimate of OR

(OR = 2.7). Restriction to samples with Ct < 25 also resulted in no rel-

evant change in vaccine breakthrough OR estimates for the popula-

tion aged 12 years or older.

Our analysis regarding the comparative booster dose VE against

Omicron versus Delta cases was restricted to 3737 cases collected for

T AB L E 2 Crude and adjusted odds ratios of vaccine infection breakthrough in Omicron (BA.1) cases compared with Delta (B.1.617.2) SARS-
CoV-2 cases, Portugal, Weeks 49–51, 2021.

Vaccination status
Omicron Delta Crude odds ratio

(95% CI)
Confounding-adjusteda odds ratio
(95% CI)n (%) n (%)

Population aged 12 or more years old, n = 13,143 4898 (37.3) 8245 (62.7)

Unvaccinated 315 (6.4) 888 (10.8) ref ref

Partial primary vaccination 68 (1.4) 112 (1.4) 1.7 (1.2 to 2.4) 1.5 (0.97 to 2.2)

Complete primary vaccination 4515 (92.2) 7245 (87.8) 1.8 (1.5 to 2.0) 2.1 (1.8 to 2.4)

Complete primary vaccination < 113 days 1002 (22.2) 1141 (15.5) 2.5 (2.1 to 2.9) 2.3 (1.9 to 2.8)

Complete primary vaccination 113–168 days 2640 (58.5) 4313 (59.5) 1.7 (1.5 to 2.0) 2.0 (1.7 to 2.4)

Complete primary vaccination 169+ days 873 (19.3) 1791 (24.7) 1.4 (1.2 to 1.6) 1.9 (1.6 to 2.3)

Cases with Ct < 25, n = 11,235

Unvaccinated 261 (6.1) 697 (10.1) ref ref

Partial primary vaccination 57 (1.3) 83 (1.2) 1.8 (1.3 to 2.6) 1.7 (1.1 to 2.7)

Complete primary vaccination 3979 (92.6) 6158 (88.8) 1.7 (1.5 to 2.0) 2.1 (1.8 to 2.6)

Cases classified by WGS, n = 706

Unvaccinated 20 (12.1) 110 (20.4) ref ref

Partial primary vaccination 5 (3.0) 7 (1.3) NE NE

Complete primary vaccination 141 (84.9) 423 (78.3) 1.8 (1.1 to 3.1) 2.7 (1.4 to 5.0)

Accounting for previous infection, n = 13,647

Unvaccinated without previous infection 315 (6.0) 888 (10.6) ref ref

Unvaccinated with previous infection 327 (6.2) 108 (1.3) 8.5 (6.6 to 11.0) 9.0 (6.6 to 12.3)

Partial without previous infection 68 (1.3) 112 (1.3) 1.7 (1.2 to 2.4) 1.5 (0.97 to 2.2)

Partial/complete with previous infection 44 (0.84) 25 (0.3) 5.0 (3.0 to 8.2) 5.1 (2.6 to 9.9)

Complete without previous infection 4515 (85.7) 7245 (88.6) 1.8 (1.5 to 2.0) 2.1 (1.8 to 2.4)

Abbreviations: CI, confidence interval; NE, not estimated due to small sample size; ref, reference; WGS, whole-genome sequencing.
aLogistic regression model adjusted for sex, age group, region, week of diagnosis, and laboratory of origin; SARS-CoV-2 infection was considered as an

outcome, with reference category being infected with Delta variant of concern.
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the population aged 50 or more years old without previous SARS-

CoV-2 infection (Table 3). Cases’ characteristics by vaccination status

are shown in the supporting information.

We observed higher odds of booster vaccination in Omicron

cases (OR = 5.2; 95% CI: 3.1 to 8.8) compared with Delta (Table 3).

This relative reduction in the protection conferred by the booster

dose was more pronounced compared with the one observed for

complete vaccination in this age group (OR = 1.7; 95% CI: 1.1 to 2.6).

In sensitivity analysis, restriction to cases with Ct < 25 led to a

reduction in OR estimates for both complete primary vaccination

(OR = 1.4; 95% CI: 0.9 to 2.2) scheme and booster vaccination

(OR = 4.3; 95% CI: 2.4 to 7.6).

Due to the small sample size of cases classified by WGS and the

absence of cases with previous infection among those with booster

doses, it was not possible to perform any other sensitivity analysis for

the population aged 50 or more years old.

3.2 | VE against Omicron (BA.1) VOC

Using previously published data on VE against symptomatic Delta

infection (referred to September–December 2021),19 we estimated

VE against infection with the Omicron VOC of 33.5% (95% CI: 18.9%

to 45.2%) for the complete primary vaccination scheme with

Comirnaty and of 63.1% (95% CI: 37.0% to 78.3%) for the booster

with Comirnaty (Table 4).

For those vaccinated with the Vaxzevria, we obtained VE esti-

mates of �6.0% (95% CI: �29.2% to 12.7%) for the complete primary

T AB L E 3 Crude and adjusted odds ratios of booster dose vaccine infection breakthrough in Omicron (BA.1) cases compared with Delta
(B.1.617.2) SARS-CoV-2 cases, Portugal, individuals aged 50 or more years of age, Weeks 49–51, 2021.

Vaccination status Omicron n Delta n
Crude odds ratio
(95% CI)

Confounding-adjusteda odds ratio
(95% CI)

Population aged 50 or more years old, n = 3737

Unvaccinated 38 176 ref ref

Partial primary vaccination 7 15 NE NE

Complete primary vaccination 746 2089 1.7 (1.2 to 2.4) 1.7 (1.1 to 2.7)

Booster less than 14 days 97 283 1.6 (1.1 to 2.4) 2.1 (1.3 to 3.6)

Booster complete (14+ days) 149 159 4.3 (2.9 to 6.6) 5.2 (3.1 to 8.8)

Samples with Ct < 25, n = 3091

Unvaccinated 34 114 ref ref

Partial primary vaccination 7 15 NE NE

Complete primary vaccination 655 1528 1.3 (0.9 to 1.9) 1.4 (0.9 to 2.2)

Booster less than 14 days 89 224 1.3 (0.8 to 2.1) 1.9 (1.1 to 3.3)

Booster complete (14+ days) 122 125 3.3 (2.1 to 5.2) 4.3 (2.4 to 7.6)

Abbreviations: CI, confidence interval; NE, not estimated due to small sample size; ref, reference.
aLogistic regression model adjusted for sex, age group, region, week of diagnosis, and laboratory of origin; SARS-CoV-2 infection was considered as an

outcome, with reference category being infected with Delta variant of concern.

T AB L E 4 Estimates of complete primary scheme COVID-19 Comirnaty and Vaxzevria vaccine effectiveness and Comirnaty booster dose
vaccine effectiveness against Omicron VOC, based on the combination of vaccine effectiveness estimates against Delta VOC previously
published19 and vaccine breakthrough odds ratio infection in Omicron versus Delta VOC cases.

Vaccine effectiveness
against Delta VOC19

Odds ratio of vaccine breakthrough
infection in Omicron cases versus
Delta cases

Vaccine effectiveness against
Omicron VOC

Comirnaty vaccine

Complete vaccine scheme 65.3 (64.7 to 65.9) 2.1 (1.8 to 2.4) 33.5% (18.9% to 45.2%)

Booster dose of Comirnaty, 35–69 days 92.9 (92.5 to 93.3) 5.2 (3.1 to 8.8) 63.1% (37.0% to 78.3%)

Vaxzevria vaccine

Complete vaccine scheme 44.7 (43.7 to 45.6) 2.1 (1.8 to 2.4) �6.0% (�29.2% to 12.7%)

Booster dose of Comirnaty, 35–69 days 92.8 (92.2 to 93.4) 5.2 (3.1 to 8.8) 62.7% (�35.7% to 77.9%)

Abbreviation: VOC, variant of concern.
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vaccination and 62.7% (95% CI: 35.7% to 77.9%) for ≥10 weeks fol-

lowing the subsequent booster with Comirnaty vaccine.

4 | DISCUSSION

For the Portuguese population aged 12 or more years old, our

results show higher odds of complete primary vaccination in cases

infected by Omicron (BA.1) VOC compared with Delta (B.1.617.2

and sub-lineages) VOC cases (OR = 2.1). This pattern was observed

for all time intervals since the completion of the primary vaccina-

tion scheme according to the product characteristics (OR = 2.3 for

complete vaccination less than 113 days [16 weeks], OR = 2.0 for

113–168 days since complete vaccination, and OR = 1.9 for more

than 169 days [25 weeks] since complete vaccination). This finding

on the consistent difference between Omicron and Delta regardless

of time since vaccination was similar to primary VE reduction

against Omicron VOC observed in the UK11 and the Netherlands.20

Translation of case–case OR estimates to VE estimates against

Omicron VOC infection resulted in substantially lower and even

null COVID-19 vaccine effect for complete primary vaccination

against Omicron (VE ranged between �6.0% and 33.5%). These

results are indicative of low or null protection of complete primary

vaccination against SARS-CoV-2 infection also observed in other

countries.11,12

For the booster dose, available at the time of the study for the

population aged 50 or more years old, we estimated an OR of 5.2

(95% CI: 3.1 to 8.8) that also suggested a marked reduction of pro-

tection against infection (regardless of presence of symptoms) with

Omicron compared with Delta. The measure of comparative VE

estimated for the booster dose was even higher than for the com-

plete primary vaccination scheme. The interpretation of relative vac-

cine effects is not straightforward. The magnitude of the reduction

of vaccine-induced protection depends on the baseline value of the

VE against Delta VOC. Because the booster has been shown to be

more effective against Delta VOC infection11 than the primary vac-

cination, there was more potential for reduction of vaccine-induced

protection with the booster and, as such, the measure of compara-

tive VE estimated in our study was higher for the booster dose.

The translation of case–case OR estimates in VE of the booster

dose against Omicron VOC infection led to estimates ranging from

62.7% to 63.1%. These results were consistent with previous find-

ings from a UK study that reported moderate VE of the booster

dose against symptomatic infections with Omicron up to 10 weeks

after the booster uptake.11 However, the protection induced by

booster dose may be short-lived, because considerable VE waning,

in particular against SARS-CoV-2 infection, has been previously

reported in the literature for primary vaccination.21 So further stud-

ies are required to monitor booster VE against Omicron infection

for a long time.

Our results regarding the protection afforded by documented

previous infection in unvaccinated populations also suggest reduced

protection against Omicron compared with Delta VOC, which is

consistent with an increased number of reinfections reported to the

national surveillance system SINAVE following Omicron emergence.

Similar results regarding the previous infection were also observed in

the Netherlands.20 Omicron BA.1 has accumulated more mutations

than Delta; hence, even a previous infection might not account for

significant protection for this VOC.

Our study also suggests a significant reduction in the protection

conferred by hybrid immunity (OR = 5.1) against infection with

Omicron compared with Delta. Previous literature identified a hybrid

immunity, resulting from vaccination and previous infection, as the

most effective to protect against severe forms of the disease22; how-

ever, for SARS-CoV-2 infection with Omicron VOC, the hybrid immu-

nity might not be so protective, as also highlighted in the recent

studies from Qatar.23

Our study has several limitations. First, we were unable to differ-

entiate between symptomatic and asymptomatic infections. Second,

our study was based on RT-PCR tests, so rapid antigen tests widely

used in Portugal for SARS-CoV-2 diagnosis24 were not covered by

our data. However, the eligibility for RT-PCR tests and rapid antigen

tests did not change over the study period. Although this study

included cases samples from National SARS-CoV-2 Genomic Surveil-

lance Network (which performs nationwide random weekly sampling

for WGS)18 and three major clinical pathology laboratories (which

provide broad RT-PCR testing services to the community), we cannot

exclude that cases included in our study might not be representative

of the overall infections detected in Portugal during Weeks 49–51,

2021. Hence, we compared the age group, sex, and region of the

study sample and the overall cases notified with infection in the

same period. We found no significant differences in the sex and age

group distribution between the universe of identified cases through

rapid or RT-PCR testing and notified SINAVE and the study sample.

However, the North region tends to be overrepresented in our study

sample. Third, incentives for testing changed during the study period;

negative tests regardless of vaccination status became required to go

to restaurants and hotels and to participate in cultural events.25 This

change may affect study results. However, the selection of cases for

the study sample was independent of the VOC type and vaccination

status. Fourth, this study did not collect data on comorbidities or

considered relevant confounding variables in VE research. So, we

were not able to adjust for comorbidities in our models, nor estimate

the proportion of those with comorbidities by vaccination status.

This can affect study results because individuals with comorbidities,

such as immunosuppressed patients, were prioritized for additional

vaccination doses in Portugal within the primary vaccination regi-

men.18 Also, due to the small proportion of vaccinated with

AstraZeneca and Janssen in the study sample, we were not able to

estimate comparative VE by vaccine brand. Finally, to translate the

case–case result to VE estimates, we used previously published esti-

mates of VE against symptomatic infection with Delta, whereas our

study sample included notified infections regardless of their symp-

toms. In addition, Delta VE data used to extrapolate VE for Omicron

were from an earlier period,19 with a shorter time since vaccination.

Waning of protection conferred by the vaccine may mean that VE
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against Omicron from a more recent time, with a longer time since

vaccination, may be overestimated.

Among study strengths, we should mention its large sample size

due to the use of surveillance data, well-established and high positive

predictive value in the SGTF method to classify infections as Delta or

Omicron variants, and the robustness of results when we changed the

sampling strategy in our sensitivity analyses (WSG-only or restriction

to Ct < 25).

Although direct comparisons to other studies are challenging due

to differences in methodology, outcome and exposure definitions, vac-

cination calendar, eligibility for boosters, vaccine brand-specific policies,

testing patterns, and other non-pharmacological interventions in place,

our findings corroborate the general trend. More specifically, our results

support a marked reduction of primary and booster vaccination

schemes’ effectiveness in preventing Omicron infections compared

with Delta observed in other countries.11,12 Our findings suggest that

complete primary vaccination may not be protective against SARS-

CoV-2 infection in regions where the Omicron variant is dominant.

AUTHOR CONTRIBUTIONS

Irina Kislaya: Conceptualization; formal analysis; methodology;

writing—original draft. André Peralta-Santos: Investigation; writing—

original draft. Vítor Borges: Investigation; writing—review and editing.

João Paulo Gomes: Resources; writing—review and editing. Carlos

Sousa: Investigation; resources; writing—review and editing. Pedro

Pinto Leite: Conceptualization; writing—review and editing. Luís

Vieira: Investigation; resources; writing—review and editing. Bibiana

Ferreira: Investigation; resources; writing—review and editing. Ana

Pelerito: Investigation; resources; writing—review and editing.

Baltazar Nunes: Conceptualization; methodology; project administra-

tion; writing—review and editing. Members of PT COVID-19 group:

Investigation; writing—review and editing.

CONFLICT OF INTEREST STATEMENT

Dr. Peralta-Santos reports to participate as a speaker in scientific

meetings sponsored by Pfizer. Other authors report no potential con-

flicts of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of the study were made available

under a license that the author does not have permission to share.

Requests to access the raw data should be directed to the data owner,

the General Directorate of Health.

ETHICS APPROVAL STATEMENT

The genomic surveillance of SARS-CoV-2 in Portugal is regulated by

Assistant Secretary of State and Health Executive Order (Despacho

No. 331/2021) of January 11, 2021. The research on genomic epide-

miology of novel coronavirus (SARS-CoV-2) received the clearance of

the Ethics Committee of Instituto Nacional de Saúde Doutor Ricardo

Jorge on March 30, 2021. As this study is based on electronic health

records data linkage, the requirement for patients’ informed consent

was waived by the Ethics Committee.

ORCID

Irina Kislaya https://orcid.org/0000-0001-5772-2416

REFERENCES

1. Viana R, Moyo S, Amoako DG, et al. Rapid epidemic expansion of the

SARS-CoV-2 Omicron variant in southern Africa. Nature. 2022;

603(7902):679-686. Available from: https://pubmed.ncbi.nlm.nih.

gov/35042229/

2. World Health Organization. Classification of Omicron (B.1.1.529):

SARS-CoV-2 Variant of Concern. Vol. 337, WHO. 2021 [cited 2022

Jan 31]. Available from: https://www.who.int/news/item/26-11-

2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-

concern

3. Pulliam JRC, van Schalkwyk C, Govender N, et al. Increased risk of

SARS-CoV-2 reinfection associated with emergence of the Omicron

variant in South Africa. medRxiv. 2021 Dec 2 [cited 2022 Jan 31];

2021.11.11.21266068. Available from: https://www.medrxiv.org/

content/10.1101/2021.11.11.21266068v2

4. Karim SSA, Karim QA. Omicron SARS-CoV-2 variant: a new chapter

in the COVID-19 pandemic. Lancet (London, England). 2021;

398(10317):2126-2128. Available from: https://pubmed.ncbi.nlm.

nih.gov/34871545/

5. European Centre for Disease Prevention and Control (ECDC).

Methods for the detection and characterisation of SARS-CoV-2

variants—first update 20 Dec 2021. 2021.

6. Espenhain L, Funk T, Overvad M, et al. Epidemiological characterisa-

tion of the first 785 SARS-CoV-2 Omicron variant cases in Denmark,

December 2021. Eurosurveillance. 2021;26(50):2101146 Available

from: https://www.eurosurveillance.org/content/10.2807/1560-

7917.ES.2021.26.50.2101146

7. European Centre for Disease Prevention and Control (ECDC). Threat

Assessment Brief: implications of the emergence and spread of the

SARS-CoV-2 B.1.1. 529 variant of concern (Omicron) for the EU/-

EEA. 2021 [cited 2022 Jan 31]. Available from: https://www.ecdc.

europa.eu/en/publications-data/covid-19-threat-assessment-

spread-omicron-first-update

8. European Centre for Disease Prevention and Control. COVID-19

Vaccine TrackerjEuropean Centre for Disease Prevention and Con-

trol. European Centre for Disease Prevention and Control 2021

[cited 2022 Feb 6]. Available from: https://vaccinetracker.ecdc.

europa.eu/public/extensions/COVID-19/vaccine-tracker.

html#uptake-tab

9. Cele S, Jackson L, Khoury DS, et al. SARS-CoV-2 Omicron has exten-

sive but incomplete escape of Pfizer BNT162b2 elicited neutraliza-

tion and requires ACE2 for infection. medRxiv Prepr Serv Heal Sci.

2021 Dec 17 [cited 2022 Jan 31]; Available from: https://pubmed.

ncbi.nlm.nih.gov/34909788/

10. Gruell H, Vanshylla K, Tober-Lau P, et al. mRNA booster immuniza-

tion elicits potent neutralizing serum activity against the SARS-

CoV-2 Omicron variant. Nat Med. 2022;1-4. Available from: https://

www.nature.com/articles/s41591-021-01676-0

11. Andrews N, Stowe J, Kirsebom F, et al. Covid-19 vaccine effective-

ness against the Omicron (B.1.1.529) variant. N Engl J Med. 2022;

386(16):1532-1546. Available from: https://www.nejm.org/doi/full/

10.1056/NEJMoa2119451

12. Sheikh A, Kerr S, Woolhouse M, et al. Severity of omicron variant of

concern and effectiveness of vaccine boosters against symptomatic

disease in Scotland (EAVE II): a national cohort study with nested

test-negative design. Lancet Infect Dis. 2022;22(7):959-966. doi:10.

1016/S1473-3099(22)00141-4

13. Hansen CH, Schelde AB, Moustsen-Helm IR, et al. Vaccine effective-

ness against SARS-CoV-2 infection with the Omicron or Delta vari-

ants following a two-dose or booster BNT162b2 or mRNA-1273

vaccination series: a Danish cohort study. medRxiv. 2021 Dec

KISLAYA ET AL. 9 of 10

 17502659, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/irv.13121 by C

ochrane Portugal, W
iley O

nline L
ibrary on [15/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-5772-2416
https://orcid.org/0000-0001-5772-2416
https://pubmed.ncbi.nlm.nih.gov/35042229/
https://pubmed.ncbi.nlm.nih.gov/35042229/
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.medrxiv.org/content/10.1101/2021.11.11.21266068v2
https://www.medrxiv.org/content/10.1101/2021.11.11.21266068v2
https://pubmed.ncbi.nlm.nih.gov/34871545/
https://pubmed.ncbi.nlm.nih.gov/34871545/
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.50.2101146
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.50.2101146
https://www.ecdc.europa.eu/en/publications-data/covid-19-threat-assessment-spread-omicron-first-update
https://www.ecdc.europa.eu/en/publications-data/covid-19-threat-assessment-spread-omicron-first-update
https://www.ecdc.europa.eu/en/publications-data/covid-19-threat-assessment-spread-omicron-first-update
https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#uptake-tab
https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#uptake-tab
https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#uptake-tab
https://pubmed.ncbi.nlm.nih.gov/34909788/
https://pubmed.ncbi.nlm.nih.gov/34909788/
https://www.nature.com/articles/s41591-021-01676-0
https://www.nature.com/articles/s41591-021-01676-0
https://www.nejm.org/doi/full/10.1056/NEJMoa2119451
https://www.nejm.org/doi/full/10.1056/NEJMoa2119451
info:doi/10.1016/S1473-3099(22)00141-4
info:doi/10.1016/S1473-3099(22)00141-4


23 [cited 2022 Jan 31];2021.12.20.21267966. Available from:

https://www.medrxiv.org/content/10.1101/2021.12.20.

21267966v3

14. Kislaya I, Rodrigues EF, Borges V, et al. Comparative effectiveness of

coronavirus vaccine in preventing breakthrough infections among

vaccinated persons infected with Delta and Alpha variants—volume

28, number 2—February 2022—Emerging Infectious Diseases

Journal—CDC. Emerg Infect Dis. 2022;28(2):331-337. Available from:

https://wwwnc.cdc.gov/eid/article/28/2/21-1789_article

15. Pogreba-Brown K, Austhof E, Ellingson K. Methodology minute:

an overview of the case–case study design and its applications

in infection prevention. Am J Infect Control. 2020;48(3):342-344.

Available from: https://reader.elsevier.com/reader/sd/pii/

S019665531930759X?token=7101205F95AD08427009BCCBD32

3BC6EAA3D394AD73CE961ADD0069A88EF5D2AAF1AD48EC12

9092AD96E36E8127FA30C&originRegion=eu-west-1&originCreation

=20210628081747

16. Instituto Nacional de Saúde Dr. Ricardo Jorge. Diversidade genética

do novo coronavírus SARS-CoV-2 (COVID-19) em Portugal.

28.12.2021. Lisboa; 2021. Available from: https://insaflu.insa.pt/

covid19/relatorios/INSA_SARS_CoV_2_DIVERSIDADE_GENETICA_

relatorio_situacao_2021-12-28.pdf

17. Instituto Nacional de Saúde Dr. Ricardo Jorge. Diversidade genética

do novo coronavírus SARS-CoV-2 (COVID-19) em Portugal

11.01.2022. 2022.

18. Direção-Geral da Saúde, Direção Geral da Saúde. Norma 002/2021.

Campanha de Vacinação Contra a COVID-19. Lisboa; 2021. Avail-

able from: https://covid19.min-saude.pt/wp-content/uploads/2021/

05/i027514.pdf

19. Andrews N, Stowe J, Kirsebom F, et al. Effectiveness of COVID-19

booster vaccines against COVID-19-related symptoms, hospitaliza-

tion and death in England. Nat Med. 2022;28(4):831. Available from:

/pmc/articles/PMC9018410/.

20. Eggink D, Andeweg SP, Vennema H, et al. Increased risk of infection

with SARS-CoV-2 Omicron BA.1 compared with Delta in vaccinated

and previously infected individuals, the Netherlands, 22 November

2021 to 19 January 2022. Eurosurveillance. 2022;27(4):1. Available

from: /pmc/articles/PMC8796294/.

21. Machado A, Kislaya I, Rodrigues AP, et al. COVID-19 vaccine

effectiveness against symptomatic SARS-CoV-2 infections,

COVID-19 related hospitalizations and deaths, among

individuals aged ≥65 years in Portugal: a cohort study based on

data-linkage of national registries February–September 2021. PLoS

ONE. 2022;17(9): e0274008. Available from: https://pubmed.ncbi.

nlm.nih.gov/36099273/

22. Sette A, Crotty S. Immunological memory to SARS-CoV-2 infection

and COVID-19 vaccines. Immunol Rev. 2022;310(1):27-46. doi:10.

1111/imr.13089

23. Altarawneh HN, Chemaitelly H, Ayoub HH, et al. Effects of previous

infection and vaccination on symptomatic Omicron infections. N Engl

J Med. 2022;387(1):21-34. Available from: https://www.nejm.org/

doi/full/10.1056/NEJMoa2203965

24. Direção-Geral de Saúde. Norma 015/2020 COVID-19: Rastreio de

Contactos. 2021.

25. Resolução do Conselho de Ministros n.o 181-A/2021jDRE Medidas

aplicáveis no âmbito da pandemia da doença COVID-19. Available

from: https://dre.pt/dre/detalhe/resolucao-conselho-ministros/181-

a-2021-176492317

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Kislaya I, Peralta-Santos A, Borges V,

et al. Comparative complete scheme and booster

effectiveness of COVID-19 vaccines in preventing

SARS-CoV-2 infections with SARS-CoV-2 Omicron (BA.1) and

Delta (B.1.617.2) variants: A case–case study based on

electronic health records. Influenza Other Respi Viruses. 2023;

17(3):e13121. doi:10.1111/irv.13121

10 of 10 KISLAYA ET AL.

 17502659, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/irv.13121 by C

ochrane Portugal, W
iley O

nline L
ibrary on [15/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.medrxiv.org/content/10.1101/2021.12.20.21267966v3
https://www.medrxiv.org/content/10.1101/2021.12.20.21267966v3
https://wwwnc.cdc.gov/eid/article/28/2/21-1789_article
https://reader.elsevier.com/reader/sd/pii/S019665531930759X?token=7101205F95AD08427009BCCBD323BC6EAA3D394AD73CE961ADD0069A88EF5D2AAF1AD48EC129092AD96E36E8127FA30C&originRegion=eu-west-1&originCreation=20210628081747
https://reader.elsevier.com/reader/sd/pii/S019665531930759X?token=7101205F95AD08427009BCCBD323BC6EAA3D394AD73CE961ADD0069A88EF5D2AAF1AD48EC129092AD96E36E8127FA30C&originRegion=eu-west-1&originCreation=20210628081747
https://reader.elsevier.com/reader/sd/pii/S019665531930759X?token=7101205F95AD08427009BCCBD323BC6EAA3D394AD73CE961ADD0069A88EF5D2AAF1AD48EC129092AD96E36E8127FA30C&originRegion=eu-west-1&originCreation=20210628081747
https://reader.elsevier.com/reader/sd/pii/S019665531930759X?token=7101205F95AD08427009BCCBD323BC6EAA3D394AD73CE961ADD0069A88EF5D2AAF1AD48EC129092AD96E36E8127FA30C&originRegion=eu-west-1&originCreation=20210628081747
https://reader.elsevier.com/reader/sd/pii/S019665531930759X?token=7101205F95AD08427009BCCBD323BC6EAA3D394AD73CE961ADD0069A88EF5D2AAF1AD48EC129092AD96E36E8127FA30C&originRegion=eu-west-1&originCreation=20210628081747
https://insaflu.insa.pt/covid19/relatorios/INSA_SARS_CoV_2_DIVERSIDADE_GENETICA_relatorio_situacao_2021-12-28.pdf
https://insaflu.insa.pt/covid19/relatorios/INSA_SARS_CoV_2_DIVERSIDADE_GENETICA_relatorio_situacao_2021-12-28.pdf
https://insaflu.insa.pt/covid19/relatorios/INSA_SARS_CoV_2_DIVERSIDADE_GENETICA_relatorio_situacao_2021-12-28.pdf
https://covid19.min-saude.pt/wp-content/uploads/2021/05/i027514.pdf
https://covid19.min-saude.pt/wp-content/uploads/2021/05/i027514.pdf
https://pubmed.ncbi.nlm.nih.gov/36099273/
https://pubmed.ncbi.nlm.nih.gov/36099273/
info:doi/10.1111/imr.13089
info:doi/10.1111/imr.13089
https://www.nejm.org/doi/full/10.1056/NEJMoa2203965
https://www.nejm.org/doi/full/10.1056/NEJMoa2203965
https://dre.pt/dre/detalhe/resolucao-conselho-ministros/181-a-2021-176492317
https://dre.pt/dre/detalhe/resolucao-conselho-ministros/181-a-2021-176492317
info:doi/10.1111/irv.13121

	Comparative complete scheme and booster effectiveness of COVID-19 vaccines in preventing SARS-CoV-2 infections with SARS-Co...
	1  BACKGROUND
	2  METHODS
	2.1  Study design
	2.2  Data sources
	2.2.1  SARS-CoV-2 cases
	2.2.2  Variant classification
	2.2.3  Vaccination status

	2.3  Ethical statement
	2.4  Statistical analysis
	2.5  Sensitivity analysis

	3  RESULTS
	3.1  Main results
	3.2  VE against Omicron (BA.1) VOC

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL STATEMENT
	REFERENCES


