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The first confirmed case of SARS-CoV-2 omicron BA.2
was identified in Scotland on December 23, 2021.1 BA.2
was the dominant variant in Scotland, replacing omi-
cron BA.1.1.529 (BA.1) and accounting for >90% of new
cases as of March 23, 2022 (Fig. S1, Supplementary
Appendix).1 Initial research suggested that BA.2 was
associated with an increase in the odds ratio of infection
for both unvaccinated and fully vaccinated individuals
compared to BA.1.2 Since then, other studies from Qatar
have shown that vaccination can provide protection against
symptomatic BA.1 and BA.2 infection,3 but vaccination
effectiveness is stronger after a third ‘booster’ dose. We
undertook a test-negative design (TND) study of all in-
dividuals over the age of 18 in Scotland who had a RT-PCR
test for SARS-CoV-2 from the community, were symp-
tomatic at time of test, had their sample virally sequenced
between November 1, 2021 and March 20, 2022, and did
not have a record of a previous positive test using the
Early Pandemic Evaluation and Enhanced Surveillance
(EAVE II) platform.

EAVE II is a longitudinal COVID-19 surveillance
platform that links primary care, secondary care, mor-
tality, vaccination, virological-sequencing, and SARS-
CoV-2 reverse transcription polymerase chain reaction
(RT-PCR) test data for 5.4 million people in Scotland.
We have previously used EAVE II and similar methods
to report on vaccine effectiveness (VE) and the impact of
new variants.4–6 For the TND analysis, where an indi-
vidual had multiple eligible tests we used the very first
positive test, or otherwise a random negative test. A
generalised additive logistic model was fitted including
adjustments for sex, socioeconomic status and number
of QCOVID risk groups.7 Separate penalised splines in
age and calendar days were also included. Adjusted odds
ratios and 95% confidence intervals were calculated and
reported in Table S2. Full details of the cohort are
available in Table S1 with more detail provided in the
published protocol8 and cohort profile.4

We also undertook an analysis of severity of BA.2
infection compared to BA.1 and SARS-CoV-2 B.1.617.2
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(delta) using a Cox proportional hazards model amongst
all those who tested positive and were virally-sequenced.
COVID-19 hospitalisation was defined as an emergency
hospitalisation with a community positive RT-PCR test
in the 14 days prior to admission, or within two days
following admission. COVID-19 death was defined as
death with COVID-19 listed as a cause of death on the
death certificate or death within 28 days of a positive
RT-PCR test. Hospital admission was derived from the
Rapid Preliminary Inpatient Data (RAPID) database.9

Individual vaccination status was classified at the time
of RT-PCR test. We included the same adjustments as
in the TND analysis. Time to hospitalisation/death was
measured starting from the specimen date. The Cox
model was used to estimate the hazard ratio of COVID-
19 hospitalisation or COVID-19 death, where BA.1 was
the reference variant and the reference vaccination sta-
tus was unvaccinated. Both adjusted hazard ratios and
95% confidence intervals were calculated and reported
in Table 1.

53,454 (53.6%) RT-PCR sequenced samples were
positive for BA.1 and 25,891 (26.0%) were positive for
BA.2, with the remaining positive for other variants
(20,354, 20.4%, see Table S1 for demographic and
vaccination status breakdowns and comparisons of sub-
cohorts). TND analysis showed a protective effect of
three vaccination doses ≥14 days after administration
against symptomatic infection for both BA.2 and BA.1;
vaccine effects were slightly greater with BA.1, but the
confidence intervals overlapped (Table S2). Having a
second dose of vaccine more than 14 days prior to test
was associated with a higher risk of symptomatic dis-
ease than being unvaccinated. This could be due to
behavioural confounding due to greater social mixing in
the vaccinated. Our Cox regression model showed that
the adjusted hazard ratio (aHR) for COVID-19 hospi-
talisation or death was similar for BA.2 relative to BA.1
(aHR: 0.84, 95% CI 0.60–1.18, Table 1), with three doses
of any vaccine associated with a 48% reduction in the
risk of COVID-19 associated hospitalisation or death
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Population characteristic Total
sequenced cases

Number
of eventsa

Adjusted
hazard ratio

95% confidence
interval

Person-years
of exposure

Sex Female 50,749 263 Reference NA 3205.0

Male 40,315 226 1.02 0.85–1.22 2566.0

COVID-19 variant BA.1 variant 48,322 183 Reference NA 3147.8

BA.2 variant 23,325 67 0.84 0.60–1.18 1298.3

Delta variant 13,896 168 2.33 1.39–3.90 931.7

Other variants 5521 71 2.47 1.46–4.18 393.6

Vaccination Statusb No vaccination 12,188 102 Reference NA 772.5

One vaccine dose
0-27 days before test

210 1 0.57 0.08–4.08 14.1

One vaccine dose >28
days before test

2751 17 0.85 0.51–1.42 174.2

Two vaccine doses 0-27
days before test

219 1 0.69 0.10–4.94 14.0

Two vaccine doses >28
days before test

27,977 167 0.47 0.36–0.61 1923.1

Three vaccine doses 0-27
days before test

6401 25 0.25 0.16–0.39 446.6

Three vaccine doses >28
days before test

41,318 176 0.52 0.39–0.70 2426.6

Number of pre-existing
conditionsc

No pre-existing Condition NA NA Reference NA NA

One condition 55,672 182 1.86 1.50–2.32 3713.0

Two conditions 24,101 153 2.90 2.19–3.84 1540.0

Three conditions 7230 74 5.89 4.17–8.33 392.0

Four conditions 2397 47 6.68 4.05–11.04 90.0

Five or more conditions 993 19 10.02 5.58–18.00 26.0

Scottish Index of Multiple
Deprivation (SIMD)
Quintile (2020)

1 (lowest) 671 14 Reference NA 11.0

2 18,927 106 0.82 0.63–1.04 1185.0

3 16,843 83 0.71 0.54–0.93 1062.0

4 17,819 80 0.67 0.51–0.89 1136.0

5 (highest) 17,316 82 0.71 0.53–0.94 1136.0

Population characteristics shown in table comprise all covariates used in the Cox regression model. Effects are presented as adjusted hazard ratios and 95% confidence
intervals compared to the reference baseline of symptomatic infection with BA.1. aCOVID-19 associated hospitalization or death was defined as either (i) a hospital
admission from the community flagged as an emergency with a positive RT-PCR test in the 14 days prior to admission, or within 2 days following admission, or (ii) death
with COVID-19 listed as a cause of death on the death certificate or death within 28 days of a positive community RT-PCR test. bVaccination status includes Oxford/
AstraZeneca (ChAdOx1-S) vaccine, Moderna (mRNA-1273) vaccine, and Pfizer-BioNTech (BNT162b2) vaccines. See Table S1 for comparison of vaccine status. cNumber of
existing conditions was determined using the QCOVID algorithm risk groups.

Table 1: Effect of variant and vaccination on emergency COVID-19 associated hospitalization or COVID-19 death for individuals sequenced in the
community
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among those who tested positive (aHR: 0.52, 95% CI
0.39–0.70, Table 1). We also tested for an interaction
between vaccination status and infection with BA.1 or
BA.2 and found no overall difference between vaccina-
tion status and HR (Likelihood ratio p = 0.34).

In summary, our analysis shows that BA.2 is asso-
ciated with comparable risk of serious COVID-19 out-
comes to BA.1, and that three vaccination doses
(including a booster dose) provide reasonable protection
against symptomatic BA.2 infection and COVID-19
hospitalisation or death.
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