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ABSTRACT

The emergence of the Omicron SARS-CoV-2 variant of concern has changed the COVID-19 scenario as this variant is
characterized by high transmissibility and immune evasion ability. To evaluate the impact of this variant on the
Canary Islands (Spain) population, we determined the reinfection rates and disease severity associated with the
Omicron sublineages and the previously circulating variants of concern. We performed a retrospective observational
study on 21,745 SARS-CoV-2 viral genomes collected from December 2020 to July 2022 in the Canary Islands (Spain).
We compared the reinfection rates between lineages using pairwise proportion and Fisher’s exact tests. To assess
disease severity, we studied the association of Alpha, Delta, BA.1, BA.2, BA.5, and other risk factors on 28-day hospital
mortality using logistic regression and Cox proportional hazard models. We observed 127 bona fide reinfection cases
throughout the stud%/ period. We found that BA.5 had the highest reinfection rate compared to other lineages (vs.
Delta p=2.89%x10"%% vs. BA1 p=5.17x10"""; vs. BA2 p=0.002). Among the 1,094 hospitalized patients,
multivariate logistic regression showed that Alpha (Odds Ratio [OR] = 0.45, 95% Confidence Interval [Cl]= 0.23-0.87,
p=002), BA2 (OR= 0.38, 95% Cl=0.22-0.63, p=1.91x 107", and BA.5 (OR =0.30, 95% Cl=0.16-0.55, p = 1.05x 10~
had lower 28-day hospital mortality compared to Delta. These results were confirmed by using Cox proportional
hazard models. Omicron lineages, and in particular BA.5, were associated with higher reinfection rates and lower
disease severity (28-day hospital mortality) than previously circulating variants of concern.
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Introduction . . . .
for a surge of infections. Cases of reinfection have also

The Omicron (B.1.1.529) SARS-CoV-2 variant of con-
cern (VOC) has been responsible for the sixth corona-
virus disease of 2019 (COVID-19) wave at the
beginning of 2022 in Europe and worldwide. Studying
clinical severity and reinfection rates associated with
this VOC is important to understand the public health
impact and provide clinical guidance, especially in a
scenario where novel Omicron-derived sublineages
have emerged, e.g. BA.2 or BA.5. Previous studies
have shown that BA.1 and BA.2 lineages are associated
with lower disease severity compared to the previously
circulating Delta variant [1], despite being responsible

increased after December 2021, corresponding to the
emergence of the Omicron variant in many countries
[2,3]. More recent studies have shown that BA.4/BA.5
infections are characterized by increased immune eva-
sion compared to BA.1/BA.2 and Delta (B.1.617.2 and
sublineages), despite no differences in disease severity
have been found between these lineages [4]. We have
previously shown that Delta and its sublineages were
associated with higher 28-day mortality than Alpha
(B.1.1.7) in hospitalized patients from the Canary
Islands region (Spain) [5,6]. By expanding the dataset
of viral genome sequences obtained in the region, here
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we first compared the reinfection rates of circulating
variants in a period from December 2020 to July
2022. Then, we evaluated disease severity by assessing
the association of the infections with Alpha, Delta,
BA.1, BA2, and BA.5 and 28-day mortality among
hospitalized COVID-19 patients.

Materials and methods

Sample collection, sequencing, and lineage
assignment

The study was conducted at the University Hospital
Nuestra Sefiora de Candelaria (HUNSC) (Santa Cruz
de Tenerife, Spain). The institutional review board
approved  the  study  (approval = number:
CHUNSC_2020_24).

Nasopharyngeal swab samples were collected using
standard procedures and RT-qPCR reactions were
performed to assess SARS-CoV-2 positivity, as pre-
viously described [7]. Positive samples with a Ct <30
were included for sequencing.

Libraries were prepared using two alternative tiling
amplicon sequencing protocols. Illumina, Inc. sequen-
cing was conducted using the COVIDSeq test based
on ARTIC V3 (from the 18th December 2020 to the
15th April 2022) or V4 (from the 15th April to the
26th July 2022) and a NextSeq 550 instrument on
High Output mode with 36 paired-end reads. Oxford
Nanopore Technologies (ONT) sequencing was con-
ducted using the COVID Mini kit (ONT), a MinION
sequencing device, and R9.4 flow cells. MinKNOW
software and the embedded Guppy software (v.5)
were used for sequencing tuning and basecalling.
DRAGEN (v1.3.0.28) COVIDSeq test and viralrecon
(v2.5 or previous versions) [8] were used for read
filtering and consensus generation for Illumina and
ONT data, respectively. Lineages were assigned using
Pangolin v.4.1.2 in the Usher mode [9], while
sequence quality control (QC) was carried out using
Nextclade (v2.3.1) [10]. Only those sequences that
had an assigned lineage and a percentage of Ns<
10% were categorized as having a “good” or “median”
QC and were used for the analysis. Sequences collected
up to the 27th of September 2021 are part of previous
studies [5,6].

Patient inclusion and exclusion criteria for
studies

Reinfection rates were calculated by normalizing the
number of reinfections caused by one lineage by the
total number of samples assigned to that lineage in
our dataset. To focus on bona fide reinfections, we
defined as reinfected those individuals that had two
sequenced positive SARS-CoV-2 samples with a time
distance of >90 days. Following guidelines, we also

included as reinfections those cases with different
lineages in primary and secondary infections, defining
as different lineages those that have sequences with
more than two-nucleotide difference per each month
separating the sample collections [11]. Within these,
we included only those samples with a time distance
between sample collection of >30 days. To exclude
the possibility of persistent infections in patients
with more than two sequenced samples collected
throughout the study period, we included only those
with different lineages and with a collection time dis-
tance of >60 days.

The study of the association of variants with disease
severity was conducted on patients hospitalized at the
Complejo Hospitalario Nuestra Sefiora de Candelaria
and the Hospital Universitario de Canarias (Tenerife
island, n=1,079), Complejo Hospitalario Universi-
tario Insular Materno Infantil (Gran Canaria island,
n =28), Hospital General de Fuerteventura (Fuerte-
ventura island, n = 8), Hospital Universitario Doctor
José Molina Orosa (Lanzarote island, n = 8), Hospital
General de La Palma (La Palma island, n = 19), Hospi-
tal Nuestra Sefiora de Los Reyes (El Hierro island, n =
2). We excluded from the study those patients
admitted to the hospital for reasons other than
COVID-19 or that did not have symptoms related to
COVID-19. We defined as hospitalized only those
patients that were hospitalized between 0 and 21
days from the onset of symptoms, and deceased only
those patients that died within 28 days from hospital
admission. The patients that did not have a reported
discharge date were excluded from the analysis.

Statistical analysis

Descriptive statistics were reported as frequencies with
percentage and included patient age, sex, comorbid-
ities, length of hospital stay, ICU admission, and mor-
tality. To evaluate whether there was a difference in
reinfection rates between lineages, we performed a
pairwise proportions test with post hoc Holm correc-
tion or a Fisher’s exact test with post hoc Holm correc-
tion. To assess the association between the lineage
causing the infection and 28-day hospital mortality,
we used logistic regressions and Cox proportional
hazards models, including lineage, age, sex, length of
hospital stay, and the presence of one or multiple
comorbidities as covariates. Statistical analysis was
performed in R software (v3.6.3) [12]. Statistical sig-
nificance was set at p < 0.05.

Results

1. Reinfection rates increased with BA.2 and BA.5
lineages



Emerging Microbes & Infections . 3

> 60 years old and
hospitalized patients

sequenced samples

N

N
.‘b@
Lineage
. Alpha
QQQ e . Delta
S
§ . BA.1
[ BA.2
P
% . BA.4
oS eas
. others
LQ
T T T T T T

O AN AN AN AN AN N NN NN NN 9 9 0
VW P P S I
TS TS S S S S S S

() S 0 o Q > 3> N O
& F @@ R w@* RN vog %?;Q & F

T
Q{*L‘P r]/Qqu/ Qrﬁ/ Qrfb Qfﬂ/

QO e} 3 L Q N
N A R

epidemiological week

Figure 1. 14-day accumulated incidence (Al) and variants observed in the Canary Islands from December 2020 to July 2022. Note
that, from the end of March 2022 (red dotted vertical line), only samples from >60 years old or hospitalized patients were
sequenced and included in the 14-days Al calculation by public health authorities. Black line, 14-days Al.

During the period from the 19th of December 2020 to
the 26th of July 2022, we sequenced 27,363 samples
from COVID-19 patients in the Canary Islands region.
Of these, 21,745 samples passed the QC and obtained
an assigned lineage. Figure 1 shows the distribution of
samples by variant and the 14-day accumulated inci-
dence (AI) of COVID-19 cases in the Canary Islands.
A total of 2,859 samples were assigned to Alpha
(B.1.1.7 and sublineages), 6,637 samples to Delta
(B.1.617.2 and sublineages), 4,977 to BA.1, 5,013 to
BA.2, 173 to BA4, and 1,430 to BA.5. We found
recombinant lineages in 14 samples (seven XE and
seven XU lineages).

Throughout the study period and only within the
sequenced samples, we observed a total of 127 cases
of bona fide reinfections, of which two were of patients
that were reinfected twice. We found that BA.5 was the
variant associated with the highest proportion of rein-
fections throughout the study period, as more than 2%
of the cases associated with this variant were reinfec-
tion cases (pairwise proportions test with post hoc
Holm correction, vs. Delta p =2.89 x 107%% vs. BA.1
p=517x10"" vs. BA.2 p=0.002) (Figure 2). We
excluded BA.4 from this analysis because of the low
number of reinfection cases assigned to this variant
(n=4). In our dataset, we did not observe any rein-
fected individual with variants circulating before
Delta.

Within these samples, there were four cases of rein-
fection with the same variants (including two with
different sublineages of Delta, and two with different
sublineages of BA.1 and BA.2). For Delta and BA.1,
the number of reinfections was higher for lineages

that emerged earlier in the pandemic (e.g. Alpha)
than those that dispersed more closely to the lineage
causing the reinfection (Delta). In contrast, this pat-
tern was not observed for BA.2 and BA.5 since both
showed similar reinfection rates for all lineages
(Figure 3). Not surprisingly, the reinfection rate for
BA.2 was significantly lower when primary infection
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Figure 2. Proportion of reinfections observed in the Canary
Islands by lineage. The proportion of reinfections was calcu-
lated as the number of reinfections by lineage divided by
the total number of infections by that lineage. Pairwise pro-
portions tests with post hoc Holm correction were applied.
Only p values between BA.5 and the other lineages are
shown. Error bars represent the standard error of sample
proportion.
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Figure 3. Proportion of primary infections in lineage-causing reinfections. Each panel encompasses the lineage causing the sec-
ondary infection and each bar represents the number of reinfection cases by lineage causing the primary infection normalized by
the total number of cases assigned to that lineage throughout the study period. Fisher's exact tests with post hoc Holm correction
were applied to test the significance of the intra-group differences. Only significantly different comparisons are shown. Error bars
represent the standard error of sample proportion. Reinfection cases with primary infection with n=1 were excluded.

was caused by another BA.2 sublineage than by other
lineages.

2. Omicron lineages are associated with reduced risk
of disease severity among hospitalized patients
compared to Delta

A total of 1,144 patients were hospitalized through-
out the study period and met the inclusion criteria
(Figure 4). Table 1 summarizes the demographic and
clinical characteristics of the patient population, as a
whole and stratified by VOC lineage. We observed a
broader distribution of age for patients infected with
Alpha and Delta lineages compared to those with the
Omicron sublineages, who had a distribution shifted
towards older ages (Table 1, Figure S1). The median
age of hospitalized patients infected with Alpha or
Delta was lower than those infected with Omicron
(Alpha =57; Delta=59; BA.1=73; BA.2=80; and
BA.5 =80.5 years old).

To assess whether Omicron lineages were associ-
ated with reduced risk to disease severity than Delta,
we performed a logistic regression analysis using
patient 28-day hospital mortality as the dependent
variable. We found that Alpha (Odds Ratio [OR] =
0.45, 95% Confidence Interval [CI] = 0.23-0.47, p =
0.021), BA2 (OR= 0.37, 95% CI=0.22-0.63, p=
1.91x107% and BA.5 (OR= 0.30, 95% CI=0.16-
0.55, p = 1.05x 10™*) were associated with lower 28-
day hospital mortality than Delta (Figure 5, Table
S1). Cox proportional hazards model also provided
the same findings (Alpha, Hazard Ratio [HR] = 0.49,
95% CI=0.27-0.90, p =0.022; BA.2, HR=0.62, 95%
CI =0.40-0.96, p =0.032; BA.5, HR=0.58, 95% CI =

0.34-0.98, p = 0.040), where also BA.1 was found hav-
ing significantly lower 28-day hospital mortality than
Delta (HR=0.61, 95% CI=0.38-0.97, p=0.039).
Higher 28-day hospital mortality was also associated
with being older (p =3.63 x 10719, being male (p =
0.005), and the presence of comorbidities (p =0.014)
(Table S1).

Discussion

In this study, we investigated the reinfection rate and
disease severity of the SARS-CoV-2 VOC:s circulating
in the Canary Islands (Spain) throughout the COVID-
19 pandemic starting from mid-December 2020. First,
we compared the reinfection rates of Delta, BA.1,
BA.2,and BA.5 in COVID-19 patients from the region
since we were unable to unequivocally identify rein-
fection cases assigned to previously circulating
lineages. We found that BA.5 was associated with
the largest proportion of reinfection cases in our
study, with most of the cases having a primary infec-
tion assigned to another Omicron variant (BA.1 or
BA.2) which was circulating in the region only two
to six months earlier. We observed that for Delta
and BA.1 most primary infections were assigned to
variants circulating earlier in the pandemic (e.g.
Alpha), pointing to an immunity protection after a
more recent infection. However, this scenario was
not observed for the other VOCs. In fact, the distri-
bution of primary infections for BA.2 and BA.5 was
more homogeneous among the lineages. These obser-
vations suggest that the higher reinfection rates of
BA.2 and BA.5 could be mostly due to immune eva-
sions from prior infections rather than population
waning immunity, as previously suggested [2]. In
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Table 1. Demographic and clinical data of hospitalized cases with Alpha, Delta, BA.1, BA.2, and BA.5 infections in the study period.

Overall*, n=1,144 Alpha, n=143 Delta, n =286 BA.1, n=180 BA.2, n=298 BA.5, n=172

Strata n, % n, % n, % n, % n, % n, %
Age, years
<10 24 (2.1) 1(0.7) 3(1.0 3(1.7) 8 (2.7) 7 (4.7)
10-19 12 (1.0) 1(0.7) 3(1.0) 0 (0.0) 7 (2.3) 1(0.6)
20-29 31 (2.7) 5(3.5) 17 (5.9) 2(1.1) 2(0.7) 1 (0.6)
30-39 61 (5.3) 14 (9.8) 32 (11.2) 2(1.1) 8(2.7) 1(0.6)
40-49 107 (9.4) 28 (19.6) 48 (16.8) 10 (5.6) 9 (3.0 3(1.7)
50-59 123 (10.8) 23 (16.1) 45 (15.7) 19 (10.6) 15 (5.0) 10 (5.8)
60-69 180 (15.7) 22 (15.4) 52 (18.2) 35(19.4) 35(11.7) 25 (14.5)
70-79 205 (17.9) 19 (13.3) 34 (11.9) 45 (25.0) 64 (21.5) 33 (19.2)
>80 401 (35.1) 30 (21.0) 52 (18.2) 64 (35.6) 150 (50.3) 91 (52.9)
Sex
Female 513 (44.8) 58 (40.6) 124 (43.4) 76 (42.2) 151 (50.7) 74 (43.0)
Male 631 (55.2) 85 (59.4) 162 (56.6) 104 (57.8) 147 (49.3) 98 (57.0)
Comorbidities
Cardiovascular diseases 676 (59.1) 67 (46.9) 117 (40.9) 121 (67.2) 210 (70.5) 124 (72.1)
Diabetes 336 (29.4) 27 (18.9) 63 (22.0) 68 (37.8) 103 (34.6) 60 (34.9)
Cancer 137 (12.0) 12 (8.4) 23 (8.0) 30 (16.7) 39 (13.1) 23 (13.4)
Obesity 111 (9.7) 4 (2.8) 25 (8.7) 23 (12.8) 35 (11.7) 17 (9.9)
Chronic pulmonary diseases 219 (19.1) 17 (11.9) 31 (10.8) 46 (25.6) 74 (24.8) 42 (24.4)
Hospitalization
Hospital stay length (>20 159 (13.9) 19 (13.2) 68 (23.8) 33 (18.3) 34 (11.4) 9(5.2)

days*)
Admitted to ICU 120 (10.5) 23 (16.1) 55(19.2) 16 (8.9) 10 (3.4) 2(1.2)
28-day mortality 166 (14.5) 14 (9.8) 46 (16.1) 34 (18.9) 44 (14.8) 23 (13.4)

ICU, intensive care unit. *number of patients with a hospital stay length >20 days, which falls outside of the normal range according to evidence from

systematic reviews [20]. #includes other lineages that are not classified as VOCs.
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Figure 5. Forest plots of the 28-day hospital mortality associated with the presence of a variant of concern compared to Delta. The
upper panel shows the estimated odds ratio (OR) and the 95% confidence interval (Cl) from the logistic regression analysis. The
lower panel shows the hazard ratio (HR) and the 95% Cl from the Cox regression analysis. P-values are also reported.

line with our observations, BA.2 and, to a larger
extent, BA.4/BA.5 display increased evasion capacity
from neutralizing antibodies compared to previously
circulating variants [13-15]. Furthermore, BA.4/
BA.5 have been shown to confer increased resistance
to monoclonal antibodies, a characteristic that has
been mainly assigned to the presence of the L452R
and the F486V mutations in the Spike gene of these
variants [16].

We also evaluated the association of infections by
the different VOCs with 28-day hospital mortality.
We first assessed whether there was a difference in
the hospitalized patient population age in the lineage
groups. We observed a wider patient age distribution
towards younger age ranges for Alpha and Delta
lineages than for Omicron lineages, with the median
age higher for the latter. Changes in the non-pharma-
cological interventions by public health authorities in
the population (following only patients 60 years old or
older from the end of March 2022) can hardly explain
this observation. Instead, we assigned this partly to the
different vaccination status of patients throughout the
pandemic waves. Besides, the hospitalized patients for
Omicron could be older compared to those with Delta
or Alpha infections simply because the patients had to
accumulate comorbidities to trigger severe symptoms.
In fact, during the Alpha surge, the majority of the
population had not received the first vaccine dose
yet (only 1-35% of the population with >1 dose
between January and June 2021), while a higher per-
centage of individuals had received the two vaccine
doses during the Delta wave (50-70% of the

population with two doses between July and Septem-
ber 2021). On the other hand, during the Omicron
wave, most of the Canary Islands inhabitants had
received complete vaccination (76%—80% of the
population with full vaccination) and many had
already received the booster dose (https://www.
sanidad.gob.es/profesionales/saludPublica/ccayes/alert
asActual/nCov/pbiVacunacion.htm). Furthermore,
during the Omicron surges, younger adults acquired
a higher level of natural immunity after transmission
of previous variants, which may have affected the hos-
pitalized patient population.

In terms of disease severity, besides confirming pre-
viously published results on Alpha [5], our study sup-
ports that BA.2 and BA.5 were associated with lower
risk for 28-day hospital mortality than Delta. This
confirms previous studies showing that Omicron
lineages have reduced disease severity compared to
Delta [1]. Furthermore, we did not find any difference
in disease severity between BA.5 lineage and pre-
viously circulating Omicron sublineages, consistent
with results from studies conducted in patients from
Southern California [4] and South Africa [17].

This study has several limitations. First, in the rein-
fection study, our dataset is subjected to the ascertain-
ment bias since we only included in the analysis those
samples that were sequenced, excluding those individ-
uals that have had a primary and secondary infection
but only one of their samples was sequenced. Second,
we were unable to analyse the same proportion of
samples out of the total number of incident cases
throughout the pandemic, with this proportion
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being lower during the Omicron surge when we
observed the highest incidence of COVID-19 cases
in the region. An intrinsic limitation of the study
may be due also to the lower viral loads usually
found in the nasopharyngeal swabs of patients
infected with some of the Omicron variants (e.g.
BA.1 [18] or BA.5 [19]) compared to those with
other variants. By limiting the sequencing of those
positive samples with Ct <30, some patients infected
with these Omicron variants may have been missed,
possibly biasing the results. Furthermore, because of
the relaxation of the COVID-19 control measures in
Spain, only samples obtained from patients older
than 60 or those hospitalized of any age were collected
for viral genome sequencing in the Canary Islands
from the end of March 2022. Another limitation that
needs to be pointed out, especially for the study of
viral variant associations with disease severity, is that
we had no access to patient vaccination status, and
therefore we could not control the association models
for this variable. To limit the impact of the vaccination
status on the results, as we did previously [5], we
restricted our analysis to hospitalized patients only.
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