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Abstract

Background: The Kappa variant is designated as a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) variant of interest (VOI). We identified 195 Kappa variant cases in a
region of British Columbia, Canada—the largest published cluster in North America.

Objectives: To describe the epidemiology of the Kappa variant in relation to other circulating
SARS-CoV-2 variants of concern (VOC) in the region to determine if the epidemiology of the
Kappa variant supports a VOI or VOC status.

Methods: Clinical specimens testing positive for SARS-CoV-2 collected between March 10 and
May 2, 2021, were screened for the detection of known circulating VOCs; approximately 50% of
specimens were subsequently selected for whole genome sequencing (WGS). Epidemiological
analysis was performed comparing the characteristics of Kappa cases to the main circulating
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variants in the region (Alpha and Gamma) and to non-VOC/VOI cases.

Results: A total of 2,079 coronavirus disease 2019 (COVID-19) cases were reported in the
region during the study period, of which 54% were selected for WGS. The 1,131 sequenced
cases were categorized into Kappa, Alpha, Gamma and non-VOC/VOI. While Alpha and
Gamma cases were found to have a significantly higher attack rate among household contacts
compared to non-VOI/VOC cases, Kappa was not.

Conclusion: Epidemiological analysis supports the designation of Kappa as a VOI and not a
VOC. The Alpha and Gamma variants were found to be more transmissible, explaining their
subsequent dominance in the region and the rapid disappearance of the Kappa variant. Variant
surveillance strategies should focus on both detection of established VOCs and detection of
potential new VOCs.
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Introduction

in late May 2021 prompted control measures in Australia (3). In
this article, the epidemiology of Kappa within a region of British
Columbia, Canada, from March 10 to May 2, 2021 is reported in
relation to other circulating variants. The objective of this analysis

The B.1.617 severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) variant was designated as the fourth variant of
concern (VOC) by the World Health Organization (WHO) in

May 2021 due to concerns of higher transmissibility and potential
decreased effectiveness of treatment and vaccines (1). Since
then, B.1.617 has been further delineated to B.1.617.2 (Delta),
which remains a VOC, and B.1.617.1 (Kappa), now a variant of
interest (VOI) (2). Concern remains with Kappa as a spike in cases

is to determine if the epidemiology of Kappa supports this
downgrading to a VOI status, or if Kappa is epidemiologically
similar to concurrently circulating VOCs.
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Methods

Between March 10 and May 2, 2021, clinical specimens testing
positive for SARS-CoV-2 were screened for VOC detection by

a quantitative polymerase chain reaction assay targeting the
N501Y and E484K mutations in the spike gene, allowing for
detection of Alpha, Beta and Gamma variants (4). If positive

for N501Y, samples were presumptive positive for Alpha; if
positive for N501Y and E484K, samples were presumptive
positive for Beta and Gamma; if negative for N501Y and E484K,
samples were not a VOC; and if negative for N501Y and positive
for E484K, samples were not a VOC. Approximately 30%

of VOC-positive and 20% of VOC-negative specimens were
selected for whole genome sequencing (WGS).

Once Kappa was detected in the region, sequencing of

select additional VOC-negative specimens was carried out
based on geography and contact tracing interviews (n=162).
Specimens were sequenced using a 1,200 bp amplicon-based
sequencing approach (5) on an lllumina MiSeq or NextSeg.
The SARS-CoV-2 consensus sequences were generated using

a modified Nextflow pipeline for the ARTIC network’s field
bioinformatics tools (6). Lineages were assigned using Pangolin
(version 2.4.2, pangoLEARN (7)) and sequencing quality control
(QC) metrics were assessed using nCoV-tools (version 1.5.1).
Specimens with more than 85% genome coverage and no QC
flags (i.e. excess ambiguity) were used in subsequent analyses.
Phylogenetic analysis occurred using the Nextstrain project,

an open-source platform for analyzing and visualizing genomic
data. Augur version 10.2.0 and Auspice version 2.21.0 were used
for bioinformatic analysis and visualization of data, respectively.
Consensus sequences have been deposited to GISAID (Global
Initiative on Sharing Avian Influenza Data).

Kappa was compared with non-VOCs or VOlIs according to
WHO criteria (8), and to the main circulating VOCs in the

region, Alpha and Gamma. Epidemiological indicators included
pertained to demographics and criteria used to establish
VOCs: transmissibility; virulence; and vaccine effectiveness.
Transmissibility assessment was limited to household contacts to
control for variable intensity and duration of contact that occurs
in the community. Virulence was assessed by hospitalization
within 14 days of specimen collection and death attributed to
coronavirus disease 2019 (COVID-19) by June 1, 2021. Cases
were categorized into vaccine status of either no recorded
dose, partially vaccinated (at least 14 days after 1t dose) and
fully vaccinated (at least 14 days after 2" dose). Statistical
analysis was performed comparing Kappa to Alpha and Gamma
cases, Kappa to non-VOC/VOI cases, and Alpha and Gamma

to non-VOC/VOI cases. Chi-square or Kruskal Wallis tests were
performed using STATA (Release 16; StataCorp LLC), with
statistical significance set at alpha=0.05.

Results

Between March 10, 2021, and May 2, 2021, 2,079 COVID-19
cases were reported in the Island Health region; 54% of
specimens were selected for WGS. The proportion of specimens
sent for WGS remained relatively stable throughout the

study period. An epidemic curve of 1,131 sequenced cases
categorized into Kappa, Alpha, Gamma and non-VOC/VOl is
shown in Figure 1. The first Kappa specimen was collected on
10 March 2021 and initially detected in approximately half of
sequenced cases in the Island Health region. While the number
of Kappa cases per week increased and peaked at over 50 per
week in the first two weeks of April 2021, the relative proportion
of Kappa cases decreased due to the large relative increase of
Alpha and Gamma cases. As of 14 July 2021, the last Kappa case
was reported on May 2, 2021. Nineteen Delta and four Beta
cases were detected and excluded from this analysis as they
were relatively rare VOC/VOIs in the region during this period.

Figure 1: Number (A) and percentage (B) of COVID-19 cases sequenced specimens? confirmed within the Island
Health region of British Columbia, Canada, March 10-May 2, 2021
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Table 1 compares the characteristics of Kappa, Alpha and region. No significant difference was detected in the attack
Gamma and non-VOC/VOI cases. Age distribution was similar rate among household contacts between Kappa and Alpha and
between Kappa and non-VOC/VOI cases, but significantly Gamma (33.7% vs. 37.7%) or non-VOC/VOI (33.7% vs. 27.7%).
different compared with Alpha and Gamma cases (p<0.01). However, Alpha and Gamma had a statistically higher attack
Just over half of Kappa cases were female (52.8%), while the rate compared with non-VOC/VOI (37.7% vs. 27.7%, p=0.01).
majority of Alpha and Gamma and non-VOC/VOI cases were Similar proportions of symptomatic cases were seen across the
male (53.9% and 58.2%, respectively). The suspected source categories. Hospitalization rates were not significantly lower for
was similar for the three variant categories, with approximately Kappa cases compared with Alpha and Gamma cases (1.5% vs.
three quarters of the cases (73.0%-77.3%) linked to a confirmed 4.5%, p=0.06). Case fatality rates were low (0.5%-0.6%) and
case or cluster and the rest unknown. One Kappa case was statistically similar across all groups. The majority of cases were
linked to international travel and was not epidemiologically unvaccinated (95.7%-97.6%) and no statistical differences were
responsible for the primary introduction of Kappa into the seen in vaccine breakthrough cases.

Table 1: Comparison of characteristics of Kappa, Alpha and Gamma and non-variant of concern/variant of interest
cases within the Island Health region of British Columbia, Canada, March 10-May 2, 2021

SARS-CoV-2 variant

Alpha and Gamma Non-VOC/VOI Kappa Aalﬁza
Characteristics of cases vs. non- | Gamma
VOC/ | vs. non-
vOocC/
VOI
Demographics
Number of cases (total=1,131) 195 17.2 728 64.4 208 18.4 N/A N/A N/A
Median age in years (IQR) 34 21-54 33 23-50 36 25-56 0.63 0.46 0.10
Age group (years)
0-17 31 15.9 110 15.1 29 13.9
18-44 88 45.1 382 52.5 99 47.6
45-64 46 23.6 178 24.5 51 24.5 <0.01 0.96 <0.01
65-74 16 8.2 46 6.3 16 7.7
75+ 14 7.2 12 1.7 13 6.3
Sex
Female 103 52.8 336 46.2 87 41.8
Male 92 47.2 392 53.9 121 58.2 010 003 027
International travel 1 0.6 1 0.2 0 0.0
Linked to confirmed case or cluster 131 73.2 525 77.3 138 73.0 0.34 0.58 0.39
Unknown 47 26.3 153 22.5 51 27.0
| Attack rate among household contacts | 67/199 | 337 | 217/576 | 37.7| 52/188 | 27.7 | 0.20 | 0.31 | 0.01 |

Symptomatic 171 87.7 629 86.4 183 88.0 0.64 0.83 0.45
:'::g‘r;ae“;iiﬁ’;‘;ﬂg‘n14 days of 3 15 33 45 8 3.9 0.06 0.16 0.67
Deaths attributed to COVID-19 1 0.5 5 0.6 1 0.5 0.79 0.96 0.64
No recorded dose 188 96.4 697 95.7 203 97.6
Partially vaccinated 7 3.6 30 4.1 5 2.4 0.83 0.48 0.45
Fully vaccinated 0 0 1 0.1 0 0

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; N/A, not applicable; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VOC, variant of concern;
VOI, variant of interest
2 84 cases were excluded where no exposure category was recorded, representing 7%-9% of each of the variant categories
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Figure 2 provides a phylogenetic tree of Kappa cases in this
study. Amongst the 195 cases, seven distinct genomic clusters
were identified. The genomic clusters mirrored geographic
distribution of cases and were consistent with transmission
patterns identified through contact tracing interviews. The
genomic clusters did not include any cases from other regions
of British Columbia. None of the cases in the seven genomics
clusters had documented travel histories.

Discussion

While responsible for more than one in six cases over the study
period, approximately one third of cases for the first three weeks
of the study, and seven distinct genomic and epidemiological
clusters, Kappa has disappeared from the region with the last
case detected on May 2, 2021. During the same period, Alpha
and Gamma became the dominant strains in the region. The
finding that Alpha and Gamma had a statistically higher attack
rate among household contacts than non-VOC/VOI suggests
that collectively these variants are more transmissible, supported
by their designation as VOCs. This higher transmissibility may
explain why Alpha and Gamma seemed to have outcompeted
Kappa, which had a household attack rate statistically similar

to non-VOC/VOlIs. A similar trend was observed in the United
Kingdom where, despite an initial rapid increase in the
proportion of Kappa cases, Kappa is now responsible for fewer
than 0.1% of recent VOC/VOI cases (8). In India, the proportion
of sequenced cases were over 40% Kappa variant in March 2021,
but has now fallen to less than 20% as Delta variant has
dominated (9).

The lower case hospitalization rate for Kappa compared with
Alpha and Gamma seen in this study is consistent with United
Kingdom findings where 1.0% of Kappa cases have been
hospitalized, compared with 2.8% of Alpha cases, and none of

the over 400 cases of Kappa have died (10). While no difference
in vaccine breakthrough cases were seen between Kappa and
non-VOC/VOI cases in this study, a study using serum from
vaccinated individuals showed 2.7-fold reduction in geometric
mean neutralization titers against the Kappa variant compared
with a non-VOC/VOlI strain (11).

Given that Kappa was not circulating in Canada prior to its
detection in this region of British Columbia, it is assumed to have
been introduced via international travel. The genomic cluster
data suggest a single introduction of Kappa into the region,
though none of the cases had travel histories. The collection date
for the earliest sample (March 10, 2021) is after the Canadian
government introduced mandatory testing and quarantine for
returning travellers (February 22, 2021). It is possible that the
initial introduction preceded the introduction of this program
and was not captured through routine testing.

Limitations

This study is likely underpowered, which poses a challenge to
determine small differences between Kappa, Alpha and Gamma,
and non-VOC/VOI cases. During the study period, there was
also high coverage of first dose mRNA vaccine among the
most vulnerable (particularly those over 70 years old), and an
overall first dose vaccine coverage that rose from ~10% to 25%
for adults in the region, which likely reduced the relative risk

of infection and severity among vulnerable people, reducing
the power of this study to provide distinctions among variant
categories.

Conclusion

Conclusions regarding virulence and vaccine effectiveness are
difficult to make due to hospitalizations, deaths and vaccine
breakthrough cases being relatively rare events; however, the
epidemiology of Kappa within the Island Health region of British

Figure 2: SARS-CoV-2 genetic diversity for Kappa cases within the Island Health region of British Columbia,

Canada, March 10-May 2, 2021

Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus-2

2 This tree is rooted to the original Wuhan reference strain (MN908947.3) and displays sequences based on the number of mutations that differ from this reference strain (x-axis). Branch colour is based

on genetic relatedness, as determined using the Cluster Picker algorithm
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Columbia, Canada, supports the assertion by WHO that Kappa
does not meet the VOC criteria.

Lastly, the variant surveillance described here emphasizes the
importance of performing WGS on at least a portion of cases
that are categorized as non-VOC based on polymerase chain
reaction of N501Y and E484K mutations. Without WGS of
these samples, it is unlikely that Kappa or Delta would have
been identified within the region, which guided targeted WGS
based on epidemiological links to monitor spread. A similar
variant surveillance strategy could be utilized with the intention
of maintaining detection of variants which may not share the
common mutations found in Alpha, Beta and Gamma variants.
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