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During routine industrial quarantine/premobilization procedures, four individuals who recently traveled
from the Philippines tested positive for SARS-CoV-2. Subsequent genomic analysis showed that all four
were infected with a relatively rare Variant of Interest (P.3, Theta) derived from a single origin. This
demonstrates the importance of on-going genomic surveillance of SARS-CoV-2.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

Many industries have implemented extensive safety measures
to reduce workplace transmission risk during the COVID-19 pan-
demic [1-4]. These policies have been imperative in the offshore oil
and gas industry because rig workers travel from many states and
internationally. The western and central Gulf of Mexico is one of the
major offshore petroleum-producing areas, incorporating >1800
rigs and thousands of employees. To prevent COVID-19 outbreaks
on offshore platforms, the industry has implemented, to varying
degrees, strict pre-mobilization testing and quarantine policies.

Here, we report the detection of a rare Pango lineage [5], which
infected four individuals who tested SARS-CoV-2 positive in May
2021 while quarantined in Louisiana, prior to deployment to an
oil platform. These individuals were employed by a contractor to
the oil and gas company, and all had recently traveled from the
Philippines. Reconstruction of their timeline showed they tested
negative in the Philippines, immediately prior to boarding a USA
flight. Upon arrival in the USA, the workers went into a 14-day quar-
antine. They were retested after 9 days, at which point they were all
qPCR+ and serology negative. None reported COVID-19 symptoms.
The expected time interval between exposure and test positivity
(3-4 days post-exposure for qPCR, >1 week post-exposure for serol-
ogy), as well as the workers’ testing timeline (Fig. 1A), suggest a
recent exposure after their flight to the United States.

To further understand the nature of the outbreak, the sam-
ples were sent to an independent laboratory (BiolnfoExperts, LLC,
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Thibodaux, LA) for viral load and genomic evaluation (Table 1).
Viral loads were quantified using ddPCR (BioRad). Sequencing was
performed using the ARTIC protocol [6] on the Illumina MiSeq
platform, followed by Pango lineage assignment [5] and mutation
analysis using the FoxSeq software platform (https://bioinfox.com/
foxseq/). All four samples were assigned to the Pango P.3. (Theta)
lineage (GenBank Accession #: MZ368550-MZ368553).

Of the 300 sequences in the GISAID database (www.gisaid.org)
assigned to this comparatively rare lineage, the majority are from
the Philippines (n=209), where the P.3 lineage likely emerged from
the Central Visayas region in January 2021 [7]. This lineage is also
present in other parts of Asia (n = 30), North America (n = 18),
Europe (n = 33), Oceania (n = 7), Africa (n = 2), and South America
(n = 1). The earliest identified P.3 infection in the United States
was at the end of March in California (n = 3), with additional cases
detected in Washington (n = 3), Maryland (n = 2), New Jersey (n =
2), Virginia (n = 1), and West Virginia (n=1).

To investigate this potential outbreak, we downloaded all
sequences assigned to the P3 lineage, aligned them using MAFFT [8],
and inferred a maximum likelihood phylogenetic tree using IQTREE
v2 [9] (Fig. 1B; Fig. S1; Table S1). The four Louisiana sequences
are part of a well-supported clade whose basal members are all
from the Philippines and are separated from the most related P.3
sequences by a long branch, likely resulting from the time sepa-
rating the Louisiana samples from the other samples in the clade
(2+ months). Elsewhere on the tree, well-supported clades of P.3
sequences from Europe, USA, Oceania, and/or Asia indicate multi-
ple introductions to those locations. Interestingly, the most basal
sequence of the entire P.3 clade (closest to the root of the tree) is
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Table 1
Laboratory results for four Louisiana cases.
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Sample rtPCR cycles Pre-mobilization Viral load

S N ORFlab PCR Serology N1 N2
BIE-120 16.44 16.685 16.286 + - 20,000,000 20,000,000
BIE-121 17.43 16.496 16.608 + - 230,967 214,658
BIE-122 11.469 12.289 10.811 + - 55,109 54,942
BIE-123 18.69 20.724 18.881 + - 231,714 231,714

A. Timeline for four Louisiana cases
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Fig. 1. (A) Timeline for four Louisiana cases. Circles represent days. (B) Maximum
likelihood phylogenetic tree all sequences assigned to the P.3 lineage in GISAID
as of 7/30/2021 (n = 300) were included, including the four Louisiana sequences
described. The tree is rooted using the Wuhan reference (EPILISL_.402124). The circles
at each tip represents a sequence, colored according to the region of sampling per
the legend. Branches are scaled in substitutions per site. Dotted branches indicate
that a long branch was shortened for readability (see Appendix for complete tree).

from South America, although separated from the rest of the P.3
tree by a long branch.

P.3 is a considered a Variant Under Investigation (VUI) by Public
Health England (PHE)[10] and was formerly considered a Variant of
Interest by the World Health Organization. Along with other Vari-
ants of Concern (VOCs) classified by PHE, including B.1.1.7 (Alpha),
P.1 (Gamma), and B.1.351 (Beta), all P.3 viruses contain multiple
concerning mutations in the spike protein, including E484K, N501Y,
and P681H [7], which have been linked to increased transmissibility
and immune escape [11,12]. In addition, >95% of P.3 viruses exhibit
spike protein mutations at D614G, H1101Y, E1092K, and V1176F.
Two synonymous spike protein mutations also occur at positions
593G and 875S. The four new Louisiana sequences have a unique

spike mutation at Q1180H, which was not observed in any of the
other P.3 sequences. A three amino acid deletion (LGV141_143del)
in the spike protein reported as common in this lineage [7] was not
found in the four Louisiana P.3 sequences.

The identification of a novel Louisiana P.3 cluster is of particu-
lar concern given the suite of spike mutations, the relatively low
vaccination rate in Louisiana (<40%; [13]), and the close working
conditions on the oil rigs. Our results show that industrial moni-
toring for COVID-19 remains crucial. Fortunately, due the testing
policies in place, this particular variant was identified prior to
deployment so that the workers continued quarantine until they
were no longer considered a risk. No other employees are known
to have contracted P.3.

The study confirms that SARS-CoV-2 surveillance, especially in
populations prone to viral spread and the introduction of new vari-
ants of concerns such as Delta and its descendants, will remain
important as the pandemic continues [14,15]. Finally, the study
supports that collaborations between genomic epidemiologists and
industrial hygienists can assist in understanding and controlling
outbreaks in industries at high risk for infections.

Funding

No funding sources.

Competing interests

R.R.,, D.J.N, T.M.L, and S.L.L. are employed by BiolnfoExperts LLC.

Ethical approval

A third party review from the WIRB-Copernicus Group (WCG
IRB) concluded that this research was exempt from IRB review
because itdoes not meet the definition of human subjects as defined
in 45 CFR 46.102.

Acknowledgments

R.R., DJ.N,, and S.L.L. are funded by National Science Foundation
Small Business Innovation grants #1830867 and #2027424. The
authors also thank Cheryl Metzler, CIH, and Valerie Murray, CIH.

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/j.jiph.2021.11.
011.

References

[1] Peacock FW, Dzieciatkowski T, Chirico F, Szarpak L. Self-testing with antigen
tests as a method for reduction SARS-CoV-2. Am ] Emerg Med 2021;S0735-
6757(21):00385-5, http://dx.doi.org/10.1016/j.ajem.2021.05.010.

[2] Rueda-Garrido]C, Vicente-Herrero MT, Del Campo MT, Reinoso-Barbero L, de la
Hoz RE, Delclos GL, et al. Return to work guidelines for the COVID-19 pandemic.
Occup Med (Lond) 2020;70(5):300-5.


https://doi.org/10.1016/j.jiph.2021.11.011
https://doi.org/10.1016/j.jiph.2021.11.011
https://doi.org/10.1016/j.jiph.2021.11.011
https://doi.org/10.1016/j.jiph.2021.11.011
https://doi.org/10.1016/j.jiph.2021.11.011
https://doi.org/10.1016/j.jiph.2021.11.011
https://doi.org/10.1016/j.jiph.2021.11.011
https://doi.org/10.1016/j.jiph.2021.11.011
https://doi.org/10.1016/j.jiph.2021.11.011
https://doi.org/10.1016/j.jiph.2021.11.011
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
dx.doi.org/10.1016/j.ajem.2021.05.010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0010

R.Roseetal.

[3] Godderis L, Luyten J. Challenges and opportunities for occupational health and
safety after the COVID-19 lockdowns. Occup Environ Med 2020;77:511-2.

[4] ChiricoF, Szarpak L. The role of occupational risk assessment and health surveil-
lance in SARS-CoV-2 antigen testing of “Unexposed Asymptomatic Workers in
Selected Workplaces”. ] Occup Environ Med 2021, http://dx.doi.org/10.1097/
JOM.0000000000002392. September 23.

[5] Rambaut A, Holmes EC, O'Toole A, Hill V, McCrone JT, Ruis C, et al. A dynamic
nomenclature proposal for SARS-CoV-2 lineages to assist genomic epidemiol-
ogy. Nat Microbiol 2020;5(11):1403-7.

[6] Quick J, Grubaugh ND, Pullan ST, Claro IM, Smith AD, Gangavarapu K, et al.
Multiplex PCR method for MinION and [llumina sequencing of Zika and other
virus genomes directly from clinical samples. Nat Protoc 2017;12(6):1261-76.

[7] Tablizo FA, Kim KM, Lapid CM, Castro MJR, Yangzon MSL, Maralit BA, et al.
Genome sequencing and analysis of an emergent SARS-CoV-2 variant charac-
terized by multiple spike protein mutations detected from the Central Visayas
Region of the Philippines. medRxiv 2021.

[8] Katoh K, Standley DM. MAFFT multiple sequence alignment software version 7:
improvements in performance and usability. Mol Biol Evol 2013;30(4):772-80.

[9] Minh BQ, Schmidt HA, Chernomor O, Schrempf D, Woodhams MD, von Hae-
seler A, et al. IQ-TREE 2: new models and efficient methods for phylogenetic
inference in the genomic era. Mol Biol Evol 2020;37(5):1530-4.

Journal of Infection and Public Health 15 (2022) 7-9

[10] England PH, Available from: Variants of concern or under investigation: data
up to 2 June 2021; 2021 https://www.gov.uk/government/publications/covid-
19-variants-genomically-confirmed-case-numbers/variants-distribution-of-
case-data-3-june-2021.

[11] Liu Z, VanBlargan LA, Bloyet LM, Rothlauf PW, Chen RE, Stumpf S, et al. Land-
scape analysis of escape variants identifies SARS-CoV-2 spike mutations that
attenuate monoclonal and serum antibody neutralization. bioRxiv 2020.

[12] Greaney AJ, Loes AN, Crawford KHD, Starr TN, Malone KD, Chu HY, et al.
Comprehensive mapping of mutations in the SARS-CoV-2 receptor-binding
domain that affect recognition by polyclonal human plasma antibodies. Cell
Host Microbe 2021;29(3), 463-76.e6.

[13] Clinic M, Available from: Vaccine tracker; 2021 https://www.mayoclinic.org/
coronavirus-covid-19/vaccine-tracker.

[14] Tang JW, Tambyah PA, Hui DS. Emergence of a new SARS-CoV-2 variant in the
UK. ] Infect 2021;82(4):e27-8.

[15] Worobey M, Pekar ], Larsen BB, Nelson M], Hill V, Joy JB, et al. The emergence of
SARS-CoV-2 in Europe and North America. Science 2020;370(6516):564-70.


http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0015
dx.doi.org/10.1097/JOM.0000000000002392
dx.doi.org/10.1097/JOM.0000000000002392
dx.doi.org/10.1097/JOM.0000000000002392
dx.doi.org/10.1097/JOM.0000000000002392
dx.doi.org/10.1097/JOM.0000000000002392
dx.doi.org/10.1097/JOM.0000000000002392
dx.doi.org/10.1097/JOM.0000000000002392
dx.doi.org/10.1097/JOM.0000000000002392
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0025
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0030
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0035
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0040
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0045
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-case-data-3-june-2021
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0055
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0060
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0070
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075
http://refhub.elsevier.com/S1876-0341(21)00375-0/sbref0075

