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Genomic surveillance can provide early insights into new
circulating severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) variants. While conducting genomic
surveillance (1,663 cases) from December 2020—April
2021 in Arizona, USA, we detected an emergent E484K-
harboring variant, B.1.243.1. This finding demonstrates
the importance of real-time SARS-CoV-2 surveillance to
better inform public health responses.

enomic sequencing surveillance tracks the evo-

lution of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and can provide ear-
ly-warning insight of new variants circulating in
communities. SARS-CoV-2 continues to acquire
mutations in its genome as it spreads around the
world. Although many mutations have little or no
consequence on virus fitness, some mutations af-
fect receptor binding or reduce antibody neutral-
ization (1,2). Other mutations have been associated
with increased transmission and clinical disease
severity (3; Y. Liu et al., unpub. data, https://doi.
org/10.1101/2021.03.08.434499). As of July 2021, the
US SARS-CoV-2 Interagency Group has designated
4 variants of concern (VOC) and 7 variants of inter-
est (VOI) in the United States based on the combi-
nation of mutations and associated attributes (5).
Several of these VOCs and VOlIs (e.g., Beta/B.1.351,
Gamma/P.1, Delta/B.1.617.2) harbor the E484K mu-
tation in the spike glycoprotein gene (4). Studies
have demonstrated that the E484K mutation reduces
antibody neutralization (2,5,6). E484K variants have
also been identified in reinfection cases, suggesting
a role in breakthrough infections (2,5-7); these find-
ings indicate the need to monitor for SARS-CoV-2
variants in real time.

In an effort to provide statewide genomic sur-
veillance, we sequenced the SARS-CoV-2 genome
from 1,663 positive samples collected December
28, 2020-April 12, 2021 in Arizona, United States.
Samples were primarily from Maricopa (56.9%),
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Coconino (26.4%), and Pima (8.5%) Counties. Study
participants were 53.8% male, 46.2% female; age
range was 5-81 years (median of 25 years). We suc-
cessfully sequenced 1,538 (92.5%) high-quality com-
plete genomes and found VOCs Alpha/B.1.1.7 (n =
336, 21.8%), Gamma/P.1 (n =5, 0.33%), Beta/B.1.351
(n =1, 0.07%), and Delta/B.1.617.2 (n = 1, 0.07%)
and VOIs Epsilon/B.1.427/B.1.429 (n = 416, 27.0%),
Iota/B.1.526 (n=7,0.5%), and Zeta/P.2 (n=38, 0.5%)
(Appendix Table 1, https:/ /wwwnc.cdc.gov/EID/
article/27/10/21-1189-Appl.pdf). We detected 8
genomes associated with a common B.1.243 variant
that had acquired an E484K mutation in the spike
protein. The novel variant had 11 lineage-defining
mutations, including V213G and E484K in the spike
gene, a 9-nt deletion in open reading frame (ORF)
lab (ASGF3675-77), a 3-nt insertion in the noncod-
ing intergenic region upstream of the N gene, and
other synonymous substitutions (Appendix Table 2,
Figure 1). These 11 conserved mutations are distinct
from the mutations associated with the parent lin-
eage, B.1.243. The parent B.1.243 lineage is a com-
mon variant circulating in the United States that was
observed in March 2020, early in the pandemic (Fig-
ure, panels A-C). The B.1.243 parent lineage encodes
the spike gene D614G substitution but none of the
other concerning mutations (Appendix Table 3, Fig-
ure 1). This new E484K-harboring variant has been
officially designated as B.1.243.1 using the pangolin
nomenclature system (8).

We examined the GISAID repository (https://
www.gisaid.org) for additional B.1.243.1 genomes
to determine its prevalence and geographic distri-
bution. We found that B.1.243.1 is predominantly
established in Arizona. Of 24 cases of B.1.243.1 se-
quenced during February 1-April 14, a total of 21
cases were from Arizona (Figure, panel C; Appendix
Table 4). Two cases were sequenced from samples
collected in Texas on February 24 and March 20 and
another from a sample collected in New Mexico on
March 8, suggesting that B.1.243.1 had spread to oth-
er states. We also identified 2 instances in which the
parent B.1.243 lineage independently acquired the
E484K mutation. However, both genomes lacked the
other B.1.243.1 lineage-defining mutations and ap-
pear to be dead-end transmission events. Phyloge-
netic analyses indicate that the B.1.243.1 sequences
form a monophyletic clade within the B.1.243 clade
(Appendix Figure 2). Multiple internal branching
observed in the B.1.243.1 clade indicates continued
diversification of the lineage sequences, which sug-
gests that B.1.243.1 was being established in circu-
lation within Arizona. In contrast, the 2 additional
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Figure. Emergence of E484K-harboring B.1.243.1 variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in Arizona,
United States. A) Prevalence of B.1.243 parental lineage in the United States by number of cases per month, November 2020—April
2021. Dashed line indicates incomplete reporting of sequences from April 2021. B) Prevalence of B.1.243 parental lineage in the United
States by proportion of sequenced genomes per month, November 2020—April 2021. C) Total B.1.243.1 cases reported February—April

2021. Blue curve indicates cumulative case incidence.

B.1.243 cases bearing the E484K mutation alone
were phylogenetically distinct from the B.1.243.1
clade, suggesting that those isolates had evolved
independently.

Genomic sequencing surveillance can provide
early warnings of emergent variants. Because phylo-
genetic evidence suggested that B.1.243.1 was begin-
ning to circulate in Arizona, the Arizona Department
of Health Services (ADHS) was notified on March
18, 2021, and contact tracing was performed for the
early B.1.243.1 cases. Of the case-patients who were
interviewed, none reported connection to other pa-
tients. At the time of reporting (May 2021), the most
recent case of B.1.243.1 had been reported on April
14, 2021 (Appendix Table 4). The limited spread of
B.1.243.1 coincides with competition from the rapid
rise in transmission of the Alpha (B.1.1.7) variant in
the United States (9).
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A limitation of this study is that the sequencing
surveillance represented 0.31% of 503,825 total SARS-
CoV-2 cases in Arizona during the study period. Tar-
geted sampling efforts, such as prescreening samples
for the E484K mutation by PCR-based assays, would
complement random sampling for genomic sequenc-
ing surveillance. Our study highlights the need for
sustained genomic surveillance in public health strat-
egies and responses.
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We report persistent severe acute respiratory syndrome
coronavirus 2 infection in a patient with HIV/AIDS; the
virus developed spike N terminal domain and receptor
binding domain neutralization resistance mutations. Our
findings suggest that immunocompromised patients can
harbor emerging variants of severe acute respiratory
syndrome coronavirus 2.

n December 2020, a 61-year-old woman living with

HIV/AIDS was tested for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection at
a community testing center in California, USA; she
produced an anterior nasal swab sample that tested
positive by reverse transcription PCR (RT-PCR). At
the time of sample collection, she had a 10-day his-
tory of nonproductive cough, and was not receiving
antiretroviral therapy (Figure). Her CD4 count was
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