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Abstract 

A SARS-CoV-2 B.1.1.345 variant carrying the E484K mutation was detected in four patients 

with no apparent epidemiological association from a hospital network in upstate New York. 

Subsequent analysis identified an additional eleven B.1.1.345 variants from this region 

between December 2020 and February 2021. 
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Text 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the etiological 

agent of coronavirus disease 2019 (COVID-19), has caused a global pandemic that is 

reshaping society. As part of an unprecedented global response from the scientific 

community the development and rapid deployment of multiple antibody-based 

countermeasures that target the viral spike protein has proceeded at an unprecedented pace.  

Over the past six months, the emergence of three variants with mutations in the spike 

protein has raised serious concerns about the durability of the current suite of vaccines and 

immunotherapies. The variants, which are colloquially referred to as the United Kingdom 

(B.1.1.7 using the Pangolin nomenclature [1]), South African (B.1.351), and Brazilian (P.1) 

variants have been increasingly identified worldwide. The first variant (B.1.1.7) was 

identified in September 2020 and carries a N501Y mutation in the receptor-binding domain 

(RBD) of the spike protein [2]. Critically, recent studies have suggested this mutation 

potentially increases transmission and virulence [3, 4]. Shortly thereafter, this same mutation 

was identified in B.1.351 and P.1 [5, 6]. Both variants also carried an additional mutation 

(E484K) in the spike that can increase resistance to neutralization by many monoclonal 

antibodies (mAb), while most convalescent sera and mRNA vaccine-induced immune sera 

show reduced inhibitory activity [7, 8]. Notably, interim results from the Novavax adjuvented 

spike protein nanoparticle COVID-19 vaccine trial indicated an efficacy of 85.6% against 

B.1.1.7 infection (versus 95.6% for the original strain), but just 49.4% to 60% in a South 

Africa Phase 2b trial in which the B.1.351 strain was detected in the majority of COVID-19 

events [9].  

In the United States, there have been 8,337 cases with the B.1.1.7 variant identified in 

51 jurisdictions, 266 cases with B.1.351 (29 jurisdictions), and 79 cases with P.1 (19 

jurisdictions) as of this writing (https://www.cdc.gov/coronavirus/2019-
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ncov/transmission/variant-cases.html; Last accessed March 26
th

 2021). In addition, several 

regional variants have been identified, such as the 20C-US lineage in the Midwest [10] and 

the B.1.2 lineage carrying the Q677P mutation in New Mexico and Louisiana [11]. However, 

these lack the E484K and N501Y mutations. In contrast, the recently described B.1.536 

variant in New York City carries E484K [12]. Notably, this variant has been spreading at an 

alarming rate since November and by February 15
th

 2021 accounted for 12.3% of all cases in 

this catchment area. Similar to previous studies with variants carrying E484K, antibody 

neutralization by mAbs REGN10933, CB6, and LY-CoV555 are either impaired or abolished 

with this variant [12]. Furthermore, the neutralizing activities of convalescent plasma or post-

vaccination sera were lower by 7.7-fold and 3.4-fold, respectively [12]. These data illustrate 

the alarming rise of this mutation, which has now been detected in 122 of 1,242 active 

lineages (as of this writing), with various degrees of frequency (https://outbreak.info/; last 

accessed March 26
th

, 2021). 

In June 2020, a pilot study to investigate SARS-CoV-2 was initiated between the 

Multi-drug resistant organism Repository and Surveillance Network (MRSN) and the 

Rochester Regional Health System; a network consisting of 8 acute care hospitals, 9 urgent 

care centers, and 6 long-term care facilities in St Lawrence County and the 9-county Finger 

Lakes Region of NY. Every hospital-based laboratory in the network is capable of testing for 

COVID-19 infection and to date 438,107 samples have been tested with 25,468 distinct 

patients testing positive. For this study, samples were provided by five hospitals in the Finger 

Lakes region. RNA is extracted from SARS-CoV-2-positive nasopharyngeal swabs and 

transferred to the MRSN for sequencing (See Methods). To date, >150 samples spanning 

April 2020 to February 2021 have been analyzed, with 14 different Pangolin lineages 

identified (manuscript in preparation). Though notable mutations were found in the spike 

https://outbreak.info/
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proteins from these earlier samples, including D614G, S673T, Q677H, N679K, and P681H, 

the E484K and N501Y mutations were not identified. 

The most recent shipment consisted of 20 samples from 19 patients collected between 

January 27
th

 and February 7
th

, 2021. Upon analysis, the E484K mutation was detected in five 

samples collected from four patients, one male and three female, between January 27
th

 and 

February 4
th

 2021 (Supplemental Table S1). The average age was 85 years (range 74-92) and, 

despite advanced age and multiple co-morbidities, all recovered. Three patients had mild 

courses with no specific anti-SARS-CoV-2 treatments. One patient received Remdesivir and 

Dexamethasone and did not require intensive care or endotracheal intubation. Notably, three 

patients lived in separate assisted living facilities with no known connections and the fourth 

resided at home. All patients reported no significant travel in the preceding 6 months and 

none had received a SARS-CoV-2 vaccine. 

The five strains were initially assigned to Pangolin Lineage B.1.1.220 (NextStrain 

clade 20B; Figure 1A) along with an additional 124 SARS-CoV-2 genomes from New York 

State, including 12 that also carried the E484K mutation (Figure 1B, supplemental Table 1) . 

However, subsequent refinement by Pangolin reclassified all 129 genomes into 4 distinct 

lineages (B.1.1, B.1.1.116, B.1.1.345, and B.1.1.486; Figure 1B and Supplemental Table 1) 

and all samples from Upstate New York carrying the E484K mutation were assigned to 

B.1.1.345 (Figure 1B). In addition to the E484K mutation, B.1.1.345 carried 4 notable amino 

acid mutations when compared to the Wuhan-Hu-1 SARS-CoV-2 reference genome (NCBI 

GenBank Acc. MN908947), namely R203K, G204R, P314L and D614G. This latter mutation 

has become the most prevalent mutation world-wide and studies suggest it increases viral 

transmissibility and results in higher viral loads [13].  

To better understand the relationship between the sixteen B.1.1.345 samples we 

performed a whole genome high-resolution single nucleotide polymorphism (SNP) based 
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comparison (Figure 1C;). Of the five samples identified in our network, the two samples from 

the same patient were genetically identical (0 SNPs) and the remaining three samples were 

separated by 1-4 SNPs (Figure 1C). The remaining eleven B.1.1.345 genomes were deposited 

by the Wadsworth Center (Albany, NY), a sentinel institute of the New York Department of 

Health, and were separated from our samples by 0-7 SNPs (Figure 1D). To date, B.1.1.345 

was only been identified in the Finger Lakes region (Figure 1D), with the earliest sample 

collected on December 31
st
, 2020 (Supplemental Table 1; Figure 1D). In addition to 

B.1.1.345, a further 110 genomes previously identified as B.1.1.220 were reclassified as 

B.1.1.486 (Figure 1B, Supplemental Table 1). Ninety (82%) samples were collected from 

New York City and adjacent counties, with the remaining being collected across New York 

State. Interestingly, one sample (1098129) collected in New York city on February 18
th

, 2021 

carried the E484K mutation, indicating that the E484K mutation has arisen independently in 

B.1.1.486 in the New York Region.  

To the best of our knowledge, this is the first report of a Lineage B.1.1.345 bearing 

the important E484K mutation. It is notable that no B.1.1.345 variants were detected in our 

surveillance effort prior to December 2020 when it suddenly comprised 25 % of the late 

January and early February samples. The observed mutational convergence within the 

relatively small subset of Lineage B.1.1.345 genomes from New York State further indicates 

that codon S/484 is evolving under a strong degree of positive selection, consistent with 

studies showing the importance of this mutation in antibody evasion [4-8, 12]. Though the 

selective pressure on this position is likely multi-factorial, the expanded use of antibody 

therapy and increased vaccinations in the New York region may be playing a role in the 

emergence of these variants in the region. Notably, as of this writing (March 2021), only 

sixteen B.1.1.345 genomes (all from NY) have been uploaded to GISAID; additional 

B.1.1.345 sequences from this region are required to better understand the current distribution 
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and apparent emergence of this concerning variant. It will also be important to assess how the 

E484K mutation affects protection by vaccines against this specific variant that lacks the 

other mutations in the B1.351 and P1 strains. As the vaccine roll-out gathers pace across the 

United States, it is imperative that every means necessary are employed to rapidly identify 

the emergence of variants-of-concern and immediate action taken to limit their spread. 
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Figure Legend 

Figure 1. Emergence of the E484K mutation in B.1.1.345 SARS-CoV-2 isolates from 

Upstate New York. (A) Time-scaled, global phylogeny of 3,960 SARS-CoV-2 genomes 

sampled between Dec 2019 and Mar 2021 (modified from Nextstrain (https://nextstrain.org) 

dashboard). A full table of acknowledgements for the data included in this phylogeny is 

available in the supplement (Table S3). Major clades (Nextstrain nomenclature), variants 

(literature) and lineages (Pangolin) are indicated. Strains are colored based on the presence of 

a glutamic acid (E, teal) or lysine (K, 243 orange) at position 484 of the spike protein. (B) 

SNP-based, unrooted phylogram of B.1.1.345, B.1.1.486, B.1.1 and B.1.1.6 variants (colored 

shading) collected from New York State between October 2020 and March 2021 (n = 129). 

Empty circles indicate strains with Glutamic acid (E) at residue 484 of the spike protein while 

filled circles indicate those with Lysine (K) at that position. Genomes obtained from GISAID 

(www.gisaid.org) (Table S1 and S2) are shown with a red circle. Genomes newly described 

in this report are shown in blue (note that only four out of five circles are visible as two 

samples from a single patient were identical). (C) SNP-based, mid-point rooted maximum-

likelihood phylogeny of sixteen monophyletic B.1.1.345 strains carrying the E484K 

mutation. Both comparator (Table S2) and newly sequenced isolates (bold font) are labeled 

using their GISAID Accession ID. Where known, the county (colored label) and collection 

date (colored circle) are indicated. For both panels B and C, the number of SNPs separating 

each strain can be inferred from the respective scale. (D) Map of the Finger Lakes region 

indicating the origin of fourteen B.1.1.345 strains carrying the E484K mutation (county of 

origin was not available for 1 isolate and the other is a duplicate sample from one patient). 

Inset map of the entire New York State and landmark cities are provided for geographical 

context. 
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Figure 1 

 


