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[Abstract (220 words)]

Since the beginning of the SARS-CoV-2 pandemic, there has been international concern about
the emergence of virus variants with mutations that increase transmissibility, enhance escape
from the human immune response, or otherwise alter biologically important phenotypes. In
late 2020, several “variants of concern” emerged globally, including the UK variant (B.1.1.7),
South Africa variant (B.1.351), Brazil variants (P.1 and P.2), and two related California “variants
of interest” (B.1.429 and B.1.427). These variants are believed to have enhanced
transmissibility capacity. For the South Africa and Brazil variants, there is evidence that
mutations in spike protein permit it to escape from some vaccines and therapeutic monoclonal
antibodies. Based on our extensive genome sequencing program involving 20,453 virus
specimens from COVID-19 patients dating from March 2020, we report identification of all
important SARS-CoV-2 variants among Houston Methodist Hospital patients residing in the
greater metropolitan area. Although these variants are currently at relatively low frequency in
the population, they are geographically widespread. Houston is the first city in the United
States to have all variants documented by genome sequencing. As vaccine deployment
accelerates worldwide, increased genomic surveillance of SARS-CoV-2 is essential to
understanding the presence and frequency of consequential variants and their patterns and
trajectory of dissemination. This information is critical for medical and public health efforts to

effectively address and mitigate this global crisis.
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[Introduction]

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the causative agent of
coronavirus disease 2019 (COVID-19). Since first being identified in December 2019, the virus
has spread globally and is responsible for massive human morbidity and mortality worldwide.>”
At the onset of the pandemic, effective treatments for COVID-19 were lacking. But as a result of

10.11 3nd several

intense global research efforts, monoclonal antibody (mAbs) therapies
vaccines,’* ** primarily directed against the spike protein, have been developed to treat and
prevent SARS-CoV-2 infection.

In late 2020 the international research community described several SARS-CoV-2
“variants of concern” that warranted special scrutiny. These include the United Kingdom (UK)
variant (B.1.1.7), South Africa variant (B.1.351), Brazil variants (P.1 and P.2) and two California
variants (B.1.429/CAL.20C and B.1.427/CAL.20C)." ** These virus variants were designated as
“concerning” predominantly due to their reported enhanced person-to-person transmission in
some geographic areas, and they have since been detected in several countries worldwide. For

example, the UK B.1.1.7 variant spread rapidly in southeast England where it caused large

numbers of COVID-19 cases,’ and was identified shortly thereafter in the United States (US)
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Similarly, the South Africa and Brazil variants caused large disease outbreaks in their

19, 20

respective countries. These variants also are of concern because they contain a mutation

(E484K) in the spike protein that decreases efficacy of some therapeutic mAbs, decreases in
itro virus neutralization, and may result in potential escape from immunity induced by natural

29-37

infection or vaccination. All three variants (UK B.1.1.7, Brazil P.1, and South Africa B.1.351)

also have a N501Y mutation in spike protein that is associated with stronger binding to the
ACE2 receptor, possibly contributing to increased transmissibility.>®*°

The Houston metropolitan area is the fourth largest and most ethnically diverse city in

the US, with a population of approximately 7 million (https://www.houston.org/houston-

data). ° The 2,400-bed Houston Methodist health system has eight hospitals and cares for a
large, multiethnic, and geographically and socioeconomically diverse patient population
throughout greater Houston. The eight Houston Methodist hospitals have a single central
molecular diagnostic laboratory, which means that all RT-PCR-specimens can readily be
identified, banked, and subjected to further study as needed. In addition, the Department of
Pathology and Genomic Medicine has a long-standing record of integrating genome sequencing
efforts into clinical care and research, especially related to microbial pathogens infecting our
patients.  ° In the aggregate, strategic co-localization of these diagnostic attributes coupled
with a contiguous research institute building seamlessly facilitates comprehensive population
genomic studies of SARS-CoV-2 viruses causing infections in the Houston metropolitan region.
6, 9

Before the SARS-CoV-2 virus arrived in Houston, we planned an integrated strategy to

confront and mitigate this microbial threat to our patients. In addition to rapidly validating an
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RT-PCR test for the virus, we instituted a plan to sequence the genome of every positive

specimen from patients within the Houston Methodist system, with the goal of understanding
pathogen spread in our community and identifying biologically-important mutant viruses. We
previously described the detailed population genomics of the first and second waves of SARS-
CoV-2 in the Houston metropolitan region. ® 2 We have continued to sequence positive SARS-

CoV-2 specimens with the goal of monitoring for variants of concern and genome mutations
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Patient Specimens

All specimens were obtained from individuals who were registered patients at Houston
Methodist hospitals, associated facilities (e.g. urgent care centers), or institutions in the greater

Houston metropolitan region that use our laboratory services. Virtually all individuals had signs
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Results

Since the start of the SARS-CoV-2 pandemic, we have sequenced 20,453 specimens collected
from patients in the Houston metropolitan area. In genome sequencing conducted in January
and February 2021, we discovered our first variants of concern. These included 23 UK variants
(B.1.1.7), two South African variants (B.1.351), and four Brazilian variants (P.1). We also
identified 162 patients infected with the California variants (B.1.429, N = 143; B.1.427, N = 19)

and 39 patients infected with Brazil P.2 variants 2020 (Table 1) .

UK Variant of Concern (B.1.1.7)


https://doi.org/10.1101/2021.02.26.21252227
http://creativecommons.org/licenses/by-nc-nd/4.0/

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

is associated with increased transmissibility®®. In addition, evidence has been presented from
the UK that B.1.1.7 strains may cause increased hospitalization and mortality.’®2*”°® The first
patient we identified in Houston with a B.1.1.7 variant was diagnosed the second week of
January, 2020; thus far we have identified 23 patients with this variant of concern (Table 1). Of
note, none of our first three patients had an international travel history, suggesting that they
acquired the B.1.1.7 infections either locally or during domestic travel. Preliminary evidence
indicates that immune sera from the Pfizer-BioNTech SARS-CoV-2 vaccine retain the ability to
neutralize B.1.1.7 variants in itro.”” Additional studies have found that convalescent plasma
from many patients, and some monoclonal antibody therapies, retain the ability to neutralize

B.1.1.7 variant SARS-CoV-2 in itro.> '

South Africa Variant of Concern (B.1.351)

The South Africa B.1.351 variant of concern was first identified in a COVID-19 epidemic wave
occurring in Nelson Mandela Bay in October 2020." This variant was concerning because of its

large number of spike protein mutations (including K417N, E484K, and N501Y) (Figure 1) and

19, 38

apparent increased transmissibility. These three mutations are located in the receptor

binding domain of spike and may decrease the effectiveness of some mAb therapies and

29-31,3 ,35,58

vaccines. The first South Africa variant detected in Houston was identified in a
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218
219  Brazil Variants of Concern (P.1 and P.2)

220 The P.1 variant of concern was reported to have originated in Manaus, Brazil, and like the South
221  Africa B.1.351 variant, has numerous mutations in spike protein, including E484K and N501Y
222 (Figure 1).>° We identified our first P.1 variant in Houston specimens the third week of January,
223 2021. In total, we have identified four P.1 variants in our patient samples (Table 1). The P.2

®0.61 1t also has a

224  variant began to spread in Brazil in earnest in October of 2020, similar to P.1.
225  E484Kamino acid change in the RBD of spike protein (Figure 1), similar to variant P.1 and
226  B.1.351." We first identified a P.2 variant in a patient specimen obtained the last week of
227  December, 2020. In total, we have documented 39 P.2 variants in our patient specimens (Table

228 1).

229

230 California Variants (B.1.429 and B.1.427)

231  The emergence of what became known as the California variant, originally known as CAL.20C
232 and later designated as lineages B.1.429 and B.1.427, was first identified in Los Angeles County

62,83 This variant re-emerged in October 2020 and was associated

233 inJuly 2020 as a single isolate.
234 with anincreasing number of cases during a wave of SARS-CoV-2 infections in the region.16

235  Variant B.1.429 accounted for 36% of isolates collected from late November to late December
236 2020 in Los Angeles County.'® Since November 2020, this variant has been detected in 42 states
237 inthe US,*® and was first found in Houston Methodist Hospital patients in specimens obtained

238  the last week of December, 2020. We identified 143 and 19 patients with the B.1.429 and

239  B.1l.427 isolates, respectively (Table 1). The B.1.427 variant is closely related to B.1.429 (Figure
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1) and has spread from California to 34 states since October 2020.%” The California variants are
noteworthy primarily for their emergence and very rapid spread in Los Angeles County and
identification elsewhere in the US. However, as of February 17, 2021, they have not been

designated as variants of concern by the Centers for Disease Control.

Geospatial Distribution of Variants

Given the importance of the identification of these SARS-CoV-2 variants in the Houston
metropolitan area, we examined their geospatial distribution to investigate the extent of

dissemination (Figure 2). With the exception of the B.1.351 variant, patients infected with all
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262  ethnically-diverse population center with two international airports, a major shipping center,
263  and a global energy sector, the discovery of patients infected with each of the four concerning

264  SARS-CoV-2 variants is not unexpected but it is disquieting. With this report, Houston now
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Recently, the Q677H amino acid change in spike protein has been identified in SARS-
CoV-2 patient samples collected in multiple US states and other global locations.”” ”* Q677H has
arisen in at least six distinct genomic backgrounds.73 A Q667P amino acid change has also been
identified.”> Among the Houston genomes, Q677H occurred 288 times (1.4%) and is encoded
by two different nucleotide changes. We also identifed two other amino acid changes, 677P (in
330 genomes, 1.6%) and Q677K (2 genomes, <0.1%) in Houston. Taken together, these data
suggest selection for a yet to be determined biologic phenotype associated with amino acid
replacements at position 677.

Many population genomic studies performed in varous global locations have clearly
demonstrated that SARS-CoV-2 variants with biologically-relevant phenotypes have evolved.
Emergence of new variants underscores the need for ongoing extensive genomic sequencing
efforts for early identification and public health warning. In support of these efforts, our
laboratory has devoted substantial resources to SARS-CoV-2 genomics, resulting in sequence
analysis of more genomes than any other state in the US.> Since March 2020, approxzimately
36,500 SARS-CoV-2 positive patients have received care in our Houston Methodist health
system, and we have sequenced 20,453 virus genomes. In total, this dataset represents 56% of
our Houston Methodist COVID-19 patients. Inasmuch as almost 500,000 COVID-19 infections
have been reported in the Houston metropolitan area,” we have sequenced the genome of
4.1% of all cases reported in our area. Based on modeling, this sample depth may be sufficient
to identify all variants occurring at a biologically-relevant frequency.” Due to the very wide
geographic catchment of our eight-hospital system that serves a very diverse patient

population, the data presented here likely reflect a reasonably detailed overview of SARS-CoV-2
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genomic diversity throughout our metroplex. This comparatively deep sampling of the Houston
metropolitan SARS-CoV-2 population enabled us to identify patients infected with variants of
concern, and provided information regarding the timeframe of initial presence and frequency
of each variant. We modeled our strategy on the aggressive genome sequencing being
conducted in the UK, a global leader in SARS-CoV-2 genome sequencing.76

Our large SARS-CoV-2 genome dataset and comprehensive infrastructure are unique
resources. By linking the SARS-CoV-2 whole genome sequence data to patient metadata

present in our electronic medical record, we are able to use analytic tools such as high-
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640 Table 1. Variants of concern or variant of interest identified in the Houston etropolitan

641 area.
Variant No. of Isolates
B.1.1.7 23
B.1.351 2
P.1 4
p.2 39
B.1.429 143
B.1.427 19
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Figure 1. A: Schematic showing structural changes present in the spike protein of the major
SARS.CoV.2 variants identified in the study. S1-NTD, S1 domain-aminoterminal domain; S1-RBD,

S1 domain-receptor binding domain; S1, S1 domain; S2, S2 domain. B: Mapping of important
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