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SUMMARY
We report on the sequencing of 74,348 SARS-CoV-2 positive samples collected across the United States and
show that the Delta variant, first detected in the United States in March 2021, made up the majority of SARS-
CoV-2 infections by July 1, 2021 and accounted for >99.9% of the infections by September 2021. Not only did
Delta displace variant Alpha, which was the dominant variant at the time, it also displaced the Gamma, Iota,
and Mu variants. Through an analysis of quantification cycle (Cq) values, we demonstrate that Delta infec-
tions tend to have a 1.73 higher viral load compared to Alpha infections (a decrease of 0.8 Cq) on average.
Our results are consistent with the hypothesis that the increased transmissibility of the Delta variant could be
due to the ability of the Delta variant to establish a higher viral load earlier in the infection as compared to the
Alpha variant.
INTRODUCTION

The severe acute respiratory syndrome-coronavirus-2 (SARS-

CoV-2) Delta variant, which includes variant B.1.617.2 and all

variants AY.x, has been classified as a variant of concern

(VOC) by Public Health England (PHE), the World Health Organi-

zation (WHO), and the US Centers for Disease Control and Pre-

vention (CDC).1 The Delta variant was the predominant variant in

India during the peak in cases in April and May 2021.2,3 Delta is

defined by a set of SNPs that include S:L452R and S:P681R.2

When it spread to England, the Delta variant led to a new wave

of cases and displaced the then-dominant Alpha variant, which

includes B.1.1.7 and the Q.x variants.4 The context in the United

States was different from that in England or India. In addition to

differences in public health policies and vaccination rates, the

variants that were co-circulating when Delta was introduced

also differed between England and the United States.2,3 In En-

gland, Alpha represented more than 90% of the SARS-CoV-2

sequences when Delta was first identified in the country (in

approximately March 2021), and there were very few sequences

of Gamma (also named P.1), another VOC. In the United States,

Alpha peaked at just above 70%, and there was a greater diver-

sity of variants when Delta started to emerge (also in approxi-

matelyMarch 2021), including an increasing amount of Gamma.5

The objectives of this study were therefore to (1) analyze the
Cell Re
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impact of the Delta variant on the prevalence of Alpha in the

United States, (2) assess the impact of Delta on the prevalence

of Gamma in the United States, and (3) test the hypothesis that

the higher transmissibility of Delta is due to a higher viral load

in the nose.

RESULTS

Samples came from all states, age groups, and races
We sequenced and assigned a lineage to 74,738 samples

collected by the Helix laboratory across the United States (Table

S1) between February and September 2021 for genomic surveil-

lance purposes. These samples came from anterior nares swabs

of different individuals with one viral sequence per person in-

fected (similar to a cross-sectional analysis). The individuals

tested skewed slightly more female (51.2%) (Table 1). The

mean age of individuals tested was 37.5 years old, and all age

groups were represented, with 20–29 years old being the largest

group (22.3% of samples) and 80–R89 years old the smallest

age group (1.1% of samples) (Table 1). The individuals tested

came frommultiple races (Table 1). The largemajority of samples

were collected at a national retail pharmacy, and an analysis of

the billing codes indicates that suspected exposure was the

main reason for testing (International Classification of Diseases,

10th revision (ICD-10) codes Z20.828 and Z20.822). Samples
ports Medicine 3, 100564, March 15, 2022 ª 2022 The Author(s). 1
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Table 1. Demographics of the samples sequenced

All

infections

Alpha

infections

Delta

infections

N total 74,738 23,884 25,485

Gender (%)

Female 38,299 (51.2) 12,190 (51.0) 13,199 (51.8)

Male 36,064 (48.3) 11,642 (48.7) 12,189 (47.8)

Transgender female 6 0 6

Transgender male 2 0 2

Nonbinary 1 0 0

Unknown/decline

to state

366 52 89

Mean age, y 37.5 36.7 36.6

Age group distribution (%)

0–9 2,509 (3.4) 698 (2.9) 1,348 (5.3)

10–19 9,215 (12.3) 3,056 (12.8) 3,398 (13.3)

20–29 16,692 (22.3) 5,638 (23.6) 5,390 (21.1)

30–39 14,755 (19.7) 4,762 (19.9) 5,159 (20.2)

40–49 11,362 (15.2) 3,757 (15.7) 3,739 (14.7)

50–59 10,439 (14.0) 3,313 (13.9) 3,167 (12.4)

60–69 6,500 (8.7) 1,930 (8.1) 2,023 (7.9)

70–79 2,456 (3.3) 558 (2.3) 945 (3.7)

80–R89 810 (1.1) 172 (0.7) 316 (1.2)

Race (%)

American Indian

or Alaska Native

372 (0.6) 85 (0.4) 206 (0.9)

Asian 2,976 (4.6) 851 (4.0) 1,067 (4.5)

Black or African

American

9,231 (14.2) 3,502 (16.5) 3,153 (13.2)

Native Hawaiian

or Other Pacific

Islander

344 (0.5) 79 (0.4) 163 (0.7)

White 42,931 (65.8) 13,577 (64.1) 14,919 (62.6)

Other race 9,325 (14.3) 3,069 (14.5) 4,329 (18.2)

Mixed 40 (0.1) 11 (0.1) 0 (0.0)

Unspecified/unknown 9,519 2,710 1,648
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from San Diego County (California) were collected as part of

community testing organized by San Diego County. Information

regarding the vaccination status of individuals was not available

for this study. Importantly, the collection method and collection

sites have been consistent since February 2021, and the sam-

ples analyzed should not be biased for localized outbreaks

(see method details). We therefore made the assumption that

there was no significant sampling bias between the testing and

sequencing done by our lab from February to April 2021, when

Alpha was rapidly increasing in the United States,6,7 and the

following months of 2021. Supporting this, the distributions of

self-reported age, gender, and race were very similar between

the waves of Alpha infections and Delta infections: 51.8% of in-

dividuals infected with Delta identified as female compared to

51.0% for Alpha infections, and themean self-reported age of in-

dividuals infected with Delta was 36.6 years old compared to

36.7 years old for Alpha infections (Table 1).
2 Cell Reports Medicine 3, 100564, March 15, 2022
The Delta variant grew to represent more than 99.9% of
SARS-CoV-2 infections in the United States in
September 2021
We first observed the Delta variant in March 2021. Delta variant

infections accounted for >50% of SARS-CoV-2 infections in the

United States by July 1, 2021 and represented >99.9% (8,600 of

8,604) of the SARS-CoV-2 we sequenced across the United

States in September 2021 (Figure 1). The speed at which the

Delta fraction rose was similar in Florida (Figure 1A), where we

sequenced samples from all counties, in California (Figure 1B),

where the majority of samples came from San Diego County,

and in the other states sampled (Figure 1C), despite differences

in health policies, weather, and circulating variants. In addition to

displacing the Alpha variant, which was the dominant variant

across the United States in spring 2021, Delta also directly dis-

placed the Gamma VOC and the Mu (B.1.621) variant of interest,

whichwere variants that grew in their proportion inMay and June

2021 in Florida (Figure 1A). Overall, these results clearly showed

that the SARS-CoV-2 Delta variant was more transmissible than

Alpha and the other SARS-CoV-2 concurrently circulating vari-

ants in the United States. These results are similar to how Delta

emerged and spread in the New England region in the United

States,8 India, England, and other countries.

Quantification cycle (Cq) values were lower for Delta
infections compared to Alpha infections when the two
variants co-circulated in the population
Wenext tried to understandwhat could be driving this advantage

of Delta compared to Alpha. One hypothesis is that Delta virions

replicatemore rapidly and to higher viral loads in the nose, so that

individuals exposed to theDelta variant become infectious earlier

compared to individuals exposed to other variants. In a study of

quarantined subjects, researchers observed that subjects in-

fected with the Delta variant had detectable virus (by qRT-PCR)

2 days earlier and at a 1,000-fold higher titer (�10 Ct [cycle

threshold]) than subjects infected with the initial SARS-CoV-2 vi-

rus from early 2020.9 Before testing our central hypothesis, we

first assessed whether other factors influenced viral loads. Cq

valueswere lower formale samples compared to female samples

for both Alpha infections (mean Cqfemale = 20.48 versus mean

Cqmale = 20.26, p<0.0001,Mann-WhitneyU) andDelta infections

(mean Cqfemale = 19.92 versus mean Cqmale = 19.75, p = 0.0002,

Mann-Whitney U) (Figure S1A). This result meant that, on

average, viral load was higher in males compared to females.

We then tested our hypothesis and compared Cq values of

Alpha and Delta infections from samples collected at the same

time, when the two variants were co-circulating in the popula-

tion, and therefore on the same qRT-PCR plates. We restricted

our analysis to dates for which there were at least 10 Alpha se-

quences and 10 Delta sequences. In total, 40 days could be

analyzed for a direct comparison of the Cq values for 1,283 Alpha

infections (CqAlpha) and 4,428 Delta infections (CqDelta). We

observed a higher mean CqAlpha compared to CqDelta for 35 of

the 40 days (Figures 2A and S1B), with an overall difference of

�0.8 (mean CqAlpha)� (mean CqDelta), corresponding to approx-

imately 1.73 more virus in the nose for Delta infections

compared to Alpha infections. This was during the months of

June and July 2021 when the two variants were co-circulating



Figure 1. Delta displaced Alpha and all other variants in the United

States in the summer of 2021

For each variant of concern or of interest, the fraction of the total sequences

each variant represented at a given time is plotted. There is 1 point per week

starting from February 5 and ending September 30, 2021.

(A) Sequences from samples collected in Florida.

(B) Sequences from samples collected in California.

(C) Sequences from samples collected in the rest of the United States.

Each variant is represented by 1 line with a unique color. Alpha: dark blue;

Beta: black; Gamma: light orange; Delta: purple; Epsilon: dark orange; Iota:

pink; Lambda: dark gray; Mu: light blue; and all of the other variants by light

gray.

See also Table S1.
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but the number of Alpha infections was declining, while the num-

ber of Delta infections was increasing.

Cq values were lower for Delta infections compared to
Alpha infections when accounting for the phase of the
epidemic
The period of the epidemic could influence Cq values on average

across a population.10 When an epidemic is growing, it is more

likely to test a sample with a recent infection, and when an

epidemic is declining, it is more likely to test someone with an

old infection. In addition, it is known that on average viral load de-

creases more slowly after hitting peak viral load compared to the

rate at which it increases during the incubation period after infec-

tion. Thus, it is predicted that Cq values would be lower with

higher transmission rates, and that Cq values would be higher

with lower transmission rates.10 To take this potential bias into

account, we decided to compare the CqAlpha when the Alpha

wave was growing to CqDelta when the Delta wave was growing
(the total number of cases). We also made the comparison when

each respective wave was declining. At first, we restricted our

analysis to Florida, the statewhere we have themost sequences,

to be as precise as possible with the dates and the dynamics of

the epidemic. Florida also had both an Alpha and a Delta wave,

whereas California had a very small Alpha wave, which could

interfere with this analysis. We then repeated the analysis on

the rest of the United States, excluding Florida.

In Florida, the Alpha cases were increasing between February

1 and April 13, 2021 (average estimated R = 1.12), while the Delta

cases were increasing between June 18 and August 13 (average

estimated R = 1.39) (Figure 2B; method details). Using these

dates, we could compare the Cq values of 3,616 Alpha infections

with 3,682 Delta infections. On average, CqDelta = 19.91 was

significantly lower compared to CqAlpha = 20.22 by �0.307 (p =

0.0002, Mann-Whitney U test) (Figure 2C; Table S2), whereas

the mean Cq for the qRT-PCR positive controls (CqCtrl+) was

actually 0.17 higher during the Delta increase period (Fig-

ure S1C). Similarly, comparisons of 1,337 CqAlpha and 1,802

CqDelta during the periods of decreasing cases (estimated R

was 0.83 for the Alpha declining phase and 0.82 for the Delta

declining phase) showed that CqDelta = 19.98 was significantly

lower compared to CqAlpha = 20.50 by �0.525 (p = 0.0002,

Mann-Whitney U test) (Figure 2C; Table S2), whereas CqCtrl+

was 0.79 higher during the Delta declining wave compared to

the Alpha declining wave (Figure S1C).

We repeated the analysis on the rest of the United States,

comparing 5,560 Alpha infections with 9,014 Delta infections dur-

ing the growing phases of the epidemics. On average, CqDelta =

19.63 was significantly lower compared to CqAlpha = 20.45 by

�0.82 (p < 0.0001, Mann-Whitney U test) (Figure 2D; Table S2),

whereas CqCtrl+ was 0.23 higher during the Delta growing wave

compared to theAlphagrowingwave (FigureS1D). Similarly, com-

parisons of 3,028 CqAlpha and 6,765 CqDelta during the declining

phases of the epidemics showed that CqDelta = 19.96 was signifi-

cantly lower compared to CqAlpha = 20.63 by �0.67 (p < 0.0001,

Mann-Whitney U test) (Figure 2D; Table S2), whereas CqCtrl+
was 0.79 higher during the Delta declining wave compared to

the Alpha declining wave (Figure S1D). Overall, these results indi-

cate the mean CqDelta was lower compared to the mean CqAlpha.

Based on these analyses, we estimate that the Cq difference

was approximately 0.8, which corresponds to Delta infections

with 1.73 more viruses in the nose as compared to Alpha

infections.

DISCUSSION

Here, we used the results from 74,738 viral sequences with basic

demographic information from Helix COVID-19 tests collected

between January and September 2021 to show the trajectories

of different SARS-CoV-2 variants in the United States. Our anal-

ysis showed that the SARS-CoV-2 Delta variant displaced the

Alpha variant in the United States between May and August

2021. Our results are consistent with reports from England4

and other countries. While it is reasonable to expect variants to

behave similarly in different countries, it is worth noting that the

Alpha variant grew to account for more than 90% of infections

in England early in 2021, but peaked at 70% in the United States.
Cell Reports Medicine 3, 100564, March 15, 2022 3



Figure 2. Higher viral loads in Delta infections compared to Alpha infections (all dates are in 2021)

(A) Mean CqAlpha minus mean CqDelta levels over time in 2021. Each dot corresponds to a value of this difference for 1 day. Sequences from samples collected

from all over the United States were used.

(B) Epidemic phases in Florida. Chart downloaded from https://covid.cdc.gov/covid-data-tracker/#trends_dailycases after restricting the sample to cases in

Florida. The blue bars show daily cases. The red line is the 7-day moving average of cases.

(C) Mean CqAlpha and CqDelta by phase of the epidemic in Florida. The left 2 columns are while the epidemic was growing. The right 2 columns are while the

epidemic was declining. Dark blue: Alpha; purple: Delta. The error bars represent the 95% confidence interval (CI).

(D) Mean CqAlpha and CqDelta by phase of the epidemic in the United States, except Florida. The left 2 columns are while the epidemic was growing. The right 2

columns arewhile the epidemic was declining. Dark blue: Alpha; purple: Delta. The error bars represent the 95%CI.Mann-WhitneyU tests were performed. ***p <

0.001, ****p < 0.0001.

See also Figure S1 and Table S2.
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Here, we showed that the Delta variant also displaced the

Gamma, Iota, and Mu variants in the United States. An analysis

of sequences circulating in South America showed that in Brazil,

the Delta variant also displaced the Gamma variant, and in

Colombia, the Delta variant also displaced the Mu variant.3

One biological explanation for the dominance of Delta could

be that Delta replicates faster than Alpha, and Delta infections

led to higher viral loads earlier after infection. Our analysis of

the Cq is consistent with this hypothesis. The difference we

observed of 1.73 higher viral load in Delta infections as

compared to Alpha was in the same direction and of similar

magnitude to what was reported in other US studies8 or in

France11 in a similar setting. Our results were also similar to

those observed in a study that analyzed the viral dynamics of

Alpha and Delta infections in 72 individuals affiliated with the

(US) National Basketball Association for which longitudinal

qRT-PCR results were available.12 However, our observed dif-

ference was small compared to the �1,0003 difference

observed in a study of quarantined individuals.9 This large

discrepancy could be explained by vastly different study de-
4 Cell Reports Medicine 3, 100564, March 15, 2022
signs. First, Li et al. compared Delta infections to infections

with the earliest form of the virus (19A/B) present in China in early

2020.9 It is very likely that the S:D614G mutation and other

recently acquired mutations have since led to a faster replication

of the virus.13 Therefore, the difference in the viral load of sam-

ples in the Li et al. study may in reality be less than 1,0003 if

the comparison was between Delta infections and Alpha

infections. Second, the samples studied here came from a

community setting, with the large majority from a national retail

pharmacy. For the majority of these samples, it is unlikely that

they were collected at the first moment when they would be

detectable by qRT-PCR.

The next question is whether SARS-CoV-2 can continue to

evolve to be intrinsically more transmissible, or whether it will

evolve to better escape the existing population immunity.

Tracking the growth and behavior of different Delta sublineages

(different AY.x variants) and/or altogether new lineages, as well

as tracking the differences of Cq values over time, will continue

to be important methods to understand the evolution of SARS-

CoV-2 in the future.

https://covid.cdc.gov/covid-data-tracker/#trends_dailycases
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LIMITATIONS OF THE STUDY

The main limitations of the present study are that we did not

have access to (1) individual vaccination information, (2) the

amount of time between infection and collection of the sample

for testing, or (3) the human genome of the individuals being in-

fected. Both vaccination status and time after infection may be

confounders in the viral load analysis. Studies have shown that

viral loads decrease faster in vaccinated individuals and that

viral load varies with time after infection, first increasing and

then decreasing.12,14 Our confidence in our results is based

on two assumptions. The first assumption is that in the samples

we tested, Delta infections would have had a larger fraction of

vaccinated individuals compared to Alpha infections because,

unlike Alpha, the Delta wave occurred when vaccines were

available to the public. Taking into account a greater fraction

of vaccinated individuals among Delta infections would lead

to an even greater difference in viral load between Delta infec-

tion compared to Alpha infection (higher viral load for Delta

infections). The second assumption we made was that a signif-

icant percentage of the individuals in this study got tested

because they presented symptoms or because of a suspected

exposure. It has been shown that comparing Cq values

between variants obtained from symptomatic testing (non-

random surveillance) is more likely to reflect the true differ-

ences in underlying viral kinetics.15 Host genetics including

any potential defect in the type I interferon immune response

could also be a confounder in our viral load analysis as different

people will clear the virus at different speeds.16 Here, our

assumption is that these human genetic factors would be

distributed similarly in individuals infected by the Alpha variant

and individuals infected by the Delta variant. Our study should

be more robust to biases due to individual host genetic factors

compared to studies with a smaller number of individuals that

do not take into account the human genome.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Critical commercial assays

Helix � COVID-19 test Helix EUA201636

TaqPath COVID-19 Combo Kit Thermo Fisher Cat#A47814

Illumina CovidSeq Test Illumina 1000000128490 v01

MagMAX Viral/Pathogen II Nucleic

Acid Isolation Kit

Thermo Fisher Cat#A48383

xGen COVID-19 Capture Panel Integrated DNA

Technologies

Cat# 10006764

NovaSeq 6000 Sequencing

system S1 flow cell

Illumina

NovaSeq 6000 Sequencing

System S1 Reagent Kit v1.5

(300 cycles)

Illumina Cat#20028317

Deposited data

Raw SARS-CoV-2 genomes GISAID Virus name includes

‘CDC-STM’ and/or

‘originating lab field’ is ‘Helix’

Software and algorithms

Bcl2fastq Illumina N/A

Klados-fastagenerator Helix N/A

BWA-MEM https://github.com/lh3/bwa N/A

Haplotyper algorithm Sentieon, Inc N/A

Pangolin v3.1.11 https://github.com/cov-

lineages/pangoLEARN

N/A

EpiEstim http://cran.r-project.org/web/

packages/EpiEstim/index.html

N/A

PRISM v8 Graphpad N/A
RESOURCE AVAILABILITY

Lead contact
Further information and requests for data and resources should be directed to and will be fulfilled by the Lead contact, Alexandre

Bolze (alexandre.bolze@helix.com)

Materials availability
This study did not generate new unique reagents.

Data and code availability
The raw genomes used in this analysis were uploaded toGISAID. There are twoways to find themonGISAID. Oneway is to download

all of the samples that have a collection date within the time period studied in this paper and filter for ‘Helix’ in the ‘Originating lab’

field. The other way is to search for all samples with ‘CDC-STM’ in the ‘Virus name’ field as only Helix uses this nomenclature for the

name of the virus (and filter by collection date as above). An example is: {virus name: hCoV-19/USA/CA-CDC-STM-000720832/2021,

GISAID accession: EPI_ISL_6489962}.

The raw data used to generate Figure 1 are available in Table S3. The raw data (all of the Cq values for Alpha andDelta infections, as

well as positive controls) used for our viral load analyses are available in the supplemental information of this paper: Table S3. Addi-

tional supplemental items are available from Mendeley Data: https://doi.org/10.17632/c8kf2tmjwy.1

d This study does not generate custom code.

d Any additional information required to reanalyze the data reported in this paper is available from the Lead contact upon request.
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EXPERIMENTAL MODEL AND SUBJECT DETAILS

Human subjects
This paper is based on the study of SARS-CoV-2 found and collected from individuals in the United States. The detailed demo-

graphics about these individuals can be found in Table 1 of this paper.

Ethical statement
The Helix data analyzed and presented here were obtained through IRB protocol WIRB#20203438, which grants a waiver of consent

for a limited dataset for the purposes of public health under section 164.512(b) of the Privacy Rule (45 CFR x 164.512(b)). All samples

were de-identified before receipt by the study investigators.

METHOD DETAILS

Helix COVID-19 test data and sample selection
All viral samples in this investigation were collected by Helix through its COVID-19 diagnostic testing laboratory. The Helix COVID-19

Test (EUA 201636) was run on specimens collected across the US, and results were obtained as part of our standard test processing

workflow using specimens from anterior nares swabs. The Helix COVID-19 Test is based on the Thermo Fisher TaqPath COVID-19

Combo Kit, which targets three SARS-CoV-2 viral regions (N gene, S gene, and ORF1ab). Test results from positive cases, together

with a limited amount of metadata (including sample collection date, state, and RT-qPCRCq values for all gene targets), were used to

build the research database used here.

For this study, we analyzed 583,984 positive samples collected from January 1 2021 to October 2021. We collected samples from

all 50 states of the United States, though not in proportion to each state’s population. Table S1 shows the number of positive tests, as

well as the number of viruses sequenced per state. Importantly, samples sequenced for purposes other than genomic surveillance

such as the samples sequenced for two vaccine-effectiveness studies17,18 were not included in the analysis of this paper.

SARS-CoV-2 sequencing and consensus sequence generation
Sequencing was performed by Illumina6 prior to June 2021, and subsequently by Helix, as part of the SARS-CoV-2 genomic surveil-

lance program led by the Centers for Disease Control and Prevention (CDC). In the Helix workflow, RNAwas extracted from 400 mL of

patient anterior nares sample using the MagMAX Viral/Pathogen kit (ThermoScientific). All samples were subjected to total RNA li-

brary preparation using the Rapid RNA Library Kit Instructions (Swift Biosciences). Samples then proceeded via either a hybrid cap-

ture or amplicon workflow. Under the hybrid capture method, SARS-CoV-2 genome capture was accomplished using hybridization

kit xGen COVID-19 Capture Panel (Integrated DNA Technologies). Under the ampliconmethod, SARS-CoV-2 amplicons were gener-

ated using the Swift Normalase Amplicon SARS-CoV-2 Panel (Swift Biosciences). Samples were sequenced using the NovaSeq

6000 Sequencing system S1 flow cell, which included the NovaSeq 6000 Sequencing System S1 Reagent Kit v1.5 (300 cycles).

Bioinformatic processing of this sequencing output was as follows. The flow cell output was demultiplexed with bcl2fastq (Illumina)

into per-sample FASTQ sequences that were then run through the Helix klados-fastagenerator pipeline to produce a sequence

FASTA file. First, reads were aligned to a reference comprising the SARS-CoV-2 genome (NCBI accession NC_045512.2) and the

human transcriptome (GENCODE v37) using BWA-MEM. If a sample was processed through the hybrid capture method, reads

were marked for duplicates. If a sample was instead processed through the amplicon method, reads were trimmed for adapters

before alignment using Trimmomatic v0.3919 and for primer sequences after alignment using iVar v1.3.1.20 Both methods – hybrid

capture and amplicon – then use the Haplotyper algorithm (Sentieon, Inc) to call SARS-CoV-2 variants. The per-base coverage

from the alignment file (BAM) and per-variant allele depths from the variant call format (VCF) file were then used to build a consensus

sequence according to the following criteria: for the hybrid capture method, coverage from at least 5 unique reads is required with at

least 80% of the reads supporting the allele; for the amplicon method, coverage from at least 5 reads is required with at least 60% of

the reads supporting the allele. Otherwise, that base is considered uncertain, and an N is reported.

Viral lineage designation
Viral sequenceswere assigned a Pango lineage21 using pangoLEARN (https://github.com/cov-lineages/pangoLEARN). For this anal-

ysis, pangoLEARN version 2021-08-24 with Pangolin software version 3.1.11 was used. We sequenced and were able to attribute a

lineage to 74,738 sequences from samples collected between February and October 2021 for genomic surveillance purposes.

Samples sequenced in January were not randomly selected. They were enriched for samples with S-gene target failures (SGTF)

with the original goal to assess how good of a proxy SGTFwas for the Alpha variant. This is why these sequences were not included in

the Figure 1 analysis.

Cq analysis
We used the Cq of the N gene target to compare the Cq of Alpha and infections and Delta infections. For comparisons based on the

time of the epidemic (either growing phase or declining phase), we restricted the analysis to sequences from positive samples with a

Cq N-gene <27. This is because our threshold for sequencing samples evolved over time. In the beginning of 2021, we used a Cq N
e2 Cell Reports Medicine 3, 100564, March 15, 2022
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gene threshold of 27 to select samples to sequence in order to maximize the percentage of successful sequences. More recently, we

improved our protocols and have been able to sequence samples with higher Cq values.

We selected the dates for the start and end of the growing and declining phases of the Alpha and Delta waves based on the CDC

cases charts (such as the one in Figure 2B). Importantly, the start of the Alpha growth phase overlapped with an overall decline in

cases across the United States. We were confident that Alpha numbers were growing from mid-January until mid-April based on

our previous work analyzing SGTF positive tests, which were a very good proxy for Alpha infections.6

Estimated R analysis
We calculated the estimated R for Alpha and Delta at different periods of the epidemic in Florida using the EpiEstim software.22 The

incidence counts were obtained bymultiplying the daily 7-day average case counts in Florida reported by the CDC (https://covid.cdc.

gov/covid-data-tracker/#trends_dailycases) with the fraction of sequences that were Alpha or Delta at a given day based on Helix

viral surveillance (data plotted Figure 1A).

QUANTIFICATION AND STATISTICAL ANALYSIS

Comparison of Cq values between different weeks were done using Mann-Whitney U tests with PRISM version 8.

ADDITIONAL RESOURCES

US distribution dashboard of COVID-19 lineages for samples originating from Helix Viral Surveillance: https://public.tableau.com/

app/profile/helix6052/viz/HelixSARS-CoV-2LineagesofInterest/Lineages.
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