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Supplementary Methods
Study Population

This study was approved under Caltech IRB #20-1026. All adult participants provided written informed consent;
all minor participants provided verbal assent accompanied by written permission from a legal guardian. Children
ages 8-17 years old additionally provided written assent. Eligibility criteria were reported previously'?; briefly,
an individual was eligible to enroll if someone in their home had a recent known exposure or had tested positive
for SARS-CoV-2 within the last 5 days. All participants were at least 6 years of age and all participants were
fluent in English. Eligibility was determined by the Study Coordinators during a phone interview and/or
completion of an online eligibility survey hosted on Qualtrics.

Additional Details about RT-gPCR Testing and Variant Sequencing

Briefly, each day, participants completed an online symptom survey, then self-collected saliva, then anterior-
nares swab, then posterior oropharyngeal (throat) swab specimens for RT-qPCR testing. Extraction and RT-qPCR
was performed at Pangea Laboratories using the FDA-authorized Quick SARS-CoV-2 RT-qPCR Kit.** This assay
has a reported LOD of 250 copies/mL of sample, which we also verified prior to study initiation.?> Details of the
quantification of viral load were described previously.?

Viral sequencing and variant determination were also performed at Pangea; full methods previously described.*®
Extraction, RT-qPCR, and sequencing operators and supervisors at Pangea Laboratory were blinded to which
participant a sample originated from, as well as the infection status and Ag-RDT results of all participants.

Ag-RDT

Participants performed the Ag-RDT according to manufacturer’s instructions' and reported results and a photograph
of their test strip via a secure REDCap server. This Ag-RDT was chosen because it is in use globally,” and performance
evaluations have been published in several cross-sectional studies.*

LOD of the Ag-RDT

Conversion from the manufacturer-reported LOD of 1.91x10* TCID50/mL of based on commercial heat-inactivated SARS-
CoV-2 particles’ to copies/mL is not possible based on information provided in the FDA documentation for the Quidel
QuickVue At-Home OTC COVID-19 Test.” Further, the manufacturer was unable to provide this value nor a lot number or
certificate of analysis for the heat-inactivated particles. Thus, we were unable to convert this LOD value from TCID50/mL
to copies/mL.

Data Used in the Analyses

A total of 2,174 timepoints had a valid, conclusive composite RT-qPCR result, of which 847 timepoints from 90 individuals
were classified as infected. Of these 2,174 timepoints, 63 did not have associated Ag-RDT results reported by the participant
and 4 had invalid results. Three positive Ag-RDT results were also excluded because they originated from a faulty lot of
test strips (see Supplementary Information). A total of 2,107 (nasal swab), 2,108 (throat swab), and 2,114 (saliva) timepoints
had valid ANS Ag-RDT and RT-qPCR results (Fig 2A-F, Fig 3A-C), and 2,104 timepoints had valid, paired ANS Ag-RDT
and composite RT-qPCR results (Fig 2G-H, Fig 3D-F).

International Ag-RDT Use Many countries have already authorized and/or implemented the use of combination specimen
types for Ag-RDTs, including the United Kingdom, Canada, and Israel.*'°

Supplementary Analyses

Confidence intervals were calculated per the guidance in the Clinical Laboratory Standards Institute (CLSI) EPI12 A2 User
Protocol for Evaluation of Qualitative Test Performance."!

Discordance in Participant Interpretation of Antigen Test Results

Participants interpreted and reported their own antigen test results (positive, negative, or invalid), and
photographed their test strips immediately. In the event of an invalid result, study coordinators contacted
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participants to request they immediately take an additional test; invalid results were replaced with subsequent
valid results, when applicable. Participants recorded their test results and uploaded photos of the test strips to a
secure REDCap server immediately after testing. All photographs were inspected by at least two study
coordinators blinded to RT-qPCR results. Results as reported by the participants were analyzed and reported here.
In 2.5% of antigen tests (56 of 2,153 tests), a pink (positive) test line was visible to two study coordinators in
photographs uploaded, but the result was reported as negative by the participant. In most cases the pink lines were
faint and may have been overlooked by the participants. It is also possible that in some cases the test was
photographed late; per the manufacturer’s guidance, the test result is only valid at the 10-min mark. One
participant with a dark pink line was queried and reported poor close-range vision; this participant had a
housemate help with all further interpretations. In one case from one participant, an invalid result was reported,
but a blue control line was visible to two study coordinators. In this manuscript, we used the participants’
interpretations in all analyses. Although 2.5% of all rapid antigen test results had discordant interpretations, 14%
(33 of 228) of participants had a discordant interpretation; this discordance underlines that user error can
substantially affect sensitivity of these at-home tests in real-world settings.

Faulty Antigen Test Lot

In mid-January 2022 we observed that two asymptomatic participants had consecutive positive antigen test
results, but negative results by RT-qPCR in all three specimen types tested. Further investigation revealed that
the most recently taken false positives from these two participants were from the same antigen strip lot (Quidel
QuickVue At-Home OTC COVID-19 Test #152000). A third participant (Fig 4D) also had a single false-positive
test from this lot the same week. This lot was immediately pulled from circulation in the study, and reported to
the manufacturer and to the FDA (viaa MedWatch Voluntary Report). Following an IRB amendment, participants
began photographing the antigen test strip lot number visible when they reported their Ag-RDT results. Known
test results from this faulty lot were marked as invalid and excluded from analysis (Fig 2). In one of the 17
participants enrolled during the early period of infection (Fig 4D), the antigen test result from this lot is noted
with a “?”” on his plot, and the datapoint was excluded from subsequent analyses. An investigation of the high rate
of false positives was investigated further in a laboratory study using antigen test buffer and commercial nasal
fluid from healthy human donors. Full details of that investigation have been reported separately.'?

In the participant in Fig 4D, we continued to observe consistent false-positive Ag-RDTs; with a variety of antigen
lots. The participant also tested positive by the Quidel Ag-RDT while testing negative on an iHealth rapid antigen
test taken outside of the study on the final day of sampling. This participant tested positive by the Quidel Ag-
RDT even >30 days after his first detectable viral load, and when viral load was undetectable by RT-qPCR in all
three specimen types. These antigen test strips were not from the lot that yielded consistently false-positive results.
The reason for this participant’s string of false positives remains unknown.

We observed a negative percent agreement (NPA) of 97% (1,343) antigen negative results of 1,385 ANS RT-
qPCR negative results. This is slightly lower than the NPA of 99.2% (95% CI 97.2-99.8%) observed by the Ag-
RDT manufacturer.*? This decrease may be due to the inclusion of additional results from this faulty lot for which
we were not able to collect test strip lot information.

Figure software

Fig 4 was created with GraphPad PRISM; Fig 7 was created using BioRender.
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Table S1. Literature providing estimates for infectious viral load thresholds. Relevant literature with paired SARS-CoV-2 viral load and viral culture performed. These studies
were reviewed to estimate the lowest viral load at which replication-competent virus was observed, to substantiate possible infectious viral load thresholds (IVLTs). If an exact
number was provided in the manuscript, the method is listed as provided, otherwise an approximate value was obtained from review of data shown at the given location in the
referenced manuscript. Study Type was listed as Clinical if culture data originated from human clinical specimens; if specimens were collected from humans inoculated with SARS-
CoV-2 as part of a research study, the type is listed as Challenge Study. Laboratory study type indicates viral isolates were cultured and subsequently used to compare viral loads at
which replication-competent virus was observable. Modeling study type indicates manuscripts without primary culture data that analyzed data from other studies to estimate an

infectious viral load. Review indicates a manuscript synthesizing studies that include SARS-CoV-2 viral culture and/or viral load data and does not add new primary data.

o Study Minimum Infectious Viral
Citation Type Load (RNA copies/mL) Method
Stanley S, Hamel Donald J, Wolf Ian D, et al. Limit of Detection for Rapid Antigen Testing of the Approximated from
SARS-CoV-2 Omicron and Delta Variants of Concern Using Live-Virus Culture. J Clin Microbiol Laboratory | 2.0x10? Flp 1131re )
2022; 60(5): €00140-22. g
Marc A, Kerioui M, Blanquart F, et al. Quantifying the relationship between SARS-CoV-2 viral load Modelin 1.0x10° Provided (stated as
and infectiousness. eLife 2021; 10: €69302. & ‘ parameter in methods)
. . . .. Provided (value provided
Walsh KA, Jordan K, Clyne B, et al. SARS-CoV-2 detection, viral load and infectivity over the Review 1.0x10° approximated from
course of an infection. The Journal of infection 2020; 81(3): 357-71. ’ PP .
primary literature)
van Kampen JJA, van de Vijver DAMC, Fraaij PLA, et al. Duration and key determinants of Approximated from
infectious virus shedding in hospitalized patients with coronavirus disease-2019 (COVID-19). Nature | Clinical 5.0x10° Fipp re 1
communications 2021; 12(1): 267. gt
Perera R, Tso E, Tsang OTY, et al. SARS-CoV-2 Virus Culture and Subgenomic RNA for
Respiratory Specimens from Patients with Mild Coronavirus Disease. Emerg Infect Dis 2020; 26(11): | Clinical 1.0x10° Provided
2701-4.
Pickering S, Batra R, Merrick B, et al. Comparative performance of SARS-CoV-2 lateral flow
antigen tests and association with detection of infectious virus in clinical specimens: a single-centre Laboratory | 1.2x10° Provided
laboratory evaluation study. Lancet Microbe 2021; 2(9): e461-e71.
L’Huillier AG, Torriani G, Pigny F, Kaiser L, Eckerle I. Shedding of infectious SARS-CoV-2 in Clinical 1.0x10° Approximated from
symptomatic neonates, children and adolescents. medRxiv 2020: 2020.04.27.20076778. ‘ Figure 1
Jones Terry C, Biele G, Miithlemann B, et al. Estimating infectiousness throughout SARS-CoV-2 Modelin 1.0x105 ?ip?lrrzxérg?fief?gl data
infection course. Science 2021; 373(6551): eabi5273. & ’ fr fm primary literature)
Quicke K, Gallichote E, Sexton N, et al. Longitudinal Surveillance for SARS-CoV-2 RNA Among Approximated from
Asymptomatic Staff in Five Colorado Skilled Nursing Facilities: Epidemiologic, Virologic and Clinical 1.0x10° Flp 1131re B
Sequence Analysis. medRxiv 2020: 2020.06.08.20125989. &
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Puhach O, Adea K, Hulo N, et al. Infectious viral load in unvaccinated and vaccinated patients

Approximated from

- p
infected with SARS-CoV-2 WT, Delta and Omicron. medRxiv 2022: 2022.01.10.22269010. Clinical -} 2.0x10 Figure 1C
Bal A, Brengel-Pesce K, Gaymard A, et al. Clinical and microbiological assessments of COVID-19 - 3 . .
in healthcare workers: a prospective longitudinal study. medRxiv 2020: 2020.11.04.20225862. Clinical 4.5x10 Provided in Table S2
Ke R, Martinez PP, Smith RL, et al. Daily longitudinal sampling of SARS-CoV-2 infection reveals Clinical 1.0x102 Approximated from
substantial heterogeneity in infectiousness. Nature Microbiology 2022; 7(5): 640-52. ¢ ’ Figure 3C/1B and Fig €9
Boucau J, Marino C, Regan J, et al. Duration of Shedding of Culturable Virus in SARS-CoV-2 Clinical 3.0x10° Approximated from
Omicron (BA.1) Infection. N Engl J Med 2022. ¢ ’ Figure 1A
Killingley B, Mann AJ, Kalinova M, et al. Safety, tolerability and viral kinetics during SARS-CoV-2 | Challenge 2.0x10? Approximated from
human challenge in young adults. Nat Med 2022; 28(5): 1031-41. Study ’ Figure e2B
Wolfel R, Corman VM, Guggemos W, et al. Virological assessment of hospitalized patients with Clinical 1.0x103 Approximated from
COVID-2019. Nature 2020; 581(7809): 465-9. ¢ ’ Figure 1D
Rhee C, Kanjilal S, Baker M, Klompas M. Duration of Severe Acute Respiratory Syndrome Approximated (based on
Coronavirus 2 (SARS-CoV-2) Infectivity: When Is It Safe to Discontinue Isolation? Clin Infect Dis Review 5.0x10° data from primary
2021; 72(8): 1467-74. literature)
Pekosz A, Parvu V, Li M, et al. Antigen-Based Testing but Not Real-Time Polymerase Chain Approximated from
Reaction Correlates With Severe Acute Respiratory Syndrome Coronavirus 2 Viral Culture. Clin Clinical 3.2x10* F1p ir(; B ed o
Infect Dis 2021; 73(9): €2861-¢6. g
Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-CoV-2, SARS-CoV, and MERS- .

. . . . . . . . . . . 6 Provided (based on data
CoV viral load dynamics, duration of viral shedding, and infectiousness: a systematic review and Review 1.0x10 from primary literature)
meta-analysis. Lancet Microbe 2021; 2(1): e13-e22. p y
Berg MG, Zhen W, Lucic D, et al. Development of the RealTime SARS-CoV-2 quantitative Clinical/La
Laboratory Developed Test and correlation with viral culture as a measure of infectivity. J Clin Virol. borato 1.6x10* Provided
2021;143:104945. Ty
Mollan KR, Eron JJ, Krajewski TJ, et al. Infectious Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) Virus in Symptomatic Coronavirus Disease 2019 (COVID-19) Outpatients: Host, Clinical 1.0x10* Approximated
Disease, and Viral Correlates. Clin Infect Dis. 2022;75(1):¢1028-e1036.
La Scola B, Le Bideau M, Andreani J, et al. Viral RNA load as determined by cell culture as a
management tool for discharge of SARS-CoV-2 patients from infectious disease wards. Eur J Clin Clinical 1.0x103 Provided

Microbiol Infect Dis. 2020;39(6):1059-1061.
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Table S2. Demographic and Medical Information for Participants Shown in Fig 4. SARS-CoV-2 variant was determined by ANS
swab in all cases except individual (B) who had low ANS viral loads so sequencing was from a throat swab. Variant for participant (I)

is inferred from the household index case. See also Table S3. Some data for participants A-N were reported previously.'?

Status on enrollment

Months since vaccine

Fig3 R . Medical Age range . SARS-CoV-2
panel Saliva | Throat | Nasal | Nasal 1st 2nd 3rd |Active Medications conditions Gender (in years) Race Ethnicity Variant
PCR PCR PCR |antigen| dose dose dose
neg neg neg neg < n/a n/a male - ite . .
(A) 9[M] | 8[M] | <2 [M] / / I 40-49 Whi not Omicron
Hispanic BA.1.1
obesity, Gl
®) 1| 3P PPI, vitamin/ condition, f | 30-39 Wik not Omicron
neg neg neg neg none supplement anxiety or emale B 'te Hispanic BA.1.1
depression
i i Multiple not Omicron
(C) inc neg neg neg <1 [P] | none none acetaminophen n/a male 6-11 Races Hispanic BA11
(N G not Omicron
(D) neg neg neg neg [10[M] | 9[M] | 2[M] none obesity male 30-39 Pacific Hispanic BA11
Islander
allergy medication;
acetaminophen,

(E) neg neg neg neg |[>11[P][<10[P]| <3 [P] SIS ENI, obesity female 30-39 White Hispanic Omicron
dextromethorphan, BA.1
phenylephrine HCI,

doxylamine

(F) neg neg neg neg 10[P] | 9[P] none Miamin n/a female 18-29 White ) el . Omicron

supplement Hispanic BA.1.1

(G) neg neg neg neg | <2[P] [ <1[P] | none iEmIY n/a male 6-11 White . not . Omicron

supplement Hispanic BA.1.1

(H) | neg | neg | neg | neg |10(MI| oM | 2 (M) e n/a female | 40-49 | white | MOt | Omicron

supplement Hispanic BA.1.1
antibiotic, Omicron

(1) neg neg neg neg 10[P] | 9[P] none vitamin/ obesity male 18-29 White Hispanic |BA.1.1 (index

supplement case)
. vitamin/ anxiety or . not Omicron

2 pOS pos the nes 9 MI | 8[M] | <2[M] supplement depression female 40-49 Wit Hispanic BA.1.1

(K) | pos | pos | inc | neg |9.5mi1|8.5 M| 0.5 (P NSAID n/a male 40-49 White e Omicron

Hispanic BA.1.1
diabetes,
. high blood
allergy medication,
. pressure,
Chelbees obesity Multiple not Omicron

(L) pos pos pos neg 11[P] | 10[P] 2 [P] medication, I female 50-59 Races Hispanic BA11

cholesterol

o sleep

medication
apnea, Gl
condition
oveweight, o Omi

(M) | pos pos neg neg |10 [M]| 9[M] 2 [M] SSRI anxiety or male 50-59 White ) no . micron
. Hispanic BA.1.1

depression

(N) pos neg pos neg 5 [P] 4[P] none none n/a female 12-17 White i s X Omicron

Hispanic BA.1.1
(0) pos pos pos neg 10[P] | 9[P] 1[P] Miamin anX|ety.or female 40-49 White ) el . Omicron
supplement depression Hispanic BA.1.1
t Omi
(P) | pos pos pos neg |13 ([P] [12[P] [ 3.5([P] none n/a male 18-29 Asian . ne . micron
Hispanic BA.1.1
acetaminophen,
antihistamine, Omi

(Q) | pos pos pos neg 9[P] 8[P] |<0.5 [P] [dextromethorphan,| obesity female 12-17 White Hispanic mBlAc:rLon
phenylephrine HCI, i

doxylamine

* Months from vaccine date are given relative to enrollment date

# Vaccine abbreviations: [P], Pfizer-BioNTech COVID-19 Vaccine (COMIRNATY); [M], Moderna COVID-19 Vaccine (Spikevax); [JJ], Johnson & Johnson
NQ, not quantifiable; viral load was below the test LOD (250 SARS-CoV-2 RNA copies/mL)
** Participants were asked to report both sex at birth and current gender identity; all participants in this cohort responded cis-gender identities to sex at birth
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Table S3. Demographics of the 17-participant cohort shown in Fig 4. Additional detailed information on each participant can be

found in Table S2.
Sex*
Male 47.1%
Female 9 52.9%
Age
6-11 2 11.8%
12-17 2 11.8%
18-29 3 17.6%
30-39 3 17.6%
40-49 5 29.4%
50-59 2 11.8%
Race
White 13 76.5%
Asian or Pacific Islander 11.8%
Multiple Races 11.8%
Ethnicity
Hispanic 3 17.6%
Non-Hispanic 14 82.4%
Tobacco Smoker or Vape User History
Current 0 0.0%
Former 11.8%
Never 15 88.2%
Active Medications and Supplements
Vitamins/Supplements 7 41.2%
Acetaminophen/NSAIDs 4 23.5%
Allergy medications/Antihistamines 3 17.6%
Antibiotics/Antivirals 1 5.9%
Medical Comorbidities
Asthma 1 5.9%
Anxiety or Depression 3 17.6%
Diabetes 1 5.9%
Overweight/Obesity 7 41.2%
Gl condition 2 11.8%
SARS-CoV-2 Vaccination Status
Partially Vaccinated 1 5.9%
Completed Vaccination 5 29.4%
Fully vaccinated and boosted 11 64.7%
No SARS-CoV-2 vaccines reported 0 0.0%

*Participants were asked to report both sex at birth and current

gender identity; all participants in this cohort responded cis-gender

identities to sex at birth
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Specimen LOD Specimen LOD Infectious Viral Load Threshold (copies/mL)
= Type (copiesimL) Type (copiesimL) 104 105 108 107
2 ANS Ag-RDT Observed vs ANS Inferred 108 475vs 44 9% 548vs5h3.2 633vs64.3 63.0vs64.8
& ANS Ag-RDT Observed vs OPS Inferred 108 47.5vs 2811% 54.8vs33.3 63.3vs40.3 63.0vs40.6
% ANS Ag-RDT Observed vs AN-OP Inferred 106 47.5vs 57.3% b548vs68.0 63.3vsB822 63.0vsB828
% AN-OP Inferred 1086 vs ANS Inferred 106 57.3vs449% 68.0vs53.2 82.2vs64.3 B82.8vs64.8
g AN-OP Inferred 106 vs OPS Inferred 108 57.3vs281% 68.0vs33.3 822vs403 828vs40.6

Table S4. Comparisons of the Observed and Inferred Performance of Low-Analytical-Sensitivity Diagnostic Tests (Ag-RDTs)
to Detect Presumed Infectious Individuals. Individuals were presumed infectious for the period between first specimen (of any type)
with a viral load above the infectious viral load threshold (104, 10°, 10, or 107 copies/mL) until all specimen types were below the
IVLT. -Comparison of the clinical sensitivities to detect infectiousness at IVLTs of 10* to 107 across specimen types was performed
using the McNemar Exact Test, for given comparisons across specimen type. ANS Ag-RDT vs ANS with LOD 10° copies/mL was
tested using a two-tailed McNemar Exact Test; all other combinations use a one-tailed McNemar exact test. P-values were adjusted
using a Benjamini—Yekutieli correction to account for multiple hypotheses being tested. Comparisons resulting in p-values <0.05 were
considered statistically significant, and are indicated in red. SA, saliva; ANS, anterior-nares swab; OPS, oropharyngeal swab; AN—OP,
anterior-nares—oropharyngeal combination swab; LOD, limit of detection.
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(A) Rapid ANS Antigen Test
100 Detection of Infected Individuals
90
80 F=0.01
70 | |
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30 $
20
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Observed Clinical Sensitivity (%)

1 1
Symptomatic Not Symptomatic

Figure S1. Relationship Between Symptoms and Viral Load. The observed clinical sensitivity of the rapid antigen test to detect
infection is plotted for timepoints when the cohort of 17 participants enrolled early in the course of the infection either reported at least
one symptom (Symptomatic) or did not report any symptoms (Not Symptomatic). An upper-tailed Fished exact test was performed to
determine whether Ag-RDT performance at symptomatic timepoints was significantly higher than timepoints when participants
experienced no symptoms.
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Infectiousness Inferred Using SAME Specimen Type
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Figure S2. Effect of Test LOD and Infectious Viral-Load Threshold (IVLT) on Inferred Clinical Sensitivity of Contrived
Specimen Combinations. Clinical sensitivities of assays with varying LOD and IVLT for single specimen types (A-F) and contrived
combination specimen types (G-I). Samples were deemed infectious if its own viral load surpassed the IVLT (A-C), or if the viral load
any sample collected from the same individual at the same timepoint surpassed the IVLT (D-I). Contrived combination specimens (G-
I) were calculated by taking the max viral load over the two specified specimen types.
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Section & Topic No Item
TITLE OR ABSTRACT
1 Identification as a study of diagnostic accuracy using at least one measure of accuracy
(such as sensitivity, specificity, predictive values, or AUC)
ABSTRACT
2 Structured summary of study design, methods, results, and conclusions
(for specific guidance, see STARD for Abstracts)
INTRODUCTION
3 Scientific and clinical background, including the intended use and clinical role of the index test
Study objectives and hypotheses
METHODS
Study design 5 Whether data collection was planned before the index test and reference standard
were performed (prospective study) or after (retrospective study)
Participants Eligibility criteria
7 On what basis potentially eligible participants were identified
(such as symptoms, results from previous tests, inclusion in registry)
8 Where and when potentially eligible participants were identified (setting, location and dates)
9 \Whsther participants formed a consecutive, random or convenience series
Test methods 10a | Index test, in sufficient detail to allow replication
10b : Reference standard, in sufficient detail to allow replication
11 Rationale for choosing the reference standard (if alternatives exist)
12a | Definition of and rationale for test positivity cut-offs or result categories
of the index test, distinguishing pre-specified from exploratory
12b : Definition of and rationale for test positivity cut-offs or result categories
of the reference standard, distinguishing pre-specified from exploratory
13a | Whether clinical information and reference standard results were available
to the performers/readers of the index test
13b | Whether clinical information and index test results were available
to the assessors of the reference standard
Analysis 14 : Methods for estimating or comparing measures of diagnostic accuracy
15 : How indeterminate index test or reference standard results were handled
16 : How missing data on the index test and reference standard were handled
17 : Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory
18 : Intended sample size and how it was determined
RESULTS
Participants 19 : Flow of participants, using a diagram
20 : Baseline demographic and clinical characteristics of participants
21a : Distribution of severity of disease in those with the target condition
21b | Distribution of alternative diagnoses in those without the target condition
22 : Time interval and any clinical interventions between index test and reference standard
Test results 23 : Cross tabulation of the index test results (or their distribution)
by the results of the reference standard
24  Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals)
25 | Any adverse events from performing the index test or the reference standard
DISCUSSION
26 : Study limitations, including sources of potential bias, statistical uncertainty, and generalisability
27  Implications for practice, including the intended use and clinical role of the index test
OTHER INFORMATION
28 | Registration number and name of registry
29 : Where the full study protocol can be accessed
30 : Sources of funding and other support; role of funders
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Highlight
Included

"We evaluated a daily at-home ANS Ag-RDT (Quidel QuickVue) in a cross-sectional analysis of 228 individuals and in a longitudinal analysis (throughout infection) of 17 individuals enrolled early in the course of infection."
"From the longitudinal cohort, daily Ag-RDT clinical sensitivity was very low (<3%) during the early, pre-infectious period of the infection."
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Highlight
Following journal formatting (unstructured abstract)

winne
Highlight
"Antigen rapid diagnostic tests (Ag-RDTs) with nasal swabs are increasingly used for SARS-CoV-2 screening and diagnosis globally.1-3 Ag-RDTs are powerful tools given their low cost (compared with molecular tests), speed, and portability—making them appropriate for low-resource settings and at-home use.2,4,5 However, Ag-RDTs and some rapid molecular tests have lower analytical sensitivity than most gold-standard reverse-transcription quantitative PCR (RT-qPCR) tests and therefore require high viral loads (typically >105 copies/mL) to reliably yield positive results.4,6-11 Some contend that Ag-RDTs  may miss some infected individuals, but will result positive when individuals are infectious with high viral loads.12-14 Such concordance would allow high-frequency Ag-RDTs (with immediate results) to more effectively prompt isolation of infectious individuals than a high-analytical-sensitivity test (with delayed results).12,15 "

winne
Highlight
Hypothesis: "A delayed rise in ANS viral loads could delay nasal Ag-RDT detection of infected and infectious individuals."
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Highlight
"A daily ANS Ag-RDT was taken prospectively by participants with a recently infected or exposed household contact"
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Highlight
Consecutive

winne
Highlight
"After self-collecting specimens, participants immediately performed an at-home ANS Ag-RDT (Quidel QuickVue At-Home OTC COVID-19 Test)"

winne
Highlight
""RT-qPCR results and viral-load quantifications were compared with Ag-RDT results for cross-sectional and longitudinal analyses of Ag-RDT performance."
"participants prospectively self-collected SA, then ANS, and OPS specimens for high-analytical-sensitivity RT-qPCR testing. RT-qPCR testing was performed using the FDA-authorized Quick SARS-CoV-2 rRT-PCR Kit, which targets regions of the SARS-CoV-2 N gene and human RNase P gene. "
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Highlight
Reference standard is investigated in this study (which specimen type)

winne
Highlight
Per manufacturer guidelines (citing FDA Emergency Use Authorization for the reference standard test and index test)

winne
Highlight
Per manufacturer guidelines (we cite the FDA Emergency Use Authorization for the reference standard test and index test)

winne
Highlight
"We performed a case-ascertained study in the greater Los Angeles County area November 2021 to March 2022"

winne
Highlight
Index test is self-performed and interpreted (at-home Ag-RDT)

winne
Highlight
"Extraction and RT-qPCR operators and supervisors (at Pangea Laboratory) were blinded to which participant a specimen originated from, as well as the infection status and test results of participants."

winne
Highlight
"Positive and negative percent agreement for each specimen type was calculated as the number of specimens with concordant results by RT-qPCR and ANS Ag-RDT over the total number of specimens with positive or negative results, respectively, by RT-qPCR for the given specimen type as reference test." ...
"Clinical sensitivity was calculated as the number of specimens with either observed or predicted positive results over the total number of infected or infectious timepoints. We denoted clinical sensitivity as inferred when predicted based on viral load. Error bars indicate 95% confidence intervals calculated as recommended by CLSI."

winne
Highlight
"Results were inconclusive if at least one specimen type resulted inconclusive while all others resulted negative by RT-qPCR. In total, 2,104 timepoints had valid, paired ANS Ag-RDT and composite RT-qPCR results."

"A total of 2,174 timepoints had a valid, conclusive composite RT-qPCR result, of which 847 timepoints from 90 individuals were classified as infected. Of these 2,174 timepoints, 63 did not have associated Ag-RDT results reported by the participant and 4 had invalid results. Three positive Ag-RDT results were also excluded because they originated from a faulty lot of test strips (see Supplementary Information). A total of 2,107 (nasal swab), 2,108 (throat swab), and 2,114 (saliva) timepoints had valid ANS Ag-RDT and RT-qPCR results (Fig 2A-F, Fig 3A-C), and 2,104 timepoints had valid, paired ANS Ag-RDT and composite RT-qPCR results (Fig 2G-H, Fig 3D-F).  "
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Highlight
"A total of 2,174 timepoints had a valid, conclusive composite RT-qPCR result, of which 847 timepoints from 90 individuals were classified as infected. Of these 2,174 timepoints, 63 did not have associated Ag-RDT results reported by the participant and 4 had invalid results. Three positive Ag-RDT results were also excluded because they originated from a faulty lot of test strips (see Supplementary Information). A total of 2,107 (nasal swab), 2,108 (throat swab), and 2,114 (saliva) timepoints had valid ANS Ag-RDT and RT-qPCR results (Fig 2A-F, Fig 3A-C), and 2,104 timepoints had valid, paired ANS Ag-RDT and composite RT-qPCR results (Fig 2G-H, Fig 3D-F).  "
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"Error bars indicate 95% confidence intervals calculated as recommended by CLSI."
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Highlight
Figure 1
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Highlight
Table S2, S3
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Highlight
Table S3
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Highlight
After self-collecting specimens, participants immediately performed an at-home ANS Ag-RDT (Quidel QuickVue At-Home OTC COVID-19 Test49) per manufacturer instructions and reported the result with a photograph of the test strip.
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Highlight
Figure 2

winne
Highlight
Figure 2, 6
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Highlight
"We acknowledge several study limitations. First, we only evaluated one Ag-RDT. Other Ag-RDTs have different LODs6,60; however, equivalence between the clinical sensitivity of this Ag-RDT directly observed versus inferred based on ANS viral loads supports that performance of other Ag-RDTs could also be inferred from quantitative viral-load data. Second, we infer but did not directly observe the clinical sensitivity for a combination AN–OP swab. Finally, this study was performed in the context of two SARS-CoV-2 variants (Delta and Omicron) and one geographical area." 
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"Ag-RDTs are useful tools for rapid identification of individuals with high viral loads in the specimen type tested. As discussed above, the utility of Ag-RDTs for detection of infected and presumably infectious individuals is often justified using several assumptions (Fig 7), in particular that viral loads in all specimen types from an individual at a given timepoint are similar. Our study demonstrates that this assumption is not justified. Re-evaluating assumptions based on new evidence will inform more effective testing strategies, both for SARS-CoV-2 and for other respiratory viral pathogens."
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Data and materials availability: The data underlying the results presented in the study can be accessed at CaltechDATA: https://data.caltech.edu/records/20223. 
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Funding: This work was supported in part by a grant from the Ronald and Maxine Linde Center for New Initiatives at the California Institute of Technology (to R.F.I.) and the Jacobs Institute for Molecular Engineering for Medicine at the California Institute of Technology (to R.F.I.). A.V.W. is supported by a UCLA DGSOM Geffen Fellowship. 
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In the Supplement: "This study was approved under Caltech IRB #20-1026."
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None

winne
Highlight
N/A - at-risk of infection

Tasha
Comment on Text
The supplement contains the details: 
"Eligibility was determined by the Study Coordinators during a phone interview and/or completion of an online eligibility survey hosted on Qualtrics."

Tasha
Sticky Note
Eligibility was determined during a phone interview and/or completion of an online eligibility survey hosted on Qualtrics.

Tasha
Comment on Text
The Supplement contains the details of eligibility:
"Eligibility criteria were reported previously13; briefly, an individual was eligible to enroll if someone in their home had a recent known exposure or had tested positive for SARS-CoV-2 within the last 5 days. All participants were at least 6 years of age and all participants were fluent in English."

Tasha
Comment on Text
N/A


STARD 2015

AIM

STARD stands for “Standards for Reporting Diagnostic accuracy studies”. This list of items was developed to contribute to the
completeness and transparency of reporting of diagnostic accuracy studies. Authors can use the list to write informative
study reports. Editors and peer-reviewers can use it to evaluate whether the information has been included in manuscripts
submitted for publication.

EXPLANATION

A diagnostic accuracy study evaluates the ability of one or more medical tests to correctly classify study participants as having
a target condition. This can be a disease, a disease stage, response or benefit from therapy, or an event or condition in the
future. A medical test can be an imaging procedure, a laboratory test, elements from history and physical examination, a
combination of these, or any other method for collecting information about the current health status of a patient.

The test whose accuracy is evaluated is called index test. A study can evaluate the accuracy of one or more index tests.
Evaluating the ability of a medical test to correctly classify patients is typically done by comparing the distribution of the index
test results with those of the reference standard. The reference standard is the best available method for establishing the
presence or absence of the target condition. An accuracy study can rely on one or more reference standards.

If test results are categorized as either positive or negative, the cross tabulation of the index test results against those of the
reference standard can be used to estimate the sensitivity of the index test (the proportion of participants with the target
condition who have a positive index test), and its specificity (the proportion without the target condition who have a negative
index test). From this cross tabulation (sometimes referred to as the contingency or “2x2” table), several other accuracy
statistics can be estimated, such as the positive and negative predictive values of the test. Confidence intervals around
estimates of accuracy can then be calculated to quantify the statistical precision of the measurements.

If the index test results can take more than two values, categorization of test results as positive or negative requires a test
positivity cut-off. When multiple such cut-offs can be defined, authors can report a receiver operating characteristic (ROC)
curve which graphically represents the combination of sensitivity and specificity for each possible test positivity cut-off. The
area under the ROC curve informs in a single numerical value about the overall diagnostic accuracy of the index test.

The intended use of a medical test can be diagnosis, screening, staging, monitoring, surveillance, prediction or prognosis. The
clinical role of a test explains its position relative to existing tests in the clinical pathway. A replacement test, for example,
replaces an existing test. A triage test is used before an existing test; an add-on test is used after an existing test.

Besides diagnostic accuracy, several other outcomes and statistics may be relevant in the evaluation of medical tests. Medical
tests can also be used to classify patients for purposes other than diagnosis, such as staging or prognosis. The STARD list was
not explicitly developed for these other outcomes, statistics, and study types, although most STARD items would still apply.

DEVELOPMENT

This STARD list was released in 2015. The 30 items were identified by an international expert group of methodologists,
researchers, and editors. The guiding principle in the development of STARD was to select items that, when reported, would
help readers to judge the potential for bias in the study, to appraise the applicability of the study findings and the validity of
conclusions and recommendations. The list represents an update of the first version, which was published in 2003.

More information can be found on http://www.equator-network.org/reporting-guidelines/stard.



http://www.equator-network.org/reporting-guidelines/stard/

	Supplement_Antigen_MicroSpec_REVISED_5.12.23
	STARD-2015-checklist_AVW1_n1



