
Sens Spec copies/mL NDU/ml

91.7% 98.2% 900
[IV-C]

Lucira Health (approved for use with a prescription for symptomatic patients and 
also as over the counter test)

97.4% 99.1% 1,300
[SARS-C] Cue Health (Over the counter home test)

Sens Spec TCID50/mL

96.7% 100% 113 Quidel Corporation (Sofia SARS Antigen FIA)

84% 100% 140 Becton Dickinson and Company (BD) (BD Veritor System for Rapid Detection of 
SARS-CoV-2)

97.6% 96.6% 32 LumiraDx UK Ltd. (LumiraDx SARS-CoV-2 Ag Test)

94.4% 100% 30 Celltrion USA, Inc (Sampinute COVID-19 Antigen MIA)

96.9% 100% 88 Luminostics, Inc. (Clip COVID Rapid Antigen Test)

80% 100% 500 Ortho Clinical Diagnostics, Inc. (VITROS Immunodiagnostic Products SARS-CoV-2 
Antigen Reagent Pack)

97.7% 100% 0.31 Quanterix Corp. (Simoa SARS-CoV-2 N Protein Antigen Test)

SPEC LOWER BOUND  
CI N

Immunodiagnostic Systems Ltd. (IDS SARS-CoV-2 IgG on IDS-iSYS Multi-
Discipline Automated System) 99.6% 98.7% 554

Quotient Suisse SA  
(MosaiQ COVID-19 Antibody Magazine on MosaiQ 125 instrument) 99.8% 98.6% 401

DiaSorin Inc. (LIAISON SARS-CoV-2 S1/S2 IgG) 99.3% 98.6% 1,090

Quanterix Corporation (Simoa Semi-Quantitative SARS-CoV-2 IgG  
Antibody Test on Quanterix HD-X analyzer) 99.19% 97.95% 496

              Phadia (EliA SARS-CoV-2-Sp1 IgG Test on  Phadia 250 instrument) 99.4% 97.9% 340

BioCheck, Inc. (BioCheck SARS-CoV-2 IgG and IgM Combo Test) 100% 97.5% 100

SPEC LOWER BOUND  
CI N

Luminex Corporation (xMAP SARS-CoV-2 Multi-Antigen IgG Assay) 99.8% 98.8% 418

Quotient Suisse SA (MosaiQ COVID-19 Antibody Magazine) 99.8% 98.6% 431

  Quansys Biosciences, Inc. (Q-Plex SARS-CoV-2 Human IgG [4 Plex]) 99.7% 98.8% 585

Bio-Rad Laboratories, Inc. (Platelia SARS-CoV-2 Total Ab assay) 99.3% 98.3% 600

 Thermo Fisher Scientific (OmniPATH COVID-19 Total Antibody ELISA Test) 100% 98% 162

Kantaro Biosciences, LLC  
(COVID-SeroKlir, Kantaro Semi-Quantitative SARS-CoV-2 IgG Antibody Kit) 99.6% 98% 284

 Union Biomedical Inc. (UBI SARS-CoV-2 ELISA) 100% 97.6% 154

 ZEUS Scientific, Inc. (ZEUS ELISA SARS-CoV-2 IgG Test System) 99.1% 96.6% 214

 GenScript USA Inc. (cPass SARS-CoV-2 Neutralization Antibody Detection Kit) 100% 95.8% 88

EUROIMMUN US Inc. (Anti-SARS-CoV-2 ELISA (IgG)) 100% 95.4% 80

SPEC LOWER BOUND  
CI N

Wadsworth Center, New York State Department of Health (New York SARS-CoV 
Microsphere Immunoassay for Antibody Detection) 99.6% 97.8% 256

University of Arizona Genetics Core for Clinical Services  
(COVID-19 ELISA pan-Ig Antibody Test) 99.06% 97.28% 320

Babson Diagnostics, Inc. (Babson Diagnostics aC19G1) 100% 96.3% 100

Mount Sinai Laboratory (COVID-19 ELISA IgG Antibody Test) 100% 94% 74

SPEC LOWER BOUND  
CI N

Vibrant America Clinical Labs (Vibrant COVID-19 Ab Assay) 98.6% 97.1% 496

Genalyte, Inc. (Maverick SARS-CoV-2 Multi-Antigen Serology Panel v2]  
(IgG and IgM) 97.7% 96.4% 842

Diazyme Laboratories, Inc.  
(Diazyme DZ-Lite SARS-CoV-2 IgG CLIA Kit) 97.4% 96.1% 852

Emory Medical Laboratories (SARS-CoV-2 RBD IgG test) 97.7% 95.7% 388

Shenzhen New Industries Biomedical Engineering Co., Ltd.  
(MAGLUMI 2019-nCoV IgM/IgG) 98.7% 95.17% 226

InBios International, Inc. (SCoV-2 Detect IgG ELISA) 98.95% 94.3% 95

NanoEntek America, Inc. (FREND COVID-19 total Ab) 98.80% 93.3% 80

Beijing Wantai Biological Pharmacy Enterprise Co., Ltd.  
(WANTAI SARS-CoV-2 Ab ELISA) 97.5% 91.3% 80

                             Symbiotica Inc. 
(COVID-19 Self-Collected Antibody Test System) 98.04% 89.7% 51

SPEC LOWER BOUND  
CI N

Roche Diagnostics (Elecsys Anti-SARS-CoV-2) 99.8% 99.7% 10,453

Siemens Healthcare Diagnostics Inc  
(Dimension Vista SARS-CoV-2 Total antibody assay (COV2T) 99.8% 99.7% 1,529

 Bio-Rad Laboratories (BioPlex 2200 SARS-CoV-2 IgG) 99.9% 99.64% 1,557

 Inova Diagnostics (QUANTA Flash® SARS-CoV-2 IgG Reagents) 99.9% 99.5% 1,070

bioMérieux SA (VIDAS SARS-CoV-2 IgG) 99.9% 99.4% 989

Siemens Healthcare Diagnostics Inc. (ADVIA Centaur SARS-CoV-2 IgG (sCOVG)) 99.89% 99.38% 903

Beckman Coulter, Inc. (Access SARS-CoV-2 IgG) 99.6% 99.2% 1,400

Ortho Clinical Diagnostics, Inc. (VITROS Immunodiagnostic Products  
Anti-SARS-CoV-2 Total Reagent Pack) 100% 99.1% 400

Abbott Laboratories Inc. (SARS-CoV-2 IgG assay) 99.6% 99.1% 1,070

DiaSorin, Inc. (LIAISON SARS-CoV-2 TrimericS IgG) 99.5% 99% 1,889

COVID-19  
TESTING
To save lives, we need vaccines to prevent infection and drugs to treat people who become infected. Fortunately, 
many of both are in development, though we don’t yet know what works. The first vaccines are likely to become available towards 
the end of 2020 for front-line workers and for masses in 1H21. 

Drugs to treat infections may already be available if existing ones we have for other diseases turn out to work for 
COVID-19 (e.g. remdesivir, Actemra), but if we do need new ones (as we likely will), then those probably won’t be available until 
September 2020 or later (need to run tests and manufacture).

COVID-19 

DISEASE  
OVERVIEW
SYMPTOMS:
Fever, dry cough, fatigue, and shortness of breath are 
the major symptoms associated with COVID-19. The CDC 
also includes loss of taste or smell, chills, muscle pain, 
headache, and sore throat as symptoms to watch for. While 
other symptoms have been reported, they occur much less 
frequently.

DISEASE PROGRESSION:

PRE-INFECTION
COVID-19 can be prevented through the use of 
basic precautions and (in the future) an effective 
vaccine.  

POST-EXPOSURE
After exposure to SARS-CoV-2, it takes several days 
for symptoms to develop. During this incubation 
period, the infected person is able to transmit the 
virus despite being unaware of their illness. This is 
why basic protective measures like social distancing, 
hand washing, and mask wearing are critical. Most 
people develop symptoms between 2-14 days post-infection, 
with the majority developing symptoms by 5 days5. 

If we had a therapy that was safe, efficacious, and 
easy to administer, it could be given to people who 
have come into contact with infected individuals (such 
as caretakers or hospital workers) to try to prevent 
them from becoming infected. This kind of treatment 
is called post-exposure prophylaxis, and while there 
are currently many ongoing trials in this space, no 
medications are yet approved for this purpose. Those 
who believe they have been exposed to the virus should self-
quarantine for 14 days to prevent spreading it to others. 

MILD
Most patients who develop COVID-19 have a mild disease course and are able to manage their 
symptoms at home using over-the-counter medications that relieve pain and/or reduce fever 
(e.g., Tylenol/acetaminophen or Advil/ibuprofen). If you are diagnosed with COVID-19, please follow the 
advice of your healthcare professional. 

Some “asymptomatic” patients with COVID-19 may not develop any noticeable symptoms and 
may not realize they have been infected. Because these individuals can still spread the virus, everyone 
should employ basic protective measures like social distancing, hand washing, and mask wearing (obviously none of 
those are necessary if you live by yourself and never see anyone else, though washing hands is still nice).

HOSPITALIZATION
Some patients who develop COVID-19 symptoms become seriously ill (1 out of every 6 
diagnosed, but a lower rate amongst all, including undiagnosed, who are infected), develop 
difficulty breathing, and must be admitted to the hospital to manage these symptoms. Older 
people (≥65 years old) and those with other medical issues are most at risk of developing serious 
illness. Some identified risk factors include cardiovascular disease, diabetes, high blood pressure (hypertension), 
chronic lung disease, cancer, and chronic kidney disease (CKD). Typically, hospitalized patients have difficulty 
breathing and decreased levels of oxygen in their blood, requiring administration of supplemental oxygen6,7. 
Acute respiratory distress syndrome (ARDS) is a serious complication in patients with severe 
disease and is associated with a high risk of respiratory failure. These patients must be carefully 
managed in the intensive care unit, often with the use of mechanical ventilation, and have the 
highest risk of death from COVID-19. ARDS is common for hospitalized patients with COVID-19 (20-42%) and 
initial labored breathing can quickly progress to ARDS and ICU admission. In addition to lung injury, ARDS is also 
associated with kidney, liver, and heart complications, which can also increase the risk of mortality8,9,10.

1	 “Report of the WHO-China Joint Mission on Coronavirus ....” 28 Feb. 2020, https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
2	 “International Forum of Allergy & Rhinology - Wiley Online Library.” 12 Apr. 2020, https://onlinelibrary.wiley.com/doi/abs/10.1002/alr.22579. 
3	 “Alterations in Smell or Taste in Mildly Symptomatic Outpatients ....” 22 Apr. 2020, https://jamanetwork.com/journals/jama/fullarticle/2765183. 
4	 “Olfactory and gustatory dysfunctions as a clinical presentation ....” 6 Apr. 2020, https://link.springer.com/article/10.1007/s00405-020-05965-1. 
5	 “The Incubation Period of Coronavirus Disease 2019 (COVID-19).” 10 Mar. 2020, https://annals.org/aim/fullarticle/2762808/incubation-period-coronavirus-disease-2019-covid-19-from-publicly-reported. Accessed 20 Apr. 2020.
6	 “Hospitalization Rates and Characteristics of Patients ... - CDC.” https://www.cdc.gov/mmwr/volumes/69/wr/mm6915e3.htm. Accessed 20 Apr. 2020.
7	 “Management of Patients with Confirmed ....” https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html. Accessed 20 Apr. 2020.
8	 “Management of Patients with Confirmed ....” https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html. Accessed 20 Apr. 2020.
9	 “Coronavirus disease 2019 (COVID-19 ... - UpToDate.” https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-epidemiology-virology-clinical-features-diagnosis-and-prevention/abstract/39. Accessed 20 Apr. 2020.
10	 “Coronavirus disease 2019 (COVID-19): Critical care issues ....” 1 Apr. 2020, https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-critical-care-issues. Accessed 20 Apr. 2020.

 

 

 
SARS-COV-2 

REPLICATION AND TRANSMISSION
The virus that causes COVID-19 is called SARS-CoV-2. SARS stands for “severe acute respiratory syndrome,” which can 
involve shortness of breath, pneumonia and/or respiratory distress, and the virus is so named because it closely resembles the 
virus (SARS-CoV) that caused the SARS outbreak of 2002/2003. Both viruses come from the coronavirus (CoV) family. 

SARS-CoV-2 is enclosed by a protective lipid (fatty) membrane containing proteins that give the virus structure 
and allow for infection.The membrane is a weak point that makes it easy to kill with soap, bleach, or alcohol. Inside 
the virus there is a single strand of ribonucleic acid, or RNA, that contains the virus’s genetic information. The coat of the virus 
consists of several structural proteins, including the spike protein (S), which allows the virus to attach to host cells and gives the 
virus its distinctive shape.

SARS-CoV-2 enters host cells by binding a specific protein, called “ACE2,” on the cell surface; once inside, the 
virus hijacks the host’s cellular machinery to replicate and assemble more viral particles. After the virus binds the 
cell, enzymes produced by the host (TMPRSS2) activate the viral spike protein (S), which allows the virus to enter the cell (see 
schematic below)1,2. Once inside the cell, the virus rapidly makes more copies of its genetic material (RNA) as well as the proteins 
needed to create new viral particles. The RNA is packed into new particles, which are released into the body to infect surrounding 
cells.

SARS-CoV-2 is thought to first infect the cells of the nose and throat, from where it can spread, but it does not 
cause significant symptoms until it progresses into the lung. During the first stage of infection patients are more likely to 
spread the virus to others by coughing or breathing, even before they start to show symptoms (referred to as “asymptomatic”) or 
while their symptoms are too mild to distinguish from a harmless cold. Once the virus makes it way into the lungs, more notable 
symptoms (coughing, fever, and/or shortness of breath) start to become more prevalent. SARS-CoV-2 also uses additional 
mechanisms to slow down the response of the immune system, meaning that the infection can linger for longer and the host 
can infect more people. In contrast, SARS-CoV and MERS-CoV primarily and quickly infect lung cells, which are deeper in the 
respiratory tract and cause an earlier onset of serious symptoms, so patients can be identified and quarantined sooner before they 
spread the virus, making it easier to stamp out the original SARS and MERS cases before they triggered a pandemic.

TRANSMISSION:
SARS-CoV-2 is spread from person to person mainly through respiratory droplets that are created when a person 
coughs, sneezes, or talks (similar to how influenza spreads). These droplets are thought to travel no more than six feet, 
thus this distance is reflected in current social distancing rules, though research shows microdroplets can travel further and 
therefore 6 feet should be considered a minimum. 10 feet apart is better. Wearing masks in public places can help prevent both the 
spread of these droplets to others if you are infected and at least partially reduce inhalation of these droplets from others if you are 
well. 

SARS-CoV-2 may also spread by touching an infected surface followed by subsequent contact with the eyes, nose, 
or mouth. Regular hand washing and disinfection of commonly touched surfaces can help reduce this type of spread. 

There is no evidence that SARS-CoV-2 can spread through food (different from foodborne viruses like norovirus 
or hepatitis A) or through mosquitoes (different from mosquito-borne viruses like Zika or West Nile). SARS-CoV-2 
causes respiratory symptoms that increase its spread to others, unlike foodborne viruses that cause gastrointestinal symptoms 
and spread primarily through contact or sharing food or utensils. Furthermore, in contrast to mosquito-borne viruses, the spread of 
SARS-CoV-2 occurs directly from person to person and not through an animal host. 

SARS-CoV-2 could theoretically be transmitted by blood transfusions, but viral transmission has not been linked 
to blood transfusion for SARS-CoV-2, SARS, or MERS. Viral genomic material has been detected in the blood of ~15% of 
patients hospitalized with COVID-193, but not in patients with milder disease4. For COVID-19, we do not yet know whether these 
patients have infectious viral particles in their blood or only (noninfectious) genomic material. Both SARS and MERS, two other 
related respiratory diseases caused by novel coronaviruses, were also associated with detectable virus particles in the blood 
during infections, particularly SARS (~75% of patients with SARS5 and ~33% of patients with MERS6). Additionally, replicating 
coronavirus particles have been detected in the blood of mice infected with SARS7. We also know that non-human primates 
can be infected with the virus that causes SARS (SARS-CoV) via blood transfusions and that these animals also develop SARS 
symptoms8. While it is encouraging that none of these diseases have been linked to human blood transfusions,  there are reasons 
to remain vigilant: SARS and MERS had very different infection numbers (~8,000 SARS infections9 and ~2,500 MERS infections10 
worldwide) and almost no asymptomatic infections (greatly reducing the risk of infected patients donating blood). 

1	 Understanding SARS-CoV-2 and the drugs that might lessen ....” 12 Mar. 2020, https://www.economist.com/briefing/2020/03/12/understanding-sars-cov-2-and-the-drugs-that-might-lessen-its-power. Accessed 14 Apr. 2020
2	 “The spike protein of SARS-CoV — a target for ... - Nature.” 9 Feb. 2009, https://www.nature.com/articles/nrmicro2090. Accessed 14 Apr. 2020.
3	 Clinical features of patients infected with 2019 ... - The Lancet.” 24 Jan. 2020, Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Accessed 9 Apr. 2020.
4	 “Virological assessment of hospitalized patients with ... - Nature.” 1 Apr. 2020, Virological assessment of hospitalized patients with COVID-2019. Accessed 9 Apr. 2020.
5	 “Antibody response and viraemia during the course of severe ....” Antibody response and viraemia during the course of severe acute respiratory syndrome (SARS)-associated coronavirus infection | Microbiology. Accessed 9 Apr. 2020.
6	 “Viral RNA in Blood as Indicator of Severe Outcome in ... - CDC.” 20 Sep. 2016, Viral RNA in Blood as Indicator of Severe Outcome in Middle East Respiratory Syndrome Coronavirus Infection. Accessed 9 Apr. 2020.
7	 “A Mouse-Adapted SARS-Coronavirus Causes ... - NCBI - NIH.” 12 Jan. 2007, A Mouse-Adapted SARS-Coronavirus Causes Disease and Mortality in BALB/c Mice. Accessed 9 Apr. 2020.
8	 “Cynomolgus Macaque as an Animal Model for Severe ... - PLOS.” 18 Apr. 2006, Cynomolgus Macaque as an Animal Model for Severe Acute Respiratory Syndrome. Accessed 9 Apr. 2020.
9	 “Summary of probable SARS cases with onset of illness ... - WHO.” Summary of probable SARS cases with onset of illness from 1 November 2002 to 31 July 2003. Accessed 9 Apr. 2020.
10	 “Middle East respiratory syndrome coronavirus (MERS-CoV).” Middle East respiratory syndrome coronavirus (MERS-CoV). Accessed 9 Apr. 2020.

SARS-CoV-2

New 
SARS-CoV-2

RNA
viral proteins

RNA replication 

1

2

3

4

5

6cell membrane

ACE2 TMPRSS2

Spike protein (S)

Envelope protein (E)

Membrane protein (M)

RNA                                     

Viral envelope

Nucleocapsid (N)                                        

1   �Spike protein on the virion binds to ACE2, a cell-surface 
protein. TMPRSS2, an enzyme, helps the virion enter  

2   The virion releases its RNA  

3   �Some RNA is translated into proteins by the cell’s machinery   

4   �Some of these proteins form a replication complex with the 
viral RNA genome to make more copies of the genome,  
a process that introduces some mutations.  
Although the virus has proof-reading  
proteins that try to correct the  
mistakes, some slip through  

5   �Proteins and RNA are  
assembled into a new  
virion and  

 6   released

ages

0–19

ages

45–54

ages

75–84

ages

20–44

ages

65–74

ages

55–64

ages

≥85

NUMBER OF CASESCASES BY TYPE

35% 30% 25% 20% 15% 10% 5% 0% 0% 5% 10% 15% 20% 25% 30% 35%

% OF CASES BY AGE
% OF POPULATION BY AGE

CASE-FATALITY
ICU ADMISSION
HOSPITALIZATION

COVID-19 US CASES, BY AGE

0% 20% 40% 60% 80% 100%

DIARRHEA

NASAL CONGESTION

NAUSEA/VOMITING

CHILLS

MUSCLE/JOINT PAIN

HEADACHE

SORE THROAT

SHORTNESS OF BREATH

SPUTUM PRODUCTION

FATIGUE

DRY COUGH

LOSS OF SMELL/TASTE*

FEVER 88%
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COVID-19 SYMPTOMS1

*Weighted average2,3,4 

Younger people make up majority 
of the cases, while older people 
disproportionately get serious 
covid-19 and die.

UPDATED: SEPTEMBER 24, 2021 
Visit www.racap.com/covid-19 for latest version.  
Anything wrong/outdated? Please contact covidteam@racap.com.
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DISCLAIMER
RA Capital Management, LP (“RA Capital”) is an investment adviser registered with 
the Securities and Exchange Commission (“SEC”) under the Investment Advisers Act of 
1940, as amended (“Advisers Act”). 
From time to time, RA Capital may hold long and/or short positions in companies which are included in this map.  The information contained 
in this map should not be interpreted or construed as investment or other professional advice. All information about the individual companies 
referenced in this map is presented for the purpose of progressing a strategic approach to the Coronavirus Disease 2019 (“COVID”) crisis, 
and is in no way inclusive of all the factors that should be considered when making an investment decision.  Such considerations include, but 
are not limited to, the financial condition of a firm, the skill of the management team, the evolving competitive landscape, and other revenue 
sources outside of COVID-related projects.  Therefore, nothing herein should be used to partially or fully inform an investment decision. The map 
is provided for informational purposes only, and nothing contained herein constitutes a solicitation, recommendation, endorsement, offer or an 
inducement to invest with RA Capital or its funds, or to buy or sell any securities or other financial instruments in any jurisdiction. The factual 
information contained within this map is publicly available.  The analysis of such data represents the views held by RA Capital and its employees 
at the time of publication and is subject to change without notification. Nothing in this map should be considered medical advice or guidance on 
the treatment or prevention of COVID.

This map is a compilation of the 
biotech industry's effort to rid 
the world of COVID-19. 
Our visualization aims to convey not only individual 
innovations from specific companies but also the collective 
effort and sheer hustle of the entire industry.

The legacy of COVID-19 will hopefully include not only 
new treatments for an acute viral illness but also a greater 
appreciation of what society can accomplish when we 
unite against a common foe. We've already achieved 
remarkable innovations in many diseases: hepatitis C, HIV, 
melanoma, breast cancer, and cystic fibrosis, to name a 
few. What we need now is a sustained, collective effort to 
make medical advances available to everyone instead of 
overburdening patients with excessive out-of-pocket costs 
that discourage them from receiving appropriate care. This 
will require fundamentally reforming America’s insurance 
system, building on the recent patches put in place after 
payers initially refused to cover COVID-19 testing and the 
uninsured were overwhelmed by the cost of hospitalization.

The Biotech Social Contract, as described 
in The Great American Drug Deal, 
affirms that we do not have to choose 
between innovation and affordability. We 
as a society can rise to the challenge of 
tackling all human diseases just as we 
have COVID-19, making investments that 
will permanently upgrade our health and 
that of future generations.

p e t e r  ko lc h i n s k y

INCUBATION PERIOD 
100% OF THE POPULATION

RECOVERY/IMMUNE
5-14 DAYS AFTER INFECTION
40% OF INFECTED PATIENTS

MILD SYMPTOMS
5-14 DAYS AFTER INFECTION
80% OF SYMPTOMATIC PATIENTS

SEVERE SYMPTOMS
HOSPITALIZATION REQUIRED
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14% OF SYMPTOMATIC PATIENTS
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in hospital

RECOVERY CAN 
RANGE BETWEEN  
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depending on severity
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no symptoms
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8% 
PROGRESS TO SEVERE SYMPTOMS

HOSPITALIZATION REQUIRED  difficulty breathing (dyspnea), low 
oxygen (hypoxia), and/or lung involvement on imaging

4% 
PROGRESS TO CRITICAL SYMPTOMS

ICU REQUIRED  respiratory failure, shock,  or multiorgan dysfunction

<1% 
PROGRESS TO DEATH

CRITICAL SYMPTOMS
ICU REQUIRED
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6% OF SYMPTOMATIC PATIENTS
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DISEASE SEVERITY AND

PROGRESSION TIMELINE

SENSITIVITY OF KEY  
BIOMARKERS FOR COVID-19
SOURCE: https://diagnostics.roche.com/us/en/products/params/elecsys-anti-sars-cov-2.html

RNA peaks at day 3-4

IgM ANTIBODIES peaks between day 7-14
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ANTIGEN peaks at day 1-2
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Who is already immune to 
COVID?
Before a vaccine is developed and protective titers are 
definitively known, this will simply answer the question “Who 
had COVID?” by testing for seroconversion.
These assays are simpler to scale and needed less frequently 
than tests for “Who has COVID”. Accuracy is more important 
than speed for these tests.
These tests rely upon a blood draw, and migrating to a dried blood spot will 
make collection simpler.
The early tests released in this category had poor performance and added to 
confusion about prevalence; they should not have been released.

copies/mL TCID50/mL
500-1,000

[IV-C] 5,400 Illumina (COVIDSeq Test)

125
[IV-C] 1,800 Helix OpCo LLC (dba Helix) (Helix COVID-19 NGS Test)

copies/mL NDU/ml
1,112

[IV-C] 54,000 Visby Medical, Inc. (Visby Medical COVID-19)

EXAMPLE: Thermo Fisher (SARS-Cov-2)

There are over 100 kits released under the EUA program. CLIA labs will often use one of these detection kits in combination with other general purpose 
extraction kits and instruments to validate an assay and get an EUA for their lab.

EXAMPLE: Quest Diagnostics Infectious Disease, Inc.  
(Quest SARS-CoV-2 rRT-PCR)

These labs will employ multiple assays across their lab infrastructure, including in house developed assays, fully instrumented assays and Detection Kits. The 
latter two require EUA approvals.

EXAMPLE: Massachusetts General Hospital (MGH COVID-19 qPCR assay)

There are 11 labs with EUA approval.

EXAMPLE: Phosphorus Diagnostics LLC (Phosphorus COVID-19 RT-qPCR Test)

There are over 50 labs with EUA approval.

EXAMPLE: Sandia National Laboratories  
(SNL-NM 2019 nCoV Real-Time RT-PCR Diagnostic Assay)

copies/mL TCID50/mL TCID50/mL

40 GE/mL
[SARS-C] 1,800 Becton, Dickinson & Company (BD)  

(BioGX SARS-CoV-2 Reagents for BD MAX System)

640
[IV-C] 5,400 Becton, Dickinson & Company 

(BD SARS-CoV-2Reagents for BD MAX System)

100
[RV-S]

0.0037
[IV-S]

Data Not 
Returned Abbott Molecular Inc. (Alinity m SARS-CoV-2 assay)

330 0.022
[LV-U] 5,400 BioFire Defense, LLC (BioFire COVID-19 Test)

1,000
[SARS-U]

Data 
Uninterpretable GenMark Diagnostics, Inc. (ePlex SARS-CoV-2 Test)

333 0.0548
[IV-C] 180,000 Luminex Corporation (ARIES SARS-CoV-2 Assay)

150
[SARS-C] 5,400 NeuMoDx Molecular, Inc. (NeuMoDx SARS-CoV-2 Assay)

242 - 500
        [IV-C]   [SARS-C]   6,000 DiaSorin Molecular LLC (Simplexa COVID-19 Direct assay)

2,000 GE/mL
[IV-C] 18,000 T2 Biosystems, Inc. (T2SARS-CoV-2 Panel; T2Dx System)

400
[IV-C] Cepheid (GeneXpert Omni)

11,600
[IV-C] Quidel (Solana)

copies/mL TCID50/mL NDU/ml
0.01
[IV-C] 600          Hologic, Inc. (Panther Fusion SARS-CoV-2 Assay*)

46 0.004 1,800          Roche Molecular Systems, Inc.  
         (Cobas SARS-CoV-2- used with Cobas® 6800/8800**)

0.01
[IV-C] 600 Hologic, Inc. (Aptima SARS-CoV-2 assay)

*up to 5 samples can be pooled for this test,  **up to 6 samples can be pooled for this test 

Point-of-care tests: FAST and ACCURATE but moderately expensive
•	 $20-$40/test cost is too expensive for large-scale screening but could be used for target, high-risk populations.

•	 Able to deliver an answer quickly; run in distributed settings, eliminating transportation costs and need for specialized lab technicians.

•	 Advantage of validation for nasal swabs: nasopharyngeal swab collection consumes time and PPE. In general the incremental sensitivity 
benefit is not worth the trade-offs of added time and PPE.

•	 Use of amplification-based instruments adds cost but increases sensitivity.

COVID diagnostics that could be compatible with screening
Distributed pop up labs ensuring good enough quality, eliminating  
shipping time and cost

Lab based at dramatically higher scale, by methods such as pooling
Supported by economical and timely collection and transport.

Screening methods for which positive results would reflex to COVID diagnostic tests (see branch below)
Biometric methods to screen for illness would create a screen where positives could be tested with the definitive tests—eliminating the need to screen everyone routinely.

Fully instrumented platforms
Sample in, result out.

Detection kits 
Need to be validated as part of a total process by a CLIA Lab. Scaling detection kits has been easy, though finding labs to validate them and creating extraction kits at the 
head of the process has been the bottleneck.

Sequencing-Based

Large reference labs

Academic/medical centers

CLIA-certified labs

Government labs

Specialized for 
SARS-CoV-2

copies/mL TCID50/mL NDU/ml
160
[LV-C]

500
[IV-S]

0.01
[LV-C]

0.069
[IV-S] 6,000 BioFire Diagnostics, LLC (BioFire Respiratory Panel 2.1 (RP2.1)

500 180,000 QIAGEN GmbH (QIAstat-Dx Respiratory SARS-CoV-2 Panel)

 150 - 250
    [IV-U]   [SARS-U] NeuMoDx Molecular (NeuMoDxTMFluA-B/RSV/SARS-CoV-2VantageAssay)

250 0.01
[IV-C] GenMark Diagnostics, Inc. (ePlex Respiratory Pathogen Panel 2)

0.0079 - 0.12
      [LV-S]          [IV-S] 1,800 Roche Molecular Systems, Inc. (Cobas SARS-CoV-2 & Influenza A/B*)

0.005 (30 GE/mL)
[IV-C]

Abbott Molecular Inc. (Alinity m Resp-4-Plex - SARS-CoV-2/influenza A/
Influenza B/RSV)

*Influenza A = 0.026-0.071 TCID50/mL, Influenza B = 0.017-0.053 TCID50/mL

Emergency Use Authorization testing labs
The lab validates an assay by combining sample preparation and detection on a dedicated instrument. This has 
been the major source of scaling as labs continually work to break down bottlenecks and increase capacity. 
This can only scale so far within the existing lab infrastructure and gaps remain in connecting capacity (available 
where the labs are) and demand (driven by hot spots that may not overlap with the lab’s reach). 

As of August 19, 2020, the FDA will no longer require premarket review of laboratory developed tests 
(LDT); however, companies can still voluntarily submit and FDA will adjudicate those submissions. 
https://www.hhs.gov/coronavirus/testing/recission-guidances-informal-issuances-premarket-review-lab-tests/index.html

EXAMPLE: Labcorp (Pixel)

There are more than 20 labs offering kits for home collection with EUA approval. There are  

Emergency Use Authorization home tests - collection kit
Adds turnaround time but eliminates the need for people to gather at a testing location

COVID-19 DIAGNOSTICS

SELF-COLLECTED  
SALIVA AND NASAL 
SWAB OPTIONS ARE 
ADEQUATE FOR  
SCREENING
Initial testing focused on nasopharangeal swabs, 
collection of these swabs involves a healthcare 
worker donning personal protective equipment 
to collect a sample—slowing the collection through 
this painful process. This consumes precious 
healthcare worker time and incremental PPE.
 

BOTTLENECK BREAKERS
While NPS swabs are the gold standard for upper respiratory infections such as SARS-CoV-2, nasal 
and saliva samples have shown 85% or better sensitivity in comparison. This greatly speeds, simplifies, and 
enables distributed sample collection (i.e. no specialized training and PPE). 

SOURCE: “Evaluation of specimen types and saliva stabilization solutions for SARS-CoV-2 testing.” 18 Jun. 2020, https://www.medrxiv.org/content/10.1101/2020.06.16.20133041v1

NASOPHARANGEAL SWAB (NPS)

NASAL SWAB SALIVA COLLECTION

COVID-19 DIAGNOSTICS:

ROUTINE  
TESTING  
PARADIGM
INFECTIOUS DAYS 
IDENTIFIED IS MORE 
IMPORTANT THAN PURE 
SENSITIVITY
•	Sensitivity at a single timepoint is 
not the same as sensitivity overall.

•	Missing 1 patient completely (10 
day infectious window) is the same 
as catching 10 patients one day 
earlier in a screening paradigm.

•	The real world impact of screening 
with ‘low sensitivity assays’ is likely 
to be even higher because more 
infectious patients likely have more 
detectable virus.

•	It seems that viral titer across 
symptomatic and asymptomatic 
patients is comparable, making 
screening possible.

SOURCE: “Inferred duration of infectious period of SARS-CoV-2: rapid scoping 
review and analysis of available evidence for asymptomatic and symptomatic 
COVID-19 cases” 30 Apr. 2020,  

https://www.nature.com/articles/s41591-020-0965-6

INFECTIOUS PERIOD

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
DAY

PATIENT
INFECTIOUS

MOST PATIENTS
NON-INFECTIOUS

DAY

WEEKLY SCREENING WITH 
HIGH SENSITIVITY ASSAY:

High sensitivity PCR will catch all infectious 
patients on day of sample collection

MEDIAN 
3.5 DAYS 

FROM INFECTIOUS
WINDOW START

MEDIAN 
5.5 DAYS 

FROM INFECTIOUS
WINDOW START

MEDIAN 
2.5 DAYS 

FROM INFECTIOUS
WINDOW START

MEDIAN 
4.5 DAYS 

FROM INFECTIOUS
WINDOW START

MEDIAN 
1.5 DAYS 

FROM INFECTIOUS
WINDOW START

DEFINITIVE
PCR 

MEDIAN 
0.5 DAYS 

FROM INFECTIOUS
WINDOW START

WEEKLY SCREENING WITH 
LOWER SENSITIVITY POC ASSAY:

Lower sensitivity assay only catches patients 
2 days into infectious window

DAILY SCREENING WITH 
LOW SENSITIVITY ASSAY:

Low sensitivity assay only catches patients 
2 days into infectious window

DAILY SCREENING WITH 
VERY LOW SENSITIVITY POC ASSAY:

Very low sensitivity assay only catches patients 
4 days into infectious window

DAILY SCREENING WITH 
SENSITIVE BUT NOT SPECIFIC 

TEST WITH REFLEX TO PCR:
Catches patients 1 day into infectious window

DAILY SCREENING WITH 
HIGH SENSITIVITY POC ASSAY:

Catches people before the spread
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But 48 hour TAT means only 
40% of infectious days are identified

 (Rt = 1.5 from R₀ of 2.5)  
7 days or longer, as is often reported in testing hot spots, is useless.

Catches same 40% of infectious days 
despite a less sensitive assay that would have ~70% 

clinical sensitivity in samples at random timepoints 
(assuming 7 days detectable vs 10 days detectable)

Catches 75% of infectious days 
(Rt = 0.7 from R₀ = 2.5) 

Catches ~85% of infectious days tentatively, 
and 65% of infectious day definitively.

 (Rt = 0.4 from r₀ of 2.5)

Catches >90% of infectious days 
 (Rt = 0.25 from R₀ = 2.5) 

Catches ~50% of infectious days
(Rt = 1.25 from R₀ of 2.5) 

despite a test that would have ~40% clinical sensitivity (4 
days above threshold vs 10 days). 

Sens Spec TCID50/mL

88.37% 100% 6,400 
[Swab in VTM]

800 
[Direct Swab] Access Bio, Inc. (CareStart COVID-19 Antigen test) 

Sens Spec TCID50/mL

96.6% 99.3% 7,570 Quidel Corporation (QuickVue SARS Antigen Test) 

Sens Spec TCID50/mL

95% 97% 6,309.6 Ellume (Instrument-free lateral flow assay approved as over-the-counter test) 

84.6% 98.5% 140.6
Abbott Diagnostics Scarborough, Inc. (BinaxNOW COVID-19 Ag Card Home Test) 
[Instrument free, approved as prescription test and OTC test]

83.5% 99.2% 19,100 Quidel Corporation (QuickVue At-Home COVID-19 Test [Prescription and OTC 
test)

84% 98% 250 OraSure Technologies, Inc. (InteliSwab COVID-19 Rapid Test)

Sens Spec TCID50/swab

97.1% 98.5% 22.5 Abbott Diagnostics Scarborough, Inc. (BinaxNOW COVID-19 Ag Card)

Key distinguishing features: Instrument free, high production volume: 50M tests/month, low cost: $5

Emergency Use 
Authorization test

COVID DIAGNOSTIC TESTS (IDENTIFYING 
ACTIVE INFECTIONS)
ACCURATE; results need to be timely, e.g. returned within a day to 
contain spread; don’t need to be cheap if used to confirm a positive 
screening test
•	However, no screening tests are currently available at large scale, and 

current diagnostics are too expensive and cannot be adequately scaled to 
achieve widespread screening.

•	These approaches could support targeted testing, largely focused on 
symptomatic patients or high risk populations.

FAST 
(Needs to be timely)

ACCURATE

CHEAP 
(Doesn’t have to be)

Tests performed outside point-of-care: MORE 
EXPENSIVE and LONGER TIME but easier to scale up
•	 All but useless for population health and probably for treatment 

decisions.

•	 Requires sample to travel to the lab in order to run the test, adding cost 
and time; costs $100+.

COVID-19 DIAGNOSTICS:

IT’S NOT ABOUT HOW MUCH TESTING WE DO;  
IT’S ABOUT HOW MUCH TESTING WE NEED

Before the vaccine rollout, the US was piecing together as much capacity as it could, but only recently has testing supply surpassed 
testing demand. In the scramble to find solutions which could quickly and incrementally scale, many seemed to lose sight of what was 
needed - testing that was easy enough and scalable enough to crush the pandemic while remaining open. What was needed was an 
innovative new approach at an entirely different scale - a solution will focus on minimizing infectious days, where the virus can readily 
spread. Any testing paradigm that ignores the ~40% of patients who are asymptomatic is woefully inadequate. Screening is therefore 
the needed answer. Ideally we would have had good enough tests that are quick enough and cheap enough to implement a broad daily 
screening regimen (“Crush while Open Strategy”) to crush the pandemic while allowing essential workers to safely return to work and 
students to go back to school.
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WHERE WE ARE:
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~900k 
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WHERE WE NEEDED TO BE:
RISK-BASED APPROACH
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2020 2021

~900k 
TESTS/DAY

~150M TESTS/DAY

150M TESTS–CRUSH WHILE OPEN STRATEGY:
IDEAL DAILY SCREENING APPROACH

POTENTIAL FOR  
INNOVATION

POTENTIAL FOR  
INNOVATION

POTENTIAL FOR  
INNOVATION

Proven high performance serology (>99% specificity)
This performance has only been demonstrated so far on immunoanalyzers available in the lab. These 
platforms have run enough samples to demonstrate with 95% confidence (i.e. proven) that they 
exceed 99% specificity. To date these assays have been validated on blood draws, labs are validating 
dried blood spots as a more convenient sample.

Assays demonstrating <99% specificity

ELISA assay 
manufacturers
No ELISA has yet proven high 
performance.

Labs that have developed 
their own ELISA
No ELISA has yet proven high 
performance.

QUANTITATIVE PLATFORMS that can 
update thresholds when correlates of 
protection are determined 

Serology assays that 
claim, but have not proven 
high performance (>99% 
specificity)
While the point estimate of specificity is 
greater than 99% specificity, the 95% 
confidence interval on performance goes 
below that.

COVID-19 DIAGNOSTICS:

PREDICTIVE VALUE OF COVID-19 SEROLOGICAL  
ASSAY DEPENDING ON TRUE POPULATION  
PREVALENCE
There are significant performance differences between central lab instrument antibody tests 
(nearly perfect) and point-of-care antibody tests (inaccurate). Unfortunately, many of the first tests 
released were point of care assays that performed at 90% sensitivity and 90% specificity. This may sound good 
on paper, but a 90% sensitivity implies that 10% of truly positive patients are mischaracterized as negative—
and worse, 10% of patients without antibodies test previously positive (false positives), wrongly convincing 
many people that they now have immunity. There are a few different types of antibodies. IgM antibodies arise 
quickly after infection but are not well-tailored to the virus, whereas IgG antibodies appear gradually but are 
generally virus-specific. IgG tests, even the point-of-care ones, perform better (up to 98%+ specificity, <2% 
false-positive rate), whereas IgM tests generally have higher false-positive rates. But even a 2% false positive 
rate can have severe consequences early on when very few people actually have antibodies. Assume this 
scenario: the prevalence of COVID-19 in the population in your area is ~2%, and you want to know whether you 
are one of them or not. Testing 1000 people with a test that is 99% sensitive but 98% specific, with a 2% false 
positive rate, would identify the 20 who actually were infected but also falsely tell 20 of the uninfected that they 
have antibodies and are therefore immune. Put in other terms, if you got a positive result, it would have a 50% 
chance of being right (positive predictive value—chance of being right when it says someone is positive). 

Maximizing the positive predictive value is essential to the efficacy and purpose of serology 
tests. Comparing two example tests, consider the impact of a positive result when 4% of the population has 
antibodies to COVID-19. Using the high-performance test, a positive result would be right 94% of the time while 
the low performance test would only be right 40% of the time. In this scenario, the low performance test leaves 
60% of people wrongly believing they have antibodies to COVID-19, assuming they’re immune, and probably 
less vigilant about avoiding infection. 0%
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LOW-PERFORMANCE TESTS
SENSITIVITY:    95%
SPECIFICITY:    95%

HIGH-PERFORMANCE TESTS
SENSITIVITY:    >99%
SPECIFICITY:      99%

40%

94%

MAP LEGEND
Potential for Innovation 
No solutions yet have EUA N N Samples Can Be Pooled Labs Offering Tests With 

Home Collection Kits

CHANGES HIGHLIGHTED IN YELLOW CLICK TO SEE MAP UPDATE LOG >

SPEC
Specificity:  
Number of true negatives / (number of true negatives + false positives)   
or number of true negatives / total number of well individuals 

100% ≥99.0% 98.0-
98.9%

95.0-
97.9% <95%

CI
95% Confidence Interval: (lower bound represented)
Based on statistical analysis, this is the estimated range of values which is likely to contain the true 
value 95% of the time if a large number of sample sets were analyzed (source)

100% ≥99.0% 98.0-
98.9%

95.0-
97.9% <95%

N Number of samples analyzed >5000 1000-
4999 100-999 <100

LoD
Limit of detection:  
Limit of detection determined by companies as part of EUA submission. Shown below are the various samples used to determine LoD for nucleic acid-based 
amplification tests

LoD*

Limit of detection:  
The limit of detection (LoD) was determined using an FDA-established reference panel to precisely compare the performance of SARS-CoV-2 nucleic acid-based 
amplification tests (NAAT). The 5 tube panel (T1 to T5) contains heat-inactivated SARS-CoV-2 strain in cell culture medium (T1) and four tubes blinded to the test 
developer, (T2, T3, T4, and T5; with concentrations known to the FDA), including a heat-inactivated MERS-CoV strain in cell culture medium. The  SARS-CoV-2 
sample (2019-nCoV/USA-WA1/2020) is at a concentration of ~1.8x10^8 RNA NAAT detectable units/mL (NDU/mL)

Based on the standard FDA-provided protocol for T1, developers were asked to perform a range finding LoD study, followed by a confirmatory study to define and 
corroborate the LoD of their assays. The blinded samples (T2 to T5) were also tested using an FDA-provided protocol to confirm the determined T1 LoD and to 
evaluate cross-reactivity with MERS-CoV virus.

NDU/mL: Nucleic acid-based amplification tests (NAAT) detectable units/mL     Matrix: Nasopharyngeal swabs in transport media unless otherwise noted
**Dry swab

Unknown Matrix 
(U)

Clinical matrix  
(C)

Simulated matrix 
(S)

Buffer  
(B)

Live Virus (LV) [LV-U] [LV-C] [LV-S]

Recombinant Virus (RV) [RV-C] [RV-S]

Inactivated Virus (IV) [IV-U] [IV-C] [IV-S] [IV-B]

SARS-COV2 RNA (SARS) [SARS-U] [SARS-C] [SARS-B]

QUALITATIVE LATERAL FLOW ASSAYS demonstrating or 
likely to be low performance (<99% specificity) today and that 
platforms that cannot update thresholds when correlates of 
protection are determined 

COVID-19 DIAGNOSTICS:

SAMPLE POOLING HOLDS THE MOST  
POTENTIAL OF EXISTING EFFORTS TO SCALE UP
NOT CLEAR THAT IT’S ENOUGH

+

 

EXTRACTION
Freeing the target RNA from the sample in order  

to enable detection

 

DETECTION
Amplifying and detecting the target, often by real time, reverse 

transcriptase polymerase chain reaction (PCR),  
to detect the presence of the virus in the sample

INTEGRATED SYSTEMS
Integrated instrument platforms run proprietary kits on proprietary instruments, in a ‘closed’ system that starts with a sample and ends  

with a result. These instrument platforms have a footprint on the scale of 2 meters by 1 meter and the example system shown here  
from Roche is capable of ~1,000 samples per day.  

Between all of the fully integrated systems there is less than 500k tests a day in total capacity across the US— 
not nearly enough to run all of the demand. 

INSTRUMENT
E.G. ROCHE COBAS 6800

KIT
E.G. ROCHE COBAS SARS-COV-2

COMPONENT SYSTEMS
CLIA labs assemble a protocol with available components and (kits and instruments), validate that test. Examples are shown to the left. 

Capacity for amplification and detection is more abundant and scalable than for extraction—
making extraction a bottleneck as many new labs have sought to enter the market.    

EXTRACTION KIT
E.G. QIAGEN

+

AMPLIFICATION +  
DETECTION KIT

E.G. THERMO SARS-COV-2

+
AUTOMATION

E.G. QIASYMPHONY
PCR INSTRUMENT

E.G. ABI 7500

BOTTLENECK BREAKERS  
(ONLY APPLICABLE TO DETECTION KITS AND EUA TESTING LABS)

EXTRACTION-KIT-FREE
Protocols that deliver alternative extraction approaches to 

the major vendors, such as heat denaturation,  
would alleviate a frequent bottleneck in EUA labs and 

will provide incremental but not breakthrough  
capacity gains. SalivaDirect is an example (link to EUA)

https://www.medrxiv.org/content/10.1101/2020.04.29.20085910v1.full.pdf+html

POOLING
Sample pooling seems to offer significant potential for 

scaling, and could apply to both fully integrated systems 
and EUA labs. Pooling is not trivial to implement, and will likely 

lead to a new/additional bottleneck on liquid handling platforms and 
supplies. Pooling really only works when prevalence is low—so this 

favors screening, and the first EUAs for this have been granted to Quest, 
LabCorp, UCSD, and Poplar Healthcare which enables those labs where 

pooling is utilized to deliver ~4-7x as many results.  
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-issues-first-emergency-authorization-sample-pooling-diagnostic

COVID-19 DIAGNOSTICS:

COARSE SCREENING

ELEVATED TEMPERATURE 
While checking individual patients for clinical-
grade fever (T ≥ 100.4 °F, 38 °C) is unlikely 
to detect COVID-19 reliably (prevalence is 
~30-40%, symptomatic and asymptomatic 
patients collectively1,2), researchers are 
exploring the possibility of monitoring for 
nascent regional outbreaks using community 
surveillance of temperature, a use-scenario 
where testing with even modest sensitivity and poor 
specificity may have high utility3. 

ELEVATED HEART RATE 
Researchers have demonstrated 
the potential of heart rate 
monitoring via consumer-grade 
fitness trackers to predict the 
onset of COVID-19 prior to clinical 
symptom presentation in 67% of 
patients4. This is a promising approach 
because an elevation in resting heart rate 
can be  associated with inflammatory 
response even when inflammation is 
subclinical5 and COVID-19 patients, 
including asymptomatic patients, display a 
measurable inflammatory response6. 

LOSS OF SMELL/TASTE
Because the loss of smell may be unique to 
COVID-19  among viral infectious diseases7 
and is often the first noticeable symptom* 

(prevalence may be ~50%, symptomatic 
and asymptomatic patients collectively), 
a chemosensory test has the potential to 

serve as a coarse screening tool which 
could flag patients for PCR testing. Olfactory 

disorders are routinely diagnosed by quantifying 
the minimum threshold of a patient’s chemosensory 

detection using a series of pungent aqueous 
solutions sequentially smelled in ascending order 

of concentration8. A similar approach may be 
applicable to COVID-19. 

SHORTNESS OF BREATH
Respiratory rate can be 

monitored noninvasively by 
a body-worn device and 

is under investigation 
as a leading indicator 

for COVID-19 infection9. 
Approximatly 24% of 

symptomatic COVID-19 patients 
experience noticeable shortness 

of breath10,11 and an unknown percentage 
are believed to experience an elevation in 

respiratory rate subtle enough to go unnoticed 
but with potential  
prognostic value. 

SOURCES
1.	 https://www.acpjournals.org/doi/10.7326/M20-3012
2.	 https://hub.jhu.edu/2020/04/30/johns-hopkins-covid-temperature-tracking-app/
3.	 https://hub.jhu.edu/2020/04/30/johns-hopkins-covid-temperature-tracking-app/
4.	 https://www.medrxiv.org/content/10.1101/2020.07.06.20147512v1.full.pdf
5.	 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4280910/
6.	 https://www.nature.com/articles/s41591-020-0965-6
7.	 https://onlinelibrary.wiley.com/doi/10.1002/lio2.384
8.	 https://www.uptodate.com/contents/evaluation-and-treatment-of-taste-and-

smell-disorders?search=diagnosis%20of%20smell%20disorders&source=search_
result&selectedTitle=1~143&usage_type=default&display_rank=1

9.	 https://www.medrxiv.org/content/10.1101/2020.06.18.20131417v2.full.pdf
10.	 https://www.cdc.gov/mmwr/volumes/69/wr/mm6915e3.htm
11.	 https://www.cdc.gov/quarantine/air/reporting-deaths-illness/definitions-symptoms-reportable-

illnesses.html
12.	 https://www.sciencemag.org/news/2020/04/why-don-t-some-coronavirus-patients-sense-their-

alarmingly-low-oxygen-levels
13.	 https://www.nytimes.com/2020/04/20/opinion/sunday/coronavirus-testing-pneumonia.html
14.	 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776688/

LOW BLOOD GAS CONTENT
Anecdotal observations of COVID-19 
patients presenting abnormally low 

(<95%) blood oxygen saturation levels, 
yet are both in a comfortable state and 
lack typical symptoms of hypoxia have 
compelled physicians suggest that pulse 

oximetry as a leading indicator for 
COVID-19 progression to pneumonia13 
and may have potential to serve as a 

leading indicator of infection. A correlation 
has been observed between inoculation dose of 

influenza in mice and SpO2 response which may 
be detectable prior to the presentation of other 

clinical symptoms14. 

*  �https://onlinelibrary.wiley.com/doi/full/10.1002/alr.22579;  https://jamanetwork.com/journals/jama/fullarticle/2765183;   
https://link.springer.com/article/10.1007/s00405-020-05965-1; https://link.springer.com/article/10.1007/s00405-020-05965-1

30-
40% ~50%

24%

67%

WHERE IS COVID?
Methods intended to identify hotspots for increased testing.

Direct Antigen point of care tests that perform well 
enough (>70% sensitive)
Sensitive enough, if run routinely

*Validated relative to PCR, for which 100% sensitivity and specificity is 
assumed

Available at Scale (>1M / Day) 

Not Available at Scale 

Instrument Free
Lower clinical sensitivity

Multianalyte

WHO HAS COVID?
There are not yet solutions that adequately scale to address 
large-scale screening. Given the high asymptomatic prevalence, 
screening is critical. 
It’s important to know the answer quickly and isolate patients with positive 
results.

COVID SCREENING TESTS
Fast, Cheap, and Good enough.
•	Solutions that can support screening by scaling

FAST

ACCURATE 
(Good Enough)

CHEAP

copies/mL TCID50/mL NDU/ml
100 - 200

[SARS-B]     [SARS-C] Under Review Mesa Biotech (Accula SARS-Cov-2 Test)

1,300
[SARS-C] 60,000 Cue Health (Cue COVID-19 Test)

125
[SARS-C] 300,000 Abbott Diagnostics (ID NOW COVID-19)

Sens Spec SARS-CoV-2: 
copies/mL

Influenza A: 
TCID50/mL

Influenza B: 
TCID50/mL

95.2% 100% 91.7 50 1.8 Quidel (Sofia 2 Flu + SARS Antigen FIA)

SPEC LOWER BOUND  
CI N

Megna Health, Inc. (Rapid COVID-19 IgM/IgG Combo Test Kit) 98.9% <99% 
(unknown) 285

TBG Biotechnology Corp.  (TBG SARS-CoV-2 IgG / IgM Rapid Test Kit) 99.8% 98.8% 483

Autobio Diagnostics Co. Ltd. (Anti-SARS-CoV-2 Rapid Test) 99.4% 97.7% 312

  ACON Laboratories Inc. (ACON SARS-CoV-2 IgG/IgM Rapid Test) 98.3% 97% 686

Sugentech, Inc. (Orawell IgM/IgG Rapid Test) 99.15% 96.94% 195

Nirmidas Biotech, Inc. (Nirmidas COVID-19 (SARS-CoV-2) IgM/IgG Antibody Detection Kit) 97.88% 96.02% 415

Assure Tech. (Hangzhou Co., Ltd) (Assure COVID-19 IgG/IgM Rapid Test Device) 100% 95.4% 80

 Innovita (Tangshan) Biological Technology Co., Ltd. (Innovita 2019-nCoV Ab Test (Colloidal Gold)) 98.03% 95.78% 305

Hangzhou Biotest Biotech Co., Ltd.  (RightSign COVID-19 IgG/IgM Rapid Test Cassette) 100% 95.4% 80

Jiangsu Well Biotech Co., Ltd. (SGTi-flex COVID-19 IgG) 99.0% 94.4% 97

Beijing Wantai Biological Pharmacy Enterprise Co., Ltd. (WANTAI SARS-CoV-2 Ab Rapid Test) 98.8% 93.3% 80

Hangzhou Laihe Biotech Co., Ltd. (LYHER Novel Coronavirus (2019-nCoV)  
IgM/IgG Antibody Combo Test Kit (Colloidal Gold)) 98.8% 93.3% 80

Salofa Oy (Sienna-Clarity COVIBLOCK COVID-19 IgG/IgM Rapid Test Cassette) 98.8% 93.3% 80

NanoEntek America, Inc. (FREND COVID-19 total Ab) 98.8% 93.3% 80

Cellex Inc. (qSARS-CoV-2 IgG/IgM Rapid Test) 96.0% 92.8% 250

Healgen Scientific LLC (COVID-19 IgG/IgM Rapid Test Cassette (Whole Blood/Serum/Plasma)) 97.5% 91.3% 80

Access Bio, Inc. (CareStart COVID-19 IgM/IgG) 97.5% 91.3% 80

Xiamen Biotime Biotechnology Co., Ltd. (BIOTIME SARS-CoV-2 IgG/IgM Rapid Qualitative Test) 96.2% 89.5% 80

Biocan Diagnostics Inc. (Tell Me Fast Novel Coronavirus (COVID-19) IgG/IgM Antibody Test) 96.2% 89.4% 79

 Advaite (RapCovTM Rapid COVID-19 Test) 95.2% 89.2% 104

Biohit Healthcare (Hefei) Co. Ltd. (Biohit SARS-CoV-2 IgM/IgG Antibody Test Kit) 95.0% 87.8% 80

SARS-CoV-2: 
copies/mL TCID50/mL Influenza A: 

TCID50/mL
Influenza B: 
TCID50/mL

RSV 
TCID50/mL

500 0.069
[IV-C]

0.1-1,000 5.0 0.02 BioFire Diagnostics, LLC; BioFire Respiratory Panel (RP2.1-EZ)*

131 0.004- 
0.087 0.04 0.22-

0.43 Cepheid (Xpert Xpress SARS-CoV-2/Flu/RSV)

12
[IV-C]

0.002- 
0.02

0.004- 
0.002

Roche Molecular Systems, Inc. (cobas SARS-CoV-2 & Influenza A/B Nucleic Acid 
Test for use on the cobas Liat System)

*Syndromic panel of 19 respiratory targets, CLIA waived - but relatively complex workflow

Multi-Analyte

copies/mL PFU/mL NDU/ml
250*
[RV-C]

0.01-0.02
[LV-C] 5,400 Cepheid (Xpert Xpress SARS-CoV-2 test)

*n=35
SARS-CoV2 only

Platforms with on-cartridge nucleic acid purification - clinical 
sensitivity likely in the high 90%’s

Platforms without nucleic acid purification - clinical sensitivity likely 
in the low 90%’s

5

SARS-Cov-2 only 

6

SARS-CoV2 only

Point of care test

COVID-19 DIAGNOSTICS:

SINGLE-INSTANCE TESTING
The real world diagnostic performance of COVID-19 tests depends upon how soon after infection the test is taken in addition 
to the test’s inherent sensitivity and specificity. To ensure optimal test performance, a period of quarantine should precede 
taking the test. 

For individuals who want to gather safely in small groups for the holidays or other functions where masks and distancing are not practical, the 
risk of COVID-19 transmission can be greatly diminished by quarantining for 14 days before the event (1) or by taking an appropriately timed 
PCR or antigen test. In order for tests to detect the presence of SARS-CoV2, the virus that causes COVID-19, the virus needs time to replicate 
after the timepoint of initial infection. For a period of time after infection that varies from person to person, the number of viral particles in the 
body will be too small to detect. For example, if an individual were infected at 9:00 a.m. on a given day, a PCR test taken at noon the same 
day would almost certainly be negative because the virus would not have had enough time to replicate to the level of detectability. In contrast, 
if a person were to self-quarantine for 5 days before taking the test, and that test were to produce a negative result, high confidence can be 
placed in the accuracy of the negative test result indicating true absence of infection (figure 1). A home-collected test (e.g., Pixel by Labcorp), 
can provide accurate and timely results provided that sufficient shipping and processing time is allowed to receive the results (varies by 
region, but 2-3 days is typical). The timeline in figure 2 illustrates what this testing paradigm looks like and how it saves 6 days relative to a 
full 14-day quarantine. Point of care PCR tests, where available, reduce this even further by eliminating the three day shipping and wait time. 
Point of care antigen tests have been shown to be less sensitive, so an additional day+ of pre-test quarantine is warranted. 
(1) https://www.cdc.gov/coronavirus/2019-ncov/if-you-are-sick/quarantine.html
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Primarily hospital-targeted systems 
with throughput <500 samples/8-
hour shift

Tests for home use 

LABS OFFERING TESTS WITH HOME COLLECTION KITS
Lab Name Sample Type Lab Name Sample Type

Genetrack Biolabs, Inc. Nasal swab Phosphorus Diagnostics, LLC Saliva

DxTerity Diagnostics, Inc. Saliva Infinity BiologiX, LLC Saliva

QDx Pathology Services Nasal swab Viracor Eurofins Clinical Diagnostics Nasal swab

Wren Laboratories LLC Saliva binx health, Inc. Nasal swab

Ethos Laboratories Nasal swab Color Genomics, Inc. Nasal swab

Clinical Reference Laboratory, Inc. Saliva Everlywell, Inc. Nasal swab

Helix OpCo LLC Nasal swab The Kroger Co. Nasal swab

Quest Diagnostics Infectious Disease, Inc. Nasal swab Spectrum Solutions LLC Saliva

Kaiser Permanente Mid-Atlantic States Nasal swab DNAGenotek  Saliva

PrivaPath Diagnostics, Inc. Nasal swab RapidRona Inc. Nasal swab

Exact Sciences Laboratories Nasal swab RNeuMoDx Molecular, Inc. Saliva

Fulgent Therapeutics, LLC Nasal swab mLife Diagnostics, LLC Saliva

Assurance Scientific Laboratories Nasal swab STS Lab Holdco 
(a subsidiary of Amazon.com Services LLC) Nasal swab

LabCorp (Pixel) Nasal swab SynergyDx Home Collection Kit Nasal swab

P23 Labs, LLC. Saliva GetMyDNA   Nasal swab

Immunoanalyzer
Equipment should be capable of high 
performance.

Test for home use
For over-the-counter (OTC) tests, serial screening (testing twice over 2-3 days) is suggested

Instrumented Read
Higher clinical sensitivity

WASTEWATER

LARGE SCALE TEMP SPIKE MONITORING

INFLUENZA-LIKE ILLNESS MONITORING AND 
COMPARING TO FLU DIAGNOSES

Low throughput handheld

Respiratory panel that includes SARS-CoV-2

High throughput systems placed at 
reference labs and hospitals capable 
of processing >500 samples/8-hour 
shift

Nucleic acid based test 
Platforms without nucleic acid purification - clinical sensitivity likely in the low 90%’s 
*Validated relative to PCR, for which 100% sensitivity and specificity is assumed
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