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Learning Objectives 

• Provide an update on influenza A&B and COVID-19 infections and variants

• Summarize steps healthcare systems are taking to prepare for the upcoming (and 
uncertain) respiratory season

• Describe use cases and testing scenarios for molecular and antigen testing - what 
works, when and where

• Apply practical experience and evidence to the use of rapid influenza (and 
COVID-19) testing in improving efficiencies of care, operations, and workflow



Polling Question #1

We CURRENTLY use RAPID COVID-19 TESTING in the following settings: (select all 
that apply)

A. Emergency room 

B. Inpatient 

C. Pre-surgical 

D. Outpatient/Clinic 

E. Pharmacy

F. Skilled Nursing/Long Term Care 

G. School 

H. Workplace

I. Other

J. None of our testing is rapid



COVID-19

• Global pandemic; 
began in Wuhan, Hubei 
Province, China, in late 
2019. 

• Caused by SARS-CoV-2 
coronavirus.   

• Has since spread 
worldwide, with 
> 4 million deaths so far.  

Our World Data. https://ourworldindata.org/grapher/cumulative-covid-deaths-region, accessed Sept 15, 2021.

https://ourworldindata.org/grapher/cumulative-covid-deaths-region


Impact of COVID-19 Pandemic

• GLOBALLY

• Worst crash of global stock markets since 
1987

• Jan – Feb 2020:
G20 economies fell 3.4% year-on-year

• April - June 2020:
International Labour Organization estimated 
that an equivalent of 400 million full-time 
jobs were lost across the world

• Jan – Sept 2020:
Global worker income earnings fell 10%, 
equivalent to a loss of over US$3.5 trillion

• U.S.

• 2020 GDP contracted at 3.5% annualized 
rate - biggest contraction since 1946, the first 
contraction since 2009

Our World Data. https://ourworldindata.org/grapher/excess-mortality-raw-death-count, accessed Sept 15, 2021.

https://ourworldindata.org/grapher/excess-mortality-raw-death-count


COVID-19 Cases in the U.S.

CDC, Trends in Number of COVID-19 Cases and Deaths in the US Reported to CDC, by State/Territory. https://covid.cdc.gov/covid-data-tracker/#trends_dailycases, accessed Sept 15, 2021. 

https://covid.cdc.gov/covid-data-tracker/#trends_dailycases


And In Your 
Neighborhood

Smart, C. Covid Hospitalizations Hit Crisis Levels in Southern I.C.U.s, https://www.nytimes.com/interactive/2021/09/14/us/covid-hospital-icu-south.html, accessed Sept 15, 2021.

https://www.nytimes.com/interactive/2021/09/14/us/covid-hospital-icu-south.html


The Rise of the Variants

Outbreak.info. https://outbreak.info/location-reports?loc=USA, accessed Sept 16, 2021.

https://outbreak.info/location-reports?loc=USA


COVID-19 WHO Variant Types

VARIANT OF INTEREST

A SARS-CoV-2 variant:

• …with genetic changes that are predicted or 
known to affect virus characteristics such as 
transmissibility, disease severity, immune 
escape, diagnostic or therapeutic escape; 
AND

• …identified to cause significant community 
transmission or multiple COVID-19 clusters, in 
multiple countries with increasing relative 
prevalence alongside increasing number of 
cases over time, or other apparent 
epidemiological impacts to suggest an 
emerging risk to global public health.

VARIANT OF CONCERN

A SARS-CoV-2 variant that:

• …meets the definition of a VOI and … 

• has been demonstrated to be associated with 
one or more of the following changes at a 
degree of global public health significance:

• Increase in transmissibility or detrimental 
change in COVID-19 epidemiology; OR

• Increase in virulence or change in clinical 
disease presentation; OR

• Decrease in effectiveness of public health and 
social measures or available diagnostics, 
vaccines, therapeutics.

WHO, Tracking SARS-CoV-2 variants. https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/, accessed Sept 15, 2021.

https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/


Current Variants of Interest

PANGO, Phylogenetic Assignment of Named Global Outbreak lineages; GISAID, Global Initiative on Sharing All Influenza Data
WHO, Tracking SARS-CoV-2 variants. https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/, accessed Sept 15, 2021.

As of Sept 15, 2021

https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/


Current Variants of Concern

As of Sept 15, 2021

WHO, Tracking SARS-CoV-2 variants. https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/, accessed Sept 15, 2021.

https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/


Where is Delta Now?

CDC. Global Variants Report, https://covid.cdc.gov/covid-data-tracker/#global-variant-report-map, accessed Sept 15, 2021. 

https://covid.cdc.gov/covid-data-tracker/#global-variant-report-map


SARS-CoV-2 Genome

• SARS-CoV-2 has a linear, positive-sense, single-stranded RNA genome about 30,000 bases long.

• Encodes several different proteins.

• Spike protein responsible for cell binding and entry. Target of all current vaccines.

• Other proteins serve structural and non-structural roles.

• Mutations in all genes are found in different variants. 

• Mutations in non-spike genes likely contribute to increased virulence and transmissibility of 
variants

Image: Outbreak.info. https://outbreak.info/situation-reports?pango=B.1.617.2&loc=IND&loc=GBR&loc=USA&selected, accessed Sept. 15, 2021.

https://outbreak.info/situation-reports?pango=B.1.617.2&loc=IND&loc=GBR&loc=USA&selected


Alpha vs. Delta Mutations

Outbreak.info. https://outbreak.info/situation-reports/delta and https://outbreak.info/situation-reports/alpha, accessed Sept 16, 2021.

ALPHA

DELTA

https://outbreak.info/situation-reports/delta
https://outbreak.info/situation-reports/alpha


CDC, Delta Variant: What We Know About the Science.  Updated Aug 26, 2021. https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html, accessed Sept 15, 2021,

Delta Variant

https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html


Scobie HM, Johnson AG, Suthar AB, et al. Monitoring Incidence of COVID-19 Cases, Hospitalizations, and Deaths, by Vaccination Status — 13 U.S. Jurisdictions, April 4–July 17, 2021. MMWR Morb Mortal 
Wkly Rep. ePub: 10 September 2021.



Vignier N, et al. Breakthrough Infections of SARS-CoV-2 Gamma Variant in Fully Vaccinated Gold Miners, French Guiana, 2021. Emerg Infect Dis. 2021 Jul 21;27(10).



One more US Designation

VARIANT OF HIGH CONSEQUENCE

In addition to the possible attributes of a variant of concern

• Impact on Medical Countermeasures (MCM)

o Demonstrated failure of diagnostic test targets

o Evidence to suggest a significant reduction in vaccine effectiveness, a disproportionately high number of 
vaccine breakthrough cases, or very low vaccine-induced protection against severe disease

o Significantly reduced susceptibility to multiple Emergency Use Authorization (EUA) or approved 
therapeutics

o More severe clinical disease and increased hospitalizations

A variant of high consequence would require notification to WHO under the International Health 
Regulations, reporting to CDC, an announcement of strategies to prevent or contain transmission, 
and recommendations to update treatments and vaccines.

Currently, there are no SARS-CoV-2 variants that rise to the level of high consequence.

CDC, SARS-CoV-2 Variant Classifications and Definitions. https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-info.html#Consequence, accessed Sept 15, 2021.

https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-info.html#Consequence


Polling Question #2

We would like/plan to expand RAPID COVID-19 TESTING into the following settings: 
(select all that apply)

A. Emergency room 

B. Inpatient 

C. Pre-surgical 

D. Outpatient/Clinic 

E. Pharmacy

F. Skilled Nursing/Long Term Care 

G. School 

H. Workplace

I. Other

J. None of our testing is rapid



Vaccine and Transmission

NEJM, August 19, 2021, Effect of Vaccination on Household Transmission of SARS-CoV-2 in England

Harris RJ, et al. Effect of Vaccination on Household Transmission of SARS-CoV-2 in England. N Engl J Med 2021; 385:759-760.



Vaccine and Transmission

de Gier B, Andeweg S, Joosten R, et al. Vaccine effectiveness against SARS-CoV-2 transmission and 
infections among household and other close contacts of confirmed cases, the Netherlands, 
February to May 2021. Euro Surveill. 2021;26(31):2100640.



Tenforde MW, et al. Sustained Effectiveness of Pfizer-BioNTech and Moderna Vaccines Against COVID-19 Associated Hospitalizations Among Adults — United States, March–July 2021. MMWR Morb Mortal Wkly
Rep 2021;70:1156-1162.

Summary

What is already known about this topic?

COVID-19 mRNA vaccines provide strong protection against severe COVID-19; however, the duration of 

protection is uncertain.

What is added by this report?

Among 1,129 patients who received 2 doses of a mRNA vaccine, no decline in vaccine effectiveness against 

COVID-19 hospitalization was observed over 24 weeks. Vaccine effectiveness was 86% 2–12 weeks after 

vaccination and 84% at 13–24 weeks. Vaccine effectiveness was sustained among groups at risk for severe 

COVID-19.

What are the implications for public health practice?

mRNA vaccine effectiveness against COVID-19–associated hospitalizations was sustained over 24 weeks; 

ongoing monitoring is needed as new SARS-CoV-2 variants emerge. To reduce hospitalization, all eligible 

persons should be offered COVID-19 vaccination.



Other Viruses

Because It’s Not All About COVID-19

(I Know That’s Hard To Believe)

RSV

RESPIRATORY 
SYNCYTIAL 

VIRUS (RSV)
INFLUENZA



A Summer 
RSV Spike!!

Percent Positive Respiratory Syncytial Virus (RSV) Tests in the U.S., by Week.

CDC, RSV National Trends. The National Respiratory and Enteric Virus Surveillance System (NREVSS). https://www.cdc.gov/surveillance/nrevss/rsv/natl-trend.html, accessed Sept 15, 2021.

https://www.cdc.gov/surveillance/nrevss/rsv/natl-trend.html


May reflect changes in testing 

practice as well as incidence.  

RSV Absolute 
Numbers

RSV Detections in the U.S., by Week

CDC, RSV National Trends. The National Respiratory and Enteric Virus Surveillance System (NREVSS). https://www.cdc.gov/surveillance/nrevss/rsv/natl-trend.html, accessed Sept 15, 2021.

https://www.cdc.gov/surveillance/nrevss/rsv/natl-trend.html


Influenza – It’s not Just ‘the Flu’

• In the U.S., 5-20% of the population gets 
influenza each year1

• 200,000 hospitalizations, 12,000 – 79,000 deaths2

• Worldwide, 3-5 million severe cases3

• 290,000-650,000 deaths per year3,4

• That’s an average; a pandemic would greatly 
increase these numbers
• And, also drives us all berserk with no notice as in 

April-May 2009.  

• But you know that now.  

1. CDC. Key facts about influenza. https://www.cdc.gov/flu/about/keyfacts.htm, accessed Sept 15, 2021.
2  CDC, Frequently Asked Questions about Estimated Flu Burden. https://www.cdc.gov/flu/about/burden/faq.htm#hospitalizations, accessed Sept 15, 2021.
3. WHO launches new global influenza strategy. https://www.who.int/news/item/11-03-2019-who-launches-new-global-influenza-strategy, accessed Sept 15, 2021.
4, CDC. Seasonal flu death estimate increases worldwide. https://www.cdc.gov/media/releases/2017/p1213-flu-death-estimate.html, accessed Sept 15, 2021.

CDC, Influenza Virus.
https://www.cdc.gov/flu/resource-center/freeresources/graphics/images.htm

https://www.who.int/news/item/11-03-2019-who-launches-new-global-influenza-strategy


Last Year Was Just Strange

• At first glance these three graphs 
appear similar; with peak levels of 
influenza early in the year.

• The abrupt ending in 2019-20 is 
remarkable; a combination of societal 
shutdown ending the season abruptly 
and all of us stopping flu testing to 
devote resources to COVID.

• But…look at the Y axes.  

2018-19

2020-21

2019-20

CDC, FluView Interactive.  https://www.cdc.gov/flu/weekly/fluviewinteractive.htm, accessed Sept. 16, 2021.

https://www.cdc.gov/flu/weekly/fluviewinteractive.htm
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CDC, FluView Interactive.  https://www.cdc.gov/flu/weekly/fluviewinteractive.htm, accessed Sept. 16, 2021.

https://www.cdc.gov/flu/weekly/fluviewinteractive.htm


Why?

• Decreased transmission due to masks and social distancing?

• Decreased testing; due to competition for resources with COVID, decreased 
likelihood of seeking care for minor illnesses?

• Some sort of biological competition with SARS-CoV-2?

• Increased vaccine coverage 
(probably not, since preliminary numbers suggest 55% in adults)1 

1. https://www.cdc.gov/flu/fluvaxview/dashboard/vaccination-adult-coverage.html

https://www.cdc.gov/flu/fluvaxview/dashboard/vaccination-adult-coverage.html


We Were Warned, Though

FluTracking COVID-19. https://info.flutracking.net/reports-2/australia-reports/, accessed Sept. 16, 2021. 

https://info.flutracking.net/reports-2/australia-reports/


This Year Looks 
Similar

Southern Hemisphere 
data from 
WHO FluNet

But, maybe we can’t 
bet on it. Could it be 
partly due to changes 
in testing resources?

WHO, Influenza Laboratory Surveillance Information. https://apps.who.int/flumart/Default?ReportNo=5&Hemisphere=Southern, accessed Sept 15, 2021.

https://apps.who.int/flumart/Default?ReportNo=5&Hemisphere=Southern


This Year Looks 
Similar

Southern Hemisphere 
data from 
WHO FluNet

But, maybe we can’t 
bet on it. Could it be 
partly due to changes 
in testing resources?

WHO, Influenza Laboratory Surveillance Information. https://apps.who.int/flumart/Default?ReportNo=5&Hemisphere=Southern, accessed Sept 15, 2021.

THE CALM BEFORE 
THE STORM?

https://apps.who.int/flumart/Default?ReportNo=5&Hemisphere=Southern


Polling Question #3

How important will a COVID-19/influenza differential diagnosis be during flu season?

a) Very Important

b) Important

c) Indifferent

d) Unimportant

e) Very unimportant



Testing for COVID-19; 
Why and How and When and All That
Because I’m a Diagnostics Guy at Heart… 



Why Test for SARS-CoV-2 in our Health System?

3 (SOMEWHAT CONFUSING AND OCCASIONALLY-OVERLAPPING, BUT STILL USEFUL) BINS:  

Diagnostic
Symptomatic, high-risk exposure, or otherwise high suspicion of active infection

Screening

Asymptomatic, tested related to a discrete event (e.g., admission, high-risk procedure)

Monitoring

Pre-, a-, or paucisymptomatic; used periodically, at intervals, for all eligible members (or a sample) of a defined 
population

WHAT A STUPID QUESTION, CAMPBELL!  IT’S THE BIGGEST THING THIS CENTURY.

WHAT TEST DO YOU USE FOR WHICH?  DECISION DRIVEN BY:
• Clinical Question:  presence of pathogen or infectivity?

• Test Characteristics: sensitivity/specificity

• Operational Issues:  turnaround time, labor, cost, reagent availability

“ ”



Types of COVID Tests

DIRECT TESTS FOR VIRUS
• Antigen tests

• NAAT: RT-PCR and other molecular tests

SEROLOGICAL TESTS
• Antibody tests (IgG, IgM)

• Neutralizing antibody tests

NAAT, nucleic acid amplification test 



Antigen or Molecular?

DIRECT TEST FOR VIRUS



Antigen (“Lateral Flow”) Tests – Immunoassays

React antigen 
with antibody and 

detect the reaction.  

Depending on format, detect microbes (by looking for their antigens) 
or specific antibodies.  



Molecular (NAAT) Testing

Basically, you pick a target sequence out of 
a bunch of other DNA and make a jillion 
copies of it, then detect those copies.  

IT ALL STARTED WITH 
POLYMERASE CHAIN REACTION (PCR)…

NAAT, nucleic acid amplification test.  
Image By Enzoklop - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=32003643

BUT THERE ARE MANY OTHER AMPLIFICATION TECHNOLOGIES.  



Molecular (NAAT) COVID-19 Tests (By Methodology)

NAAT, nucleic acid amplification test.  
*Multiple NAATs amplify nucleic acids, not a comprehensive list. 
CDC, Nucleic Acid Amplification Tests (NAATs), updated June 16, 2021. Accessed July 21, 2021.

MOLECULAR/

“NAAT”

ISOTHERMAL

METHODOLOGY
AMPLIFICATION 

TECHNIQUE
TEST TECHNOLOGY*

THERMOCYCLING

LAMP - Loop-mediated Amplification

NEAR - Nicking Enzyme Amplification Reaction

PCR - Polymerase Chain Reaction

TMA - Transcription-mediated Amplification

HDA – Helicase Dependent Amplification

https://www.cdc.gov/coronavirus/2019-ncov/lab/naats.html


Antigen vs. Molecular

Antigen/Immunoassay

• Rapid; typically minutes 

• May not need instrumentation 
(though some do)

• Usually highly specific; tend to lack 
sensitivity vs gold standard methods

• Usually relatively inexpensive

Molecular/NAAT

• Rapid; minutes to 1h or so, or batched

• Require instrumentation

• Can be highly sensitive and specific

• Detect only target nucleic acid, not host 
response

• Relatively costly



How Sensitive are Molecular Tests for Diagnosis?

All highly sensitive; can detect smallish numbers of viral copies

FDA lists limit of detection with standard materials for many assays:1

These numbers (for most tests 180-18,000 copies/ml but occasionally much higher) don’t translate well to clinical sensitivity.  

Clinical sensitivity:  In symptomatic patients, sensitivity of a single RT-PCR test is well under 100%, 

but I haven’t seen a well-conducted study saying what it is.  

• Keep testing ‘till you get the answer you want…that’s what everyone else does.  

• Just kidding…sort of.  

1. https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/sars-cov-2-reference-panel-comparative-data

https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/sars-cov-2-reference-panel-comparative-data


SARS-CoV-2 Serology

• Antibody response to SARS-CoV-2 
infection
• Generally turns positive within 7-14d of 

symptom onset.  

• Two types of tests:
• Spike-protein antibody

• Will be positive after vaccination, and 
after natural infection

• Nucleocapsid antibody

• Will only be positive after natural infection

• Can be used to discriminate between 
vaccine and infection Bryan A, et al. Performance Characteristics of the Abbott Architect SARS-CoV-2 IgG Assay and 

Seroprevalence in Boise, Idaho. J Clin Microbiol. 2020 Jul 23;58(8):e00941-20.



Testing Scenarios
EARLY OUTBREAK (SPRING 2020)

‘We have six patients in the ED with fever and respiratory 

distress, how long ‘till the COVID tests are done?’

EARLY RE-OPENING (SUMMER-FALL 2020)

‘How many COVID tests can you do in a day?  We’re trying to re-

open the colonoscopy service.  And can you turn them around 

within 30 minutes of the patient arriving?’

RESURGENCE (WINTER-2020)

‘We have six patients in the ED with fever and respiratory 

distress and twelve in the MICU and we need to repeat four of 

those, and also the nursing home wants to test their entire 

population and staff twice a week and they really need those 

within an hour of collection. And the pulmonary people are 

doubling their outpatient bronchoscopies, too.  And we’re 

opening a new community drive-through testing site, can 

you work out the transportation?   



Case from Last June…

‘Patient tested positive pre-procedure.  They 
were vaccinated in March.  Can you investigate?’

WHAT WOULD YOU DO?  



Case from Last June…
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WHAT WOULD YOU DO?  

• Note community case rates

• 200 tests/d, 0-2 positives.  

• Check Ct value

• High (note no number here)

• Re-test on same platform

• Negative

• Re-test x2 on another (good) platform:

• Negative
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• Negative

NOW WHAT?  CONSIDER:



Case from Last June…

‘Patient tested positive pre-procedure.  They 
were vaccinated in March.  Can you investigate?’

WHAT WOULD YOU DO?  

• Note community case rates

• 200 tests/d, 0-2 positives.  

• Check Ct value

• High (note no number here)

• Re-test on same platform

• Negative

• Re-test x2 on another (good) platform:

• Negative

NOW WHAT?  CONSIDER:

• S and NC antibodies

• Recollect tomorrow



And Now…

MAYBE, ALL OF THE ABOVE?



Polling Question #4

We plan to use rapid COVID-19 and influenza testing for asymptomatic patients 
during respiratory season:

a) Routinely

b) Only when flu is circulating

c) No rapid asymptomatic testing

d) Protocol not yet established for asymptomatic patients

e) Don’t know



Understanding Test Results for Infectious Diseases
Consider the likelihood of disease before performing Laboratory testing



Why Use What Test?

SEROLOGY

NOT (currently) a marker for 
protection.  Useful as 

adjunct diagnostic marker.  

ANTIGEN

Cheap(er), less sensitive.  
Is it an adequate test 

for infectivity?  

MOLECULAR 
(NAAT - PCR OR 
ISOTHERMAL)

Expensive, highly-sensitive.  
Test of choice for diagnosis of 

symptomatic patients.  



An Argument 
For Widespread 
Antigen Testing

Larremore DB, et al. Test sensitivity is secondary to frequency and turnaround time for COVID-19 screening. Sci Adv. 2021 Jan 1;7(1):eabd5393. 



The Reality

• COVID has proven an adaptive, resilient, 
dangerous pathogen.  

• Human beings are complex entities.  

• Human societies are even more complex entities.  



When You Drive Your Car, 
Do You…?

• Maintain the car so the 
steering and brakes work?

• More-or-less obey traffic 
laws and signs? 

• Wear your seat belt?  



• WE ASK PEOPLE TO:  

• Get vaccinated

• Wear masks and social 
distance

• Test as needed, for 
symptoms or screening

• IT’S NOT ONE OR THE OTHER; IT’S 
ALL OF THE ABOVE

COVID-19 
Risk Reduction 
is Similar

STOP 
CORONAVIRUS!



Summary

Tests include antigen, nucleic acid, and serology, each testing slightly (or markedly) 
different things, each with specific characteristics, even within a methodology.  

Reasons to test include diagnosis, screening, and monitoring. 

Test strategy and interpretation may vary not only with test type and clinical 
question, but by background epidemiology.  

Be available for consultation and recommendations. 


