
Laboratory Diagnosis of SARS-CoV-2:
NAAT & Ag RDT

Seyed Alireza Nadji, PhD

Professor of Medical Virology

Head, Virology Research Center

National Research Institute of Tuberculosis and Lung 
Diseases

Shahid Beheshti University of Medical Sciences

21 Feb, 2021
Tehran-Iran

2/21/2020 1



22/21/2020



32/21/2020



Interim WHO 
guidance: 

Laboratory testing for 
COVID-19

https://apps.who.int/iris/
bitstream/handle/10665/
331501/WHO-COVID-19-
laboratory-2020.5-
eng.pdf?sequence=1&isA
llowed=y
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Laboratory testing for COVID-19
Virus detection

• Nucleic acid amplification 
tests (NAAT) 

• Rapid Antigen detection

• Viral sequencing

• Viral culture
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Specimens 
to be 

collected 
from 

symptomatic 
patients 

and 
contacts
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Specimen 
collection 

and 
shipment
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Swab Specimen Collection
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Nucleic acid amplification 
tests (NAAT) for COVID-19

• Routine confirmation of cases of 
COVID-19 is based on detection 
of unique sequences of virus 
RNA by NAAT 

• real-time reverse-transcription 
polymerase chain reaction (rRT-
PCR) with confirmation by 
nucleic acid sequencing when 
necessary. 

• The viral genes targeted so far 
include the N, E, S and RdRP
genes. 

• RNA extraction should be done 
in a biosafety cabinet in a BSL-2 
or equivalent facility. 

https://www.who.int/docs/default-
source/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2

The sensitivities of the tests to individual genes 
are comparable according to comparison 
studies except the RdRpSARSr (Charité) primer 
probe, which has a slightly lower sensitivity 
likely due to a mismatch in the reverse primer
.J Clin Microbiol. 2020;JCM.00557-20. Published online April 8, 2020. 
doi:10.1128/JCM. 00557-20

2/21/2020 9



Interpreting rRT-PCR Tests 
POS. POS.

I.C. NEG
Repeating test with 1 to dilution of 
the extract and/or re-extraction or 
re-sampling

I.C. NEG
Repeating test with 1 to dilution of 
the extract and/or re-extraction or 
re-sampling

NEG.

POS. of one 
target
Repeat the test

POS. of one 
target
Repeat the test
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• Double gene: ≤35 C.T = Pos.

• Double gene: 35…38 C.T ; 

repeat the test

• Same result; Pos.

• C.T≥ 39 = Neg.

• One target gene; repeat the 

test

• Same results; re-sampling

• I.C. =Neg.; repeat the test with 

1:10 dilution of extract

• Same result; re-extraction 

or re-sampling 



Detection of SARS-CoV-2 in different types 
of clinical specimens

• data suggest the sensitivity 
of the COVID19 RT-PCR :
– 32% for oropharyngeal, 

– 63% for nasopharyngeal (NP) 
• It was reported Pharyngeal 

washing has the same 
sensitivity ?? 

– 73% for sputum samples

– 93% for tracheal aspirates/ 
bronchoalveolar lavage (BAL)

– Saliva ??

• False-negative results mainly 
occurred due to 
– inappropriate timing of sample 

collection in relation to illness 
onset 

– deficiency in sampling 
technique, especially of 
nasopharyngeal swabs. 

• Specificity of most of the RT-
PCR tests is 100%

JAMA. doi.org/10.1001/jama.2020.3786
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False-Negative Rate of RT-PCR–Based SARS-CoV-2 Tests by Time Since 
Exposure

• Over the 4 days of infection before the 
typical time of symptom onset (day 5), 
the probability of a false-negative result 
in an infected person decreases from 
• 100% (95% CI, 100% to 100%) on 

day 1 
• 67% (CI, 27% to 94%) on day 4 

• On the day of symptom onset, the 
median false-negative rate 
• 38% (CI, 18% to 65%) on day 5 
• decreased to 20% (CI, 12% to 30%) 

on day 8 
• then began to increase again, from 

21% (CI, 13% to 31%) on day 9 to 
66% (CI, 54% to 77%) on day 21.
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Viral load kinetics, seroconversion and clinical 
observations in individual

Nature 581, 465–469 (2020)

• Pharyngeal virus shedding was very 
high during the first week of 
symptoms 
• peak at 7.11 X 10e+8 RNA 

copies / throat swab, day 4. 
• Infectious virus was readily isolated 

from throat- and lung-derived 
samples, but not from stool samples 
in spite of high virus RNA 
concentration.

• Blood and urine never yielded virus.
• Shedding of viral RNA from sputum 

outlasted the end of symptoms.
• Seroconversion occurred after 6-12 

days, but was not followed by a rapid 
decline of viral loads.

• Asymptomatic persons seem to shed 
virus longer than symptomatic ones 
and show weak immunologic 
reaction than to symptomatic one. 
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https://www.cdc.gov/flu/professionals/diagnosis/table-flu-covid19-detection.html
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Complexity Manufacturer Product/information Virus Detection Method Platform/Instrument Influenza Viruses Detected
Influenza A Virus Subtypes 

Differentiated
Other Respiratory Viruses 

Differentiated
Approved Specimens3 Test Time

High, Moderate
BioFire Diagnostics, LLC

(Commercially Available)
BioFire Respiratory 
Panel 2.1 (RP2.1)

Nucleic Acid Detection
FILMARRAY® 2.0 and 
FILMARRAY® TORCH 

systems
Influenza A, Influenza B

A(H1),
A(H1)pdm09,

A(H3)

SARS-CoV-2, Adenovirus, 
Coronavirus 229E, Coronavirus 

HKU1, Coronavirus NL63, 
Coronavirus OC43, Human 
Metapneumovirus, Human 

Rhinovirus/Enterovirus, 
Parainfluenza Virus 1, 
Parainfluenza Virus 2, 
Parainfluenza Virus 3, 

Parainfluenza Virus 4, Respiratory 
Syncytial Virus

NPS 1 hour

High, Moderate, Waived
BioFire Diagnostics, LLC 

(Commercially Available)
BioFire Respiratory 

Panel 2.1-EZ (RP2.1-EZ)
Nucleic Acid Detection

FILMARRAY® 2.0 EZ 
Configuration System

Influenza A and B
A(H1),

A(H1)pdm09,
A(H3)

SARS-CoV-2,
Adenovirus, Coronavirus 229E, 
Coronavirus HKU1, Coronavirus 

NL63, Coronavirus OC43, Human 
Metapneumovirus, Human 

Rhinovirus/Enterovirus, 
Parainfluenza Virus 1, 
Parainfluenza Virus 2, 
Parainfluenza Virus 3, 

Parainfluenza Virus 4, Respiratory 
Syncytial Virus

NPS
Approximately 45 

minutes

High, Moderate
GenMark Diagnostics, 

Inc
ePlex Respiratory 
Pathogen Panel 2

Nucleic Acid Detection ePlex System Influenza A and B
A(H1),

A(H1)pdm09,
A(H3)

SARS-CoV-2,
Adenovirus, Coronavirus 229E, 
Coronavirus HKU1, Coronavirus 

NL63, Coronavirus OC43, Human 
Metapneumovirus, Human 

Rhinovirus/Enterovirus, 
Parainfluenza Virus 1, 
Parainfluenza Virus 2, 
Parainfluenza Virus 3, 

Parainfluenza Virus 4, Respiratory 
Syncytial Virus A, Respiratory 

Syncytial Virus B

NPS in viral transport media <2 hours

High, Moderate
QIAGEN

(Commercially Available)
QIAstat-Dx Respiratory 

SARS-CoV-2 Panel
Nucleic Acid Detection

QIAstat Dx Analyzer 
System 1.0

Influenza A, Influenza B
A(H1),

A(H1)pdm09,
A(H3)

SARS-CoV-2, Adenovirus, 
Coronavirus 229E, Coronavirus 

HKU1, Coronavirus NL63, 
Coronavirus OC43, SARS-CoV-2, 
Human Metapneumovirus A+B, 

Parainfluenza virus 1, 
Parainfluenza virus 2, 
Parainfluenza virus 3, 
Parainfluenza virus 4, 

Rhinovirus/Enterovirus, 
Respiratory Syncytial Virus A+B

NPS in universal transport 
media

1 hour

High, Moderate
Roche Molecular 

Systems, Inc.
(Commercially Available)

cobas SARS-CoV-2 & 
Influenza A/B

Nucleic Acid Detection
Cobas 6800/8800 

Systems
Influenza A, Influenza B Not Differentiated SARS-CoV-2

Healthcare provider-
collected NPS and NS, and 
self-collected NS (collected 
in a healthcare setting with 
instruction by a healthcare 

provider)

3-8 hours

High, Moderate, Waived
Roche Molecular 

Systems, Inc.
(Commercially Available)

cobas SARS-CoV-2 & 
Influenza A/B Nucleic 

Acid Test
Nucleic Acid Detection Cobas Liat Systems Influenza A, Influenza B Not Differentiated SARS-CoV-2

Healthcare provider-
collected NPS and NS, and 
self-collected NS (collected 
in a healthcare setting with 
instruction by a healthcare 

provider)

20 minutes

High, Moderate
Cepheid

(Commercially Available)

Xpert Xpress
SARS-CoV-2/

Flu/RSV
Nucleic Acid Detection

GeneXpert Dx and 
GeneXpert Infinity 

systems
Influenza A and B Not Differentiated SARS-CoV-2, RSV NPS, NS, NW/NA <40 minutes

Waived
Cepheid

(Commercially Available)

Xpert Xpress
SARS-CoV-2/

Flu/RSV
Nucleic Acid Detection

GeneXpert Xpress 
System (Tablet and Hub 

Configurations)
Influenza A and B Not Differentiated SARS-CoV-2, RSV NPS <40 minutes

High, Moderate, Waived Quidel
Sofia 2 Flu + SARS 

Antigen FIA
Antigen Detection Sofia FIA Analyzer Influenza A, Influenza B Not Differentiated SARS-CoV-2

NPS, NS within first 5 days of 
onset of symptoms

15 minutes

High Quest Diagnostics
Quest Diagnostics RC 
COVID-19 +Flu RT-PCR

Nucleic acid detection
Roche cobas SARS-CoV-2 

& Influenza A/B
Influenza A and B Not Differentiated SARS-CoV-2

When ordered by a 
healthcare provider: NS 

specimen is self-collected at 
home using the Quest 

Diagnostics Self-Collection 
Kit for COVID-19 +Flu

Patient ships the self-
collected specimen to Quest 

Diagnostics overnight via 
FedEx. Test results are 

provided electronically to 
the healthcare provider and 

the patient.

High

CDC
(Public Health Use Only, 

Not Commercially 
Available)

Influenza SARS-CoV-2 
(Flu SC2) Multiplex 

Assay*
Nucleic Acid Detection

Applied Biosystems 7500 
Fast Dx Real-Time PCR 

Instrument
Influenza A, Influenza B Not Differentiated SARS-CoV-2

NPS, NPW, NPA, NS, NA, TS, 
sputum, TA, BAL

4 hours



Return to Work Criteria for HCP with 
SARS-CoV-2 Infection

Symptom-based strategy for determining when HCP can return to work

• HCP with mild to moderate illness who are not severely 
immunocompromised:

– At least 10 days have passed since symptoms first appeared and

– At least 24 hours have passed since last fever without the use of 
fever-reducing medications and

– Symptoms (e.g., cough, shortness of breath) have improved

Note: HCP who are not severely immunocompromised and 
were asymptomatic throughout their infection may return to work when 

at least 10 days have passed since the date of their first positive viral 
diagnostic test.

• HCP with severe to critical illness or who are severely 
immunocompromised1:

– At least 10 days and up to 20 days have passed since symptoms 
first appeared

– At least 24 hours have passed since last fever without the use of 
fever-reducing medications and

– Symptoms (e.g., cough, shortness of breath) have improved

– Consider consultation with infection control experts

Note: HCP who are severely immunocompromised but who 
were asymptomatic throughout their infection may return to work when 
at least 10 days and up to 20 days have passed since the date of their first 

positive viral diagnostic test.

Test-Based Strategy for Determining when HCP Can Return to Work

• HCP who are symptomatic:
– Resolution of fever without the use of fever-reducing 

medications and

– Improvement in symptoms (e.g., cough, shortness of 
breath), and

– Results are negative from at least two consecutive respiratory 
specimens collected ≥24 hours apart (total of two negative 
specimens) tested using an FDA-authorized molecular viral 
assay to detect SARS-CoV-2 RNA. See Interim Guidelines for 
Collecting, Handling, and Testing Clinical Specimens for 2019 
Novel Coronavirus (2019-nCoV).

• HCP who are not symptomatic:
– Results are negative from at least two consecutive respiratory 

specimens collected ≥24 hours apart (total of two negative 
specimens) tested using an FDA-authorized molecular viral 
assay to detect SARS-CoV-2 RNA. See Interim Guidelines for 
Collecting, Handling, and Testing Clinical Specimens for 2019 
Novel Coronavirus (2019-nCoV).

In some instances, a test-based strategy could be considered to allow HCP 
to return to work earlier than if the symptom-based strategy were used.

many individuals will have prolonged viral shedding, limiting the utility of 
this approach. 

A test-based strategy could also be considered for some HCP (e.g., those 
who are severely immunocompromised) in consultation with local 

infectious diseases experts if concerns exist for the HCP being infectious 
for more than 20 days.
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https://www.cdc.gov/coronavirus/2019-ncov/hcp/return-to-work.html#definitions
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https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
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- The tests can be performed outside laboratories
including routine and triage/screening point of
healthcare facilities including emergency units,
mobile units and in the community (contact
tracing) by health care workers or laboratory
technicians with appropriate training in sample
collection, biosafety and the use of the test.

36

Target use setting
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Questions?
Prof. S.A. Nadji

Email: s.a.nadji@sbmu.ac.ir
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