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SARS-CoV-2

• In late December 2019, cases of severe pneumonia
were reported
– Epidemiologically associated with the Huanan seafood

market in Wuhan, China
– Unknown etiologic agent identified

Zhu et al, N. Eng. J. Med, 2020; A novel coronavirus genome identified in a cluster of pneumonia cases—Wuhan, China 2019–2020 China CDC Weekly; Report of clustering 
pneumonia of unknown etiology in Wuhan City. Wuhan Municipal Health Commission, 2019. 

Chest radiograph Visualization of 2019-nCoV with Transmission 
Electron Microscopy



SARS-CoV-2 

• β coronavirus
• Viral particle

– Diameter 100nm
– Enveloped
– Spike protein: mediated 
attachment to host cell

– Genome: positive-sense, single-stranded, RNA (30 kb)

Fehr et al, Methods Mol. Bio, 2015;  Chan et al, Emerg. Microbes and Infections, 2020; Lu et al, The Lancet, 2020  



SARS-CoV-2

• Whole genome 
sequencing
– 88% identity with bat-

derived Coronavirus
– 79% with SARS-CoV
– About 50% with MERS-CoV

Lu et al, The Lancet, 2020; 



Tests to detect the COVID-19 can be divided in two
main categories

• Molecular diagnostic tests, i.e. tests that will
detect the presence of the virus
– To help identify people who are infected

• Serologic tests, i.e. tests that will detect the 
immune response to the virus
– To detect those who have already had the 

infection & developed antibodies



Detection of viral RNA by RT-PCR

• RT-PCR is the most commonly used and reliable
test for diagnosis of COVID-19

– Using nasopharyngeal swabs or other upper
respiratory tract specimens, including throat swab

– A variety of RNA gene targets are used by different
manufacturers, with most tests targeting 1 or more of 
the envelope (env), nucleocapsid (N), spike (S), RNA-
dependent RNA polymerase (RdRp), and ORF1 genes.

Nalla AK , et al. Comparative performance of SARS-CoV-2 detection assays using seven different primer/probe sets and one assay kit. J Clin Microbiol. 2020



Corman et al, Eurosurveil lance, 2020

• Establishment and validation of a diagnostic workflow for 2019-
nCoV screening and specific confirmation

• Recommendation: to use the E gene assay as the first-line screening 
tool, followed by confirmatory testing with the RdRp gene assay



RT-PCR tests

• Laboratory-Based Molecular Testing
– After specimen collection, samples undergo RNA extraction followed

by qualitative RT-PCR for target detection (results within 3-4 hours)
– 28 Commercial SARS–CoV-2 in vitro diagnostic assays given an EUA 

from the FDA as of 4 April 2020 

• Point-of-Care Molecular Diagnostics
– Low-complexity, rapid (results within 1 hour)



Comparison of 7 commercially available RT-PCR kits for the 
detection of SARS-CoV-2

All RT-PCR kits performed satisfactorily: 
– PCR efficiency (≥96%)
– Estimated LOD95% varied within a 6-fold range 

between kits (3.8-23 copies/ml)
Puck B. van Kasteren, et al. J Clin Virol. 2020



The sensitivities of the RT-PCR tests are comparable according to 
comparison studies

• Generally very sensitive and specific
– If an RT-PCR is positive, the result is most likely correct

• the only case of false positive could be happening if a non-
positive sample is contaminated by viral material, during test 
processing for instance

– False negative results are also possible but are most
frequently the result of a wrong patient sampling (up 
to 30%)

• swabs not pushed far enough in the patients’ nasopharynx 
for instance

• inadequate time of sampling
Nalla AK , et al. J Clin Microbiol. 2020



In most individualswith symptomatic COVID-19 infection, viral RNA in the nasopharyngeal
swab as measured by the cycle threshold (Ct) becomes detectable as early as day 1 of 
symptoms and peaks within the first week of symptom onset. 

This positivity starts to decline by week 3 and subsequently becomes undetectable. 



Relationship between viral load and 
disease severity

• Prospective study, including 76 
patients (Liu et al, The Lancet Inf. Dis., 19 March 
2020)

– Nasopharyngeal samples
– 30 (39%) severe cases and 46 (61%) mild cases
– The Ct is the number of replication cycles required 

to produce a fluorescent signal, with lower Ct 
values representing higher viral RNA loads. 

• ΔCt values of severe cases < ΔCt values of mild cases at
the time of admission

• The mean viral load of severe cases was around 60
times higher than that of mild cases

90% of mild cases were repeatedly testing negative on RT-
PCR by day 10 post-onset,
By contrast, all severe cases still tested positive at or 
beyond day 10 post onset.



Patients with severe COVID-19 tend to have a 
high viral load and a long virus-shedding period

• The Ct values obtained in severely ill hospitalized patients are 
lower than the Ct values of mild cases, and PCR positivity may
persist beyond 3 weeks after illness onset when most mild
cases will yield a negative result.

• However, a “positive” PCR result reflects only the detection
of viral RNA and does not necessarily indicate presence of 
viable virus

• In some cases, viral RNA has been detected by RT-PCR even
beyond week 6 following the first positive test.
– A few cases have also been reported positive after 2 consecutive

negative PCR tests performed 24 hours apart. It is unclear if this is a 
testing error, reinfection, or reactivation.



The timeline of PCR positivity is different in 
specimens other than nasopharyngeal swab

• Prospective study including 67 CoVid+ (Tan et al, MedRXiv, March 2020)

• Median duration of RNA SARS-CoV-2 shedding are in days 12 (3-38), 19 (5-
37) and 18 (7-26) in nasopharyngeal swabs, sputum and stools,
respectively.

• PCR positivity declines more slowly in sputum and may still be positive
after nasopharyngeal swabs are negative



Virus isolation in culture was not successful beyond day 8 
of illness onset

• Detailed virological analysis of 9 cases, providing proof of 
active virus replication in upper respiratory tract tissues

– Pharyngeal virus shedding was very high during the first week of 
symptoms

– Infectious virus isolated in 83% of samples during first 7 days from
throat- and lung-derived samples and never after.

– No infectious virus isolated from stool samples

• This correlates with the decline of infectivity beyond the first 
week

Wolfel et al, Nature, 2020



Bronchoalveolar lavage fluid specimens showed 
the highest positive rates of RT-PCR

• Retrospective study including 205 patients, 19% of patients 
had severe illness (1070 specimens) (Wang et al, JAMA, Mars 2020)

Between respiratory samples: Bronchoalveolar lavage fluid specimens showed the 
highest positive rates (14 of 15; 93%), followed by sputum (72 of 104; 72%), nasal 
swabs (5 of 8; 63%), fibrobronchoscope brush biopsy (6 of 13; 46%), pharyngeal 
swabs (126 of 398; 32%).



Higher viral load in sputum than in throat and nasal 
swabs

• Retrospective study including 82
patients (Pan et al, The Lancet, April
2020)
– Peak of viral load at 5-6 days after

symptoms onset
– Sputum generally show higher viral

load than throat sample
– Median of 7.99 104 in throat
– Median of 7.52 105 in sputum

• VL in sputum > VL in throat and
nasal swabs (confirmed by Yu and al, Clin
Inf. Dis. 28 March 2020)



Viral antigen detection
• Lateral flow immunoassay 
• May be performed using swabs similar to those

currently used in RT-PCR 
• Would be quick to run (< 15 minutes) and could be

used at the point-of-care (no need for a lab)
• Still require to have their performance assessed (as of 

8 April 2020, 5 viral antigen tests received a CE IVD 
marking).

• Need high enough presence of the surface proteins to 
be detectable – means they have a higher chance of 
false negatives than PCR tests

• Would need to be implemented with clear guidance on 
correct interpretation



Conclusions

• RT-PCR is the recommended test for 
diagnosis of COVID-19 
– Symptomatic and close contacts

• Testing, tracking and tracing

– Nasopharyngeal swabs 
– Semi-automated, high throughput systems, POC 

(1h30 to 4h)
– Generally very sensitive and specific

• Sensitivity depends on quality, type of samples and 
disease stage



Conclusions

• RT-PCR
– Detectable as early as day 1 of symptoms
– Peaks within the first week of symptom onset
– Longer shedding in sputum and stools, than in 

nasopharyngeal swabs
– Patients with severe disease tend to have a high viral 

load and a long virus-shedding period

• Antigen
– Needs further evaluation to be implemented with

clear guidance on correct interpretation
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