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Timeline of COVID-19 spread and the global response to it. Of note, while SARS-CoV-2 was initially thought to have 
emerged from China in December 2020, there are data to suggest that it may have circulated more broadly earlier than 
initially recorded in other countries, and further studies are under way to investigate this possibility in other areas.





Physical and genome structure of SARS-CoV-2. (A) Diagram of the SARS-CoV-2 virion. (B) Genome organization and 
proteins with known or unknown functions.
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We investigated RT-PCR retested

positive nasal/oropharyngeal swab

(NOS) samples from recovered patients 

with COVID-19 with prior negative 

results for the presence of replicative 

SARS-CoV-2 RNA



• To avoid unnecessary quarantine for patients who have recovered from COVID-19, 

routine repeated PCR testing should not be done in the90days following infection. 

• However, more complicated is what to do about patients who are symptomatic and have 

positive results on repeated PCR tests. 

• Reinfection with SARS-CoV-2 has been documented (based on demonstration of 

different genetic differences between the viruses infecting the person on the first and 

second episode) but is rare.

• Until clinical laboratories have the capability to test for the reproductive capacity of 

coronavirus, interpretation of the epidemiologic significance of positive PCR results 

among recovered patients will remain challenging.





• We analyzed the results of 120 N/OP samples (86 positive and 34 negative for SARS-CoV-2) 

tested with both the BioFire COVID-19 test against the Corman reference assay. 

• The agreement between the BioFire COVID-19 test and the reference assay was 95.0% (114/120) 

for overall results and 100% (34/34) for negative results. 

• Eighty (93.0%) of 86 positive samples yielded results with the BioFire COVID-19 test that matched 

those with the reference assay. 

• Interestingly, virus loads (expressed as RNA copies/mL) of the six falsely negative samples were 

2.20× 101 to 1.60× 102. However, these loads were below the limit of detection of 

3.30× 102 RNA copies/mL estimated for the BioFire COVID-19 test.

• Compared to the reference method, the BioFire COVID-19 test sensitivity, specificity, positive 

predictive value and negative predictive value (with their 95% confidence intervals) were 93.0 

(85.4–97.4), 100.0 (89.7–100.0), 100.0 (95.5–100.0) and 85.0 (70.2–94.3), respectively.





Diagnostic or Screening Testing Using a Pooling Strategy General 
Guidance (1)
• Laboratories certified under the Clinical Laboratory Improvement Amendments (CLIA) can use a specimen 

pooling strategy to expand SARS-CoV-2 nucleic acid diagnostic or screening testing capacity when using a 
test authorized for such use by FDA.

• If a pooled test result is negative, then all specimens can be presumed negative with the single test. If the 
test result is positive or indeterminate, then all the specimens in the pool need to be retested individually. 
The advantages of this two-stage specimen pooling strategy include preserving testing reagents and 
resources, reducing the amount of time required to test large numbers of specimens, and lowering the 
overall cost of testing.

• A pooling strategy depends on the community prevalence of virus, and pool size will need to be adjusted 
accordingly. CDC recommends that laboratories should determine prevalence based on a rolling average of 
the positivity rate of their own SARS-CoV-2 testing over the previous 7–10 days. Laboratories should use a 
standardized methodology or calculator that factors in the sensitivity of the assay they are using and their 
costs of testing to determine when the positivity rate is low enough to justify the implementation of a 
pooling strategy. 

Interim Guidance for Use of Pooling Procedures in SARS-CoV-2 Diagnostic, Screening, and Surveillance Testing, CDC, 2020



Major discordance was defined as a negative pool result when at least one of the individual samples showed cycle threshold (Ct) values of <35 for one or more 
SARS-CoV-2 genes. 
Minor discordance occurred when at least one individual sample had Ct > 35 in one or two of the SARS-CoV-2 genes assayed and the pool scored negative.



Diagnostic or Screening Testing Using a Pooling Strategy General 
Guidance (2)

• Based on limited data, using a pooling testing procedure for SARS-CoV-2 has some limitations. 
• In a pooling procedure, the laboratory cannot ensure the diagnostic integrity of an individual specimen 

because it is combined with other specimens before testing. 
• Even if each individual specimen in a pool is adequate, the specimens in a pooled procedure are diluted, 

which could result in a low concentration of viral genetic material below the limit of detection of a given 
test. These limitations mean that monitoring the prevalence of disease and properly validating the assay 
and the instrumentation are important to limit the potential for false-negative results. In general, the larger 
the pool of specimens, the higher the likelihood of generating false-negative results.

• The prevalence of COVID-19 in a population also affects the efficiency of pooled testing strategies. In 
general, lower disease prevalence may enable a laboratory to use a larger optimal pool size. 

• As the prevalence of COVID-19 increases, the cost savings of a pooling strategy decreases because more 
pooled tests will return positive results and those specimens will need to be retested individually.

Interim Guidance for Use of Pooling Procedures in SARS-CoV-2 Diagnostic, Screening, and Surveillance Testing, CDC, 2020





• Although nasopharyngeal swabs remain the gold standard for diagnostic testing of SARS-CoV-2, saliva sampling can 
contribute to timely identification of infectious individuals in the community. Saliva is an easy to collect, non-invasive, 
well accepted method of specimen collection for both health and non-healthcare professionals, as well as lay 
individuals.

• Overall, study results are variable and often showed that the sensitivity of detection of viral RNA in saliva was lower 
than that of nasopharyngeal or oropharyngeal swabs performed on the same day of the salivary collection from the 
same patient, although some studies even showed a slightly higher sensitivity of the saliva samples. However, during 
the period of highest viral load, the sensitivity is comparable and sufficient to detect infectious individuals reliably.

• Although the sensitivity of RT-PCR tests using saliva as a diagnostic specimen for SARS-CoV-2 detection is often 
lower to nasopharyngeal specimen in several studies, the benefits of saliva testing may outweigh the loss in 
sensitivity and make it an attractive alternative as a screening tool, especially when nasopharyngeal samples 
cannot be collected. 

• Overall, the evidence supports the conclusion that saliva can be used as alternative sample material for RT-PCR 
testing, when nasopharyngeal swabs cannot be collected in the following scenarios: in symptomatic patients and 
for repeated screening of asymptomatic individuals. 



• Eight peer-reviewed studies and 8 preprints were included in 
the meta-analyses (5922 unique patients). 

• Fifteen studies included ambulatory patients, and 9 
exclusively enrolled from an outpatient population with mild 
or no symptoms. 

• In the primary analysis, the saliva NAAT pooled sensitivity was 
83.2%(95% credible interval [CrI], 74.7%-91.4%) and the 
pooled specificity was 99.2%(95%CrI, 98.2%-99.8%). The 
nasopharyngeal swab NAAT had a sensitivity of 
84.8%(95%CrI, 76.8%-92.4%) and a specificity of 98.9% 
(95%CrI, 97.4%-99.8%). Results were similar in secondary 
analyses.

• These results suggest that saliva NAAT diagnostic accuracy is 
similar to that of nasopharyngeal swab NAAT, especially in the 
ambulatory setting. These findings support larger-scale 
research on the use of saliva NAAT as an alternative to 
nasopharyngeal swabs.



Rapid Antigen Testing for SARS-CoV-2

• Antigen tests are immunoassays that detect the presence of a specific viral antigen, which implies current 
viral infection. 

• Antigen tests are currently authorized to be performed on nasopharyngeal or nasal swab specimens placed 
directly into the assay’s extraction buffer or reagent.

• The “gold standard” for clinical diagnostic detection of SARS-CoV-2 remains RT-PCR. Thus, it may be 
necessary to confirm a rapid antigen test result with a nucleic acid test, especially if the result of the 
antigen test is inconsistent with the clinical context. 

• The sensitivity of rapid antigen tests is generally lower than RT-PCR. The first antigen tests to have received 
FDA EUAs demonstrate sensitivity ranging from 84.0%-97.6% compared to RT-PCR. Antigen levels in 
specimens collected beyond 5-7 days of the onset of symptoms may drop below the limit of detection of 
the test. This may result in a negative test result, while a more sensitive test, such as RT-PCR, may return a 
positive result.

• The specificity of rapid antigen tests is generally as high as RT-PCR – the first antigen tests that have 
received FDA EUAs have reported specificity of 100% – which means that false positive results are unlikely.

Interim Guidance for Rapid Antigen Testing for SARS-CoV-2, CDC, 2020





• The authors performed an independent head-to-head evaluation of the sensitivity of SARS-CoV-2 Ag 
RDT offered in Germany. 

• Minimum sensitivity of 75% for panel specimens with a PCR quantification cycle (Cq) ≤25 was used to 
identify Ag RDT eligible for reimbursement in the German healthcare system. 

• The sensitivity of different SARS-CoV-2 Ag RDT varied over a wide range. The sensitivity limit of 75% for 
panel members with Cq ≤25 was met by 96 of the 122 tests evaluated; 26 tests exhibited lower 
sensitivity, few of which failed completely.

• This comparative evaluation succeeded in distinguishing less sensitive from better performing Ag RDT. 
Most of the evaluated Ag RDT appeared to be suitable for fast identification of acute infections 
associated with high viral loads. 

• Market access of SARS-CoV-2 Ag RDT should be based on minimal requirements for sensitivity and 
specificity.



Percentage of positive viral 

cultures of severe acute 

respiratory syndrome coronavirus 

2 polymerase chain reaction–

positive nasopharyngeal samples 

from coronavirus disease 2019 

patients, according to Ct value 

(plain line). The dashed curve 

indicates the polynomial 

regression curve. Abbreviations: 

Ct, cycle threshold; Poly., 

polynomial.
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vs

COVID-19 zone
RT-PCR assay was also performed 
• for all subjects admitted to this zone

Non-COVID-19 zone
RT-PCR assay was performed 
• to confirm a positive antigenic result
OR
• for all subjects that required 

hospitalisation

Rapid antigen assay was performed for all subjects admitted to the emergency department



Flowchart of nasopharyngeal swab samples from 
patients triaged to COVID-19 or non-146 COVID-19 

areas of the ED



Testing algorithm for diagnosing SARS-COV-2 infection in patients who presented to the 133 
ED from December 2020 to January 2021 



STANDARD F COVID-19 Ag FIA assaya

True positives/RT-PCR positives 119/170

False negatives/RT-PCR positives 51/170

True negatives/RT-PCR negatives 893/908

False positives/RT-PCR negatives 15/908

Sensitivity 70.0% (95% CI 62.5–76.8) 

Specificity 98.3% (95% CI 97.3–99.1)

Overall accuracy 93.8% (95% CI 93.1–95.8) 

Cohen’s kappa value 0.74 (95% CI 0.69–0.81), substantial

aSTANDARD F COVID-19 Ag FIA assay’s results were compared to RT-PCR assay’s results 

COVID-19 zone



aSTANDARD F COVID-19 Ag FIA assay’s results were compared to RT-PCR assay’s results 

Non-COVID-19 zone

STANDARD F COVID-19 Ag FIA assaya

True positives/RT-PCR positives 20/53

False negatives/RT-PCR positives 33/53

True negatives/RT-PCR negatives 1724/1772

False positives/RT-PCR negatives 48/1772

Sensitivity 37.7% (95% CI 24.8–52.1) 

Specificity 97.3% (95% CI 96.4–98.0) 

Overall accuracy 95.6% (95% CI 94.9–96.8) 

Cohen’s kappa value 0.31 (95% CI 0.19–0.42), fair



In revision











IDSA Guidelines COVID-19 Rapid Antigen Testing

• High specificity, low to modest senstivity vs. reference NAAT

• Sensitivity depends on viral load (symptomatic vs. asymptomatic), 

time since onset of symptoms

• Rapid or lab-based NAAT remain the method of choice

• Helpful when molecular testing is not available



Patients with signs & symptoms of COVID-19: 
Rapid Antigen testing

Recommendation Strength of
recommendation *

Overall
certainty of
the
evidence **

In patients with mild and moderate COVID-19, we suggest the use of laboratory-based NAAT versus rapid antigen detection testing for diagnosis of COVID-19. Weak against Very low

In patients with severe or critical COVID-19, we recommend the use of laboratory-based NAAT versus rapid antigen detection testing for diagnosis of COVID-19. Strong against Very low

In patients  with signs and symptoms compatible with COVID-19, we suggest the use of laboratory based NAAT in nasopharyngeal samples versus
rapid antigen detection testing in nasopharyngeal samples for diagnosis of COVID-19.

Weak against Very low

In patients with signs and symptoms compatible with COVID-19, we suggest the use of laboratory based NAAT in saliva samples versus rapid antigen detection testing 
in saliva samples for diagnosis of COVID-19.

Weak against Very low

In patients with signs and symptoms compatible with COVID-19, we suggest the use of laboratory based NAAT in samples other than nasopharyngeal and saliva
samples versus rapid antigen detection testing in samples other than nasopharyngeal and saliva samples for diagnosis of COVID-19.

Weak against Very low

In patients with signs and symptoms compatible with COVID-19 of equal or less than 7 days-onset, we suggest the use of laboratory-based NAAT versus rapid antigen 
detection testing for diagnosis of COVID-19.

Weak against Very low

In patients with signs and symptoms compatible with COVID-19 of more than 7 days-onset, we suggest the use of laboratory-based NAAT versus
rapid antigen detection testing for diagnosis of COVID-19.

Weak against Very low

In children <12 years old with signs and symptoms compatible with COVID-19, we suggest the use of laboratory-based NAAT versus rapid antigen
detection testing for diagnosis of COVID-19.

Weak against Very low

In patients ≥ 12 years old with signs and symptoms compatible with COVID-19, we suggest the use of laboratory-based NAAT versus rapid antigen
detection testing for diagnosis of COVID-19

Weak against Very low

In patients with signs and symptoms compatible with COVID-19 at risk for severe illness, we recommend the use of laboratory-based NAAT
versus rapid antigen detection testing for diagnosis of COVID-19.

Strong against Very low

* Strength of recommendation (strong against, weak against, in research only, weak for, strong for).
** Overall certainty of the evidence (high, moderate, low, very low).



High pretest probability Moderate pretest probability Low pretest probability



Methods used for SARS-CoV-2 detection or identification of COVID-19
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Il Microbiologo Clinico, il vero «Sistema 
Esperto» per la gestione delle patologie
infettive

Perché non investire su una rete di diagnostica 
microbiologica nazionale e invece demandare una parte 
importante della diagnostica alle Farmacie???



Thank you to Cecilia, Ivana, Lia, 

Flora, Giulia and all the persons still

active in the Microbiology Lab of the 

«A. Gemelli» Hospital who still work 

24 hours/day and 7 days/week to 

provide in «real-time» the results of 

SARS-CoV-2 diagnostic tests!!!

Rome, March 27th, 2:20 AM 


