


Coronavirus disease 2019 (COVID-19), 
The first official case diagnosed in 
Wuhan (China) on November 17, 2019, 
The third coronaviruses outbreak 
occurring during the past 20 years

• Severe acute respiratory syndrome 
(SARS) in 2002-2003

• Middle-East respiratory syndrome 
(MERS) in 2012

https://www.visualcapitalist.com/history-of-pandemics-deadliest/

Coronavirus disease 2019 (COVID-19)

https://www.visualcapitalist.com/history-of-pandemics-deadliest/


MEDICINA DI LABORATORIO e PANDEMIA

▪ La pandemia da SARS-CoV-2, nella sua drammatica manifestazione,
oltre alle migliaia di decessi, pazienti con malattia severa e lunghe
degenze in reparti ospedalieri e in isolamento domiciliare, ha portato
finalmente alla luce il valore e la centralità della medicina di
laboratorio.

▪ Più che decine di pubblicazioni scientifiche, relazioni a congressi e
documenti di Società Scientifiche e Organismi professionali, il
“COVID” ha illustrato a tutti i cittadini e pazienti quale sia il valore
dell’analisi di laboratorio.

Plebani M. Biochimica Clinica 2020



MEDICINA DI LABORATORIO e PANDEMIA

▪ La pandemia da Sars-Cov-2, molto più di numerose pubblicazioni
scientifiche, ha fatto capire a tutti quale sia il valore dell'analisi di
laboratorio. Il messaggio dell'importanza della diagnostica è arrivato forte
e chiaro quando, nel corso della prima fase, alcuni lavori scientifici hanno
dimostrato che anche gli asintomatici possono essere contagiosi. Il caso
della nave da crociera Diamond Princess è stato, sotto quest'aspetto, quasi
un modello di studio che si è avvalso della diagnostica molecolare per
scovare i positivi.

▪ «La medicina di laboratorio – spiega Mario Plebani, docente di Biochimica
clinica e Biologia molecolare e direttore del Dipartimento di Servizi di
diagnostica integrata presso l'Azienda Ospedaliera Università di Padova – è
fondamentale per poter avere una diagnosi, sia per confermare un'ipotesi
clinica basata sull'osservazione dei sintomi, sia quando il paziente è
asintomatico».

La Repubblica 17.11.2020 



I. Viral Entry & Early Infection II. Host Immune Response III. Hyperinflammatory Phase IV. Multiorgan Dysfunction
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• DAMP/PAMPs recognition 

• Pro-inflammatory cytokine and 

chemokine release

• Monocytes, macrophages and 

virus-specific T cell recruitment

• Elimination of infected cells

• Viral infection via ACE2 and 

TMPRSS2

• Active replication and viral 

release, causing pyroptosis

• Excessive infiltration of 

immune cells in the lungs

• Systemic overproduction of 

pro-inflammatory cytokines 

and aberrant regulation

• Extra-pulmonary organ 

involvement

• Activation of 

procoagulant 

response 
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There are at least three major areas where in vitro
diagnostics can provide essential contributions to
diagnostic reasoning and managed care of patients
with suspected or confirmed SARS-CoV-2 infection.

These include:

etiological diagnosis,

patient monitoring,

epidemiologic surveillance

Lippi G, Plebani M. Clin Chem Lab Med. 2020 Mar 19. doi: 10.1515/cclm-2020-0240. [Epub ahead of print] PubMed PMID: 32191623.

Giuseppe Lippi and Mario Plebani

The critical role of laboratory medicine during 
coronavirus disease 2019 (COVID-19) and other 
viral outbreaks.



Lippi G, Plebani M. Clin Chem Lab Med. 2020 Mar 19. doi: 10.1515/cclm-2020-0240. [Epub ahead of print] PubMed PMID: 32191623.

Figure 2: The essential role of laboratory diagnostics in severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. RT-PCR, 
reverse transcription-polymerase chain reaction.

The critical role of laboratory 
medicine during coronavirus 
disease 2019 (COVID-19) and 
other viral outbreaks
Lippi G, Plebani M. Clin Chem Lab Med. 2020 
Mar 19. doi: 10.1515/cclm-2020-0240. [Epub
ahead of print] PMID: 32191623.



Clinical Laboratory Testing during the COVID-19 Pandemic

Lippi G, Plebani M., CCLM 2020



SARS-CoV-2: Overview of Viral Characteristics

SARS-CoV-2 consists of four main structural glycoproteins: 
• spike (S),
• membrane (M)
• envelope (E)
• nucleocapsid (N)

The M, E, and N proteins are critical for viral particle assembly 
and release, whereas the S protein is responsible for viral 
binding and entry into host cellsSARS-CoV-2

Nucleocapsid
protein and RNA

Spike protein

Hemagglutin
Esterase Dimer

Membrane Protein

Envelope protein

Molecular testing uses RT-PCR to identify viral SARS-

CoV-2 RNA in a variety of specimens. Available assays 

target different viral RNA sequences



TESTS FOR COVID-19 FALL INTO TWO BROAD 
GROUPS

TESTS THAT DETECT THE 
PRESENCE OF SARS-CoV-2 VIRUS

Sample type: respiratory samples 
such as nasopharingeal swabs, 

oropharyngeal swabs and saliva

Methods: molecular assays (rRT-
PCR, DigPCR) and rapid antigen
tests (both lab-based and POCT)

TESTS THAT DETECT THE 
PRESENCE OF ANTIBODIES TO 

SARS-CoV-2

Sample type: whole blood and/or 
serum plasma

Methods: lab-based and POCT, 
ELISA/CLIA and 

immunochromatographic



Potential preanalytical and 
analytical vulnerabilities in 
the laboratory diagnosis of 
coronavirus disease 2019 
(COVID-19)
Lippi G, Simundic AM, Plebani M. Clin Chem 
Lab Med. 2020 Mar 16. [Epub ahead of print] 
PMID: 32172228.

Figure 1: Correspondence between development of viral load during severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, clinical 
course and positivity of (real time) reverse transcription polymerase chain 
reaction (rRT-PCR) assays.



THE GOLD STANDARD (RT-PCR)

The current gold standard for the etiological diagnosis of SARS-CoV-2
infection is (real-time) reverse transcription polymerase chain reaction
(rRT-PCR) on respiratory tract specimens.

The diagnostic accuracy of this technique shall be considered a
foremost prerequisite but, as for all laboratory tests there are some
pre-analytical and analytical vulnerabilities.

Lippi G, Plebani M. Clin Chem Lab Med. 2020 



DIAGNOSTIC ACCURACY OF LABORATORY 
TESTS

SARS-CoV-2 (MOLECULAR TESTING)

Pooled sensitivity: 87,8% 16 studies =3818   assay: RT-PCR

Pooled specificity: 98,3%             n= 108 assay: RT-PCR

98.7%             n= 154 assay: RT-LAMP

Jarrim D et al. BMJ BMJ Evid Based Med. 2020 
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Potential preanalytical and 
analytical vulnerabilities in 
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BLOOD
•Lateral Flow (??)

•ELISA

•Chemiluminescence 

immunoassays
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AACC: COVID-19 Survey Results

• 57% of respondent labs report being unable to obtain supplies necessary to
run COVID-19 tests in the week before they were surveyed

• 21% of labs offering COVID-19 testing expect to be unable to process all
requested COVID-19 tests within the week after they were surveyed
because of supply issues and challenges.



ANTIGEN TESTING for SARS-CoV-2

•«RAPID» Antigen testing (lateral flow tests)

• Laboratory-based Antigen testing

•Antigen testing on salivary samples



N Engl J Med 2020

Rapid Antigen



Antigen tests

Sensitivity varied considerably across studies (from 0% to 94%): the average
sensitivity was 56.2% (95% CI 29.5 to 79.8%) and average specificity was 99.5%
(95% CI 98.1% to 99.9%; based on 8 evaluations in 5 studies on 943 samples). Data
for individual antigen tests were limited with no more than two studies for any test.





LA SALIVA COME CAMPIONE «ALTERNATIVO»



Sapkota D et al. J Clin Pathol 2020



Sapkota D et al. J Clin Pathol 2020









CLEIA SALIVARY TESTING FOR SARS-COV-2 
ANTIGEN

> 0.67 ng/L               POSITIVE

< 0.20 ng/L NEGATIVE

From  0.20 to 0.67 ng/L GREY ZONE

SAMPLES TO BE RE-TESTED BY rRT-PCR

(REFLEX TESTING)



Asymptomatic
Presymptomatic 

SARS-CoV-2 patients

Buccal mucosa and
salivary glands are the 

first sites of viral colonization

rRT-PCR (RNA)
very accurate,

reliable but time-consuming

CLEIA (Antigen)
good overall accuracy (0.81)

particularly in the early
infection phase (accuracy 0.88)



SALIVA-BASED MOLECULAR TESTING FOR ACTIVE CONTROL OF 
SARS-COV-2 INFECTION 

5579 employees
a total of 19850 salivary samples



↑ Ferritin

↑ C-reactive protein

↑ ESR

• Lymphopenia, fever

• Systemic inflammation

↑ Prothrombin time

↑ D-dimer

↑ Fibrinogen

↑ aPTT

• SARS-CoV-2-mediated endothelial 

dysfunction

• Systemic inflammation (e.g. cytokine, 

complement pathways)

↑ ALT & AST

↑ Lipase, amylase

↓ Albumin

• Vomiting, nausea

• Direct viral infection

• Systemic inflammation, IL-6 pleiotropic effects

• Drug-induced liver injury

• Hypoxic-mediated dysfunction

↑ Serum creatinine

↑ Urea

• Proteinuria

• Direct viral infection

• Systemic inflammation

↑ Cardiac troponins

↑ NT-proBNP, BNP

• Direct viral infection

• Systemic inflammation

• Myocarditis

• Stress-induced cardiomyopathy

• Headache, dizziness

• Confusion, epilepsy

• Ataxia, anosmia, ageusia

etc. 

• Direct viral infection

• Systemic inflammation and cerebral edema

• Pulmonary hypoxia, metabolic acidosis

Laboratory/Clinical Profile Key Potential Mechanisms

Key potential 
mechanisms link 

back to 
inflammation!

COVID-19 Clinical Presentation and Pathophysiological Mechanisms



COVID-19: Monitoring Markers of Inflammation

Clinical Manifestations/Complications:
• Cytokine storm (hyperinflammatory reaction)
• Progression to multisystem organ failure and death

Key Prognostic Laboratory Indicators:
• ↑ CRP, ferritin, IL-6, ESR
• ↓ Lymphocyte count

Potential Pathophysiological Mechanisms:
• Maladaptive cytokine release as a result of a combined Th1 

and Th2 cell response
• T-cell redistribution via pulmonary recruitment, exhaustion, as 

well as depletion through TNF-α-mediated apoptosis or even 
direct cytopathic injury 

• Direct viral infection of immune cells such as monocytes and 
macrophages 

• Antibody-dependent enhancement (ADE)

Temporal changes in IL-6 and ferritin from illness onset 
in patients hospitalized with COVID-19.

(Zhou , et al. Lancet. 2020 Mar 28;395(10229):1054-1062)

Tay MZ et al. Nature Reviews Immunology. 2020 Apr 28:1-2.



COVID-19 Patient Monitoring: PCT

• Several studies reported that elevated PCT levels are positively 
associated with the severity of COVID-19 (5 fold risk of 
complications)

• PCT levels appear to be disease severity-dependent and may be 
associated with bacterial co-infection:
o co-infection rate: ~50% in critical patients
o elevated PCT rate: ~80% in critical patients

PCT levels in COVID-19 patients. (A) 
patients with differing severity. (B) 

Serial PCT values for COVID-19 patients 
who were discharged 

Potential mechanisms include: bacterial co-infection, 
extrathyroid tissues synthesis mediated by increased 
concentrations of TNFα and IL-6

International journal of antimicrobial agents, 56(2), 106051. 



COVID-19: Monitoring Hematology & Coagulation

Clinical Manifestations/Complications:
• Venous thromboembolism (VTE) 
• Disseminated intravascular coagulation (DIC)

Key Prognostic Laboratory Indicators:
• ↑ D-dimer & fibrinogen
• ↓ Platelet count

Potential Pathophysiological Mechanisms:
• Likely tightly linked to inflammation and cytokine release –

immuno-thrombosis
o Complement-mediated pulmonary tissue damage and 

microvascular injury
o Procoagulant response as a result of cytokine release  in 

the vascular endothelium, including increased vascular 
permeability and damage as a result of immune-cell 
infiltration 

o Presence of neutrophil extracellular traps (NETs) and 
activation of intrinsic coagulation

Temporal  changes in D-dimer 
concentrations  from illness onset in 
patients hospitalised with COVID-19 

(Zhou , et al. Lancet. 2020 Mar 28;395(10229):1054-1062)

Connors JM, et al. Blood. 2020 Jun 4;135(23):2033-2040. 



COVID-19: Cardiovascular Complications

Clinical Manifestations/Complications:
• Acute coronary syndrome
• Arrhythmias 
• Heart Failure

Key Prognostic Laboratory Indicators:
• ↑ cardiac troponin (marker of cardiac injury)
• ↑ brain natriuretic peptides (marker of cardiac injury)

Potential Pathophysiological Mechanisms:
• Endothelial cell reprogramming and dysfunction as a result of 

maladaptive cytokine release
• Myocarditis and stress-related cardiomyopathy due to respiratory 

failure and hypoxemia 
• Direct viral infection of cardiomyocytes 

COVID-19 Stratification by cTnT values

(Guo T, et al. JAMA Cardiol. 2020 Jul 1;5(7):811-818)

Guo T, et al. JAMA Cardiol. 2020 Jul 1;5(7):811-818. doi: 10.1001/jamacardio.2020.1017. 



COVID-19: Renal Manifestations & Complications

Clinical Manifestations/Complications:
• Acute Kidney Injury
• Renal Failure

Key Prognostic Laboratory Indicators:
• ↑ serum creatinine and urea
• ↑ proteinuria

Potential Pathophysiological Mechanisms:
• Direct SARS-CoV-2 infection of the renal

epithelium resultant in mitochondrial
dysfunction, acute tubular necrosis, and protein
leakage

• Uncontrolled cytokine release, thrombosis, and
ischemia Cumulative incidence for in-hospital death of patients 

with COVID-19 subgrouped by kidney disease indicators
(Cheng Y, et al. Kidney Int. 2020 May;97(5):829-838.)

Ronco C, et al. Lancet Respir Med. 2020 Jul;8(7):738-742. 



POTENTIAL UTILITY OF SARS-COV-2 ANTIBODY TESTING

EVIDENCE SUPPORTING THE APPLICATION

- Seroprevalence studies (general population and 

high-risk subgroups)

- Contact tracing

- Identify donors of convalescent plasma therapy

- Identify prior infection (late diagnosis)

- Assess vaccine response in clinical trials and 

monitoring

EVIDENCE DOES NOT SUPPORT THE APPLICATION

- Diagnose acute infection

- Provide disease prognosis 

- Screen units of blood for SARS-CoV-2



SARS-CoV-2 RNA versus ANTIBODY KINETICS









Evaluating the risk of reinfection

SARS-COV-2 ANTIBODY TESTING: YES FOR………



Positive cohort (antibody positive, or previous positive PCR or antibody
test) had 99.8% lower risk of new infection than did participants in the
negative cohort, adjusted IRR (aIRR) 0,002 (95% CI 0.00-0.01)



DECAY or not DECAY: THIS IS THE QUESTION

IgG anti-N assay



PERSISTENCE OF SARS-CoV-2 ANTIBODY 
RESPONSES

• SARS-CoV-2 Spike IgG titers were relatively stable from 20-240 days 
PSO (half-life= 103 days)

• SARS-CoV-2 RBD IgG titers gave an estimated half-life of 83 days

• SARS-CoV-2 Nucleocapsid IgG gave an estimated half-life of 68 days

• PSV neutralization titers gave an estimated half-life of 90 days

Dan J. et al Science 2021

Evidence: The stability of the antibody response over time may also depend on the target antigen



Submitted for publication

micro-neutralization
assay



The median neutralizing
antibody positive days for the
rapid waining, slow waining,
and persistent groups were:

96 days,

201 days, and

580 days

HETEROGENEITY OF THE 
HUMORAL IMMUNE 

RESPONSE IN COVID-19

Chia WN et al Lancet Microbe 2021





Chen Y et al Cell 2020







Padoan A et al. Clin Chim Acta 2021



Manisty C et al.Lancet 2021



Prendecki M et al Lancet 2021

T-cells responses to spike peptides



Krammer F et al. Robust spike antibody responses and
increased reactogenecity in seropositive individuals
after a single dose of SARS-CoV-2 mRNA vaccine
medRxiv 2021



EARLY T CELLS AND BINDING ANTIBODY RESPONSES 
INDUCE EARLY PROTECTION AGAINST COVID-19



Goel RR et al. Sci Immunol 2021

…..demonstrate robust serological and cellular
priming by RNAm vaccines and revealed distinct
responses based on prior SARS-CoV-2 exposure,
whereby COVID-19 recovered subjects may only
require a single vaccine dose to achieve peak
antibody and memory B cell responses



medRxiv preprint doi: https://doi.org/10.1101/2021.03.09.21252641; 

WHAT ABOUT ANTIBODY PERSISTENCE AFTER VACCINATION ?



VARIANTS
That arise when

SARS-Cov-2
replicates in people

(D614G, B.1.1.7)

VARIANTS MORE 
CONCERNING

that arose under 
neutralising

antibody selection 
pressure (e.g. B.1.351)

In particular, high levels replication
for prolonged periods

in immunocompromised
individuals

Moore JP, JAMA 2021



highly suggestive of escape from 
neutralization (South Africa Variant)

(Wibmer et al. https://doi.org/10.1101/2021.01.18.427166, 
bioRxiv preprint)

Mutations in the SARS-CoV-2 RBD portion are highly suggestive of escape 
from neutralization: the case of South Africa Variant

China National Center for Bioinformation
2019 Novel Coronavirus Resource (2019nCoVR)

https://doi.org/10.1101/2021.01.18.427166


Kuzmina A et al. Cell Host & Microbe 2021



VACCINATION and NEUTRALIZATION

…….these findings imply that the second dose of vaccination is essential
to achieve high neutralizing titers against wild-type SARS-CoV-2
pseudoviruses, relative to the first-dose or to convalescent sera.

Wild-type or UK-N501Y SARS-CoV-2spike pseudoviruses were
comparably neutralized by sera from the second post-vaccination dose.

However, SA-N501Y/K417N/E484K spike pseudovirus partly resisted to
neutralization by post-vaccinated sera, exhibiting 6,8 fold decrease in
mean NT50 relative to wild-type SARS-CoV-2 spike pseudoviruses.

Resistance to neutralization seemed to be driven by the E484K, and to
a lesser extent, on the K417N mutations

Kuzmina A et al. Cell Host & Microbe 2021



Liu Y et al. N Engl J Med 2021



VISIBILITY

The WHO message «TEST, TEST, TEST» was really important from a
population perspective.



QUICKNESS

However, a rapid communication of a wrong result is even worse !

«NO TEST IS BETTER THAN A BAD TEST»

Gray N et al. PlOS ONE 2020


