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Coronavirus disease 2019 (COVID-19), Primo 
caso ufficialmente diagnosticato a Wuhan il 
17 Novembre 2019.  Agente eziologico 
nCoV-2019, rinominato poi SARS-CoV-2

• Terza epidemia di SARS negli ultimi 20 anni

• Sindrome respiratoria acuta severa (SARS) in 
2002-2003

• Sindrome respiratori del Medio oriente 
(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, 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 



SARS-CoV-2: Overview of Viral Characteristics

SARS-CoV-2 ha 4 glicoproteine principali: 
• spike (S),
• membrana (M)
• envelope (E)
• nucleocapside (N)

M, E, e N sono importanti per l'assemblaggio delle particelle 
virali
S (spike) è la proteina che permette l'ingress del virus nella 
cellula.

Il test molecolare usa un saggio chimato RT-PCR per 
amplificare il materiale genetico del virus, che è l'RNA



I. Viral Entry & Early Infection II. Host Immune Response III. Hyperinflammatory Phase IV. Multiorgan Dysfunction

↑IL-6
↑lL-10
↑lL-2
↑IP-10

↑G-CSF
↑IFNy
↑TNF
↑M1P1a

Cytokine storm

Organ Failure
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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 

Physiological Host Response Pathogenic Host Response
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Transition from mild to 
severe COVID-19 

Immune cell involvement 
and clearance

Early Phase:
Macrophages 

& Dendritic 
cells 

Late Phase:
Cytotoxic T 

cells

SARS-CoV-2

Time since symptoms onset



Khourssaji M, Chapelle V, Evenepoel A, Belkhir L, Yombi JC, Van 
Dievoet MA, et al. A biological profile for diagnosis and outcome of 
COVID-19 patients. Clin Chem Lab Med. 2020;58(12):2141–50. 

Khourssaji M, Chapelle V, Evenepoel A, Belkhir L, Yombi JC, Van 
Dievoet MA, et al. A biological profile for diagnosis and outcome of 
COVID-19 patients. Clin Chem Lab Med. 2020;58(12):2141–50. 

Timeline of biochemical and hematological abnormalities in 
COVID-19 patients



Ruolo dei Laboratori clinici nella pandemia da COVID-19

Lippi et al., CCLM (accepted)



Corman VM, et al.

Detection of 2019 novel coronavirus (2019-nCoV) by real-
time RT-PCR.



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: Corrispondenza tra la carica virale, il decorso clinico e la positività 
alla RT-PCR. 



Il GOLD STANDARD per la diagnostica 
(RT-PCR)

Il gold standard attuale per la diagnosi eziologica dell'infezione di SARS-
CoV-2 è la (real-time) reverse transcription polymerase chain reaction 
(rRT-PCR) su campioni prelevati dal tratto respiratorio.

L'accuratezza diagnostica è eccellente, ma come per tutti i test di 
Laboratorio ci sono dei prerequisiti pre-analitici e analitici. 



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.



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.



La raccolta eseguita scorrettamente 
causa risultati erroneamente negativi



BLOOD
•Lateral Flow (??)
•ELISA
•Chemiluminescence 
  immunoassays

EXHALED
BREATH

SALIVA

SWAB

•RT-PCR
•Gas-chromatography-ion mobility 
spec
•Multiplexed nano material-based 
sensor

•RT-PCR
•CLIA

RNA

ANTIGEN

• RT-qPCR
• RT-LAMP
• dd PCR
• CRISPR

• Lateral Flow (ICT)
•Chemiluminescence (CLIA)
•Fluorescent (FIA)

M
ed icin a di  lab orat orio

Ruolo della Medicina di laboratorio nella diagnostica per SARS-CoV-2



Esistono test alternativi per SARS-CoV-2

• Test molecolari innovatiti e rapidi
• CRISPR-based diagnostics
• Antigen tests (rapid and laboratory-based)
• Mass spectrometry
• Breath tests
• Serological tests (for SARS-CoV-2 Antibodies)



• We did not find any studies at low risk of bias for all quality domains and had concerns about 
applicability of results across all studies. We judged patient selection to be at high risk of bias in 
50% of the studies because of deliberate over-sampling of samples with confirmed COVID-19 
infection and unclear in seven out of 18 studies because of poor reporting. Sixteen (89%) studies 
used only a single, negative RTPCR to confirm the absence of COVID-19 infection, risking missing 
infection. There was a lack of information on blinding of index test (n =11), and around 
participant exclusions from analyses (n = 10). We did not observe differences in methodological 
quality between antigen and molecular test evaluations.

• 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.





ALTERNATIVE TESTING FOR SARS-CoV- 2

• Innovative and «rapid» molecular tests
• CRISPR-based diagnostics
• Test antigenici (rapidi o di laboratorio)
• Mass spectrometry
• Breath tests
• Serological tests (for SARS-CoV-2 Antibodies)



• We did not find any studies at low risk of bias for all quality domains and had concerns about 
applicability of results across all studies. We judged patient selection to be at high risk of bias in 
50% of the studies because of deliberate over-sampling of samples with confirmed COVID-19 
infection and unclear in seven out of 18 studies because of poor reporting. Sixteen (89%) studies 
used only a single, negative RTPCR to confirm the absence of COVID-19 infection, risking missing 
infection. There was a lack of information on blinding of index test (n =11), and around 
participant exclusions from analyses (n = 10). We did not observe differences in methodological 
quality between antigen and molecular test evaluations.

• 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.







N Engl J Med 2020

Rapid Antigen





TO BE REMEMBERED:
TESTS ALONE ARE NOT ENOUGH AND ARE NOT THE ANSWER 



MA NESSUNO AVEVA MESSO IN
EVIDENZA CHE L ’ACCURATEZZA
DIPENDE ANCHE DALLA 
COMPETENZA DELL’ESECUTORE ?



Test antigenici di laboratorio per 
COVID-19

• Metodi chemiluminescenti per una sensibilità analitica più 
alta

• Migliori caratteristiche diagnostiche
• Soddisfacente correlazione con la carica virale e RT-PCR
• Sufficientemente Rapidi (TAT 35 min)
• Sufficientemente in grado di essere eseguiti su tante persone 

in tempi ridotti (60-120 test per ora) 



Screening:





Non fermare le  
attività lavorative e 

l'economiaRiduzione della 
quarantena non 

necessaria

Determinare i casi tra i 
soggetti ad alto rischio 

sanitario (fragili)

Testare per proteggereTestare per proteggere

Testare per finire 
la quarantena

Testare per finire 
la quarantena

Testare per 
rimettere/tenere 

in servizio

Testare per 
rimettere/tenere 

in servizio

Strategie per il testingStrategie per il testing

Crozier A et al. BMJ 2021



SALIVA come campione alternativo



Sapkota D et al. J Clin Pathol 2020



Sapkota D et al. J Clin Pathol 2020







Saliva come capioni idonei 
allo screening

Asintomatici
Pre-sintomatici

Mucosa buccale e ghiandole 
salivari sono tra i primi siti 
della colonizzazione virale

rRT-PCR (RNA)
Molto accurato ma 

procedura lunga e oberosa

CLEIA (Antigen)
Buona accuratezza e velocità



Serological Testing: SARS-CoV-2 Antibodies

• Gli ultimi test Ab sono verso la porzione RBD di spike

SARS-CoV-2

Nucleocapsid 
protein and RNA

Spike protein

Hemagglutin 
Esterase Dimer

Membrane Protein

Envelope protein

IgM IgGIgA



POTENTIAL UTILITY OF 
SARS-COV-2 ANTIBODY TESTING

Reali applicazioni supportate dale evidenze

- Studi di siero-prevalenza

- Identificazione di contatti precedenti

- Donazioni per plasma iperimmune 

- Valutazione della risposta anticorpale 

al vaccino (manca consenso sui livelli)

Applicazioni non supportate dalle 
evidenze

- Diagnosi

- Prognosi

- Screening delle sacche di sangue 

per SARS-CoV-2



Padoan A et al. Clin Chim Acta 2021



Biochemical and Hematological Monitoring of COVID-19 Patients

In addition to providing diagnostic information through molecular and serological testing, clinical laboratories have also 
supported the monitoring of patients with COVID-19 through routine & specialized biochemical and hematological testing

Bohn MK, et al. Physiology. 2020 Sep 1;35(5):288-301.



↑ 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.



C-REACTIVE PROTEIN and COVID-19

A meta-analysis of 13 studies shows that an elevated serum CRP is 
associated with an increased poor outcome [RR 1.84, p<0.001], with a 
severe COVID-19 disease [RR 1.4 p<0,001] and need for ICU care [ RR 
1.96, p<0,001]

Huang I et al. Ther Adv Respir Dis 2020





COVID-19 Patient Monitoring: D-Dimer

• Studies have reported an increase (up to 3-4 fold) in D-dimer and 
fibrinogen concentrations in the early stages of COVID-19 disease

• Underlying diseases such as diabetes, cancer, stroke, and 
pregnancy may trigger an increased D-dimer

• Measuring the level of D-dimer and coagulation parameters from 
the early stage of the disease can also be useful in controlling and 
managing of COVID-19 disease

Expert review of hematology. 2020 Nov 1;13(11):1265-75.

In-hospital trends of D-dimer levels in 
surviving and nonsurviving patients 

with COVID-19 by days since admission.

Thrombosis and Haemostasis. 2021 Jan;121(1):98.

Potential mechanisms include: pulmonary endothelial 
injury with inflammation-associated deposits, SARS-CoV-2 
systemic endothelial injury and coagulopathy



Crucial biomarkers to evaluate mortality risk of COVID-19

Fig.13 Temporal changes in laboratory markers from illness onset in patients hospitalized with COVID-19 [12]

•D-dimer

•Serum Ferritin

•hs-Troponin I

• IL-6



LA SALUTE GLOBALE

Se i virus caratterizzano un mondo senza più confini, una 

pandemia richiede una migliore governance. E, in un certo 

senso, la crisi in cui ci troviamo oggi è una crisi, in primis, di 

governance, che riguarda il modo di affrontare i rischi che ci 

presenta il mondo oggi.
Jeffrey Sachs
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