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Summary. The coronavirus disease 2019 (COVID-19) pandemic is still spreading worldwide, affecting sev-
eral million people. Unlike the previous two coronavirus outbreaks, COVID-19 has caused several thousand
deaths for respiratory and multiple organ failure. As specifically concerns this latest infectious pathology,
laboratory medicine can provide a substantial contribution to diagnosing an acute severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection through molecular testing, establishing the presence and
extent of an immune response against the virus, mostly through serological testing. However, it can also help
to predict the risk of unfavorable disease progression by measuring some conventional laboratory tests and,
last but not least, can provide reliable therapeutic guidance. This article is hence aimed at offering recent up-
dates on the important role and value of laboratory investigations in COVID-19, also providing information
on some hot topics such as virus RNA detection in different biological samples, causes of recurrent posi-
tivity of reverse-transcription polymerase chain reaction (RT-PCR), potential strategies for enhancing the
throughput of molecular testing (i.e., pre-test probability assessment, sample pooling, use of rapid tests), as
well as pragmatic indications for enhancing the quality and value of serological testing and laboratory-based
monitoring. (www.actabiomedica.it)
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Introduction

The coronavirus disease 2019 (COVID-19) pan-
demic continues to spread across the globe, afflicting
millions of people (1). This latest outbreak, which fol-
lows the severe acute respiratory syndrome (SARS) in
2002-2003 and the Middle-East respiratory syndrome
in 2012, is caused by another member of the corona-
viridae family, called the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) to distinguish
it from the former homologous coronavirus which
caused the SARS epidemic (i.e., SARS-CoV-1) (2).
Unlike the two previous outbreaks, COVID-19 has
enormously and rapidly spread worldwide, thus con-
tributing to cause over a half-million deaths via both

respiratory and multiorgan failure, especially among
genetically or clinically predisposed individuals (3, 4).
As previously highlighted, laboratory medicine is at
the very core of SARS-CoV-2 infection diagnostics
(5), and this article is hence aimed at providing recent
updates on the important role and value of laboratory
investigations in COVID-19, with particular focus on
some hot topics that will be specifically addressed in
the following parts of this manuscript.

Laboratory investigations in COVID-19

A modern and pragmatic definition of laboratory

medicine is that recently proposed by Lippi and Ple-
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bani, according to which in vitro diagnostics tests are
used for screening, diagnosing, staging, prognosticat-
ing and monitoring the vast majority of human disease
(6), most certainly including COVID-19 (7). Labora-
tory medicine can provide a substantial contribution
to the diagnosis of acute SARS-CoV-2 infection via
molecular testing, establishing the presence and extent
of immune response against the virus, mostly using
serological testing, as well as helping to predict the
risk of unfavorable disease progression by measuring
a number of conventional laboratory tests, and, last
but not least, can provide a reliable guidance on many
therapeutic options (8). On a research level, labora-
tory medicine is helping to advance our understand-
ing of the mechanisms by which SARS-CoV-2 cause
disease, propelling us towards development of targeted
therapies.

Molecular testing

As currently endorsed by the World Health Or-
ganization (WHO), the identification of viral RNA
through nucleic acid amplification tests (NAATS),
such as reverse-transcription polymerase chain reac-
tion (RT-PCR) in a patient’s biological materials, re-
mains the gold standard for identifying acute SARS-
CoV-2 infection. A final diagnosis of COVID-19
could hence be made with a positive result of NAATs
targeting at least two different genes, one of which is
SARS-CoV-2 specific (e.g., one among N, E, § and
RARP genes) (9). The preferred approach for detecting
the virus is based on the collection of upper or lower
respiratory tract specimens, thus encompassing (i) two
oropharyngeal and nasopharyngeal swabs in ambula-
tory patients and/or (ii) sputum bronchoalveolar lav-
age or endotracheal aspirate in patients with severe
respiratory illness, (9). The value of providing quanti-
tative results of nucleic acid testing is an important as-
pect that needs to be emphasized with respect to clini-
cal management of COVID-19. For example, in an in-
teresting study carried out by Magleby and colleagues
(10), a higher viral load expressed as cycle threshold
(Ct) values from a RT-PCR assay on nasopharyngeal
swabs samples collected upon patient admission was

found to be associated with an over 6-fold higher risk
of death (odds ratio [OR], 6.05; 95% CI, 2.92-12.52)

and with a nearly 3-fold higher risk of intubation
(OR, 2.73; 95% CI, 1.68-4.44). Further evidence in
support of providing quantitative results and viral load
monitoring both intra- and inter-individually has been
provided by Clementi et al. (11), who demonstrated
that the significant reduction of hospitalizations and
admissions to the intensive care unit (ICU) recorded
in two different periods in Milan, the Italian epicenter
of the COVID-19 crisis, can also be explained by a
remarkable reduction in the viral load among subjects
infected with SARS-CoV-2. No sufficient evidence
exists to suggest that rapid immunoassays for SARS-
CoV-2 antigen detection would have any role in the
COVID-19 diagnostics, as the diagnostic perfor-
mance of many commercially available tests remains
regrettably poor, with a sensitivity frequently around
30% (12-14).

Although molecular testing remains the most used
approach worldwide for diagnosing SARS-CoV-2 in-
fection, the diagnostic accuracy of NAAT is still sub-
optimal (15) as it can be plagued by several biological,
pre-analytical, analytical and post-analytical compli-
cations. Besides the variable detectability of SARS-
CoV-2 in different sample matrices, a variable that will
be more specifically addressed below, additional sourc-
es of bias in diagnosing COVID-19 with molecular bi-
ology techniques encompass anatomic problems (e.g.,
nasal septal deformities or obstructions), inadequate
procedures for collecting, handling, transport, stor-
ing, and preparing the samples, the collection of inap-
propriate material for amount or quality, the presence
of various substances that may interfere with nucleic
acids amplification, clerical and instrumental errors,
sample contamination, analysis carried out outside the
diagnostic window, genetic rearrangement recombina-
tion of the virus (leading to impairment of probes an-
nealing), use of non-analytically and/or non-clinically
validated tests, poor harmonization of reagents (e.g.,
probes and primers), as well as misinterpretation of
test results (e.g., for adoption of unsuitable diagnostic
thresholds and/or reference ranges) (16).

It should be clearly noted that a negative RT-
PCT test on oropharyngeal and nasopharyngeal swabs
does not rule out the possibility of being infected by
SARS-CoV-2, especially among patients with high

clinical suspicion. In such cases, clinics and imaging
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testing should guide the clinical decision making, and
molecular testing should be repeated at least twice,
whereby repeated testing has been clearly shown to
considerably increase the likelihood of a positive re-
sult, reaching 99% sensitivity at the fourth consecutive
test (17).

SARS-CoV-2 RNA detection in biological samples

The heterogeneous detection of viral RNA in
various biological materials is perhaps most impor-
tant of limitation of molecular testing, as summarized
in table 1. Although SARS-CoV-2 RNA can be de-
tected in bronchoalveolar lavage fluid in around 90%
of COVID-19 patients, nucleic acid detectability in
other biological materials is lower. In particular, the
positivity rate of nasopharyngeal and oropharyngeal
swabs is between 40-70% and 30-50%, respectively,
yielding to a combined diagnostic sensitivity of around
70-80% (18). This implies that between 20-30% of pa-
tients with acute SARS-CoV-2 infection may go un-
detected using this diagnostic strategy, thus persuading
the WHO to affirm that one or more negative NAAT
results will not exclude the potential of SARS-CoV-2
infection (9). With respect to other biological materi-

Table 1. Rate of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) reverse-transcription polymerase chain reac-
tion (RT-PCR) positivity in different biological sources collect-
ed from patients with coronavirus disease 2019 (COVID-19)

Biological source Detection
rate

Bronchoalveolar lavage fluid >90%
Saliva 80-100%
Sputum 70-80%
Nasopharyngeal AND oropharyngeal swabs 70-80%
Nasal swabs 40-70%
Pharyngeal swabs 30-50%
Stool 30-45%
Throat wash ~30%
Blood 5-20%
Urine 3-9%
Breastmilk <1%
Peritoneal fluid <1%
Semen <1%

als, the presence of SARS-CoV-2 in blood has been
comprehensively assessed in a recent meta-analysis
published by Andersson and colleagues (19). Accord-
ing to the preliminary literature review, inclusive of 22
different studies, 10% (95% CI, 5-18%) positivity of
RT-PCR for SARS-CoV-2 was observed in the blood
of COVID-19 patients. Viremia could be more fre-
quently observed in association with severe illness, es-
pecially in patients needing intensive care or with de-
terioration of clinical status. In a subsequent investiga-
tion published in the same article and based on data of
212 consecutive COVID-19 patients, SARS-CoV-2
RNA could be detected by RT-PCR in 12.7% serum
samples, a percentage decreasing to 0% after 28 days.
Interestingly, among the PCR-positive samples, the
Ct value was generally low, suggesting low viral RNA
copy numbers. This study also found that inoculation
of PCR-positive samples in cell culture failed to gen-
erate cytopathic effects, thus suggesting low infectiv-
ity. Although the rate of fecal specimens positivity for
SARS-CoV-2 in patients with COVID-19 is a matter
of debate, a recent meta-analysis has concluded that
it may be observed in 34-44%, with a trend towards
a higher positivity rate in patients with severe as op-
posed to mild illness (20). Controversial evidence has
also been published on the rate of urine positivity for
SARS-CoV-2 in patients with COVID-19. In a meta-
analysis published by Chan et al. (21), the percentage
of positive urine samples has been calculated at ~6%,
with a confidence of interval comprised between 3-9%.
Overall, the risk of detecting SARS-CoV-2 in urine
seems more likely in patients with renal colonization
and concurrent kidney injury. Importantly, it must al-
ways be clearly acknowledged that the identification
of viral RNA in a particular biological sample may not
reflect the concomitant presence of viable viral parti-

cles (22).
Recurrence of RT-PCR positivity

Recurrence of SARS-CoV-2 positivity is an im-
portant issue, which refers to the possibility that a
patient who tested negative with one or more naso-
pharyngeal and oropharyngeal swabs, may then turn
positive again, later. Some studies have been published
on this matter, with recurrence rates of SARS-CoV-2
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Table 2. Leading causes of recurrence of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) reverse-transcription
polymerase chain reaction (RT-PCR) positivity in nasopharyn-
geal and oropharyngeal swabs

* SARS-CoV-2 reinfection
o Decline of natural immunity
o Virus recombination

* Delayed viral shedding in lower respiratory tract
o Systemic re-propagation
o Natural shedding
* Vital viral particles
= Viral fragments
= Extra-viral RNA

» Technical issues
o Preanalytical errors
o Analytical errors
o Different limit of detection of the assay
o Poor specificity of the assay

positivity comprised between 9.1% and 21.4% (23-
27). On average, it can hence be estimated that the
mean risk of retesting positive for SARS-CoV-2 af-
ter a negative test would be ~12%. In most patients,
this later recurrence of RT-PCR positivity may occur
within one month from the last negative swab. Sev-
eral potential causes can be identified for justifying the
recurrence of SARS-CoV-2 positivity, which can be
basically attributed to SARS-CoV-2 reinfection, de-
layed viral shedding in the lower respiratory tract, or
technical issues, as summarized in Table 2.

Enhancing the throughput of molecular testing

The need to enhance the throughput of molecular
testing in certain areas and under some critical situa-
tions is an essential aspect in diagnosing SARS-CoV-2
infections. Some interesting strategies have been pro-
posed, such as assessing pre-test probability, using kits
without RNA extraction and purification, and/or sam-
ple pooling.

The first interesting approach to improve the
throughput of molecular testing entails the integration
of some predictive demographic, clinical and diagnos-
tic, with calculation of a final score summarizing the

likelihood that one subject would test positive with
SARS-CoV-2 RT-PCR. One of the first and per-

haps most widely used of these models, called “Corona
Score,” incorporates age, sex, presence of infiltrate at
chest X-ray, along with the laboratory values of C reac-
tive protein (CRP), lactate dehydrogenase (LDH), fer-
ritin, neutrophil and lymphocyte counts. In a real-life
scenario, this model was found to have 91% accuracy,
0.96 sensitivity and 0.95 specificity for discriminating
patients testing positive or negative for SARS-CoV-2
by RT-PCR at emergency department admission (28).
In another study, Qin et al developed the Predicted
Score for COVID-19 (PSC-19) (29), which is based
on history of exposure, leukocyte count, peripheral le-
sions and crazy-paving pattern on chest computed to-
mography (CT). This model displayed 91% accuracy,
0.88 sensitivity and 0.92 specificity for identifying
COVID-19-positive cases. In another model, devel-
oped by Jehi et al. (30), the authors also integrated a
number of environmental, behavioral, demographic,
clinical and laboratory variables, to generate a final
score which would also reflect the probability of be-
ing infected by SARS-CoV-2. This model exhibited
84% accuracy, 0.77 sensitivity and 0.96 specificity. Fur-
ther validation will be necessary to determine whether
these resources are reliable and can be clinically useful.
However, in the meantime, it should be acknowledged
that the use of such testing algorithms appears a prom-
ising approach.

Since fast and accurate identification of SARS-
CoV-2 infection is pivotal for case isolation and/or
clinical management, some innovative NAAT kits
have been developed, which halve the turnaround time
by eliminating some pre-analytical steps, such as RNA
extraction and purification. Preliminary data shows
that some of these assays display sufficient accuracy for
being used as screening tests in clinical practice (e.g.,
concordance of over 90% and correlation of around
0.84 with the reference RT-PCR technique, especially
in nasopharyngeal swabs and saliva) (31).

Sample pooling is another interesting opportu-
nity, recently proposed for purpose of enhancing the
throughput of SARS-CoV-2 molecular testing (32).
Briefly, this strategy encompasses the process of pool-
ing and then screening a variable number of clinical
specimens, whilst the individual samples that have
been used for the pool are only assayed when their cu-
mulative result is positive. Some published reports have
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recently highlighted that, under some specific condi-
tions, this strategy may be feasible for counteracting
the local shortage of reagents or limited test availabil-
ity in intensive testing areas to enhance the throughput
and reduce the turnaround time, well as for supporting
cost-saving policies. Cherif and colleagues calculated
that an optimal strategy would encompass the crea-
tion of pools with an optimal size of 13 patients in a
real-life scenario, where the prevalence of COVID-19
is around 1%, and the RT-PCR on oropharyngeal and
nasopharyngeal swabs has a detection limit of at least
1100 RNA copies/mL, displaying 70% diagnostic sen-
sitivity (33). Merging this evidence with that of some
other studies (32, 34, 35), including the recent techni-

cal note endorsed by the European Center for Disease
Prevention and Control (ECDC) (36), some practical
considerations can be delineated for sample pooling, as
summarized in more details in Figure 1 and Table 3.
Among the various aspects that need to be considered
in practicing this process, the foremost issues that need
to be clearly highlighted for safeguarding the quality of
testing is that (i) this strategy should be used for popu-
lation screening, but not for testing people with high
suspicion of SARS-CoV-2 infection (i.e., symptomat-
ic, reporting strict contacts with COVID-19 patients),
(ii) the assay should have been accurately validated for
this purpose (e.g., characterized by adequate analytical
sensibility), and (iii) traceability to the original sample
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Figure 1. Sample pooling procedure for screening severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) with reverse-

transcription polymerase chain reaction (RT-PCR)
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Table 3. Pragmatic indications for pooling samples for molecu-
lar diagnosis of severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2)

* The strategy must be used for screening but not for
investigating suspected (symptomatic) cases

¢ 'The prevalence of coronavirus disease 2019 (COVID-19) is
<1%

¢ Clinical samples rather than RNA shall be pooled

* 'The molecular assay has been validated for this purpose
(e.g., adequate analytical sensitivity)

* The pool is composed by no more than 10 clinical samples
(preferably 5)

* 'The presence of interfering substances (e.g., antiviral
therapy) has been ruled out

* 'The traceability to original samples can be guaranteed
throughout sample pooling and testing

A second aliquot is available for testing (when pool is
positive)

(with availability of a second aliquot, that can be tested
when the pool is positive) must be guaranteed. It is
then evident that local protocols must be specifically
designed according to clinical purpose, disease preva-
lence, testing capacity, resource availability, laboratory
organization and assay characteristics (37).

Serological testing

Serological testing can be theoretically outlined as
a type of diagnostic testing aimed at detecting the pres-
ence, nature and even the extent of a humoral immune
response against a particular pathogen (5). In keeping
with this congenial definition, serological testing in
patients with SARS-CoV-2 infection cannot be used
as a surrogate of viral RNA identification for specific
etiological diagnosis of COVID-19, but instead for
determining whether or not a person has been infected
by SARS-CoV-2 and has then developed an immune
response against the virus itself (8). Some critical bio-
logical and technical issues need to be clarified before
serological testing can be diffusely used.

The first important aspect is the different rates
of positivity and the kinetics of the different classes
of antibodies. Although it seems now virtually cer-
tain that anti-SARS-CoV-2 immunoglobulins (Ig) G
will develop in virtually all patients (i.e., >99%) after

2-3 weeks from the start of viral infection, the rate of
positivity and kinetics of IgM is instead more hetero-
geneous. Several studies showed that the percentage
of IgM-positive COVID-19 patients is comprised
between 50% and 80%, and these immunoglobulins
begin to be measurable between three and ten days af-
ter symptom onset. Interestingly, IgG also tends to be-
come measurable within the first week after the onset
of symptoms. Therefore, whether or not assessing the
IgM response may help in COVID-19 diagnostics and
serological surveillance remains a matter of debate.
This consideration is supported by the findings of an
interesting study published by Xu and colleagues (38),
who clearly described an early and sustained onset of
IgG titer in patients with SARS-CoV-2 infection,
greater than that of IgM. The rate of positivity after
seven days was found to be only slightly higher than
50% for IgG and 40% of IgM, increasing to approxi-
mately 90% for IgG and 75% for IgM after two weeks,
thus highlighting that the immune response generated
in patients with SARS-CoV-2 infection may not be
comparable with that of other viral infections. Com-
pelling evidence has also emerged, that the low IgM
positivity is perhaps attributable to attenuated disease
severity since over 80% of severe COVID-19 cases can
be found positive for this immunoglobulin class, while
IgM positivity is nearly half that (e.g., slightly higher
than 40%) in patients with mild illness (39).

The exponential growth of laboratory-based im-
munoassays is a second import aspect in SARS-CoV-2
serology. Theoretically, these assays can be substan-
tially divided into laboratory-based and rapid tests. A
comprehensive analysis of the diagnostic performance
of many different anti-SARS-CoV-2 immunoassays is
available in the Cochrane Database of Systematic Re-
views (40). Within 7 days from the onset of symptoms,
the diagnostic sensitivity of IgG, IgM, IgA and total
antibodies was found to be 29.7%, 23.2%, 28.4% and
24.5%, respectively, thus largely insufficient because
the measurement of any of these immunoglobulins
could be not considered a valuable diagnostic tool in
this phase of the infection. The diagnostic sensitivity
of these antibodies then increased to 66.5% for IgG,
58.4% for IgM, 78.1% for IgA and 84.0% for total anti-
bodies between 1 and 2 weeks since the onset of symp-
toms, then to 88.2% for IgG, 75.4% for IgM, 98.7%
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for IgA and 98.1% for total antibodies between 2 and
3 weeks, and then further to 86.7% for IgG, 53.9%
for IgM, 100% for IgA and 79.0% for total antibod-
ies after 1 months since the onset of symptoms. The
cumulative diagnostic sensitivity against the current
gold standard, which is the diagnosis of SARS-CoV-2
based on viral RNA detection through RT-PCR, was
87.9% for IgG, 70.8% for IgM and 90.6% for total an-
tibodies, respectively. The diagnostic sensitivity strati-
fied according to the assay technique revealed much
better performance of chemiluminescent and ELISA
techniques for both IgG and IgM compared to lateral
flow immunoassays, whose sensitivity remained around
76% for IgG and around 50% for IgM. The cumulative
diagnostic specificity of the currently available diag-
nostic immunoassays seems instead optimal for all the
different immunoglobulin classes, consistently higher
than 98% and, more specifically, 99.1% for IgG, 98.7%
for IgM and 98.5% for IgA. These findings have been
recently confirmed in another meta-analysis published
by Lisboa Bastos et al. (41), who also calculated a
pooled diagnostic sensitivity of commercial lateral flow
immunoassays (LFIAs) as low as 0.66 (95% CI, 0.49-
0.79). Conversely, the pooled diagnostic sensitivity of
chemiluminescent and ELISA tests was 0.98 (95% CI,
0.46-1.00) and 0.84 (95% CI, 0.76-0.91). The use of
COVID-19 serology tests with the LFIA technique
seems unsupported mainly by current evidence. Simi-
lar data on the so-called “rapid tests” have recently been

published by the Norwegian Organization for Quality

Improvement of Laboratory Examinations (42), which
evaluated many of these devices for measuring anti-
SARS-CoV-2 IgM and IgG. They used three differ-
ent cohorts of patients, the first based on hospitalized
patients with PCR-confirmed COVID-19, the second
encompassing non-hospitalized patients with PCR-
confirmed COVID-19 and the third consisting of ran-
dom participants being tested at primary care visits.
Consistent with what has been previously highlighted
for the diagnostic performance of IgM, a huge vari-
ability of clinical performance for IgM rapid tests was
observed, with diagnostic sensitivity ranging between
15-80% in the population of hospitalized patients,
thus reinforcing the concept that measuring this class
of immunoglobulins is of questionable clinical sig-
nificance for diagnosing COVID-19. On the contrary,
IgG’s diagnostic performance appeared more satisfac-
tory, with most kits displaying values around 80% or
higher in the most representative population of hospi-
talized patients with positive RT-PCR. Nonetheless,
some of these tests still displayed insufficient sensitiv-
ity, with values as low as 60%, thus further emphasiz-
ing the real need that serological testing kits must be
validated before being used in clinical practice.

Some interim conclusions on SARS-CoV-2 se-
rology can hence be proposed (Table 4). What can be
said at this point is that the current approach for diag-
nosing SARS-CoV-2 infection relies on identification
of viral RNA with molecular biology in upper or lower
respiratory tracts specimens. Moreover, serological

Table 4. Pragmatic indications for serological testing of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

+  Serological testing shall not replace viral RNA detection in diagnosing acute SARS-CoV-2 infection

*  Serological testing may support molecular biology for diagnosing SARS-CoV-2 infection in certain dubious cases

*  Serological testing is essential for identifying patients infected by SARS-CoV-2 and have developed an immune response (e.g.

for monitoring herd immunity).

* 'The immunoassay assays shall then:
Be free of cross-reactivity with other coronaviruses

Provide quantitative results

Be characterized by optimal diagnostic accuracy:

* Not less than 98% specificity

= At least 95% sensitivity

Display a wide range of linearity

o Exhibit low imprecision at the diagnostic threshold

© O © O ©

o

Be constructed with viral antigens containing epitopes towards which neutralizing antibodies are generated

Be capable to distinguish antibody class (i.e., IgG, IgA and/or IgM)

o Analytically and clinically validated before entering clinical practice
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testing will not replace molecular testing; however it
may perhaps support viral RNA detection for diagnos-
ing acute SARS-CoV-2 infection, especially in certain
dubious cases. Some paradigmatic examples of the
subsidiary role of SARS-CoV-2 serology in diagnos-
ing COVID-19 have been published. For example, Li
et al. (43) described the case of a patient with sugges-
tive clinical and radiological features of SARS-CoV-2
infection, who tested negative for three consecutive
times with RT-PCR on nasopharyngeal and oro-
pharyngeal swabs, but who then displayed a clear IgG
and IgM positivity against the virus, which enabled to
make a final diagnosis of SARS-CoV-2 infection. Be-
noit et al. (44) used serology screening to help identify
suspected cases of COVID-19 among RT-PCR nega-
tive sick controls in a clinical study.

Disease prediction and monitoring

Early and accurate identification of patients at
higher risk of requiring intensive care support or death
is essential in the COVID-19 pandemic, in order to
establish strict monitoring, maintaining contingency
care or more aggressive therapeutic management, as
well as optimizing the use of technical and human re-
source and preventing the collapse of ICUs in a time of
limited resources, insistently plagued by cuts of health-
care budgets worldwide (45, 46). Notably, a recent
meta-analysis based on 24 observational studies and
including over ten thousand patients from around the
world, calculated cumulative ICU mortality as high
as 42% (95% CI 34-50%) (47), thus reinforcing the
concept that predicting the risk of developing severe
or critical illness is a mainstay in patients with SARS-
CoV-2 infections.

Since it is now rather clear that many demo-
graphic and clinical factors contribute to influencing
the outcome of COVID-19 (48, 49), the use of ac-
curate and reliable prediction models may provide an
excellent value for stratifying the risk of unfavorable
outcomes. In an interesting study, ]ang et al. com-
pared the accuracy of three conventional algorithms
for predicting the clinical progression of patients with
COVID-19 (50). They found that both the SIRS
(Systemic Inflammatory Response Syndrome) and

qSOFA (Quick Sepsis-related Organ Failure Assess-

ment) score, two widespread models for estimating
the outcome of patients with sepsis, had a cumulative
diagnostic accuracy lower than 80%. Conversely, the
National Early Warning Score (NEWS) displayed a
better performance, with an accuracy of 90% for pre-
dicting many critical outcomes. The sensitivity and
specificity of NEWS for predicting critical outcomes
were also as high as 0.87 and 0.91, respectively. This
alternative model encompasses seven different param-
eters, such as temperature, pulse and respiration rate,
systolic blood pressure, pulse oximetry, oxygen and
central nervous system status. A score between 0-3
points is assigned to each parameter, which cumulative
yield to three risk classes, entailing a low risk between
0 and 4, a medium risk between 5 and 6, and high risk
when the final score is 7 or higher.

Several reports are now available on the role of
many laboratory tests in predicting progression towards
severe or critical COVID-19 illness (51). A recent
meta-analysis showed that progression towards severe
disease might be associated with higher values of white
blood cells and neutrophils, a higher concentration of
tissue injury biomarkers such as aminotransferases,
total bilirubin, urea and creatinine, creatine kinase
(CK), LDH, myoglobin cardiac troponin I and CK
isoenzyme MB, with increased values of hemostasis
tests such as prothrombin time and D-dimer, but also
with higher values of many inflammatory biomarkers
such as the erythrocyte sedimentation rate, CRP, fer-
ritin, interleukins and procalcitonin (52). Similarly,
unfavorable disease progression has also found to be
associated with lymphopenia, eosinopenia, thrombo-
cytopenia and anemia, as well as with lower values of
albumin. Important evidence has also been recently
obtained by measuring presepsin in COVID-19 pa-
tients. In particular, Zaninotto and colleagues found
that the value of this biomarker during hospitalization
was significantly higher in patients who died than in
those who survived, as well as in those who needed
intensive care unit admission compared to those who
did not (53). Presepsin exhibited 72% accuracy for
predicting mortality, while in-hospital stay was found
to be nearly double in COVID-19 patients with bio-
marker values >250 ng/L.

Very simple algorithms have also been proposed
for risk stratification of SARS-CoV-2 infection. For
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example, Yan et al. (54) used three elementary labora-
tory tests such as lactate dehydrogenase, high-sensitiv-
ity CRP and lymphocyte count for predicting the risk
of developing severe COVID-19 illness. The accuracy
of the algorithm incorporating these three parameters
was as high as 95% in the validation set, thus confirm-
ing that some easy, fast, widespread and almost inex-
pensive laboratory tests may have fundamental impact
on managed care of COVID-19. Another similar al-
gorithm has been developed by Dong et al. (55), based
on lymphocyte count, D-dimer and erythrocyte sedi-
mentation rate. The combination of these three param-
eters has enabled to predict COVID-19 severity with
up to 84% accuracy.

Altogether, this evidence allows for the defining
of specific test profiles, as that suggested by Lippi and
Favaloro (56), that can be easily constructed within the
hospital information system, and which may enable
rapid ordering of useful laboratory tests for in-hospital
monitoring of COVID-19 patients.

Conclusions

With the COVID-19 pandemic still unremit-
tingly progressing, accurate, efficient, rapid and cost-
effective diagnostic tools are needed for timely identi-
fication, isolation and/or management of patients with
SARS-CoV-2 infection. Regardless of the virtually
unpredictable evolution of this outbreak, laboratory
medicine remains central to the diagnostic reasoning
and clinical decision making in COVID-19. None-
theless, it must be acknowledged that the current gold
standard for diagnosing SARS-CoV-2 infection, en-
tailing the identification of viral RNA with RT-PCR
in specimens collected from either the upper respira-
tory tract is not foolproof and may be associated with
a rather high number of false negative test results, up
to 30%. On the other hand, neither the clinics nor di-
agnostic imaging can either replace diagnostic testing
for identifying SARS-CoV-2 infections. Besides some
peculiar features, such as smell and taste abnormali-
ties, the clinical signs and symptoms of COVID-19
infection do not differ that much from those of other
respiratory diseases, such that their interpretation re-
mains challenging, especially during other outbreaks

of other milder infectious respiratory pathologies such
as common cold and influenza (57). With respect to
diagnostic imaging, chest CT helps in identifying ini-
tial pulmonary involvement and monitoring disease
severity and recovery. Nevertheless, this technique is
characterized by poor specificity and may also display
suboptimal sensitivity in the early stages of COVID-19

Diagnostic suspect
of SARS-CoV-2 infection \

Positive

INFECTION

Negative

!

’ Clinical Probability* ‘

Low High

!

Rule out Serology
Positive Negative

INFECTION

Chest CT

Positive Negative
INFECTION Rule out

Figure 2. Tentative algorithm with integration of molecular
testing (reverse—transcription polymerase chain reaction; RT-
PCR), clinics, serology and diagnostic imaging (chest computed
tomography; CT) for diagnosing severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection.

* Clinical probability can be assessed with the Corona Score
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or in patients presenting without respiratory symptoms
(i.e. gastrointestinal symptoms, etc.) (58). A potentially
feasible strategy would hence encompass a reasonable
integration of all these different branches of medicine,
as outlined, for example, in the flow-chart summarized
in Figure 2. Further studies will be necessary to assess
whether this or other tentative algorithms may be clini-
cally valid and cost-effective in a real-life scenario.
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