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ARTICLE INFO ABSTRACT

Keywords: Background: Since February 2020, Italian hospitals registered COVID-19 (COronaVIrus Disease 19) cases more
COronaVIrus disease 19 often than the rest of the Europe. During this epidemic, health authorities requested swab tests, while seeking
Symptomatic/paucisymptomaticpatients new patient paths.

Asymptomatic patients
Serological tests
Swabs

Methods: A dual laboratory approach was evaluated, consisting of patient care reports for viral RNA detection on
swabs and rapid serological tests in 516 patients (192 symptomatic or paucisymptomatic and 324 asympto-
matic).

Results: We found the molecular positive fraction equal to 12% (23/192) among symptomatic/paucisympto-
matic (S/P) and 15.4% (50/324) in asymptomatic (As) sets. Among subsets, we observed serologically positive
results, corresponding to 35% (8/23) for S/P and 38% (19/50) for As. Among molecular negative cases, we
detected specific Inmunoglobulin G or M (Ig G or Ig M) positivity in the S/P cohort equal to 6.6% (11/167) and
6% (15/246) in As cases. For indeterminate molecular results, we found S/P serological positivity equal to 100%
(1/1) and 54% (13/24) in As patients. We found higher (p < 0.05) seropositivity in older patients (n = 8)
among symptomatic and positives for viral RNA (n.23).

Conclusions: It has been observed that a dual approach of serological and molecular tests detects a higher ab-
solute number of disease cases in a pandemic context,which could improve monitoring and health surveillance
efficacy. The age-related seropositivity frequency in this study, if confirmed, could enhance the validity of
serological tests, especially in older patients.In these subjects, molecular positivity accompanied by serological
positivity (distinct for M and G immunoglobulins) should help determine disease status and support decisions
related to patient management.

1. Introduction outbreak of coronavirus disease 2019 (COVID-19) has been ongoing,
caused by the 2019 novel coronavirus, and the severe acute respiratory
At the time of this writing in Tuscany, a central district of Italy, an syndrome coronavirus 2 (SARS-CoV-2; previously called 2019-nCoV).
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Evidence suggests rapid local spread of the virus from Northwest re-
gions (from Lombardy and Veneto). The first Italian patient was re-
gistered at the end of February and the Italian Civil Protection
Department recorded the number of infected SARS-CoV-2 patients,
consisting of 69,176. In Tuscany, there were 2,699 infected people.
Given the experience of recent coronavirus contacts, we learned that
the health care system must consider the risk of contagion between
health workers and the spread of the virus within hospital environ-
ments.

Numerous scientific publications [1-3] report studies on viral in-
fection in hospital settings, which leads to the epidemiological problem;
this is due to lower response effectiveness of the treatments for infected
and non-infected patients. This problem could be resolved through
hospital structure organization efficiency and valid diagnostic ap-
proaches for the suspicious infectious cases.

The Tuscany District (TD), following the Coronavirus Regional Task
Force (issuedFebruary 24, 2020) provisions [4], planned diagnostic-
therapeutic strategies for the SARS COV2 pandemic [5],consisting of
nasopharyngeal swab execution for all individuals with medium and
high-risk contacts.

In Italian areas, it is difficult to carry out swab tests forthewhole
population, with the number of certified and authorized laboratories for
research of viral RNA; above all, there is the procurement difficulty for
the necessary resources to assist in the analytical process (reagents,
instruments, and Personal Protective Equipment, PPE). As such, it is
critical to secure more immediate and faster diagnostic strategies.

In the Republic of China, the first nation afflicted with Covid-19,
other diagnostic tools based on the qualitative determination of IgG and
IgM antibodies against SARS COV2 were used. Qualitative antibody
determinations have been performed with rapid response devices and
applied in hospital triage for symptomatic patients [6].

The Italian Ministry of Health has not yet recommended Ig G and Ig
M antibody detection for the diagnostic routine with COVID-19. In this
study, the San Donato Hospital in Arezzo, in the Southeast Tuscany
Local Health Unit (USL Toscana Sud-Est), evaluated the effectiveness of
the combined use of antibody tests and molecular investigation for
medium and high-risk contacts in asymptomatic, paucisymptomatic,or
symptomatic patients. This validated approach could help with diag-
nosis, for increased clinical safety management as well as to optimize
the infrastructural resources for eligible patients, who must be placed in
dedicated hospital sectors. This procedure, to screen suspicious in-
fectious cases, aims to reduce intrahospital spread of COVID-19 and to
properly treat all patients.

There is a great amount of evidence-based data in the literature,
demonstrating the detection value of immunoglobulin, which can
identify cycles of the infectious virology sector [7-9]. This study pro-
poses to link serological information to molecular data and to resolve
diagnosis difficulties in a global emergency scenario.

2. Materials and methods
2.1. Analysis samples and population

From March 17 to 21, 2020, we analyzed 516 nasopharyngeal swabs
from patients in the Emergency Room (ER) and from subjects under-
going health surveillance by territorial and hospital prevention de-
partments. All patients provided informed consent in accordance with
the Declaration of Helsinki. At the triage phase, every patient has a
clinical evaluation and is classified as symptomatic/paucisymptomatic
in all or one basal symptom (fever, cough,shortness of breath). The
analyzed population was classified by age, gender, and symptoma-
tology, in Table 1.

2.2. Molecular analysis

In these study samples, we looked for the presence of SARS COV2
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Table 1
Population distribution by age, gender, and symptomatology.
Symptomatic / Asymptomatic Set  Total
Paucisymptomatic Set
Age (years) Average 66.8 46.0 53.7
Median 73.0 45.1 52.9
value
Gender count Females 85 196 281
Males 107 128 235

viruses, using a molecular biology method approved by the World
Health Organization (WHO). The molecular kit is a CE-IVD (European
Conformity, In Vitro Diagnostics, Mountain View, CA, USA) device; this
method (Seegene Inc., Seoul, Korea) uses a PCR design-based, multi-
target detection of genetic viral regions for the envelope protein (EP),
RNA-dependent RNA polymerase (RdRp) and Nucleocapsid (N) [10].

This kit also contains an exogenous reaction control (IC), added
during the first step in the pre-extraction phase, to determine the use of
10 ng in each individual sample for analysis. This allows us to verify the
correct conditions for reverse transcription and subsequent PCR.

The analytical positivity determination system uses following ap-
proach:samples with valid amplification for all three targets, or only
two, are considered positive. Samples without any viral signal fluor-
escence and valid amplification (within the 40th cycle) for IC, are
considered negative. The ones that do not present a fluorescence signal
for viral targets and IC are defined as invalid, are instead indeterminate
in the case of single amplification of one viral target with a valid IC
signal. Automation Platform was used for sample processing: Nimbus
Platform (Hamilton, Italy), locally distributed from Arrow Diagnostics
(San Marino and Vatican City, Italy).

2.3. Serological analysis

After the swab collection, a blood sample is taken (purple cap tube,
Ethylenediaminetetraacetic acid -EDTA- additive) to detect
Immunoglobulins G and M (IgG and IgM) with a fast-determining kit
(Acro Biotech, Inc.,Rancho Cucamonga, CA, USA). This Rapid Test
consists of a membrane-based qualitative immunoassay for detection of
IgG and IgM antibodies to the 2019-nCoV in whole blood, serum, or
plasma. The kit has two components, IgG and IgM. Human IgG and IgM
are recognized by the chromatographic method for anti-human IgG and
IgM antibodies. A goat anti-mouse IgG is used for the control line
system. As stated, results without a valid signal are considered
invalid.All statistical analyses are assessed by GraphPad Instat by Graph
Pad Software, v. 3.05,while applying One-way ANOVA, repeated
measures ANOVA, the Kruskal-Wallis test, the Friedman test, and a
comparison posttest Bonferroni.

3. Results

3.1. Results for the global population and a serological test for analytical
performance

Among 516 analyzed nasopharyngeal swabs, we identified 413
SARS COV2 negative, 73 positive, 25 undetermined, the remaining 5
defined as invalid. Immunoglobulin serological results for these pa-
tients consisted of 83 Ig positive (17 for Ig M, 34 for Ig G, and 32 si-
multaneously positive for Ig M/ Ig G). Table 2 shows complete results
with Ig G and Ig M frequency, distributed among different molecular
types.

The use of the molecular test, the gold standard to detect infection,
and the study of the basis data in Table 2, allow to calculate the ana-
lytical limit value for serological testing: specificity (0.94), sensitivity
(0.37), positive predictive value (PPV) (0.51), and negative predictive
value (NPV) (0.94).



A. Pancrazzi, et al.

Table 2
Results distribution of molecular and serological analysis.
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ImmunoglobulinResults

MolecularResults Count  Ig M positive  Ig G positive  Ig M and IgG pos  Total amountseropositivity among different molecularresponses  Total Ig positive /Molecular Type
NEGATIVE 413 14 8 4 26 26/413 (6.3%)

POSITIVE 73 3 15 9 27 27/73 (37%)

INDETERMINATE 25 0 11 3 14 14/25 (56%)

INVALID 5 0 0 0 0 0/5 (0%)

3.2. Results among gender

Gender distribution in an analyzed cohort had 235 males and 281
females; among 73 SARS COV2 positives, there were 39 males (53%)
and 34 females (47%), while negative cases were comprised of 229
females (55%) and 184 males (45%). Indeterminate cases hadl5 fe-
males (60%) and 10 males (40%). The gender-based incidence study
does not reveal statistically significant differences (p = 0.5), Table S1
and Graph S1 in Supplementary.

3.3. Results distribution by symptomatology

The analyzed cohort has 324 asymptomatic and 192 symptomatic or
paucisymptomatic patients (S/P). These two sets are stratified based on
molecular and immunological results (Table 3).

3.4. Results as age-related

Positivity incidence for patient age shows no statistical difference
among cohorts of S/P and As (Table S2 database, Supplementary) ex-
cept for the subset of SER POS (n = 8) vs. SER NEG (n = 15) of the
MOL POS in the P/S set. So we observe a significant difference in pa-
tient age for SER POS vs.SER NEG (p < 0.05). This last set shows an
age average of 58.6 years vs. 75.5 years for the SER POS (Graph 1,
complete statistical analysis in Table S3, Supplementary).

4. Discussion

In Italy, there are state directives from the Ministry of Health, which
do not impose immunological screening fortheCOVID-19 emergency
[11]. However, there is global interest from the scientific community on
a combined approach for detecting infected patients and evaluating
their clinical state [12,13]. This study aimed to evaluate the multiple
approach, based on molecular analysis of swabs and serological
screening for Ig G and M, in order to decrease improper diagnosis and
viral spread in the general territory and the hospital structures.

The serological results distribution among molecularly screened
patients (Table 2) yields an idea of how important it is to use Ig de-
tection in this situation. A consistent fraction of MOL IND (56%) is
positive for Ig (G and/or M), with this data indicating that 3/11

Table 3

MOL POS Symptomatic / Paucisymptomatic Set
100

90 4

80 +

70 4

60 -

50

Age (years)

40 4

30

20

10

)
SER POS
n=8

T
SER NEG
n=15
Graph 1. Distribution based on age of SER POS and SER NEG subsets of the

MOL POS in S/P set (C.I. 95%). The line through the box indicates the median
value.

(~30%) are probably referred for disease onset, or the molecular in-
determinate result, while the concomitant presence of Ig M suggests a
relatively low viral burden,despite that virus contact occurred. The 26/
413 (6.3%) serological positives among MOL NEG indicate concrete
contact with the virus, so we observe more than 50% Ig M positivity
(18/26) in this set. This provides value for serological exams; exclusive
use of the molecular test with swabs does not provide a diagnosis for an
infected patient in the hospital context.

Serological investigation is a simple method for the laboratory;
these tests, based on the chromatographic technique, are fast (about
15 min to execute) [14] and do not require additional instrumentation.
The investigation of the presence of Ig G (8/26 of serologically positive
responses in MOL NEG) can determine disease status, but this aspect is
not well-delineated by molecular investigation alone. The most com-
monly used techniques of RNA analysis do not exploit the quantitative
aspect, based on Real Time Polymerase Chain Reaction (RT-PCR) for
qualitative use. This cannot evaluate the patient's disease phase

Molecular and serological characteristic distribution in the symptomatology profile.S/P set is composed of 23 (12%) molecular positive tests (MOL POS), 167 (87%)
molecular negatives (MOL NEG), 1 (0.5%) molecular indeterminate (MOL IND), and 1 (0.5%) molecular invalid (MOL INV). The As set is composed of 50 (15.4%)
molecular positive tests (MOL POS), 246 (76%), molecular negatives (MOL NEG), 25 (7.4%), molecular indeterminates (MOL IND), and 4 (1.2%) molecular invalids
(MOL INV). Both sets present a MOL POS fraction of immunologically positive responses (IG POS), in particular the S/P set is composed of 8/23 (35%) and the As set
of 19/50 (38%). S/P and As MOL NEGs are constituted by a similar percentage of IG POS (6.6 and 6%, respectively);S/P MOL IND was registered as a single case that
was IG POS, while in the As set, the detection percentage of IG POS was 7.4%. No IG POS was detected among MOL INV samples.

Symptomatic / Paucisymptomatic Set (S/P set)

Asymptomatic Set (As set)

Cases number IG POS IG NEG IG POS % IG NEG % Cases number IG POS IG NEG IG POS % IG NEG %
MOL POS 23 (12%) 8 15 35% 75% 50 (15.4%) 19 31 38% 62%
MOL NEG 167 (87%) 11 156 6.6% 93.4% 246 (76%) 15 231 6% 94%
MOL IND 1 (0.5%) 1 0 100% 0% 24 (7.4%) 13 11 54% 46%
MOL INV 1 (0.5%) 0 1 0% 100% 4 (1.2%) 0 4 0% 100%
Total Amount 192 20 172 10.4% 89.6% 324 47 277 14.5% 85.5%
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(incremental viral load in disease progress or a decrease in the remis-
sion phase are not yet distinguishable). Only an analysis with reference
standards and frequent patient monitoring allows the healthcare system
to diagnose the actual state of the disease [15-17].

The incidence of Ig positive in a MOL POS cohort (27/73, 37%)
indicates that the molecular method is the gold standard to screen pa-
tients, but reveals that a consistent fraction are probably in the ser-
ologically undetectable set (onset of disease), or that Ig kits must be
developed for a major specificity [18].

The problem of indeterminate cases regarding molecular response is
becoming critical: in the screening phase, it raises doubts about speci-
ficity of the kits used, as the monitoring context is an insidious aspect of
the interpretation of infectious patients in clinical remission. The cross
reactivity of the oligonucleotide’s sequences in molecular kits [10] and
the viral fluctuation known to make up these pathologies [19], re-
present a fundamental problem for patient monitoring. The systematic
use of serological assessment could be a valid method of framing the
patient's clinical status, in cases in which the molecular response is not
exhaustive, or in which it provides a doubtful result. In this study, more
than 50% (14/25, 56%) of the MOL IND cases were characterized by a
positive response to immunoglobulins (Table 2). This data allows us to
increase the clinical utility of the laboratory data.

We found 1.9% (8/413) of Ig G positivity in MOL NEG (Table 2).
The incidence of only IgG positivity in the population has been an
important parameter for evaluating herd immunity. This type of in-
vestigation, as mass controls increase, provides useful information for
the trend of global immunity, and allows us to do a systematic check of
disease relapse in immunized people [20],as well as to evaluate viral
spread.

Although coronavirus literature reports possible advantages for the
female sex [21], the current 2019-nCoV (novel coronavirus) does not
seem to show significant frequency in one sex compared to the other;
however, in other aspects, there are statistically distinctive data for
lethality [22]. The latter aspect has not been analyzed here, despite that
this study confirms infection incidence as being comparable between
males and females (Table S1 Supplementary).

Analyzing the two S/P and As sets(Table 3), it was observed that
there were no statistically significant differences between exclusive
molecular investigation and that for immunoglobulins (p greater
than 0.05). This confirms how seeking viral RNA in the swab sample is
considered the gold standard for a diagnosis, but the total number of
positive cases (POS MOL + SER) is higher than that identified by
analysis of molecular status alone (POS MOL). This is noted in a viral
spreading scenario to detect the greatest number of potentially in-
fectious people (Graph 2).

The cumulative positivity of molecular and serological tests must be
considered in population screening to reduce false positives and to in-
crease diagnostic strength. Serological positivity incidence in the MOL
NEG and the MOL IND indicate that a combination of dual methodo-
logical approaches would provide an efficient instrument for laboratory
investigations - while at the same time, the data show low predictivity
for single use serological tests (Graph 3).

The dual analysis (molecular and serological) should be considered
as a prudent approach to reduce false negatives. In this period, we
performed a number of swabs, with various mass control managed by
local health administrations, while mass screening is debated in its
ability to solve the actual crisis [23,24]. The need to increase or-
opharyngeal swabs and the consequent need to rapidly train staff,
lacking practical experience,emphasizes an unsuitable sample. This
aspect is particularly problematic, considering that the most wide-
spread molecular analysis kits do not allow verification of the integrity
of the collected material, so there is a concrete possibility of providing
false negatives [25].

In our findings, the serological testcould be important to confirm
negative and to clarify indeterminate molecular results,so health sys-
tems will have to consider the role of serology in their evaluation
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algorithms. In other hand, considering large part of serological negative
results among molecular positive cases, it's undoubtedly necessary to
conduct further research into serology approach. Novel antibodies,
more specific than used, and use of CLIA (Chemiluminescent im-
munoassay) kits should be tested to raise predictivity value. In this
study the molecular test has been confirmed gold standard method to
define and to evaluate the disease status and the potential single patient
infection power.

The immunopositivity for older patients among MOL POS of the S/P
set emerged in this study (Graph 1), as this data must be understood.
First, a possible confounding effect linked to this case study must be
considered. In a pandemic scenario, older patients (over 75) are con-
sidered the population most at risk for lethality, related to SARS-CoV-2
infection. Given this logic, it is also possible that there is distrust in
visiting the hospital, which is a potentially risky environment. This
approach was carried out by patients themselves, family members,
home assistants,while family doctors may have selected a group of
patients who should have turned to health facilities in an advanced
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disease state;this may have been determined by immunopositivity data
as being higher in older subjects.

If we exclude this confounding effect, the biological interpretation
of the data is complex and needs more studies, but we suggest some
hypotheses: early literature data report that binding and neutralizing
antibodies are higher in older adults [26]; these patients might have
been exposed to coronavirus contacts for a longer time than younger
ones. While examining the Gorse et al. study (2020), this condition
reveals a more frequent and specific immunoglobulin presence in older
patients “due to the stimulation of antibodies against conserved cross-re-
active antigens expressed by the current infecting strain of HCoV and, due to
recall of inmune memory, to other strains that previously infected the person
earlier in life.” If corroborated by other studies, this data could enhance
the validity of serological tests in older patients. Molecular and ser-
ological analyses help the virologist to determine disease status and to
support clinical decisions.

The use of more accurate and sensitive serological systems, derived
from recent studies on isotypes [27]would allow us to perform a more
efficient dual approach for the patient’s diagnosis, prognosis, and
management.

5. Conclusion

These data confirm that serological and molecular approaches
should not be considered as two alternative systems for the monitoring
of virus spreading, rather they seem to be two necessary applications.
The molecular test allows to identify the most part of infected patients
and the simultaneous serological investigation helps to clarify diag-
nostic response of the indeterminate molecular cases.This fact confirms
that dual approach of molecular and serological tests must be re-
commended for a complete screening of population in pandemic sce-
nario.

Moreover, considering improving specificity of serological test in
the future, it is probable that it will be confirmed a high incidence of
coronavirus seropositivity in older people among symptomatic/pauci-
sympthomatic patients. This data could clarify epidemiology of the
COVID and it could be useful to define correct diagnostic approach
especially in emergency situation.
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