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Abstract

Background RT-PCR test for identification of viral nucleic acid is the current
standard diagnostic method for the diagnosis of COVID-19 disease but technical
reasons limit the utilization of this assay onlarge scalescreenings.

Method We verified in a consecutive series of 191 symptomatic patients the clinical
information that new rapid serological colorimetric test qualitatively analyzing
IgM/1gG expression can provide with respect to standard assay and with respect to
clinical outcome of patients.

ResultsRapid serological test showed a sensitivity of 30% and a specificity of 89%
with respect to the standard assay but, interestingly, these performances improve after
8 days of symptoms appearance. After 10 days of symptoms the predictive value of
rapid serological test is higher than that of standardassay. When the behaviour of the
two immunoglobulins was evaluated with respect to time length of symptoms
appaerance, no significant difference in immunoglobulins behaviour was shown.
Conclusions The rapid serological test analyzed in the present study is candidate to
provide information on immunoreaction of the subject to COVID-19 exposure.
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Background

Recently, a novel coronavirus was first reported to cause letha pneumoniain
humans and inter-person transmission in China.[1]. Subsequent molecular studies
confirmed that the origin of the transmissible pneumonia was due to a novel
coronavirus named SARS-CoV-2 causing the new corona virus disease COVID-19
(2).

As the COVID-19 disease rapidly spread to other Asian and European
countries, the Italian Governmenthad to take drastic measures to contain the
outbreak. The actions rolled outhave included establishing strict criteria to define
patients from whomoropharingeal swabsshould be collected for molecular PCR
diagnosis of Covid-19 and to quarantine individualswho may have contacted infected
people (3).

These measures have been active since some 4 weeks but the trend of new
SARS-CoV-2 infected casesin Italy is still increasing with more than 4000 new
casesdaily (4).

Severa attempts have been made to interpret the epidemiological trend of
Covid-19 in Itay and experts have pinpointed the importance of the limited
possibilityof making an early diagnosis of the infection (5) as well as the
impossibility to detect asymptomatic subjects carrying the virus (6).

The RT-PCR test for identificationof viral nucleic acid is the current standard
diagnostic method for the diagnosis of COVID-19. However, this assay has some
practical limitations (3)such as the annoying method to obtain biological material
from the nasopharynx, the relatively long time to generate results, the need for
certified laboratories and specific expertise. These limitations make RT-PCR
unsuitable for a quick and simple patient screening and therefore, the search for a
precise, rapid and simple test to quickly identify SARS-CoV-2 infected patients in a
large scale screening has become urgent to prevent virus transmission and to ensure
timely treatment of patients.

The Saw Swee Hock School of Public Health of the National University of Singapore
(https://sph.nus.edu.sg/wp-content/upl oads/2020/03/COV | D- 19- Science-Report-

Diagnostics-13-Mar.pdf) recently reviewed the diagnostic test for COVID-19
infection currently undergoing clinical validation by listing dozens of assays based on
RT-PcR, RedtimePcR, NGS, Microfluidics. Twelve immunoassays based on the
evidence of COVID-19 related 1gG andligMwere also listed. This latter experimental
attempt, based on previous experiences with epidemic viral SARS infection, argued
that IgM specific SARS-CoV-2 antibody could be detected in the blood after 3-6
days while |gGsome days later (4). It has also been speculated that, since SARS-
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CoV-2 belongs to the same large family of viruses that caused the MERS and SARS
epidemics, their antibody seroconversion should be similar (5).

In the previously mentioned report by Singapore National University, an
iImmunoassay described as with available information regarding sensitivity and
specificity is Viva-Diag™ kit produced by Jiangsu Medomics Medical Technologies
kit (https:.//www.vivachek.com/vivachek/English/prods/prod-covid19.html) which,
according to the preliminary data available (6), may be a potential candidate for
reliable and rapid (15 minutes) testing. The test has been reported to be based on the
utilization of Anti-human IgG and anti IgM against the recombinant antigen
representing the Receptor-Binding Domain of the COVID-19 spike protein.

Based on these assumptions, we designed a study to verify the clinical
information that the serological VivaDiag™ test can provide compared to the
standard RT —PCR lab test for SARS-CoV-2 andregarding the clinical outcome of
patients. To this purpose, we set upa prospective, monc-institutional, ad hoc, blind
and independent study enrolling a series of 191 patients.

Material and methods
Between March 23® and March 29", a consecutive cohort of 191 patients

having access to Emergency Room of Ospedale Policlinico Consorziae of Bari for
Covid-19 disease orienting-symptoms has been enrolled. All these patients received
oropharingeal swap for standard SARS-CoV-2 rt-PCR analysis and, simultaneously
venous blood sampling for Viva-Diag™ test performance. Registries and main
clinical information comprising timing of appearance of symptoms were collected
togheter with Informed Consent. Oropharingeal swap samples were suddenly
analyzed for SARS-CoV-2 rt-PCR in Laboratory of Molecular Epidemiology and
Public Health of the Hygiene Unit of Policlinico Hospital (Bari, Italy), which is the
Regional Reference Laboratory for the SARS-CoV-2 identification. Venous blood
sampled were analyzed in Clinica Pathology Laboratory (Certified 1SO-
9001/2015;Head E. Savino) and Institutional Biobank (Certified 1SO-
9001/2015;Head A. Paradiso) of Istituto Tumori G Paolo I, IRCCS, Bari (I). The
study has been approved by Ethical Committee of IstitutoTumori G Paolo I, IRCCS,
Bari with Protocol number CE 870/2020.

Molecular detection of SARS-CoV-2

Nasopharyngeal/oropharyngeal swabs weresubjected to nucleic acid extraction
by MagNA Pure (Roche Diagnostics, Mannheim, Germany), according to the
manufacturer’s instructions. The presence of E gene, RARP gene and N gene of
SARS-CoV-2 virus were identified by a commercia red-time PCR assay
(Allplex2019-nCoV Assay; Seegene, Seoul, Republic of Korea). Samples were
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considered positive at molecular screening if al the three genes were detected.
Moreover, the WHO Real-time rRT-PCR protocol was used to confirm the presence
of SARS-CoV-2 (https://www.who.int/docs/default-source/coronaviruse/uscdcrt-pcr-

panel-for-detection-instructions.pdf?sfvrsn=3aa07934_2).

SARS-CoV-2 rapid 1gG-1gM Test

SARS-CoV-2 rapid 1gG-IgM Viva-Diag™Test combined antibody test kit
designed and manufactured by Jiangsu Medomics Medical Technologies.The test is
based on a lateral flow qualitative immunoassay for the rapid determination of the
presence or absence of both anti- SARS-CoV-2-IgM and anti- SARS-CoV-2-1gG in
human specimens (whole blood, serum, and plasma). A surface antigen from SARS-
CoV-2 which can specifically bind to SARS-CoV-2 antibodies (including both IgM
and 1gG) is conjugated to colloidal gold nanoparticles and sprayed on conjugation
pads. The SARS-CoV-2 rapid 1gG-IgM combined antibody test strip has two mouse
anti-human monoclonal antibodies (anti-1gG and anti-IgM) stripped on two separated
test lines.

When testing, 10-15ul of specimen was added into the sample port followed by
the addition of sample dilution buffer. As the specimen flows through the device,
anti-SARS-CoV-2 IgG and IgM antibodies, if present in the specimen, are bound by
the SARS-CoV-2 antigen labeled gold colorimetric reagent fixed on the conjugate
pad. As the conjugated sample continues to travel up the strip, the anti- SARS-CoV-2
IgM antibodies are bound on the M(IgM) line, and the anti-COVID-19 IgG
antibodies are bound to the G (IgG) line. If the specimen does not contain SARS-
CoV-2 antibodies, no labeled complexes bind at the Test. The presence of SARS-
CoV-2 1gG and IgM antibodies are indicated by a red/purple line in the specific
region indicated on the device.Each test was evaluated by two operators and picture
was taken. In case of disagreement, the picture was evaluated by athird party.

Statistical analyses

The performance of theVivaDiagtests was compared to that of the RT-PCR tests
via the “caret” R package that computed all the parameters needed (accuracy,
precision, recall, kappa). Univariate and multivariate logistic regression was
performed. Age was dichotomized using the median as a cut-off; days from the onset
of symptoms was also transformed into a categorical variable (0-5 days, 6-8 days, 9-
10 days, 11-15 days, more than 15 days). All the analyses were carried outin R v3.6
and results were considered to be significant when the p-value was <0.05.

Results
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All the 191 subjects enrolled in the study had a SARS-CoV-2 RT-PCR test and
RapidigG/IgM test performed. The cohort had a median age of 58.5 years, 60.62%
were male and had presented to the Emergency Room at different times from the
onset of symptoms. A description of the symptoms wasavailable in 160 of thel9l
patients. Fourteen subjects (8.7%) were asymptomatic at time the came to the
Emergency Room .

70 patients (37%) had positive SARS-CoV-2 RT-PCR tests while 33 (18%) had
positive serum IgM/IgGtests. Compared to the RT-PCRtest, the serological test
showed an accuracy of 0.67 (95%Cl: 0.604-0.741), a sensitivity of 30% and a
specificity of 0.89%. Cohen’'s Kappa value was 0.21, whose strength of agreement,
according to Altman (10) was considered “Fair”. Notably,13 patients (7%) had
positiveserological testsbut negative RT-PCRresult.

The distribution of the percentage of positive results detected by both tests broken
down by days from symptom onset is shown in Figure 1. Aclear increase inpositive
serological tests can be observed as more days elapsed from symptom appearance,
reaching 66.67% 15 days after symptom onset. Conversely, the highest likelihood of
a positive RT-PCR test resultwas seen9-10 days from symptom onset and it
decreased after that point in time. Amongstthe asymptomatic individuals,28.57% had
positive RT-PCR test result while21.43% had serological test one.

A further analysis regardingthe behavior of IgM and IgGaccording to the time from
symptom onset is described in Figure 2. Only minimal differences in the behavior of
the two immunoglobulins with respect tothe time of symptom appearance became
evident. However, al 13 patients withVivaDiag™ positive test and negative RT-
PCR result (6.8%) were positive for IgM while only 7 subjects resulted positive for
1gG.

Univariate and multivariate logistic regressons were performedto look for
independent variables predictive of positive VivaDiag™ and RT-PCR test
results (Table 2).Both univariate and multivariate analysesshowed that age>58.5years
and more than 15 days from symptom onset were significantly associated with
VivaDiag™ positivity while 9-10 days after symptom onset was related to positive
RT-PCR test result.

Discussion

The clinical relevance of so-called rapid serological testingis still an open
Issue since the data currently available are still scarce (9). For this reason we have
analyzed its performance compared to standard RT-PCR testing and with respect to
the time of onset of Covid-19 related symptoms. To this end, we set up a mono-
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institutional consecutive cohort of patients who were tested with both assays each in
asingle qualified laboratory.

The design of our study allowed us to specifically analyze two aspects of the open
Issue: the concordance of the rapid serological test with standard molecular testing;
the trend of immunoglobulinslgG/IgMexpression with respect to the onset of clinical
symptoms.

Regarding the degree of concordance between the two tests, the results reported
in Table 1 clearly show that the precision of the rapidserological test Viva-Diag™is
unsatisfactory. Notably, only 43% of the patients that were COV ID-19-positive with
the molecular test were also positive with serological test. Thisfigure isimpressively
similar to the performances reported for serological testsin Spain (11) and Germany
(12). However, the first important information from our study concerns the 12% of
cases that tested negative with molecular test but had positive serological results. The
two tests do not produce similar results as would be obvious for assays that look at
different aspects of Covid-19; in fact, the molecular test demonstrates the presence of
SARS-CoV-2 virus in samples from specific anatomical parts of the respiratory
system while the kinetics of immunoglobulinsis devoted to describe as the body
reacts to the viral infection. Negative serological test results in patients with a
positive molecular test could mean that the latter are infected subjects that have not
yet reached the stage of developing an immunoglobulin reaction; conversely, subjects
whose serological tests show the presence of specific 1gG and/or IgM antibodies and
have negative molecular tests, may be considered as recovering from COVID-19.
The data shown in Figure 1 seem to confirm these assumptions as the molecular test
yielded more positive results in early symptomatic phases of the disease while the
serologica test performed better in the late phases of the disease (i.e. 10 days after
Ssymptom appearance).

The second aspect we were able to analyze in our study regarded
seroconversion and the kinetics of immunoglobulins with respect to the onset of
Covid-19 related symptoms. Figure 2 shows the behavior of the two
Immunoglobulins with respect to symptom appearance. Interestingly, 1gG and IgM
do not seem to behave differently based on the number of days eapsing from
symptom appearance but they display a clear progressive increase along the course of
the disease. This unexpected finding, in contrast with common thinking concerning
the kinetics of the two immunoglobulins, is supported by the results reported by
Zhang (13) and Lou (14) reportingthat detectable serology markers IgG and IgM
had a similar seroconversionin COVID-19 patients with antibody levels increasing
rapidly starting from 6 days post exposure and that this trend occurred with a
concomitant decline in viral load. Such a behavior in the 6-10 day time window after
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symptom appearance is accompanied by an improvement in serological test
sensitivity compared to standard molecular testing

Our study has some important limitations. Firstly, the Viva-Diag™ test is
based on a colorimetric evaluation of the IgG and IgM bands by the operator thus
implying all the limitations that a qualitative inter-intra-operator evaluation produce
in terms of variability (15). In our study, this aspect was partially solved by resorting
to double operator evaluation and taking picture of all test results to be re-analyzed
by a third party in the case of first level evaluation disagreement. However, in this
regard, our next step of research to overcome the issues met,will be to use
guantitative Immunoenzymatic methods  to anayze  SARS-CoV-2
specific immunoglobulins (16).
A further limitation of our study regarded the fact that the neutralizing antibodies
used in the Vivadiag™ test might cross-react with other corona-virus antigens, like
those of the SARS-CoV. The recombinant antigen utilized in Viva-Diagis the
receptor binding domain of SARS-CoV-2 spike protein for which information on
possible cross-reactivity with other corona and flu viruses has not yet been studied
(9). Further studies are urgently needed to definitely clarify this point.

Conclusions

Our study analyzed theclinical performance of the rapid serological test, Viva
Diag™ and confirmedthe test's limited applicability for the diagnosis of SARS-CoV-
2 infection when compared to standard molecular testing. However, this rapid
serological test seems to provide important information concerning the
Immunoreaction of individuals to the infection and, more importantly, it may detect
previous exposure to the virus in currently healthy persons. The trial, recently
registered in ClinicalTrial.gov (NCT04316728), specifically addresses this issue by
planning to investigate the monitoringof seroconversion of COVID-19 IgG/IgM in
healthy subjects who may develop COVID-19 related symptoms.
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Figure Legend.

Figure 1.Barplot representing the distribution of proportion of positive results along time-points
from symptom onset (including asymptomatic group)

Figure 2.Barplot representing the distribution of the percentage of positive results distinguishing
IgG and IgM results from VivaDiag™test.
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TABLE 1

RT-PCR p-value
NEGATIVE | POSITIVE

VivaDiag™ | NEGATIVE | 107 (56.31%) | 49 (28.78%) | 0.001

POSITIVE |13(6.84%) | 21 (11.05%)

Sensitivity 0.30

Specificity:0.89

Accuracy:0.67 (95% ClI: 0.604-0.741)
Cohen’sKappa: 0.21
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TABLE 2

VivaDiag"™ uni variatelogistic regression

OR (95%Cl) P-value

Daysfrom symptoms
Asymptomatic Ref Ref
0-5 0.32 (0.08-1.66) 0.13
6-8 1.52(0.3-8.9) 0.61
9-10 2.74 (0.63-14.88) 0.19
11-15 2.44 (0.23-23.39) 0.42
>15 7.33 (0.96-77.28) 0.06
Age
<585 Ref Ref
>58.5 2.99(1.31-7.31) 0.01
Sex
F Ref Ref
M 1.22 (0.55-2.85) 0.62

VivaDiag™ multivariate logistic regression
Age
<568.5 Ref Ref
>58.5 3.59 (1.39-10.48) 0.01
Daysfrom symptoms
>15 12.3(1.44-148.14) 0.02

RT-PCR uni variatelogistic regression

Daysfrom symptoms

Asymptomatic Ref Ref
0-5 1.17 (0.36-4.54) 0.79
6-8 2.81(0.65-13.75) 0.17
9-10 4,99 (1.21-24.11) 0.03
11-15 0.62 (0.02-6.17) 0.71
>15 0.53 (0.02-4.64) 0.57
Age

<58.5 Ref

>58.5 0.89 (0.47-1.7) 0.74
Sex

F Ref Ref
M 1.2 (0.62-2.33) 0.58

RT-PCR multivariate logistic regression

Daysfrom symptoms
9-10

4.96 (1.2-24)

0.03

14
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Fig.1
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Fig.2
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