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Abstract. Background: Antibody testing is necessary to
identify immune individuals in the post-initial wave of the
COVID-19 pandemic. Patients and Methods: We prospectively
evaluated the performance of a quantitative point-of-care test
(POCT) for SARS-CoV-2 antibodies. The patient group (PG)
comprised of hospitalized confirmed COVID-19 cases.
Asymptomatic healthcare volunteers with negative rRT-PCR
were included in the control group (CG). Measurement of IgM
and IgG was obtained by dry fluorescence immunoassay.
Results: Twenty-six PG (65.9+15 4 years old, male 57.7%) and
18 CG (45.6+10.1 years old, male 33.3%) were included. By
manufacturer’s cut-off (=0.04 mlU/ml), sensitivity and
specificity were 73.08% and 88.89% for IgM and 88.46% and
33.33% for IgG, respectively. Estimated areas under the ROC
curve were 0.907 and 0.848 for IgM and IgG, respectively.
Results were improved using a cut-off of IgM =0.05 mIU/ml and
IgG =0.10 mIU/ml. Conclusion: Using stringent cut-off values,
SARS-CoV-2 antibody POCT detects immune people and can
be used during socioeconomic normalization of communities.
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Since the onset of COVID-19 pandemic, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has
affected more than 6,000,000 people, leading to more than
300,000 casualties worldwide (1). The ability of COVID-19
to cause asymptomatic or paucisynptomatic infection and
explosively spread has overwhelmed even the most resilient
and sustainable health systems (2). The containment of a
pandemic of such magnitude imposes the implementation of
tight precaution measures, such as widespread physical
distancing and population-level movement restrictions, as
well as vigilant screening for possible cases (3, 4).

Nucleic acid detection-based approaches (real-time
reverse transcriptase polymerase chain reaction — rRT-PCR)
are used as reference diagnostic standards; however,
challenges include the lack of capacity for laboratory-based
testing in resource-limited areas, the global shortage of
molecular reagents as well as the performance variability of
rRT-PCR influenced by multiple factors (5-8). Thus, the
need for widely available, rapid diagnostic methods is
apparent (9-12).

Importantly, the employment of highly accurate, quick and
widely available diagnostic tools for large-scale population
screening is paramount and will be important for a safe
transition back to a socioeconomic normalization of
communities (2). Point-of-care tests (POCTs) detecting either
viral antigens or human antibodies are in pipeline, but there
is still inadequate evidence supporting their accuracy and
clinical utility (9). In this pilot study we aimed to evaluate
the performance of a new anti-SARS-CoV-2 antibody
detection POCT in a European centre.
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Patients and Methods

Participants. We conducted a single-centre prospective
observational study in a tertiary teaching hospital between 30th
March 2020 and 6th April 2020. Data collection was planned before
the index test conduction. Subjects were prospectively selected
based on the results of the real-time Reverse Transcription
Polymerase Chain reaction (rRT-PCR) for SARS-CoV-2 and clinical
symptoms.

Two groups of eligible participants were enrolled. The patient
group (PG) consisted of hospitalized symptomatic patients with rRT-
PCR confirmed COVID-19 infection. The control group (CG)
consisted of hospital asymptomatic volunteers, with no clinical
symptoms for the past month, with negative SARS-CoV-2 rRT-PCR
at the day of sampling and no reported “close contact” history
(based on the ECDC definitions for confirmed cases and close
contacts) (13). All participants enrolled in this study were adults
(=18 years old). No additional exclusion criteria were applied. PG
was further divided into three subgroups based on the days between
onset of symptoms and testing with the IgG/IgM POCT: the early
(<7 days), middle (7-14 days) and late COVID-19 group (>14 days),
respectively. Definitions for disease severity were: 1) mild: mild
symptoms, no imaging findings of pneumonia; 2) moderate: fever
or respiratory symptoms; 3) severe: respiratory distress and
respiratory rate >30/min or saturation <93% at rest or arterial partial
pressure of oxygen to inspired fraction of oxygen <300 mmHg; 4)
critical: respiratory failure requiring mechanical ventilation
(including acute respiratory distress syndrome - ARDS) or shock or
other organ failure requiring ICU.

Respiratory samples. Nasopharyngeal and/or oropharyngeal swabs
were collected and transferred to the Clinical Microbiology
laboratory, immersed in an appropriate virus transport medium (e.g.
UTM Viral Transport, Copan Diagnostics Inc., Brescia, Italy).
Flocked swabs made from synthetic material were preferred for
sample collection in order to maximize viral recovery. Lower
respiratory tract samples (e.g. bronchoalveolar lavage or aspirates,
sputum, efc.) were also accepted.

RNA extraction and real time RT-PCR. Automated purification of
viral RNA from either the viral transport medium or lower
respiratory tract samples was performed using the QIAsymphony
DSP virus/pathogen mini kit on the QIAsymphony SP platform
(QIAGEN, Hilden, Germany). A real time, one — step reverse
transcription — PCR, specific for ORFlab gene of SARS-CoV-2 and
for N gene of all, or other coronaviruses was performed on the
Rotor-Gene Q MDx thermocycler (QIAGEN), using the VIASURE
SARS-CoV-2 Real Time PCR Detection Kit (CerTest Biotec SL,
Zaragoza, Spain).

Antibody assay and measurement. The (COVID-19) 1gG/IgM Test
Kit by Lansion Biotechnology Co., Ltd. (Nanjing, PR China) (14)
was utilized in this study, based on the availability of quantitative
antibody POCT kits for SARS-CoV-2 during the study period in
Greece. The test obtains a quantitative in vitro measurement of both
IgG and IgM anti-SARS-CoV-2 antibodies levels simultaneously,
using dry fluorescence immunoassay via a portable analyzer. By a
finger-prick, Sul of whole blood were collected in a micropipette
and delivered on a test strip. Following the immediate addition of
100pul-140plof a sample diluent, the test strip was left in room
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Table 1. Participants’ demographic characteristics.

Age (years) p-Value
Control group (CG) 45.61+10.11 p<0.001
Patient group (PG) 65.88+15.38
Early PG group 81.6x11.8 p=0.003*
Middle PG group 68.2+9.4
Late PG group 55.5+15.2

Values represented as meansstandard deviation. *Patients in early group
were significantly older than those in late group. The age of patients in
middle group did not differ from other two groups.

temperature for 15 min and then inserted into the analyzer, as per
the manufacturer’s instructions. Results were immediately displayed
on the analyzer’s screen in mIU/ml for each antibody. The pre-
defined manufacturer’s cut-off of antibody levels for positive results
was =0.04 mIU/ml for both IgG and IgM antibodies.

Statistical analysis. Age comparisons between groups were based
on independent samples -test or one-way ANOVA, accordingly
followed by Bonferroni post-hoc tests, where necessary.
Comparison of sex distribution between patients and controls was
based on Fisher’s exact test. ROC graphs and estimation of the
corresponding area under the curve was performed using the non-
parametric ROC method. Confidence intervals (CI) for sensitivity
and specificity were based on exact results from the binomial
distribution. Comparisons of IgM, IgG and IgM/IgG ratio between
patients and controls were performed using the Man-Whitney U-test
whereas trends according to time and severity of disease were
assessed using the non-parametric test for trend.

All analyses were performed using the Stata Statistical Software
(StataCorp. Stata Statistical Software: Release 15.1. College Station,
TX: StataCorp LP). p-Values less than 0.05 were considered as
indicating statistical significance.

Ethical statement. This study was approved by the Research Ethics
Committee of the participating institution (protocol number: 151/30-
3-2020) and was conducted according to the STARD 2015 reporting
guidelines and in line with the Declaration of Helsinki, as revised
in 2013 (15). Informed consent was obtained from the participants.

Results

Overall, 44 participants (57.6=16.7 years old, male 47.7%),
26 PG (male 57.7%) and 18 CG (male 33.3%) were
examined. Within PG, 5, 11 and 10 patients fulfilled the
definition of early, middle and late COVID-19 infection
respectively. Among patients 8, 8 and 10 were characterized
with mild, moderate and severe and/or critical COVID-19
disease, respectively. Demographics are presented in Table
I. Differences in sex distribution between patients and
controls was not statistically significant (p=0.136).
Non-parametric ROC curves for IgM and IgG are shown
in Figure 1. The respective areas under the ROC curve (95%
CI) were 0.907 (0.824-0.990) and 0.848 (0.734-0.963). The
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Figure 1. Non-parametric ROC curves for IgM and IgG antibodies.

Table II. Sensitivity and Specificity percentages of the quantitative antibody POC test using different cut-off values.

Sensitivity %
(95%CT)

Specificity %
(95%CI)

Sensitivity% (95%CI) in patient group according
to time since clinical symptoms onset

Early Middle Late

Cut-off value =0.04 mIU/ml for both IgM and IgG

IgM test
IgG test

73.08% (52.21-88.43)
88.46% (69.85-97.55)

88.89% (65.29-98.62)
33.33% (13.34-59.01)

80% (44.39-97.48)
100% (69.15-100)

60% (14.66-94.73)
100% (47.82-100)

72.73% (39.03-93.98)
72.73% (39.03-93.98)

Cut-off value 20.05 mIU/ml for IgM and =0.10 mIU/ml for IgG

IgM test
IgG test

73.08% (52.21-88.43)
73.08% (52.21-88.43)

94.44% (72.71-99.86)
94.44% (72.71-99.86)

80% (44.39-97.48)
100% (69.15-100)

60% (14.66-94.73)
60% (14.66-94.73)

72.73% (39.03-93.98)
54.55% (23.38-83.25)

Cut-off value =0.08 mIU/ml for IgM and =0.19 mIU/ml for IgG

IgM test
1gG test

65.38% (44.33-82.79)
69.23% (48.21-85.67)

100% (81.47-100)
100% (81.47-100)

80% (44.39-97.48)
100% (69.15-100)

40% (5.27-85.34)
40% (5.27-85.34)

63.64% (30.79-89.07)
54.55% (23.38-83.25)

calculated IgM sensitivity and specificity, using the
manufacturer’s diagnostic cut-off of =0.04 mIU/ml and the
corresponding results for two additional sets of cutoff values
are shown in Table II Moreover, sensitivities of both tests
were calculated separately in the three subgroups of patients
(Table II). More specifically, increasing the cutoff values to

0.05 mIU/ml for IgM and 0.10 mIU/ml for IgG resulted in
an increased specificity of IgM (94.4%) without any loss of
sensitivity (73.08%) and increased specificity of IgG (94.4%)
with a mild reduction of sensitivity (73.08%). Further
increase of cutoff values to 0.08 mIU/ml for IgM and 0.19
mlU/ml for IgG gave a perfect sensitivity for both (100%)
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Figure 2. Quantitative analysis of anti-SARS-CoV-2 IgM and 1gG antibodies by participant group [upper left, upper right] and by time of symptom
onset [lower left, lower right]. Between participant groups differences [upper left, upper right]: p<0.001 for both IgM and IgG test. For time of
symptom onset lower left, lower right]: p=0.083 for IgM, p=0.022 for IgG.

but significantly reduced their sensitivities to 65.38% and
69.23%, respectively.

Since this is a quantitative test, we further analyzed the
IgM and IgG levels (Figure 2). Both IgM and IgG levels
differed significantly (p<0.001) between patients and
controls. Among patients, there was a significant trend for
higher levels of IgG with increasing time of disease
(p=0.022) whereas the corresponding trend for IgM was
marginally not significant (p=0.083).

Considering the severity, neither IgM (p=0.686) nor IgG
(p=0.448) showed significant trends. However, 1gM/IgG
ratio tended to be positively correlated with disease’s
severity with the median (IQR) levels being 0.20 (0.17-0.32),
0.32 (0.14-0.52) and 0.59 (0.53-0.75) for patients with mild,
moderate and severe/critical disease, respectively (p for
trend=0.031).

Discussion
The performance of a dry fluorescence immunoassay POCT
for dual IgG and IgM antibody quantitative detection as a

diagnostic method for SAR-CoV-2 immunity levels was
evaluated. To our knowledge, this is the first study
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appraising a quantitative POCT measuring SARS-CoV-2
antibodies in an actual clinical setting. Such immunoassays
will play an important role in the future for epidemiological
surveillance, evaluation of immunity and the outcome of
vaccination studies (16).

Currently, the World Health Organization (WHO)
recommends the utilization of nucleic acid-based molecular
diagnostics in respiratory samples as the mainstay of
COVID-19 diagnosis (9). The FDA has recently announced
the authorization of rapid molecular tests that are capable of
delivering results within minutes, but which are not globally
available yet (17, 18). Most importantly, although detection
of SARS-CoV-2 RNA in nasopharyngeal swabs is useful for
the detection of acutely infected subjects as we are moving
towards the post-flattening curve era, it becomes evident that
easily accessible and accurate detection of immune people is
vital in order to move the economy forward without
jeopardizing public health.

Antibody testing for monitoring the development of
immunity in response to infection, coupled with rRT-PCR for
the detection of acute infections, will be important for
surveillance and may provide a tool for developing an exit
strategy with selective restrictions as a reaction to the
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pandemic (16). In the short term, it could also contribute to
informing whether people with a demonstrated immunity
could be exempt from confinement measures. However, the
variability of the results between the newly developed
antibody Kkits, due to their different detection methods and/or
their individual characteristics (i.e. sensitivity, specificity,
accuracy, technical issues), will definitely shape their
applicability in clinical practice. Therefore, large population
based comparative trials among different tests are
fundamental in order to define their role, their performance
and eventually their utility in daily practice. Until more data
are available, the use of different tests may be prudent.

Even though a total of 101 antibody tests have been
currently CE-marked, limited data about their accuracy and
utility are available in a clinical setting (19). Li et al.
reported 88.66% sensitivity and 90.63% specificity of a
qualitative combined IgM/IgG lateral flow immunoassay
POCT (20). Most recently, a commercial qualitative test
using whole blood obtained by fingerstick was evaluated by
testing PCR-confirmed COVID patients as well as stored
serum bank samples from 2018 used as controls. The test
had high specificity (>99%) for both IgM and IgG antibodies
indicating potential use for detection of past immunity (21).
Both studies, however, evaluated qualitative tests performed
in laboratory settings, whereas the present POC was
quantitative and benchmarked at bedside settings, only with
fresh samples.

In this study, highest sensitivities of both IgG and IgM
antibodies were observed among the late PG subgroup. This
is in concordance with previously published data, supporting
that most patients develop anti-SARS-CoV-2 antibodies
during the second week of symptoms (10, 22-26). This could
suggest that antibody POCTs may be used for the
confirmation of asymptomatic or mildly symptomatic cases
or close-contacts in home-quarantine that were not tested due
the lack of available molecular reagents. However, it remains
to be seen whether asymptomatic patients are able to mount
a satisfactory antibody response. Additionally, numerical
values can be important during the initial medical assessment
to help limit the indeterminate cases, as well as in follow up.

Since SARS-CoV-2 antibody tests will be mainly used for
the determination of the immune status against SARS-CoV-
2, the diagnostic specificity is the most crucial parameter.
The ROC analysis provides the potential of increasing the
specificity of this test in the expense of sensitivity. Although
the specificity of the test examined here was not ideal, the
advantage of using quantitative immunoassays facilitates the
differentiation of false positive results based on the measured
antibody levels. Hence, despite the test’s observed low IgG
specificity, false positive CG participants had only
marginally higher levels above cut-off (0.04-0.10 mIU/ml),
whereas true positive cases developed 5- to 180-fold higher
titers of IgG (Figure 1). However, more data on antibody

responses among asymptomatic patients is required. It is
possible that false positive IgG, are possibly explained by a
cross-reaction with other coronaviruses or by the exposure
to a continuous ambient low virus load, since our volunteers
were hospital staff (23, 27, 28).

The most important advantage of the test evaluated here
was its quantitative aspect and the ease of use in a busy
clinical setting or in remote areas. The system provided
numerical data which can prove useful for the clinical
evaluation, the confirmation and the follow up of antibody
reaction during serial testing.

POC antibody testing represents a readily available
portable kit and would facilitate the broad implementation of
population-based testing even in areas without relevant
infrastructures since such methods do not require complex
laboratory equipment and expertise. Similarly, POC antibody
tests, particularly serial quantitative measurements, may also
be valuable for diagnostic purposes of patients with febrile
respiratory illnesses in remote areas, such as small islands.

Limitations

The diagnostic specificity of antibody tests would require the
availability of specimens from individuals that had never
been in contact with the SARS-CoV-2 virus. We however,
used hospital-based employees as negative controls; although
this may have affected the specificity of the test, one may
postulate that its quantitative nature allows the differentiation
between false and true positive cases based on the titers
detected. Considering the worldwide spread of the virus it is
recommended to use specimens which were collected before
November 2019 as negative controls.

Among the limitations of our study is the small number of
included participants. Moreover, we did not include
asymptomatic subjects and all patients were hospitalized
while the number of patients with mild and early disease was
small. Although in our study design we intended to include
an equal number of participants from the early, middle and
late groups, in order to produce more robust and balanced
results during the different phases of the disease and of
antibodies’ kinetic, this was not possible. In our small cohort
patient with early infection were under-represented (19.2%).
This is mainly due to the natural course of this disease since
most patients who require hospitalization are usually
admitted after the first week of symptoms, when respiratory
failure develops. Evidently, larger trials are needed to
establish the placement of POC testing in the diagnostic
armamentarium, as well as the utility of numerical values.

Conclusion
The development of low-cost, accurate and widely available

SARS-CoV-2 tests, including antibody POCTs, may
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represent an essential tool in the development of de-
escalation strategies in which mobility and contact
restrictions could be removed for people with proven
immunity. There is a theoretical advantage of using
quantitative immunoassays as they facilitate the numerical
differentiation based on the measured antibody levels and
allow for follow up evaluation. Large clinical studies are
imperative in order to better understand and contextualize
each test’s intended use in real-life clinical settings.
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