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Abstract

This study aimed to compare diagnostic sensitivities of a rapid test (Rt) and an ELISA kit for detecting anti-SARS-CoV-2
IgM/IgG in virus-RT-PCR-positive (VPP) and virus-RT-PCR-unchecked (VPU) subjects in an Egyptian cohort during the
first wave of SARS-CoV-2 infection. The results revealed higher sensitivity of the Rt for detecting IgM/IgG in the VPP
subjects. Both the Rt and ELISA showed identical sensitivities for IgM detection in the VPU subjects. The ELISA was more
sensitive for detecting IgG in the VPU subjects. Generally, within both the VPP and the VPU groups, Rt was more sensitive
for detecting IgM/IgG among the symptomatic (S) compared to asymptomatic (AS) subjects than ELISA. Within the VPP
group, the Rt was more sensitive for detecting both [gM/IgG among the AS subjects than ELISA. In the VPU group, the Rt
was more sensitive for detecting IgM among the S subjects than ELISA. The ELISA was more sensitive for detecting IgM/
IgG among AS subjects than the Rt. From these results we concluded that, despite the limitation of sample size, this study
indicates suitability of the used Rt for detecting anti-SARS-CoV-2 IgM/IgG among S subjects and sheds light on possibility
of relying on the used ELISA for IgG detection among AS human subjects.

Abbreviations VPU  Virus-RT-PCR-unchecked

Rt Rapid test S Symptomatic

ELISA Enzyme linked immune sorbent assay AS Asymptomatic

VPP Virus-RT-PCR-positive LSS Low socioeconomic standards
HSS High socioeconomic standards
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SARS-CoV-2 incubation period lasts 4-6 days and in 95%

Research Group Immune-and Bio-Markers for Infection, The
Centre of Excellence for Advanced Science, The National
Research Centre, Giza 12622, Egypt

Environmental Virology Laboratory, Department of Water
Pollution Research, Institute of Environmental Research
and Climate Changes, The National Research Centre,
Giza 12622, Egypt

Egypt Center for Research and Regenerative Medicine,
Cairo, Egypt

University of Wiirzburg, Wiirzburg, Germany

ZB MED-Information Centre for Life Sciences, Cologne,
Germany

TH Koln—University of Applied Sciences, Cologne, Germany

Department of Therapeutic Chemistry, Institute
of Pharmaceutical and Drug Industries Research, The
National Research Centre, Giza 12622, Egypt

of cases the onset of symptoms occurs within 14 days [1].
It induces asymptomatic (AS), mild, moderate, severe with
critical pneumonia, septic shock, and acute respiratory dis-
tress syndrome infections [2, 3]. The gold standard test for
SARSCoV-2 diagnosis is RNA detection using RT-PCR,
yet, its readouts are influenced by the specimen types, the
used reagents, the sampling time and transportation condi-
tions [2, 4]. Rapid tests, ELISA, and chemiluminescence
immunoassays have been used for serodiagnosis of SARS-
CoV-2 [5-9]. Microbes including viruses stimulate the host
immune system to produce various Ig classes including
IgM/IgG which circulate for different durations according
to their titers [10—12]. Antibody detection diagnostics rely-
ing are more preferable than antigen detection kits due to
their better sensitivity, feasibility, and simple development
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[13]. Anti-spike (S) and nucleocapsid (N) IgM and IgG are
targets for SARS-CoV-2 serodiagnosis [14, 15]. Therefore,
the majority of commercially available SARS-CoV-2 sero-
diagnostics are tailored for [gM and IgG detection [16, 17].
Multiple detection of anti-SARS-CoV-2 antibodies enhanced
both sensitivity and accuracy of diagnosis [18]. Spike pro-
tein subunit 1 (S1) or receptor binding domain (RBD) has
been widely recommended to be included in antibody-detec-
tion-based serodiagnostics to increase the detection specific-
ity [19-22].

Additionally, prevalence of anti-SARS-CoV-Ig-classes
may report on the infection stage (Early/late or acute/
chronic). After 1 week of symptom onset, 50% of COVID-19
patients turn IgM/IgG positive [23], and as the time passes,
antibodies titer shows significant elevation while virus load
shows decrease [24, 25]. This proposes the relevance of
combining sensitive serodiagnostic assay with RT-PCR for
better diagnosis of SARS-CoV-2, particularly, for detection
of the intermediate/late stages of infection and for reporting
on levels of disease severity [26-28].

Upon emergence/resurgence of pandemics, cocktails of
diagnostics are released to the market with each manufac-
turer tries to claim the usefulness of his product to have the
best sensitivity/specificity to diagnose infection. In particu-
lar, for pandemics caused by rapidly spreading viruses like
SARS-CoV-2 appropriate rapid decision on the infection,
especially for the AS subjects is needed. It is known that
the first host response to infection is to elicit antibodies to
pathogen antigens. This dramatically varies according to the
pathogen antigen used to detect the antibody response(s) in
a given host. The ideal case scenario is to rely on a rapid
serodiagnostic that can detect infection as early as possible,
differentiate between early/late and acute/chronic infections
with readouts that might correlate with symptoms intensi-
ties. Therefore, here we compared the sensitivities of two
different serodiagnostic assays to detect anti-SARS-CoV-2
IgM/IgG in virus qRT-PCR positive (VPP) and virus qRT-
PCR unchecked (VPU) Egyptian human cohorts after the
first wave of the SARS-CoV-2 infection.

Of note, the VPU group was intentionally included as a
control cohort for the VPP group with the aim to see how
useful the used serological assays are to report on infec-
tion independent of qRT-PCR results. This is of particular
economic importance particularly for a developing country
like Egypt where not everybody is capable to afford costs
of qRT-PCR. The VPU group is composed of individuals
working at the same institution, yet, of different occupa-
tional nature (daily duties), education and awareness levels.
Accordingly, the VPU cohort was classified into individuals
of low socioeconomic standards (LSS) and of high socioeco-
nomic standards (HSS). The rationale behind including these
two groups, is to see if our serological results will reveal

@ Springer

differential risk of exposure to SARS-CoV-2 infection due
to differences in the socioeconomic levels.

Materials and Methods
The Study Cohorts

Age range of the study cohorts was 25-60 years, and their
detailed descriptions are presented in the Supplementary
Table 1. A total of 45 VPP human subjects were included,
of whom, 22 were females and 23 were males. Of the 22
females 17 were symptomatic (S) and 5 were AS, whereas,
of the 23 males20 were S and 3 were AS. A total of 90 VPU
subjects were included, of whom, 47 were females and 43
were males. Of the 47 females 27 were S and 20 were AS,
whereas, of the 43 males 26 were S and 17 were AS.

Based on their socioeconomic standards, the VPU group
included individuals of LSS and of HSS and the classifica-
tion criteria were mentioned in detail in our earlier report
[29]. The LSS humans were 51 including 30 females and
21 males, while, the HSS individuals were 55, including 24
females and 31 males.

Sample Collection and Antibody Detections

Collection of blood samples from the human subjects was
approved by the Medical Ethical Committee at the National
Research Centre, Egypt (Meeting date: 5.11.2020, Deci-
sion number: 20166) and was done in compliance with the
relevant laws, institutional guidelines and according to the
ethical standards mentioned in the declaration of Helsinki.

Blood samples of the VPP humans were kindly col-
lected by out coauthors from Egypt Center for Research
and Regenerative Medicine, Cairo, Egypt. SARS-CoV-2
RNA was quantified in the collected swaps from the same
individuals using the TaqPath COVID-19 CE-IVD RT- PCR
Kit (A51738; Thermo Fisher Scientific) according to the
manufacturer instructions.

Serum samples were separated and freshly applied on
the same day of collection to the AMP rapid SARS-CoV-2
IgG/IgM detection test (AMEDA Labordiagnostik GmbH;
Graz, Austria) as described by the manufacturer. This test
relies on both the recombinant viral spike 1 (S1) subunit
and nucleocapsid (N). The rest of serum samples were kept
frozen until being used in IgM/IgG quantification using the
anti-2019 nCoV (N) ELISA kits (Wuhan Fine Biotech; Cat
Nrs. EH4396 and EH4395) according to the manufacturer
instructions. The changes in the optical densities (OD)
in ELISA were measured using a multi-well plate reader
(Tecan, Switzerland) at 1_.. 450 nm and reference wave-
length 680 nm.
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Statistical Analysis

We did a pre-design sample size calculation on (https://sam-
ple-size.net/correlation-sample-size/) to determine the mini-
mum number of samples required to conduct comparison
between the two studied group using the independent ¢ test
of unequal variance analysis, bearing in mind that the statis-
tical power (1-beta) should not be less than 0.8, significance
level threshold (alpha) should be 0.05 and results to reach
this the minimum sample size of each group should be 63.

This was followed in the VPU group, while, although
a smaller sample size (n=45) was included in the VPP
group, it is still statistically acceptable and does not affect
our conclusions. GraphPad PRISM version 5 software was
used to carry out the statistical data analysis. We analyzed
each serum samples in triplicate. The student’s ¢ test was
used to calculate the values of significance by compar-
ing mean values + standard deviations (SD) of the studied
groups. Differences were considered significant when the
P value was < 0.05. Correlation analysis was carried out by
calculating the square value of the correlation coefficient (+%)
for a nonparametric and non-normally distributed data. All
plots were generated using Python Seaborn package (Ver-
sion 0.10.1). The Pandas library (Version 1.1.1) was used
to load data sets from excel sheets into data frame objects.
All analysis was carried out in a Jupyter notebook (Version
6.0.3) with a Python 3.7.7 work environment.

Results

Comparing the Rt and ELISA Sensitivities
for Detecting anti-SARS-CoV-2 IgM/IgG Among
the VPP and VPU Groups

Using the Rt, of the 45 VPP subjects, 28 (62.2%) were [gM
and 33 (73.3%) were IgG positive, whereas, of the 90 VPU
subjects, 17 (18.9%) were IgM and 51 (56.7%) were 1gG
positive. In the ELISA, of the 45 VPP subjects, 11 (24.4%)
were IgM and 29 (64.4%) were IgG positive, whereas, of the
90 VPU subjects, 17 (18.9%) were IgM and 59 (65.5%) were

IgG positive (Tablel). From these results we can conclude
that, 1) the rapid test generally showed better sensitivity for
detecting IgM/IgG among the VPP group, 2) both the rapid
test and ELISA showed identical sensitivities for detecting
IgM among the VPU group3) the ELISA showed better sen-
sitivity for IgG detection among the VPU group. Of note, the
cut-off value for the rapid test was zero, i.e., all values above
(0) were considered positive, whereas, for ELISA the cut off
values, 0.498 for IgM and 0.542 for IgG, were calculated
according to the manufacturer instructions.

Analysis of IgM/IgG fold changes based on the Rt and
ELISA readouts within the VPU group is presented in
Fig. 1a. Within the VPU group, the percentages of IgM neg-
ative and positive subjects who show fold changes above the
Rt and ELISA cut-offs are shown in Fig. 1b. Within the VPU
group, the ratios of the IgG negative and positive subjects
who show fold changes above the Rt test and ELISA cut-offs
are presented in Fig. 1c.

Analysis of IgM/IgG fold changes based on the Rt and
ELISA readouts within the VPP and VPU groups is shown
in Fig. 2a. Within the VPP and VPU groups, the ratios of
IgM negative and positive subjects who show fold changes
above the ELISA cut-offs are presented in Fig. 2b. Within
the VPP and VPU groups the percentages of IgG negative
and positive subjects who show fold changes above the
ELISA cut-offs are presented in Fig. 2c.

Comparing the Rt and ELISA Sensitivities

for Detecting Anti-SARS-CoV-2 IgM/IgG Among
Subjects of the Two Different Socioeconomic
Standards Within the VPU Group

Within the VPU group, the ratios of IgM/IgG negative and
positive subjects of L and H socioeconomic standards (SS)
who show fold changes above the ELISA cut-offs are shown
in Fig. 3. This set of results revealed that (1) higher sensitiv-
ity of ELISA for detecting anti-SARS-CoV-2 IgG among
subjects of the two different SS and (2) interestingly, the
highest ratio of IgG fold change was reported among the
HSS subjects compared to the LSS one.

Table 1 Comparing sensitivities

: Total (n=135)

of the rapid test and ELISA for

detecting anti-SARS-CoV-2 Test Rapid test ELISA

IgM/IgG among the virus-RT- .

PCR positive (VPP) and virus-  Subjects VPP (n=45) VPU (n=90) VPP (n=45) VPU (n=90)

RT-PCR unchecked (VPU) Anti-SARS- IgM IgG IgM IgG IgM IgG IgM IgG

subjects CoV-2 antibody
Prevalence 28/45 33/45 17/90 51/90 11/45 29/45 17/90 59/90
(%) (62.2) (73.3) (18.8) (56.6) (24.4) (64.4) (18.8) (65.5)

n number of samples; VPP virus-RT-PCR positive; VPU virus-RT-PCR unchecked
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Fig. 1 a Fold changes in the a
viral-specific IgM (Right) and

1gG (Left) of positive individu-

als (n=54) recorded both by

the rapid test and ELISA within

the virus RT-PCR unchecked

(VPU) group. b Distribution

of the viral-specific IgM fold 15
change degrees among the
positive individuals (n=54)
recorded both by the rapid test
(Right) and ELISA(Left) within
the VPU group. ¢ Distribu-

tion of the viral-specific IgG
fold change degrees among the
positive individuals recorded
both by the rapid test (Right;
n=54) and ELISA (Left) within
the VPU group. The rapid test
cut-off value was (0), i.e., any
value above 0 was considered
positive. The ELISA cut-off 0.5
values were 0.498 for the IgM

and 0.542 for IgG. The Pandas

library (Version 1.1.1) was used b

to load data sets from excel

sheets into data frame objects. 88.9
All analysis was carried out in

a Jupyter notebook (Version 80.0
6.0.3) with a Python 3.7.7 work

environment. All plots were

generated using Python Seaborn

package (Version 0.10.1).
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Comparing the Rt and ELISA Sensitivities
for Detecting Anti-SARS-CoV-2IgM/IgG Between
Genders

Using the Rt, of the 22 VPP females, 7 (31.8%) were IgM
positive and 13 (59.1%) were IgG positive, whereas, of
the 47 VPU females, 10 (21.3%) were IgM positive and
29 (61.7%) were IgG. In ELISA, of the 22 VPP females, 4
(18.2%) were IgM positive and 10 (45.5%) were 1gG posi-
tive, whereas of the 47 VPU females, 14 (29.8%) were IgM
positive and 37 (78.7%) were IgG positive (Table 2). Using
the Rt, of the 23 VPP males, 21 (91.3%) were both IgM/
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IgG positive, whereas, of the 43 VPU males, 7 (16.3%)
were IgM positive and 22 (51.2%) were IgG positive. Using
ELISA, of the 23 VPP males, 7 (30.4%) were I1gM posi-
tive and 18 (78.3%) were IgG positive, whereas of the 43
VPU males, 3 (7%) were IgM positive and 22 (51.1%) were
IgG positive (Table 2). From these results we can conclude
that, (1) the Rt was generally highly sensitive than ELISA
for detecting both IgM/IgG among the VPP females, (2) in
contrast, ELISA sensitivity for detecting both IgM/IgG was
generally higher than the Rt among the VPU females, (3) the
Rt sensitivity for detecting both IgM/IgG was higher than
ELISA among males of both the VPP and VPU groups and
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Fig.1 (continued) Cc
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the higher sensitivity of IgM/IgG detection was recorded by
the Rt among the VPP males.

Comparing the Rt and ELISA Sensitivities
for Detecting Anti-SARS-CoV-2 IgM/IgG Among
Symptomatic and Asymptomatic Subjects

Using the Rt, of the 37 VPPS subjects, 25 (67.6%) were I[gM
positive and 29 (78.4%) were IgG positive, whereas, of the 8
VPPAS subjects, 3 (37.5%) were IgM positive and 5 (62.5%)
were IgG positive. In ELISA, of the 37 VPPS subjects, 9
(24.3%) were IgM positive and 25 (67.6%) were 1gG posi-
tive, whereas, of the 8 VPPAS subjects, 2 (25%) were IgM
positive and 4 (50%) were IgG positive (Table 3). From these
results we concluded that, (1) the Rt was more sensitive for
detecting IgM/IgG among the VPPS subjects than among
the VPPAS one, (2) generally, ELISA sensitivity for detect-
ing IgM was comparable among both the VPPS and VPPAS
subjects, whereas, it showed higher sensitivity for detecting
IgG among the VPPS subjects compared to VPPAS ones, (3)
the Rt was more sensitive than ELISA for detecting IgM/IgG
among both the VPPS and VPPAS subjects. Using the Rt, of
the 53 VPUS subjects, 14 (26.4%) were IgM positive and 37
(69.8%) were 1gG positive, whereas, of the 37 VPUAS sub-
jects, 2 (5.4%) were IgM positive and 12 (32.4%) were IgG
positive. In ELISA, of the 53 VPUS subjects, 6 (11.3%) were
IgM positive and 36 (67.9%) were 1gG positive, whereas, of
the 37 VPUAS subjects, 11 (29.7%) were IgM positive and 22
(59.5%) were IgG positive (Table 4). From these results we
concluded that, (1) the Rt was highly sensitive than ELISA
for detecting IgM/IgG among VPUS subjects compared to
VPUAS one, (2) ELISA was better sensitive than the Rt for

ELISA n=54
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detecting IgM among the VPUAS subjects compared to VPUS
ones, whereas, it showed higher sensitivity than the Rt for
detecting IgG among the VPUS subjects compared to VPUAS
ones, (3) the Rt was more sensitive than ELISA for detecting
IgM among the VPUS subjects compared to ELISA, and (4)
the ELISA was highly sensitive than the Rt for detecting IgM/
IgG among the VPUAS subjects.

Comparing the General and the Gender-Specific
Means of the Anti-SARS-CoV-2IgM/IgG Among
the VPP and VPU Subjects Measured Using the Rt
and ELISA

The results revealed neither significant differences between
IgM/IgG means of the two used serodiagnostics (supplemen-
tary Table 2) nor between IgM/IgG means of the two used
assays among the genders (Supplementary Tables 3, 4).

Correlation Between Symptom Grades
and Anti-SARS-CoV-2 IgM/IgG Levels Among
the Study Cohorts

The results revealed an inverse correlation between the symp-
tom grades and sero-prevalence of the anti-SARS-CoV-2IgM/
IgG that was significant (P value=0.008) in case of the meas-
ured IgG by the Rt (Supplementary Table 5).
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Fig.2 a Fold changes in the a
virus-specific IgM/IgG positive
individuals within the virus 25
qRT-PCR-unchecked group
(Right; n=54) and of virus-
specific IgM/IgG positive 2.0
individuals within the virus
qRT-PCR-positive group (Left; o
n=39) recorded both by the 15
rapid test and ELISA. b Distri-
bution of the virus-specific IgM
fold change degrees among the
virus-specific IgM/IgG positive
individuals within the virus
qRT-PCR-unchecked group
(Right; n=54) and within the B
virus qRT-PCR positive individ- 0.0
uals (Left; n=239). ¢ Distribu- ‘
tion of the virus-specific IgG o
o

e o oo
3

° %
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Fold change

0.5

fold change degrees among the 0.5
virus-specific IgM/IgG positive

individuals within the qRT-

PCR-unchecked group (Right; I9G
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qRT-PCR positive individuals b
(Left; n=39). The rapid test

cut-off value was (0), i.e., any 76.9
value above 0 was considered
positive. The ELISA cut-off
values were 0.498 for the IgM
and 0.542 for IgG. The Pandas
library (Version 1.1.1) was used
to load data sets from excel
sheets into data frame objects.
All analysis was carried out in

a Jupyter notebook (Version
6.0.3) with a Python 3.7.7 work
environment. All plots were
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package (Version 0.10.1).
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Discussion

To the best of our knowledge the current study is the first in
Egypt to compare sensitivities of a rapid test and an ELISA
kit for detectinganti-SARS-CoV-2 IgM/IgG in well char-
acterized serum samples. We intentionally used the VPU
group as a control for the VPP group with the aim to see
how useful the used serodiagnostics are to report on infec-
tion independent of QRT-PCR results. This is of particular
economic importance particularly for a developing country
like Egypt where not everybody is capable to afford costs
of qRT-PCR. Additionally, in an earlier report, we tested
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implication of both socioeconomic level and gender on prev-
alence of anti-SARS-CoV-2 IgM/IgG in an Egyptian cohort
and compared our findings to reports from other countries
relying on the used Rt in the current study [29], accordingly,
we wanted to check if the results might show differences
using anti-SARS-CoV-2 IgM/IgG ELISA kit. The recorded
higher sensitivity of the Rt for detecting anti-SARS-CoV-2
IgM/IgG could be due to presence of two antigens (S1 and
N) on the kit cassette, while, ELISA plates of the used kit
are coated with only one with (N) antigen. Previous reports
indicated that serodiagnostics that have designed to detect
both IgM and IgG classes were more sensitive compared to
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Fig.2 (continued) (o]
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those designed to detect only one of the Ig classes [30]. Cos-
gun et al. reported better sensitivity of an Rt for detecting
anti-SARS-CoV-2 IgG compared to ELISA [31]. Addition-
ally, several studies support use of serodiagnostics which
contain either the S1 subunit or RBD side by side with the
N antigen in order to improve both sensitivity and specific-
ity of diagnosis [16—18]. Of note, IgM/IgG seroconversion
to both the N and S antigens occurs concurrently and this
partially support our observations [14, 32, 33]. Concerning
the VPP subjects, the noticed higher sensitivity of the Rt for
detecting both IgM/IgG than ELISA could be due to reliance
of the Rt on two antigens (S1 and N) as has been mentioned
above. Other explanation could be the induction of an acute
immune reaction which indicated by the recorded higher
IgM/IgG intensity among AS subjects. This goes along
with previous reports where both the kinetic and intensity
of induced immunity were a reflection for developed symp-
toms and levels of disease severity [30, 34]. The noticed,
almost identical but poor sensitivities of the two assays for
detecting IgM in the VPU subjects recommends their use
in combination with virus-RNA detection assay to improve
accuracy of early COVID-19 diagnosis. However, the higher
sensitivity of IgG detection using the ELISA indicates its
suitability to follow up the long-lasting immunity. This in
part agrees with the previous reports where asymptomatic
and/or mild infections induced transient responses with low
to moderate antibody titers [25, 35-37]. Therefore, Chen
et al. have suggested combination use of molecular-based
and serology-based assays to improve recognition of asymp-
tomatic and subclinical infections [38]. Coming to this point,
we also recommend use of the herein studied Rt either alone

Degree of IgG fold change
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or in combination with virus-RNA detection-based assay in
order to improve diagnosis sensitivity. In developing coun-
tries including Egypt, the benefits of using rapid assays for
COVID-19 diagnosis are to save the cost, time, and to be
feasibly used at the point-of-care unit. Of note, ELISA are
more suitable to be used for detecting IgG in cross-sectional
population-based studies to retrospectively record the actual
sero-prevalence rates within asymptomatic populations.

Concerning genders, reliance of the Rt on two differ-
ent antigens (Sland N) increased its general sensitivity
for detecting anti-SARS-CoV-2 IgM/IgG among the VPP
females. Noteworthy, both of the higher prognosis and sur-
vival rates allow females to show higher IgG levels than
males [24].

In contrast, the generally observed higher sensitivity of
ELISA for detecting anti-SARS-CoV-2 IgM/IgG among the
VPU females could reflect induction of intensive humoral
immune response due to repeated exposure to subclinical
infections [32].

The higher anti-SARS-CoV-2 IgM/IgG prevalence
rates among females than males revealed an increase of
the risk of virus transmission among households [39-42].
Likewise, here one cannot exclude the cross-reactivity
between anti-N IgG of the a-CoV or b-CoV since both
are known to share 25-29% and 33-47% identity with the
SARS-CoV-2 N protein, respectively [43]. Noteworthy,
number of AS subjects among the VPU group are higher
than those among the VPP ones. Thus, anti-SARS-CoV-2
IgM/IgG detection among the VPU group is still conceiv-
able. The noticed variations in both the reported immu-
nity and disease severity could be attributed to an early

@ Springer



24 Page8of 12

M. M. Bahgat et al.

Fig. 3 a Distribution of the a
virus-specific IgM fold change 87.5
degrees within the virus qRT-

PCR-unchecked (VPU) ELISA- 80.0
antibody positive individuals of
low socioeconomic standards
(LSS; left, n=22) and of high
socioeconomic standards (HSS;
right, n=32). ¢ Distribution

of the virus-specific IgG fold
change degrees among VPU
ELISA-antibody positive indi-
viduals of LSS (Left; n=22) 40.0
and of HSS (Right; n=32).

The ELISA cut-off values were
0.498 for the IgM and 0.542

for IgG. The Pandas library
(Version 1.1.1) was used to load
data sets from excel sheets into
data frame objects. All analysis
was carried out in a Jupyter 3.1
notebook (Version 6.0.3) with a 0.0
Python 3.7.7 work environment.

All plots were generated using

Python Seaborn package (Ver- b

sion 0.10.1).

60.0

Percent

20.0

9.4

Percent

-ve

Degree of IgG fold change

infection caused by one of the seasonal human CoVs. Of
interest, the Rt was highly sensitive for detecting anti-
SARS-CoV-2 IgM/IgG among 28 males of the two groups.
However, both assays were equally sensitive for detecting
IgG among the VPU group. This also can be explained by
dependency of the Rt on two viral-antigens (S1 and N) as
has been indicated above. In agreement with our findings,
previous reports have also documented higher susceptibil-
ity of males to SARS-CoV-2 infection with high degrees
of disease severity compared to females [44]. Of note,
while Ishaq et al. have reported equal prevalence of anti-
SARS-CoV-2 IgG among both genders [45]. Kutsuna et al.
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have reported its higher prevalence among males [46].
On the contrary, higher prevalence of anti-SARS-CoV-2
IgG among females was reported [47]. Therefore, more
research is still needed to unravel gender-related cellular
and molecular mechanisms behind the conflicting out-
comes of these reports. In the VPU group, the higher ratio
of IgM-positive subjects who show fold changes ranging
from the Rt cut-off value to 1 could refer to higher sensi-
tivity of this assay. In contrast, within the same group, the
higher percentage of IgG positive subjects who show fold
changes ranging from the ELISA cut-off values to 1 could
point to better sensitivity of the ELISA. Therefore, we
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Table 2 Comparing sensitivities of the rapid test and ELISA for detecting anti-SARS-CoV-2 IgM/IgG among both genders

Total (n=135)
Gender Females (n=69)
Assay Rapid test ELISA
Subjects VPP (n=22) VPU (n=47) VPP (n=22) VPU (n=47)
Anti-SARS-CoV-2 IgM IgG IgM IgG IgM IgG IgM IgG
antibody
Prevalence 7122 13/22 10/47 29/47 4/22 10/22 14/47 37/47
(%) (31.8) (59.0) (21.2) (61.7) (18.1) (45.4) (29.7) (78.2)
Gender Males (n=66)
Rapid test ELISA

Subjects VPP (n=23) VPU (n=43) VPP (n=23) VPU (n=43)
Anti-SARS-CoV-2 IgM IeG IgM IgG IgM IgG IgM IgG
antibody
Prevalence 21/23 21/23 7/43 22/43 7/23 18/23 3/43 22/43
(%) 91.3) (91.3) (16.2) (51.1) (30.4) (78.2) (6.9) (51.1)
n number of samples; VPP virus-RT-PCR positive; VPU virus-RT-PCR unchecked
Table 3 Comparing sensitivities Human subject VPP (n=45)
of the rapid test and ELISA )
for detecting anti-SARS- Assay Rapid test ELISA
CoV-2 IgM/IgG within .
the symptomatic (S) and Subjects S AS S AS
asymptomatic (AS) subjects (n=37; 82.2%) (n=28; 17.8%) (n=37; 82.2%) (n=28; 17.8%)
of the virus-RT-PCR positive Anti-SARS- IgM IgG IgM IgG IgM 1gG IeM 1gG
(VPP) group CoV-2 antibody

Prevalence 25/37 29/37 3/8 5/8 9/37 25/37 2/8 4/8

(%) (67.5) (78.3) (37.5) (62.5) (24.3) (67.5) (25.0) (50.0)

n number of samples; VPP virus-RT-PCR positive; S symptomatic; AS asymptomatic

Table 4 Comparing sensitivities

: Human subject VPU (n=90)

of the rapid test and ELISA for

detecting anti-SARS-CoV-2 Assay Rapid test ELISA

IgM/IgG within the S and AS .

subjects of the VPU group Subjects S AS S AS

(n=53; 58.9%) (n=37;41.1%) (n=53; 58.9%) (n=37;41.1%)

Anti-SARS- IgM IeG IgM IeG IgM IgG IeM IeG
CoV-2 antibody
Prevalence 14/53 37/53 2/37 12/37 6/53 36/53 11/37 22/37
(%) (26.4) (69.8) 5.4 (32.4) (11.3) (67.9) (29.7) (59.4)

n number of samples; VPU virus-RT-PCR unchecked; S symptomatic; AS asymptomatic

recommend relying on the used ELISA for IgG detection
both in diagnosis and in large-scale surveillance (Fig. 1c).

In the VPP group, the higher percentage of IgM positive
subjects, who show fold changes ranging from ELISA cut-
off values to 1 could reflect higher prevalence of the IgM
within this group (Fig. 2b). On the other hand, in the VPU
group, the higher ratio of anti-SARS-CoV-2 IgG positive

subjects, who show fold changes ranging from ELISA cut-
off values to 1 could point to higher prevalence of the IgG
within this group (Fig. 2¢).

In the LSS subjects of the VPU group, the higher
percentage of the IgM positive subjects who show fold
changes ranging from the ELISA cut-off values to 1 could

@ Springer
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refer to higher prevalence of the IgM among these indi-
viduals compared to the HSS one (Fig. 3a).

In contrast, in the HSS subjects of the same group the
higher percentage of IgG positive subjects who show fold
changes ranging from the ELISA cut-off values to 1 could
indicate higher prevalence of the IgG among these subjects
compared to the LSS one (Fig. 3b).

In conclusion, although the limitation of the sample size,
this study indicates suitability of the used Rt for detecting anti-
SARS-CoV-2 IgM/IgG among S subjects and sheds light on
possibility of relying on the used ELISA for IgG detection
among AS human subjects.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00284-023-03473-z.

Acknowledgements Mahmoud Mohamed Bahgat acknowledges the
National Research Centre of Egypt for providing a Mandatory Grant
(MP120803) and the Alexander von Humboldt Foundation for provid-
ing a digital cooperation fellowship.

Author Contributions MMB wrote the grant that funded the work,
designed the study, discussed the experimental design and the results
of the work with all coauthors and put the structure of the manuscript.
MHN, RN and DNA-E supervised filling the questionnaires and inter-
viewed the un-hospitalized virus RT-qPCR unchecked individuals. KA,
WAH, FMEG and SR provided the sera from, and the virus RT-qPCR
data of, the hospitalized SARS-CoV-2 patients. MHN, RN and DNA-E
performed the rapid IgM/IgG detections, made the photos, transformed
the raw data into numerical values and stored into excel files. MHN did
the statistical analysis, AMF and KF contributed to analysis and use of
the Python Seaborn package, the Pandas library to load data sets from
excel sheets into data frame objects and analyzed the data in a Jupyter
notebook with a Python 3.7.7 work environment to prepare the fold
change figures. MHN wrote the draft of the manuscript that was exten-
sively discussed and edited by MMB. All authors have read, discussed
the final version of the manuscript and agreed on the submission.

Funding This work was supported by a Mandatory Grant (MP120803)
from the National Research Centre of Egypt and a digital cooperation
fellowship from Alexander von Humboldt Foundation of Germany both
awarded to Mahmoud Mohamed Bahgat.

Data Availability All data generated or analyzed during this study are
included in this published article and in the supplementary files.

Declarations

Conflict of interest The authors confirm that no competing interests
are existing.

Ethical Approval and Consent to Participate The study was approved
by the Medical Ethical Committee of the National Research Centre
(Meeting date: 5.11.2020, Decision number: 20166).

Consent for Publication Not applicable.

@ Springer

References

1. Cornelisssen L, De Muyld G, Lafort Y, Laisnez V, Litzroth A,
Valkenborgh EV, Thomas CW (2021) FACT SHEET COVID-19
disease (SARS-CoV-2 virus), version 11; Scientific informa-
tion on COVID-19. Available at: https://covid-19.sciensano.
be/sites/default/files/Covid19/COVID-19_fact_sheet_ ENG.pdf.
Accessed 6 Oct 2021

2. Kevadiya BD, Machhi J, Herskovitz J, Oleynikov MD, Blomb-
erg WR, Bajwa N, Soni D et al (2021) Diagnostics for SARS-
CoV-2 infections. Nat Mater 20(5):593-605. https://doi.org/10.
1038/s41563-020-00906-z

3. Xiao SY, Wu Y, Liu H (2020) Evolving status of the 2019 novel
coronavirus infection: proposal of conventional serologic assays
for disease diagnosis and infection monitoring. J Med Virol
92(5):464-467. https://doi.org/10.1002/jmv.25702. (Epub 2020
Feb 17)

4. Padoan A, Cosma C, Sciacovelli L, Faggian D, Plebani M
(2020) Analytical performances of a chemiluminescence immu-
noassay for SARS-CoV-2 IgM/IgG and antibody kinetics. Clin
Chem Lab Med 58(7):1081-1088. https://doi.org/10.1515/
cclm-2020-0443

5. Charlton CL, Kanji JN, Johal K, Bailey A, Plitt SS, MacDonald
C, Kunst A, Buss E, Burnes LE, Fonseca K, Berenger BM,
Schnabl K, Hu J, Stokes W, Zelyas N (2020) Tipples G (2020)
evaluation of six commercial mid- to high-volume antibody
and six point-of-care lateral flow assays for detection of SARS-
CoV-2 antibodies. J Clin Microbiol 58(10):e01361-e1420.
https://doi.org/10.1128/JCM.01361-20.Print

6. Egger M, Bundschuh C, Wiesinger K, Gabriel C, Clodi M,
Mueller T, Dieplinger B (2020) Comparison of the Elecsys®
anti-SARS-CoV-2 immunoassay with the EDI™ enzyme linked
immunosorbent assays for the detection of SARS-CoV-2 anti-
bodies in human plasma. Clin Chim Acta 509:18-21. https://
doi.org/10.1016/j.cca.2020.05.049. (Epub 2020 May 30)

7. La Marca A, Capuzzo M, Paglia T, Roli L, Trenti T, Nelson
SM (2020) Testing for SARS-CoV-2 (COVID-19): a systematic
review and clinical guide to molecular and serological in-vitro
diagnostic assays. Reprod Biomed Online 41(3):483-499. https://
doi.org/10.1016/j.rbmo.2020.06.001. (Epub 2020 Jun 14)

8. Lippi G, Salvagno GL, Pegoraro M, Militello V, Caloi C, Peretti
A, Gaino S, Bassi A, Bovo C, Lo Cascio G (2020) Assess-
ment of immune response to SARS-CoV-2 with fully automated
MAGLUMI 2019-nCoV IgG and IgM chemiluminescence
immunoassays. Clin Chem Lab Med 58(7):1156-1159. https://
doi.org/10.1515/cclm-2020-0473

9. Tré-Hardy M, Wilmet A, Beukinga I, Dogné JM, Douxfils
J, Blairon L (2020) Validation of a chemiluminescent assay
for specific SARS-CoV-2 antibody. Clin Chem Lab Med
58(8):1357-1364. https://doi.org/10.1515/cclm-2020-0594

10. Reading SA, Dimmock NJ (2007) Neutralization of animal virus
infectivity by antibody. Arch Virol 152(6):1047-1059. https://
doi.org/10.1007/s00705-006-0923-8. (Epub 2007 Feb 15)

11. Combadiere B (2020) Adaptive immunity against SARS-CoV-2.
Med Sci (Paris) 36(10):908-913. https://doi.org/10.1051/med-
s¢i/2020168. (Epub 2020 Sep 22)

12. Yu HQ, Sun BQ, Fang ZF, Zhao JC, Liu XY, Li YM, Sun XZ,
Liang HF, Zhong B, Huang ZF, Zheng PY, Tian LF, Qu HQ,
Liu DC, Wang EY, Xiao XJ, Li SY, Ye F, Guan L, Hu DS,
Hakonarson H, Liu ZG, Zhong NS (2020) Distinct features of
SARS-CoV-2-specific IgA response in COVID-19 patients. Eur
Respir J 56(2):2001526. https://doi.org/10.1183/13993003.
01526-2020. (Print 2020 Aug)

13. Espejo AP, Akgun Y, Al Mana AF, Tjendra Y, Millan NC,
Gomez-Fernandez C, Cray C (2020) Review of current


https://doi.org/10.1007/s00284-023-03473-z
https://covid-19.sciensano.be/sites/default/files/Covid19/COVID-19_fact_sheet_ENG.pdf
https://covid-19.sciensano.be/sites/default/files/Covid19/COVID-19_fact_sheet_ENG.pdf
https://doi.org/10.1038/s41563-020-00906-z
https://doi.org/10.1038/s41563-020-00906-z
https://doi.org/10.1002/jmv.25702
https://doi.org/10.1515/cclm-2020-0443
https://doi.org/10.1515/cclm-2020-0443
https://doi.org/10.1128/JCM.01361-20.Print
https://doi.org/10.1016/j.cca.2020.05.049
https://doi.org/10.1016/j.cca.2020.05.049
https://doi.org/10.1016/j.rbmo.2020.06.001
https://doi.org/10.1016/j.rbmo.2020.06.001
https://doi.org/10.1515/cclm-2020-0473
https://doi.org/10.1515/cclm-2020-0473
https://doi.org/10.1515/cclm-2020-0594
https://doi.org/10.1007/s00705-006-0923-8
https://doi.org/10.1007/s00705-006-0923-8
https://doi.org/10.1051/medsci/2020168
https://doi.org/10.1051/medsci/2020168
https://doi.org/10.1183/13993003.01526-2020
https://doi.org/10.1183/13993003.01526-2020

Sensitivities of a Rapid Test Versus an ELISA Kit for Detecting Anti-SARS-CoV-2 IgM/IgG in Sera...

Page110f12 24

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

advances in serologic testing for COVID-19. Am J Clin Pathol
154(3):293-304. https://doi.org/10.1093/ajcp/aqaal 12

Li D, Li J (2021) Immunologic testing for SARS-CoV-2
infection from the antigen perspective. J Clin Microbiol
59(5):¢02160-e2220. https://doi.org/10.1128/JCM.02160-20.
(Print 2021 Apr 20)

Mekonnen D, Mengist HM, Derbie A, Nibret E, Munshea A, He
H, Li B, Jin T (2021) Diagnostic accuracy of serological tests
and kinetics of severe acute respiratory syndrome coronavirus 2
antibody: a systematic review and meta-analysis. Rev Med Virol
31(3):e2181. https://doi.org/10.1002/rmv.2181. (Epub 2020 Nov
5)

Ward S, Lindsley A, Courter J, Assa’ad A (2020) Clinical testing
for COVID-19.J Allergy Clin Immunol 146(1):23-34. https://doi.
org/10.1016/j.jaci.2020.05.012. (Epub 2020 May 20)

Vashist SK (2020) In vitro diagnostic assays for COVID-19: recent
advances and emerging trends. Diagnostics (Basel) 10(4):202.
https://doi.org/10.3390/diagnostics 10040202

Ma H, Zeng W, He H, Zhao D, Jiang D, Zhou P, Cheng L, Li
Y, Ma X, Jin T (2020) Serum IgA, IgM, and IgG responses in
COVID-19. Cell Mol Immunol 17(7):773-775. https://doi.org/
10.1038/541423-020-0474-z. (Epub 2020 May 28)

. Chen Y, Tong X, Wang J, Huang W, Yin S, Huang R, Yang H,

Chen Y, Huang A, Liu Y, Chen Y, Yuan L, Yan X, Shen H, Wu C
(2020) High SARS-CoV-2antibody prevalence among healthcare
workers exposed to COVID-19 patients. J Infect 81(3):420-426.
https://doi.org/10.1016/j.jinf.2020.05.067. (Epub 2020 Jun 4)
Khan S, Nakajima R, Jain A, de Assis RR, Jasinskas A, Obiero
JM, Adenaiye O, Tai S, Hong F, Milton DK, Davies H, Felgner PL
(2020) Prometheus study group. Analysis of serologic cross-reac-
tivity between common human coronaviruses and SARS-CoV-2
using coronavirus antigen microarray. bioRxiv. https://doi.org/10.
1101/2020.03.24.006544. (Preprint)

Okba NMA, Miiller MA, Li W, Wang C, GeurtsvanKessel CH,
Corman VM, Lamers MM, Sikkema RS, de Bruin E, Chandler
FD, Yazdanpanah Y, Le Hingrat Q, Descamps D, Houhou-Fidouh
N, Reusken CBEM, Bosch BJ, Drosten C, Koopmans MPG, Haa-
gmans BL (2020) Severe acute respiratory syndrome coronavi-
rus 2-specific antibody responses in coronavirus disease patients.
Emerg Infect Dis 26(7):1478-1488. https://doi.org/10.3201/eid26
07.200841. (Epub 2020 Jun 21)

Woo PC, Lau SK, Wong BH, Chan KH, Chu CM, Tsoi HW,
Huang Y, Peiris JS, Yuen KY (2004) Longitudinal profile of
immunoglobulin G (IgG), IgM, and IgA antibodies against the
severe acute respiratory syndrome (SARS) coronavirus nucleocap-
sid protein in patients with pneumonia due to the SARS coronavi-
rus. Clin Diagn Lab Immunol 11(4):665-668. https://doi.org/10.
1128/CDLI.11.4.665-668.2004

Ishay Y, Kessler A, Schwarts A, Ilan Y (2020) Antibody response
to severe acute respiratory syndrome- corona virus 2, diagnostic
and therapeutic implications. Hepatol Commun 4(12):1731-1743.
https://doi.org/10.1002/hep4.1600. (eCollection 2020 Dec)

Su YY, Zhang SY, Li TD, Xia NS (2020) Early diagnosis and
population prevention of coronavirus disease 2019. Curr Opin
HIV AIDS 15(6):345-350. https://doi.org/10.1097/COH.00000
00000000649

Wélfel R, Corman VM, Guggemos W, Seilmaier M, Zange S,
Miiller MA, Niemeyer D, Jones TC, Vollmar P, Rothe C, Hoels-
cher M, Bleicker T, Briinink S, Schneider J, Ehmann R, Zwirgl-
maier K, Drosten C, Wendtner C (2020) Virological assessment of
hospitalized patients with COVID-2019. Nature 581(7809):465—
469. https://doi.org/10.1038/s41586-020-2196-x. (Epub 2020
Apr1)

Xiang F, Wang X, He X, Peng Z, Yang B, Zhang J, Zhou Q, Ye
H,Ma, Li H, Wei X, Cai P, Ma WL (2019) Antibody detection
and dynamic characteristics in patients with coronavirus disease

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

2019. Clin Infect Dis 71(8):1930-1934. https://doi.org/10.1093/
cid/ciaa461

Guo L, Ren L, Yang S, Xiao M, Chang D, Yang F, Dela Cruz
CS, Wang Y, Wu C, Xiao Y, Zhang L, Han L, Dang S, Xu Y,
Yang QW, Xu SY, Zhu HD, Xu YC, Jin Q, Sharma L, Wang
L, Wang J (2020) Profiling early humoral response to diag-
nose novel coronavirus disease (COVID-19). Clin Infect Dis
71(15):778-785. https://doi.org/10.1093/cid/ciaa310

Li K, Huang B, Wu M, Zhong A, Li L, Cai Y, Wang Z, Wu L,
Zhu M, LiJ, Wang Z, Wu W, Li W, Bosco B, Gan Z, Qiao Q,
Wu J, Wang Q, Wang S, Xia X (2020) Dynamic changes in
anti-SARS-CoV-2 antibodies during SARS-CoV-2 infection and
recovery from COVID-19. Nat Commun 11(1):6044. https://doi.
org/10.1038/s41467-020-19943-y

Bahgat MM, Nadeem R, Nasraa MH, Awad MA, Kamel S, Abd-
Elshafy DN (2021) Impact of both socioeconomic level and
occupation on antibody prevalence to SARS-CoV-2 in an Egyp-
tian cohort: the first episode. ] Med Virol 93(5):3062-3068.
https://doi.org/10.1002/jmv.26852

LiZ, Yi Y, Luo X, Xiong N, Liu Y, Li S, Sun R, Wang Y, Hu
B, Chen W, Zhang Y, Wang J, Huang B, Lin Y, Yang J, Cai W,
Wang X, Cheng J, Chen Z, Sun K, Pan W, Zhan Z, Chen L, Ye
F (2020) Development and clinical application of a rapid IgM-
IgG combined antibody test for SARS-CoV-2 infection diagno-
sis. J Med Virol 92(9):1518-1524. https://doi.org/10.1002/jmv.
25727. (Epub 2020 Apr 13)

Cosgun Y, Altas AB, Kuzucu EA, Guner R, Erdinc S, Eser F,
Kilic EK, Korukluoglu G (2021) Role of rapid antibody and
ELISA tests in the evaluation of serological response in patients
with SARS-CoV-2 PCR positivity. Folia Microbiol (Praha)
66(4):579-586. https://doi.org/10.1007/s12223-021-00861-5.
(Epub 2021 Apr 7)

Gebhard C, Regitz-Zagrosek V, Neuhauser HK, Morgan R,
Klein SL (2020) Impact of sex and gender on COVID-19 out-
comes in Europe. Biol Sex Differ 11(1):29. https://doi.org/10.
1186/s13293-020-00304-9

Long QX, Liu BZ, Deng HJ, Wu GC, Deng K, Chen YK, Liao
P, QiuJF, Lin Y, Cai XF, Wang DQ, Hu Y, Ren JH, Tang N, Xu
YY, Yu LH, Mo Z, Gong F, Zhang XL, Tian WG, Hu L, Zhang
XX, Xiang JL, Du HX, Liu HW, Lang CH, Luo XH, Wu SB,
Cui XP, Zhou Z, Zhu MM, Wang J, Xue CJ, Li XF, Wang L,
Li ZJ, Wang K, Niu CC, Yang QJ, Tang XJ, Zhang Y, Liu XM,
Li JJ, Zhang DC, Zhang F, Liu P, Yuan J, Li Q, Hu JL, Chen
J, Huang AL (2020) Antibody responses to SARS-CoV-2 in
patients with COVID-19. Nature Med 26(6):845-848. https://
doi.org/10.1038/s41591-020-0897-1. (Epub 2020 Apr 29)
Yongchen Z, Shen H, Wang X, Shi X, Li Y, YanJ, Chen Y, Gu
B (2020) Different longitudinal patterns of nucleic acid and
serology testing results based on disease severity of COVID-19
patients. Emerg Microbes Infect 9(1):833-836. https://doi.org/
10.1080/22221751.2020.1756699

Amanat F, Stadlbauer D, Strohmeier S, Nguyen THO, Chro-
mikova V, McMahon M, Jiang K, Asthagiri Arunkumar G,
Jurczyszak D, Polanco J, Bermudez-Gonzalez M, Kleiner G,
Aydillo T, Miorin L, Fierer D, Amarilis Lugo L, Milunka Kojic
E, Stoever J, Liu STH, Cunningham-Rundles C, Felgner PL,
Moran T, Garcia-Sastre A, Caplivski D, Cheng A, Kedzierska
K, Vapalahti O, Hepojoki JM, Simon V, Krammer F (2020)
A serological assay to detect SARS-CoV-2 seroconversion in
humans. medRxiv. https://doi.org/10.1101/2020.03.17.20037
713. (Preprint)

Lou B, Li TD, Zheng SF, Su YY, Li ZY, Liu W, Yu F, Ge SX,
Zou QD, Yuan Q, Lin S, Hong CM, Yao XY, Zhang XJ, Wu DH,
Zhou GL, Hou WH, Li TT, Zhang YL, Zhang SY, Fan J, Zhang J,
Xia NS, Chen Y (2020) Serology characteristics of SARS-CoV-2
infection after exposure and post-symptom onset. Eur Respir J

@ Springer


https://doi.org/10.1093/ajcp/aqaa112
https://doi.org/10.1128/JCM.02160-20
https://doi.org/10.1002/rmv.2181
https://doi.org/10.1016/j.jaci.2020.05.012
https://doi.org/10.1016/j.jaci.2020.05.012
https://doi.org/10.3390/diagnostics10040202
https://doi.org/10.1038/s41423-020-0474-z
https://doi.org/10.1038/s41423-020-0474-z
https://doi.org/10.1016/j.jinf.2020.05.067
https://doi.org/10.1101/2020.03.24.006544
https://doi.org/10.1101/2020.03.24.006544
https://doi.org/10.3201/eid2607.200841
https://doi.org/10.3201/eid2607.200841
https://doi.org/10.1128/CDLI.11.4.665-668.2004
https://doi.org/10.1128/CDLI.11.4.665-668.2004
https://doi.org/10.1002/hep4.1600
https://doi.org/10.1097/COH.0000000000000649
https://doi.org/10.1097/COH.0000000000000649
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1093/cid/ciaa461
https://doi.org/10.1093/cid/ciaa461
https://doi.org/10.1093/cid/ciaa310
https://doi.org/10.1038/s41467-020-19943-y
https://doi.org/10.1038/s41467-020-19943-y
https://doi.org/10.1002/jmv.26852
https://doi.org/10.1002/jmv.25727
https://doi.org/10.1002/jmv.25727
https://doi.org/10.1007/s12223-021-00861-5
https://doi.org/10.1186/s13293-020-00304-9
https://doi.org/10.1186/s13293-020-00304-9
https://doi.org/10.1038/s41591-020-0897-1
https://doi.org/10.1038/s41591-020-0897-1
https://doi.org/10.1080/22221751.2020.1756699
https://doi.org/10.1080/22221751.2020.1756699
https://doi.org/10.1101/2020.03.17.20037713
https://doi.org/10.1101/2020.03.17.20037713

24

Page 12 of 12

M. M. Bahgat et al.

37.

38.

39.

40.

41.

42.

43.

56(2):2000763. https://doi.org/10.1183/13993003.00763-2020.
(Print 2020 Aug)

Liu W, Liu L, Kou G, Zheng Y, Ding Y, Ni W, Wang Q, Tan L,
Wu W, Tang S, Xiong Z, Zheng S (2020) Evaluation of nucleocap-
sid and spike protein-based enzyme-linked immunosorbent assays
for detecting antibodies against SARS-CoV-2. J Clin Microbiol
58(6):e00461-e520. https://doi.org/10.1128/JCM.00461-20
Chen Z, Zhang Z, Zhai X, Li Y, Lin L, Zhao H, Bian L, Li P, Yu L,
Wu Y, Lin G (2020) Rapid and sensitive detection of anti-SARS-
CoV-2 IgG, using lanthanide-doped nanoparticles-based lateral
flow immunoassay. Anal Chem 92(10):7226-7231. https://doi.org/
10.1021/acs.analchem.0c00784. (Epub 2020 May 5)
BiQ,WuY, Mei S, Ye C, Zou X, Zhang Z, Liu X, Wei L, True-
love SA, Zhang T, Gao W, Cheng C, Tang X, Wu X, Wu Y, Sun
B, Huang S, Sun Y, Zhang J, Ma T, Lessler J, Feng T (2020)
Epidemiology and transmission of COVID-19 in 391 cases and
1286 of their close contacts in Shenzhen, China: a retrospective
cohort study. Lancet Infect Dis 20(8):911-919. https://doi.org/10.
1016/S1473-3099(20)30287-5. (Epub 2020 Apr 27)

Cheng HY, Jian SW, Liu DP, Ng TC, Huang WT, Lin HH (2020)
Taiwan COVID-19 outbreak investigation team. Contact tracing
assessment of COVID-19 transmission dynamics in Taiwan and
risk at different exposure periods before and after symptom onset.
JAMA Intern Med 180(9):1156-1163. https://doi.org/10.1001/
jamainternmed.2020.2020

Jing QL, Liu MJ, Zhang ZB, Fang LQ, Yuan J, Zhang AR, Dean
NE, Luo L, Ma MM, Longini I, Kenah E, Lu Y, Ma Y, Jalali
N, Yang ZC, Yang Y (2020) Household secondary attack rate of
COVID-19 and associated determinants in Guangzhou, China: a
retrospective cohort study. Lancet Infect Dis 20(10):1141-1150.
https://doi.org/10.1016/S1473-3099(20)30471-0. (Epub 2020
Jun 17)

Bin-Ghouth AS, Al-Shoteri S, Mahmoud N, Musani A, Baoom
NM, Al-Waleedi AA, Buliva E, Aly EA, Naiene JD, Crestani R,
Senga M, Barakat A, Al-Ariqi L, Al-Sakkaf KZ, Shaef A, Thabit
N, Murshed A, Omara S (2022) SARS-CoV-2 seroprevalence in
Aden, Yemen: a population-based study. Int J Infect Dis 115:239-
244, https://doi.org/10.1016/j.1jid.2021.12.330. (Epub 2021 Dec
17)

Davis C, Gao M, Nichols M, Henao R (2020) Predicting hospital
utilization and inpatient mortality of patients tested for COVID-
19. medRxiv. https://doi.org/10.1101/2020.12.04.20244137

@ Springer

44.

45.

46.

47.

Peckham H, de Gruijter NM, Raine C, Radziszewska A, Ciurtin
C, Wedderburn LR, Rosser EC, Webb K, Deakin CT (2020) Male
sex identified by global COVID-19 meta-analysis as a risk factor
for death and ITU admission. Nature Commun 11(1):6317. https://
doi.org/10.1038/s41467-020-19741-6

Ishaq SE, Abdulqadir SZ, Khudhur ZO, Omar SA, Qadir MK,
Awla HK, Rasul MF, Bapir AA, Zanichelli A, Mansoor MK, Kal-
eem M, Rizwan MA, Smail SW, Babaei E (2021) Comparative
study of SARS-CoV-2 antibody titers between male and female
COVID-19 patients living in Kurdistan region of Iraq. Gene Rep
25:1014009. https://doi.org/10.1016/j.genrep.2021.101409. (Epub
2021 Oct 24)

Kutsuna S, Asai Y, Matsunaga A, Kinoshita N, Terada M, Miyaz-
ato Y, Nakamoto T, Suzuki T, Saito S, Endo M, Kanda K, Kenji
M, Takasaki J, Hojo M, Ishizaka Y, Ohmagari N (2021) Fac-
tors associated with anti-SARS-CoV-2 IgG antibody production
in patients convalescing from COVID-19. J Infect Chemother
27(6):808-813

Robbiani DF, Gaebler C, Muecksch F, Lorenzi JCC, Wang Z, Cho
A, Agudelo M, Barnes CO, Gazumyan A, Finkin S, Hagglof T,
Oliveira TY, Viant C, Hurley A, Hoffmann HH, Millard KG, Kost
RG, Cipolla M, Gordon K, Bianchini F, Chen ST, Ramos V, Patel
R, Dizon J, Shimeliovich I, Mendoza P, Hartweger H, Nogueira
L, Pack M, Horowitz J, Schmidt F, Weisblum Y, Michailidis E,
Ashbrook AW, Waltari E, Pak JE, Huey-Tubman KE, Koranda N,
Hoffman PR, West AP Jr, Rice CM, Hatziioannou T, Bjorkman
PJ, Bieniasz PD, Caskey M, Nussenzweig MC (2020) Convergent
antibody responses to SARS-CoV-2 in convalescent individuals.
Nature 584(7821):437-442. https://doi.org/10.1038/s41586-020-
2456-9. (Epub 2020 Jun 18)

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1183/13993003.00763-2020
https://doi.org/10.1128/JCM.00461-20
https://doi.org/10.1021/acs.analchem.0c00784
https://doi.org/10.1021/acs.analchem.0c00784
https://doi.org/10.1016/S1473-3099(20)30287-5
https://doi.org/10.1016/S1473-3099(20)30287-5
https://doi.org/10.1001/jamainternmed.2020.2020
https://doi.org/10.1001/jamainternmed.2020.2020
https://doi.org/10.1016/S1473-3099(20)30471-0
https://doi.org/10.1016/j.ijid.2021.12.330
https://doi.org/10.1101/2020.12.04.20244137
https://doi.org/10.1038/s41467-020-19741-6
https://doi.org/10.1038/s41467-020-19741-6
https://doi.org/10.1016/j.genrep.2021.101409
https://doi.org/10.1038/s41586-020-2456-9
https://doi.org/10.1038/s41586-020-2456-9

	Sensitivities of a Rapid Test Versus an ELISA Kit for Detecting Anti-SARS-CoV-2 IgMIgG in Sera from an Egyptian Cohort
	Abstract
	Introduction
	Materials and Methods
	The Study Cohorts
	Sample Collection and Antibody Detections
	Statistical Analysis

	Results
	Comparing the Rt and ELISA Sensitivities for Detecting anti-SARS-CoV-2 IgMIgG Among the VPP and VPU Groups
	Comparing the Rt and ELISA Sensitivities for Detecting Anti-SARS-CoV-2 IgMIgG Among Subjects of the Two Different Socioeconomic Standards Within the VPU Group
	Comparing the Rt and ELISA Sensitivities for Detecting Anti-SARS-CoV-2IgMIgG Between Genders
	Comparing the Rt and ELISA Sensitivities for Detecting Anti-SARS-CoV-2 IgMIgG Among Symptomatic and Asymptomatic Subjects
	Comparing the General and the Gender-Specific Means of the Anti-SARS-CoV-2IgMIgG Among the VPP and VPU Subjects Measured Using the Rt and ELISA
	Correlation Between Symptom Grades and Anti-SARS-CoV-2 IgMIgG Levels Among the Study Cohorts

	Discussion
	Anchor 16
	Acknowledgements 
	References




