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Abstract

Key Points In our clinical cross-sectional study, we identified 107 of 347 patients who were tested positive for antibodies of
novel Coronavirus 2019 (SARS-CoV-2). Main symptoms were exhaustion and cough, exposition to other COVID-19-patients
appeared frequently.

Background There is urgent need for information on predictive parameters on immunity and infectivity in Coronavirus
disease-2019 (COVID-19) pandemic. Our aim was to investigate distribution of novel Coronavirus 2019 (SARS-CoV-2)
infections in a German General Practice and to learn about possible predictive parameters regarding infection and pathways
of transmission.

Methods In our cross-sectional study, we tested 347 patients of our General Practice using 2019-nCoV-2-I1gG/IgM antibody
test [2019-nCoV2 IgG/IgM Rapid Test Cassette (Ref.: INCP-402/INCP-402B; ACRO, BIOTECH, INC.)]. We asked for 13
specific symptoms and 4 questions to investigate patients’ surroundings.

Results A total of 107 of 347 patients were tested positive for antibodies (Immunoglobulin M-positive and/or Immunoglobu-
lin G-positive). In antibody-positive group, body aches and rhinorrhea were seen more often and there were significantly less
asymptomatic patients. Stay in area of risk was significantly more frequent in antibody-positive group as well as contact to
infected persons. Distribution of other symptoms was not significantly different between both groups. Most adults or children
with SARS-CoV-2 infection presented with mild flu-like symptoms.

Conclusion A total of 30% of patients had antibodies. It was not possible to identify one solid predictive symptom. Serologi-
cal testing may be helpful for the diagnosis of suspected patients with negative RT-PCR results and for the identification of
asymptomatic infections.

Keywords Antibodies - COVID-19 - Exhaustion - Pandemic - SARS-CoV-2

Background The SARS-CoV-2-virus can cause an acute infection of the

respiratory tract [1, 2] as well as mild upper respiratory tract
2019 novel coronavirus (2019-nCoV; SARS-CoV-2) is a  symptoms, which suggest the potential for pre- or oligo-
great challenge as it is an ongoing pandemic disease since  symptomatic transmission [3-5]. As the world faces a great

late 2019 and emerged from China towards the whole world.  pandemic, there is urgent need for information on predictive
parameters on immunity and infectivity. The identification
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epidemiological investigation. COVID-19 is contagious dur-
ing the latency period [9]. Patients present certainly similar
symptoms, such as fever, exhaustion, and cough as far as we
know [10, 11]. Some patients rapidly develop acute respira-
tory distress syndrome, respiratory failure, multiple organ
failure, even deaths [11-13]. Germany faced a first wave of
infections in March and April of 2020. So far (8th of Feb-
ruary 2021), 2,288,545 persons were infected and 61,675
died after (COVID-19) [14]. There is urgent need to identify
crucial factors of distribution and predictive parameters of
ways of infections to contain the pandemic, since real-life
sensitivity of PCR testing of nasopharyngeal or respiratory
specimens is poor [15]. In our study, we investigated the
distribution of infection rate among patients of a general
practice. The aim was to identify whether certain symptoms
are associated to greater likelihood of COVID-19 and if it
is possible to outline risk factors and predictive parameters
for infection.

Here, we report an analysis from a German General Prac-
tice in the Western part of North-Rhine Westphalia (Ahaus-
Wuellen) to learn about possible predictive parameters
regarding infection and pathways of transmission.

Methods

We analyzed distribution of COVID-19 using antibody tests
and defined time of study duration for 3 months. Patients
did contact our general practice voluntarily because they
assumed to have overcome COVID-19 or had been in
contact to infected persons. A total of 347 people (322 adults
and 25 children [defined as persons younger than 20 years])
participated for implementation of a 2019-nCoV-2-IgG/IgM
antibody test. We used 2019-nCoV-2 IgG/IgM Rapid Test
Cassette (Ref.: INCP-402/INCP-402B; ACRO, BIOTECH,
INC.) [sensitivity 96.9%, specificity 96.3%]. Our study had
three possible inclusion criteria:

(A) symptoms of acute respiratory infection that had
ended at least 2 weeks before OR.

(B) contact to a COVID-19 patient at least 2 weeks before
OR.

(C) criteria (A) and (B) were matched.

Each patient who matched criteria (A), (B), or (C) signed
official consent of participation as well as private policy and
data processing agreement. Every patient had to complete
a questionnaire for retrospective processing of symptoms
that was developed by the authors according to official
questionnaire of German Association of General Medicine
[16]. The questionnaire is shown as Fig. 1.
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Last name, First name: Date of birth:

Phone: Sex: O female O male O divers ~ Date:
Symptoms:

Symptom Yes | No | Time of symptoms

sudden start? (6] (0] from to
shortness of breath at | O o from to
rest?

shortness of breath at | O (0] from to
stress?

fever? o (0] from to
exhaustion? (6] (0] from to
cough? (0] o from to
body aches? (0] o from to
sore throat? o o from to
rhinorrhea? (6] o from to
headache? (6] (0] from to
diarrhea? (6] (0] from to
swallowing disorder? | O o from to
skin rush? o o from to

Further questions:

travel history in past 2 weeks? O yes, where?

Ono

stay in area of risk for COVID-19 in past 2 | O yes, where?
weeks (according to criteria of Robert- | O no

Koch-Institute from March 24th, 2020)?

direct contact to COVID-19-patient in past 2 | O yes, where, when?

weeks? O no

direct contact to supposed COVID-19- | O yes, where, when?

patient in past 2 weeks? O no

Fig. 1 Questionnaire

Patients’ index finger or middle finger was disinfected
and punctured with a sterile lancet. Fingerstick whole blood
specimen of 20 pL was collected and added to the speci-
men well of the test cassette. Two drops of buffer solution
(approximately 80 pL) were added to the specimen well.
Results were noted after exactly 10 min.

Possible test results were antibody negative (neither Immu-
noglobulin G-positive nor Immunoglobulin M-positive),
Immunoglobulin G-positive (IgG-pos), Immunoglobulin
M-positive (IgM-pos) or Immunoglobulin G- and Immu-
noglobulin M-positive (IgG- and IgM-pos). We statistically
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analyzed correlation between positive antibody test and symp-
toms as well as combination of symptoms. Statistical analyses
were performed with STATA 15 (StataCorp LLC, College Sta-
tion, TX, USA).

Results

We included 347 patients in our analysis that were tested
with a 2019-nCoV-2-IgG/IgM antibody test in our general
practice (see Table 1).

The mean age of the participants was 45.2 years and
191 (55%) were females. Among the participants, 25 were
children with a mean age of 11.6 years (14 males and 11
females). In total, 107 (30.8%) patients were tested posi-
tive for antibodies (IgG-pos, IgM-pos, or IgG- and IgM-
pos). Out of these, their mean age was 50.2 years and 51
(48%) were female patients.

The number of patients tested IgM-pos was 31 (9.9%)
with mean age of 50.3 years, 15 female (48%) patients.
Sixty-five (18.7%) patients were tested only IgG-pos with
mean age of 41.8 years, 30 females (46%). Eleven (3.2%)
patients were tested IgG-pos and IgM-pos at the same time
with a mean age of 46.5 years, 6 females (54.5%). Fur-
ther, we observed 240 patients (69.2%) with a negative test
result. Their mean age was 45.7 years, 140 females (58%).

Eighteen out of 25 children were tested antibody-
negative (9 males, 9 females; mean 10.6 years). Seven
children were tested IgG-pos (5 males, 2 females; mean
14.1 years). There were no children tested IgM-pos or IgG-
and IgM-pos.

Only one out of 347 patients had to be treated in Inten-
sive Care Unit. Six patients had to be treated in hospital.
Most patients with SARS-CoV-2 infection presented with
mild flu-like symptoms and had good prognosis. Distribu-
tion of these symptoms is shown in Table 2.

In antibody-positive group, there were significantly less
asymptomatic patients (9.3%) than in antibody-negative
group (22.9%) (p-value 0.004). Symptom of body aches
appeared in 50.5% of antibody-positive tested persons,
compared with 37.9% of antibody-negative tested (p-value
0.029). Rhinorrhea was seen in 52.3% of antibody-positive
patients and in 40.8% of antibody-negative patients (p-value
0.046). Stay in area of risk was significantly more frequent
in antibody-positive group (18.7%) than in antibody-
negative group (10.8%) (p-value 0.046). Contact to infected
person appeared more often in antibody-positive group
(52.3%) compared with antibody-negative group (31.3%) (p
value <0.001). We found exhaustion or cough more often in
antibody-positive group (81.3%) than in antibody-negative
group (70.0%) (p-value 0.028). Exhaustion or cough or body
aches was seen in 83.2% of antibody-positive patients and in
70.8% of antibody-negative patients (p-value 0.015). Cough
or body aches were identified in 76.6% of antibody-positive
patients and in 65.4% of antibody negative patients (p-value
0.037). Distribution of other symptoms was not significantly
different between both groups and can be found in Table 3.

Twenty-two patients out of our study had received PCR test-
ing independently to our study because of infection symptoms
a couple of weeks before we tested for antibodies (patients gave
consent for publication of results). Nine patients had a negative
PCR test as well as negative antibody test more than 2 weeks

Table 1 Distribution of gender
and age

Total (n=347) Antibody-neg- IgG-pos (n=65)

IgM-pos (n=31) IgG- and

ative (n=240) IgM-pos
(n=11)
n (%) n (%) n (%) n (%) n (%)

All
Female 191 (55.0) 140 (58.3) 30 (46.2) 15 (48.4) 6 (54.5)
Male 156 (45.0) 100 (41.7) 35 (53.8) 16 (51.6) 5(45.5)
Mean age 45.2 45.7 41.0 50.3 46.4
Age (min-max) 4-79 4-79 10-72 25-79 24-59
Children (age < 20)
Female 11 (44.0) 9 (50.0) 2 (28.6) 0(0.0) 0(0.0)
Male 14 (56.0) 9 (50.0) 5(71.4) 0(0.0) 0(0.0)
Mean age 11.6 10.6 14.1 - -
Age (min-max) 4-19 4-18 10-19 - -

IgG-pos Immunoglobulin G-positive, /gM-pos Immunoglobulin M-positive, IgG- & IgM-pos Immunoglob-
ulin G- and Immunoglobulin M-positive

Data are in % unless otherwise indicated

#0dds ratio (relative risk) of having a positive antibody test result

Pearson 12 test p-value

°t test p-value
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Table 2 Distribution of symptoms

Symptom Test negative (n=240) IgG-pos (n=65) IgM-pos (n=31) IgG-&
IgM-pos
(n=11)
n (%) n (%) n (%) n (%)
Asymptomatic 57 (23.85) 9 (13.85) 3(9.68) 1(9.09)
Sudden start 94 (39.17) 33 (50.77) 16 (51.61) 4 (36.36)
Dyspnea at rest 25(10.42) 11 (16.92) 4(12.90) 3(27.27)
Dyspnea at stress 57 (23.75) 19 (29.23) 7 (22.58) 4 (36.36)
Fever 48 (20.00) 17 (26.15) 4(12.90) 2 (18.18)
Exhaustion 142 (59.17) 44 (67.69) 21 (67.74) 9 (81.82)
Cough 139 (57.92) 41 (63.08) 20 (64.52) 4 (36.36)
Body ache 91 (37.92) 35 (53.85) 13 (41.94) 6 (54.55)
Sore throat 123 (51.25) 33 (50.77) 18 (58.06) 5 (45.45)
Rhinorrhea 98 (40.83) 35 (53.85) 15 (48.39) 6 (54.55)
Headache 111 (46.25) 34 (52.31) 15 (48.39) 7 (63.64)
Diarrhea 50 (20.83) 18 (27.69) 4 (12.90) 6 (54.55)
Swallowing disorder 60 (25.00) 16 (24.62) 9 (29.03) 2 (18.18)
Skin rush 10 (4.17) 4 (6.15) 4 (12.90) 2 (18.18)
Travel history in past 2 weeks 44 (18.33) 20 (30.77) 3(9.68) 3(27.27)
Stay in area of risk for COVID-19 in past 2 weeks 26 (10.83) 16 (24.62) 1(3.23) 3(27.27)
Direct contact to COVID-19-patient in past 2 weeks 75 (31.25) 41 (63.08) 9(29.03) 6 (54.55)
Direct contact to supposed COVID-19-patient in past 2 weeks 42 (17.50) 18 (27.69) 6 (19.35) 4 (36.36)

No. (%), IgG-pos Immunoglobulin G-positive, IgM-pos Immunoglobulin M-positive, IgG- & IgM-pos Immunoglobulin G- and Immunoglobulin

M-positive

after PCR (40.9%). For 10 patients with a negative PCR test, we
were able to find antibodies more than 2 weeks later (45.5%),
in 7 of these patients’ result was IgG-pos, in 3 cases we found
IgM. There were 3 patients (13.6%) with positive PCR test and
IgG-pos more than 2 weeks later.

Discussion
Limitations

We present a selected study group as patients did contact our
general practice voluntarily because they assumed to have over-
come COVID-19 or had been in contact to infected persons.
Of course, results might be affected by this as well as by the
fact that people had to pay for the antibody test. Further, there
is a certain demographic and geographic pre-selection as all
patients live in a rural area. Health-conscious behavior might
be different from rural to metropolitan area. Therefore, results
cannot basically be transferred on the whole country. In addi-
tion, number of children tested was small, as discussed later.

Symptoms

By the time we run through our study, there was less experi-
ence worldwide regarding implementation of SARS-CoV-2

@ Springer

antibody tests. We were able to identify exhaustion and
cough as main symptoms in the group of IgG-pos patients.
Most of IgG-pos patients had been exposed to other COVID-
19 patients or stayed in an area of risk. It was not possible
to differentiate significantly between antibody-positive and
antibody-negative persons using a certain single symptom.
On the other hand, we found that antibody-negative tested
persons were more frequently asymptomatic in comparison
with antibody-positive tested. Symptoms were similar com-
pared with big analyses of Huang and Cervia [17, 18]. As far
as we know, underlying health conditions as pulmonary dis-
ease, diabetes, and old age are associated with severe course
of COVID-19 [19]. SARS-CoV-2 responses are known to
be stronger and broader in individuals with more severe
COVID-19, but these show weaker antibody responses to
prior infections. Among hospitalized patients, males produce
stronger SARS-CoV-2 antibody responses than females [20].

Children and adults

Human-to-human transmission of SARS-CoV-2 mainly
occurs between family members, including relatives and
friends in intimate contact with patients or incubation car-
riers [21]. We were not able to identify a significant rate of
infections in certain families. Rate of infections in different
family surroundings was between 25 and 100%. We were
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Table 3 Significance of symptoms

Total (n=347)  Antibody-nega- Antibody-posi- Odds ratio®  p-value®

tive (n=240) tive (n=107)

n (%) n (%) n (%)
Sociodemography
Female 191 (55.0) 140 (58.3) 51(47.7) 0.65 0.065
Male 156 (45.0) 100 (41.7) 56 (52.3) 1.54 0.065
Mean age 452 45.7 44.2 0.99 43
Symptoms
Asymptomatic 65 (18.7) 55 (22.9) 10 (9.3) 0.35 .004
Sudden start 147 (42.4) 94 (39.2) 53 (49.5) 1.52 .071
Dyspnea at rest 43 (12.4) 25 (10.4) 18 (16.8) 1.74 .094
Dyspnea at stress 87 (25.1) 57 (23.8) 30 (28.0) 1.25 .39
Fever 71 (20.5) 48 (20.0) 23 (21.5) 1.10 75
Exhaustion 216 (62.2) 142 (59.2) 74 (69.2) 1.55 .076
Cough 204 (58.8) 139 (57.9) 65 (60.7) 1.13 .62
Body ache 145 (41.8) 91 (37.9) 54 (50.5) 1.67 .029
Sore throat 179 (51.6) 123 (51.3) 56 (52.3) 1.04 .85
Rhinorrhea 154 (44.4) 98 (40.8) 56 (52.3) 1.59 .046
Headache 167 (48.1) 111 (46.3) 56 (52.3) 1.28 .30
Diarrhea 78 (22.5) 50 (20.8) 28 (26.2) 1.35 27
Swallowing disorder 87 (25.1) 60 (25.0) 27 (25.2) 1.01 .96
Skin rush 20 (5.8) 10 (4.2) 10 (9.3) 2.37 .056
Combination of symptoms
Exhaustion and cough 165 (47.6) 113 (47.1) 52 (48.6) 1.06 0.79
Exhaustion OR cough 255 (73.5) 168 (70.0) 87 (81.3) 1.86 0.028
Exhaustion and sore throat 143 (41.2) 97 (40.4) 46 (43.0) 1.11 0.65
Exhaustion OR sore throat 252 (72.6) 168 (70.0) 84 (78.5) 1.57 0.10
Exhaustion and cough and body aches 100 (28.8) 67 (27.9) 33 (30.8) 1.15 0.58
Exhaustion OR cough OR Body aches 259 (74.6) 170 (70.8) 89 (83.2) 2.04 0.015
Cough and body aches 110 (31.7) 73 (30.4) 37 (34.6) 1.21 0.44
Cough OR body aches 239 (68.9) 157 (65.4) 82 (76.6) 1.73 0.037
Cough and sore throat 147 (42.4) 102 (42.5) 45 (42.1) 0.98 0.94
Cough OR sore throat 236 (68.0) 160 (66.7) 76 (71.0) 1.23 0.42
Exhaustion and headache 140 (40.3) 90 (37.5) 50 (46.7) 1.46 0.11
Exhaustion OR headache 243 (70.0) 163 (67.9) 80 (74.8) 1.40 0.20
Behavior prior to test
Travel history in past 2 weeks 70 (20.2) 44 (18.3) 26 (24.3) 1.43 .20
Stay in area of risk for COVID-19 in past 2 weeks 46 (13.3) 26 (10.8) 20 (18.7) 1.89 .046
Direct contact to COVID-19-patient in past 2 weeks 131 (37.8) 75 (31.3) 56 (52.3) 2.42 P<.001
Direct contact to supposed COVID-19-patient in past 2 weeks 70 (20.2) 42 (17.5) 28 (26.2) 1.67 .0631

Data are in % unless otherwise indicated

20dds ratio (relative risk) of having a positive antibody test result

Pearson 2 test p-value

°t test p-value

limited by the fact that we only saw single family members
in most cases. Many persons did not want their relatives to be
tested as well. Most patients had mild symptoms, especially

younger people, as already seen in other studies [22]. Chil-
dren are reported to have a better prognosis and pediatric
COVID-19 infection is relatively mild when compared with
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adults [23]. In our study, 7 children were tested IgG-pos with
mild infection. We were not able to include a big number
of children in our analysis due to different reasons: most
children in Germany are treated in pediatric practice until
age of 16 to 18 years, so we do not see many children in gen-
eral practice. Additionally, many parents preferred to isolate
their children at home during first wave of infection to avoid
any risk of infection that might occur in a practice during
pandemic. Finally, most parents probably did not suspect an
infection of their children due to very mild symptoms and
therefore did not see a necessity for testing [23, 24].

Cross-reactivity

As already known, there are common human coronavirus
strains and other common respiratory viruses [17]. Binding of
an antibody on two different antigens that show similar bind-
ing sites might lead to false-positive results. Cross-reactivity
of IgM-antibodies might be possible against endemic (Beta-)
Coronaviruses. This might cause potential false-positive results
regarding IgM-pos patients [25]. Other molecules, including
interferon, rheumatoid factor, non-specific IgM, and so on
might as well cause false-positive results. There is probably
a cross-reactivity between the N protein of SARS-CoV-2 and
antibodies against other human coronaviruses [26]. For these
reasons, we are skeptical regarding results of [gM-pos patients
since possible cross-reactivity might occur. We conclude that
detection sensibility is higher in IgG-IgM combined antibody
tests than in individual IgG or IgM antibody tests [27].

The median seroconversion time for IgM and then IgG
is day 12 and day 14 as shown by Cervia [18] and Zhao
[28]. Thus, possibly, some patients might have been detected
before seroconversion of IgG had occurred. If antibody test-
ing is done during the early stage of the infection, they may
produce false-negative results [27]. So, we are confident to
state that antibody testing should not be used to early after
beginning of symptoms or contact to a COVID-19 patient.

Discussion about polymerase chain reaction vs.
antibody test

In clinical practice of outpatient care, there are certain chal-
lenges regarding quality and availability of polymerase chain
reaction (PCR) from nasal and throat swab which need to
be discussed. It is known that nucleic acid-based methods
are sensitive but prone to false-positive results [29]. Qual-
ity of PCR depends on different aspects and we address
specific questions about this method: at what time is tested
after beginning of symptoms or after contact to a COVID-
19-person? How is the quality of the sample regarding depth
of swap and amount of material? How long does it take to
transport a sample from a Practice in a rural area to a cen-
tral laboratory? Do criteria of Robert-Koch-Institute allow
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testing at the expense of health insurance/does patient have
to pay for testing? How is quality of laboratory procedure?

Especially in rural regions, tests were not available
nationwide at the beginning of pandemic in Germany. Fur-
ther, type of indication position for testing due to recom-
mendation of the Robert-Koch-Institute (RKI) was adjusted
multiple times [7]. Likewise, period between beginning of
symptoms and testing charges quality of results. Finally,
quality of testing considering operation process of testing
shows big variety. Thus, PCR testing likely underestimates
the true prevalence of infection, creating the need for sero-
logic methods to detect infections [30, 31]. Findings of our
daily practice routine support this assumption as described
above: 10 out of 22 patients with a negative PCR were tested
positive for antibodies more than 2 weeks later (45,45%); in
7 of these patients, result was IgG-pos; in 3 cases, we found
IgM. These findings support importance of quarantine for
symptomatic patients as well as for patients who were in
contact to infected persons, even if PCR test is negative.
As median seroconversion time for IgM and then IgG is
about 12-14 days [18, 28], antibody testing after time of
quarantine might be helpful to identify cases of COVID-19.
Nevertheless, it is important to test via PCR when infection
is suspected. The antibody-based method has slightly lower
sensitivity but higher accuracy than PCR [26, 27, 29]. Com-
pared with PCR, antibody testing saves time and does not
require equipment, it is simple to perform, and only requires
minimal training. Another potential application of this test
is screening asymptomatic SARS-CoV-2 carriers [27, 29].
Therefore, it is suggested to combine the two methods to
improve the detection accuracy of COVID-19. We conclude
that serological testing may be helpful for the diagnosis of
suspected patients with negative RT-PCR results and for the
identification of asymptomatic infections [26—29].

Much more progress is necessary in the characterization
of the novel coronavirus and the development of therapies
and vaccines against the virus. Even if PCR testing, which
is usually used at point of suspected infection, is negative,
one cannot exclude infection [26-29]. We conclude that even
patients with negative PCR testing should be advised to take
care of social distancing, wearing face mask, and measures
of hygienics. At this point of pandemic, there is no alterna-
tive of action.
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