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Indication and interpretation of SARS-CoV-2 antibody diagnostics

The determination of antibodies against SARS-CoV-2 in se-
rum does not replace the direct detection of the virus by PCR.
This direct pathogen detection remains the gold standard for
the detection of acute infection. However, very sensitive and
sufficiently specific antibody tests are now available for labo-
ratory diagnostics (in contrast to the very confusing market
of rapid tests). There are two indications for the detection of
antibodies against SARS-CoV-2:

1. Regarding the acute detection of infection in addition
to direct PCR

As Fig. 1 shows, the viral load drops just a few days after
the first symptoms appear. The sensitivity of direct detec-
tion of infection by PCR thus decreases significantly from
day 7 onwards. This explains why the detection of IgM or
IgA antibodies in the blood significantly increases the sen-
sitivity of infection diagnosis in the early phase, i.e. from
about one week after the onset of symptoms (Guo L, Clin
Infect Dis. 2020; Zhao J, Clin Infect Dis. 2020).

IgM and IgA are early antibodies

The typical constellation for an acute or recent infection
would be IgM/IgA positive, IgG (still) negative (see Fig. 2J.
The most common tests usually detect either IgA or IgM in
addition to IgG. Our experience with parallel use of these
tests shows that IgM is positive approx. 2 days earlier, but
IgA remains positive for a longer time, so that both variants
have advantages and disadvantages, but no different inter-
pretations were found.
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Analyte Result Unit Reference
Range
Diagnosis of infection
SARS-CoV-2 IgG-AB (S1) i.S. (ELISA) 0.2 Ratio <0.8
SARS-CoV-2 IgA-AB (S1) i.S. (ELISA) 4.4 Ratio <038

Current detection of IgA-AB against SARS-CoV-2 without simultane-
ous detection of IgG. An isolated IgA result indicates a recent in-
fection. Since a false positive result cannot be excluded (specificity
approx. 88 %), we recommend direct detection of SARS-CoV-2 by
PCR from the nasopharyngeal swab and a serological follow-up in

2 weeks to confirm seroconversion.
N\ J

Fig. 2 Typical antibody findings in acute infection

2. Detection of antibodies to detect an infection
that has occurred

The second indication for antibody diagnostics is to clarify
whether a SARS-CoV-2 infection has already been expe-
rienced. For this purpose, IgG is of particular importance,
which is only formed in the course of the advanced immu-
ne response after initial contact with the virus and, as with
other viruses, persists for a very long time, possibly even
permanently (see Fig. 1). Approx. 6 weeks after infection, 94
- 98 % of those affected show IgG antibodies. Parallel mea-
surement of IgA can nevertheless be useful, as this method
can also detect cases with delayed IgG formation (pheno-
menon of late IgG formation with mild symptoms! see Fig.1].
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Fig. 1 Development of the antibody response in relation to the viral load and the time of symptom onset
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Analyte Result Unit Reference
Range

Diagnosis of infection

SARS-CoV-2 IgG-AB (S1)i.S. (ELISA) 7.4 Ratio <0.8

SARS-CoV-2 IgA-AB (S1) i.S. (ELISA) 0.6 Ratio <0.8

Detection of IgG-AB against SARS-CoV-2 without simultaneous detec-
tion of IgM. This finding is serologically indicative of a past infection.
Since there are also clinically unremarkable courses of infection, a
past infection (>10 days) can be assumed even if the medical history
is clean. According to the current state of knowledge, immunity can
be assumed, although there are still no conclusive studies on this.
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Fig. 3 Antibody findings with expired (previous) infection

The sensitivity of the antibody tests depends on the time
of examination

The formation of IgM begins on the 3rd to 4th day after the
onset of symptoms. In about 90 % of infected persons IgM is
detectable in serum seven days after onset of symptoms. Va-
rious studies indicate that after two weeks, 100 % of patients
have measurable IgM titers (Xiao AT, | Infect 2020). Other au-
thors report that IgM was not detectable in 10 % at any time
of infection (Padoan A, Clin Chem Lab Med 2020). How long
the IgM persists in the blood seems to depend on the sensi-
tivity of the test kit used. Some authors state that the peak
of IgM formation is reached in the 2nd week (Sun B, Emerg
Microbes Infect 2020), other study groups have observed that
IgM does not decrease again until after 4 weeks (Xie J, J Med
Virol. 2020).

IgA becomes measurable in serum 3-6 days after onset of
symptoms (Guo L, Clin Infect Dis 2020). Compared to IgM, it
occurs only slightly later, but persists longer and can there-
fore close the "gap” to IgG in some cases.

The IgA is positive earlier compared to the IgG (Jad&skelainen
AJ Euro Surveill 2020). 7 days after the onset of symptoms
about 50 % of patients show IgA levels, after 14 days the fi-
gure is 95 % (manufacturer's data Euroimmun). Compared
to 1gG, the first 10 days (early phase of the infection) show a
higher sensitivity (Okba N, Emerg Infect Dis. 2020). Like IgM,
IgA can persist for many weeks in individual cases (Padoan A
Clin Chem Acta 2020).

1gG formation begins 7-10 days after the first symptoms ap-
pear. In the 1st week the sensitivity is only about 30 %. From
the 3rd week onwards IgG reaches a sensitivity of about 94 %
(manufacturer's data Euroimmun). In almost all published
studies there were cases in which no IgG antibodies appeared
even after several weeks despite PCR-assured infection. The
frequency of this seronegativity is below 5 %. The dynamics
of antibody formation is very individual in all three classes.
The times given can therefore only represent average values.

The specificity of the antibody tests

If IgG were detected, how certain could we be that the
person has actually had the infection?

This question and the terms of specificity and positive pre-
dictive value are currently the subject of heated debate in
both professional circles and the media. Diagnostic speci-
ficity indicates the probability of finding an inconspicuous
test result in a homogeneous group of healthy people. The
information provided by the manufacturers for 1gG is usu-
ally over 98 %, in some cases even close to 100 % accurate.
This would mean that every IgG positive was in fact alrea-
dy infected, and therefore there are almost no false positive
results. Unfortunately, however, this does not correspond to
reality, because when the (analytical] specificity is stated,
the influence of the division into sick and healthy persons in
the examined group is often not taken into account (pre-test
probability).

Test specificity 99 %

means: 1 of 100 = false positive
1% infestation means

1 patient with I1gG

+ 1 false positive Tested
=2/100 positive results

of which only 50% are correct

Same ELISA test but population
infected 10%

10 patients with IgG

+ 1 false positive Tested
=11 positive results

of which 91% are correct

Euroimmune IgG test
Test specificity: 99.6% and
infestation 2%

2 patients with IgG

+ 0.4 false positive Tested
=2.4 positive results
of which 83.3% are correct

Fig. 4 A On an ELISA test kit with an analytical specificity of 99 %, one in 100 people tested is false positive (red). Assuming a 1 % population infection, IgG would be
statistically right-positive (green) in a second of the 100 tested. This means that out of 2 patients tested IgG positive, one patient (50%) would be false positive. Fig.
4 B shows that with the same test, the positive predictive value increases to 91 % if a population with a 10 % screening is examined. Fig. 4 C reflects the estimated
reality with the ELISA test kit from Euroimmun (specificity with 99.6 %) and the assumption of a 2 % screening in one region. The predictive value here would be

83.3 %, i.e. almost 2 out of 10 people tested would have a false-positive IgG.
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As long as a disease is rare in the population (and this is cur-
rently still the case with SARS-CoV-2), the so-called positive
predictive value reflects the reality better (see Fig. 4). For ex-
ample, with an assumed infestation of 2 % and an analytical
test specificity of 99.6 % (data for IgG6 EUROIMMUN] it can be
calculated as 83.3 %. This means that statistically only 8.3 of
10 IgG-positive patients are actually positive. However, this
is unavoidable and quite acceptable if it is taken into account
in practice. In general, no serological or laboratory test can
be 100 % specific and sensitive. It can only ever confirm or
refute a suspicion (see also Box 1).

Sensitivity:
e Indicates the percentage of people who are actually
detected as sick by the test procedure

Specificity:

e Indicates the probability with which an uninfected
person is actually recognized as such

Positive predictive value (positive predictive value):

¢ Indicates the probability that persons who tested
positive are actually infected

¢ Depending on the prevalence of a disease in the
population

Box 1 Definitions of terms

Positive IgG should be confirmed

It is common practice in infection serology that positive
screening tests must be confirmed by e.g. immunoblots or
other more specific tests. This option is also available for
the detection of SARS-CoV-2 IgG antibodies. In this test the
"antibody profile” is determined, i.e. IgG antibodies against
the S1 and S2 spike proteins and the nucleocapsid protein
are analysed in parallel from a serum sample. Based on the
number of positive results and the cut off values achieved, a
positive IgG can be identified with much greater certainty as
true positive or false positive.
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Analyte Result Unit Reference
Range
Diagnosis of infection
SARS-CoV-2-IgG confirmation test
(Generic Assay g+ ELISA-Test)
SARS-CoV-2IgG Spike Protein (S1)  14.2 Bl <1.0
SARS-CoV-2IgG Spike Protein (S2) 0.2 Bl <1.0
SARS-CoV-2IgG Nucleocapsid (Nc) 8.4 Bl <1.0
The SARS-CoV-2-Ig (S1) detected in the IgG-ELISA could be con-
firmed. In this respect, it can be assumed that a SARS-CoV-2
infection has occurred.
N J

Fig. 5 Example of 1gG confirmation test. The positive 1gG (S1) result of the
screening test was confirmed due to the significantly high IgGs against S1
protein and nucleocapsid.

Can one rely on IgM and IgA?

Especially IgM but also IgA show a higher avidity due to their
polymeric structure (several binding arms, see Fig. 4). This
means that they are "stickier”, a property that helps to com-
pensate for the still missing fit to the virus in the early phase
of an infection. The disadvantage of this biologically useful
property is that they are also “stickier” in the laboratory
tests and therefore more often cause false positive results,
especially compared to IgG.

According to the current data situation, false positive results
can be expected in about 12-14 % of cases, regardless of
manufacturer. Therefore, the diagnosis of Covid-19 should
never be made on the basis of positive IgA or IgM detection
alone, but always on the basis of direct PCR and (especially
from the 2nd week after the onset of symptoms]) clinically
and radiologically supported (CT lung). A control examinati-
on at intervals of 14 days normally provides clarity, since in
the case of an actual infection IgG (seroconversion] is then

IgM :‘:%%

First antibody of the primary response,
shows acute phase of infection, ability to
complement activation, low affinity, high
avidity

Early formation, immediately after IgM,
antibodies of mucosal immunity, prevents
viral adherence, regulates mucosal perme-
ability, high avidity like IgM

Formed later in the course of the primary
response, mediation of phagocytosis, virus
neutralization, component activation, in
many viruses markers for immunity protec-
fion against infection

-

Fig. 6 Structure and function of the antibody classes

Antibody formation in patients with absent or
mild symptoms

In most studies, patients with severe symptoms were exami-
ned. Cases that showed mild symptoms or were asymptoma-
tic usually show delayed antibody formation as well as lower
titers in all three antibody classes. In practice, this should be
taken into account when examining a suspected acute infec-
tion, or when trying to detect a previous infection (To Kk, Lan-
cet Infect Dis. 2020; Zhao et al; Clin Infect Dis. 2020 Mar 28).

Persistent IgA and IgM detection is possible

Itis also known from other viruses and bacteria that in some
patients both IgA and IgM antibodies can persist for many
weeks. In a Chinese study of SARS-CoV-2 infected patients,
IgM was positive in as many as 33 % of patients after 7 weeks.
This could be due to unspecific reactivity of these two antibo-
dy classes (see below) or could be based on actual persis-
tence. As soon as IgG is also positive, this IgM persistence
is most likely no longer an indication of persistent infectivity.
Up to now it has been assumed that the formation of IgG (i.e.
seroconversion).
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Antibodies can be directed against different
virus components

------------ Spike Glycoprotein (S)

-------- Membrane-bound
Glycoprotein (M)

------ RNA-Genome

------ Nucleocapsid-Protein (Nc)
/ ----------- Protective Protein (E)

Antibody-specific for the

Spike-Protein (S1 /S2...)

Antibody-specific for the
Nucleocapsid-Protein

Fig. 7 Representation of possible SARS-CoV-2 antibody binding sites

The detection of antibodies in patient serum is carried
out with so-called enzyme immunoassays, usually ELISA
tests. As SARS-CoV-2 specific binding proteins, different
components of the virus are used, depending on the
manufacturer, which can partly explain different results.
In current SARS-CoV-2 antibody tests, either the spike
protein (S1 domain) or the nucleocapsid protein (Nc protein)
is used as a specific target antigen. Fig. 6 shows that the
nucleocapsid protein is a protein that is located inside the
virus and surrounds the virus' RNA genome. S1 proteins
are proteins on the virus surface. They are the proteins with
which the virus binds to the ACE2 receptor of human target
cells in order to enter them.

For patients with a lack of antibody formation in a used test
despite urgent clinical or anamnestic suspicion, a control
with an ELISA containing the respective other protein as tar-
get antigen might be useful. For this reason, we have deci-
ded to use one test kit with S1 target antigen (EUROIMMUN]
and one with Nc protein (Abbott) in our laboratory, so that we
can clarify questionable results within the laboratory without
complications.

Does antibody detection also mean immunity?

This is not certain because it cannot yet be proven by case-
control studies due to the shortness of the virus’ existence.
Experiments on rhesus monkeys indicate at least a tempora-
ry immunity (infection protection) after primary infection
(Bao, L. et al. Preprint at bioRxiv). Furthermore, research
has shown that there is a correlation between the titer of
neutralizing antibodies in the virus neutralization test and
the serum antibody titer against both S1 proteins and nuc-
leocapsid protein (Nc). It is important to note that a positive
SARS-CoV-2 1gG result indicates that an infection has occur-
red, but this does not necessarily mean that infection protec-
tion (immunity) is associated with it. For this statement the
necessary long- term studies are yet not available.

Immunity also possible without antibody formation

In our own patient collective, but also in various studies, it
has been observed that in about 3 % of cases, patients with
PCR- assured infections do not produce antibodies even af-
ter weeks. This can be caused by immune defects or atypi-
cally delayed antibody formation. If the infection has been
confirmed, immunity may still exist, since the antibodies
contribute to the immune defence of the virus (e.g. by neu-
tralisation, i.e. inhibition of uptake into target cells), but the
immune defence against the virus is primarily carried by the
T-lymphocytes. This explains why in many cases the virus
is completely eliminated before antibodies are detectable
in the patient’s blood. Corresponding cellular tests are cur-
rently used in research, but are not yet available for labo-
ratory routine. It is also currently believed that the specific
T-cell immunity (based on cross-reactivity) is responsible
for children and some adults surviving the infection without
symptoms of primary infection. What is certain is that this
“immunity” is not based on antibodies.

Material required

The laboratory test for SARS-CoV-2 antibodies is carried out
on 2 mlof serum. The determination of IgG and IgA antibodies
is recommended for all indications. In case of acute infections
the determination of IgM is also recommended.
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