S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Clinica Chimica Acta 510 (2020) 746-750

journal homepage: www.elsevier.com/locate/cca

Contents lists available at ScienceDirect

Clinica Chimica Acta

CLINICA
HIMICA

C
ACTASSEE

Review

Update on serologic testing in COVID-19

Rafal Krajewski”, Justyna Golebiowska®, Sebastian Makuch”, Grzegorz Mazur”,

Siddarth Agrawal™™"

Check for
updates

2 Department and Clinic of Internal Medicine, Occupational Diseases, Hypertension and Clinical Oncology, Wroclaw Medical University, Poland

b Department of Pathology, Wroclaw Medical University, Poland
¢ Department of Cancer Prevention and Therapy, Wroclaw Medical University, Poland

ARTICLE INFO ABSTRACT

Keywords:

Serologic tests
COVID-19

Diagnostic algorithms
Public health

Serologic tests are one of the available diagnostic tools in COVID-19. Growing literature highlights their role in
the clinical management of the disease. Unfortunately, due to the limited availability of commercial tests and the
lack of reliable trials establishing the sensitivity and specificity of the diagnostic method, the clinical application
of the test needs to be precisely determined. In this paper, we discuss the utility of anti-SARS-CoV-2 serology
testing in a clinical setting and propose diagnostic algorithms that include serological tests in patients with

confirmed or suspected COVID-19.

1. Introduction

In December 2019, the first reports about the new virus from
Coronaviridae family - Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) were published. The initial outbreak was
located in Wuhan, China, and followed by the rapid global spread of the
infection [1]. On 11 March 2020, WHO declared the outbreak a global
pandemic. From this point forward, scientists and clinicians across the
globe began to research accurate, rapid, and cost-effective diagnostic
methods, as well as safe and effective treatment modalities. Currently,
the only molecular test acceptable and recommended by the WHO in
confirming the infection relies on capturing and detecting the
SARS-CoV-2 genetic material [2]. However, due to its limited sensi-
tivity and specificity, it is critical to complement the diagnostic pro-
cedure with additional tests. Specific anti-SARS-CoV-2 serum anti-
bodies have garnered much attention due to their high diagnostic
potential. The data indicate that the virus—specific antibodies may serve
as a diagnostic tool to increase the sensitivity of molecular tests as well
as assist in controlling the spread of the infection in a population [3].

Unfortunately, due to the limited availability of commercial tests
and the lack of reliable trials establishing the sensitivity and specificity
of the diagnostic method, the clinical utility of the test needs to be
determined. The paper aims to discuss the utility of anti-SARS-CoV-2
serology testing in a clinical setting.

2. A comparison of serological and molecular tests

Currently, the only available test for reliable verification of the
SARS-CoV-2 infection is real-time Reverse-Transcription Polymerase
Chain Reaction (rRT-PCR) [2]. It is a well-established method that
enables the identification of genetic material in samples [4]. A positive
rRT-PCR result confirms the diagnosis of COVID-19 in a suspected
case. However, due to the limited sensitivity and specificity of this
assay, the results often require validation. In the case of COVID-19, a
molecular test has the highest specificity up to 7 days after contact with
the pathogen [3]. After the first week, the number of truly positive
results decreases, and the number of false-negative outcomes increases
[3]. Additionally, the collection site may interfere with the results. The
virus typically localizes in the lower respiratory tract, but routinely, the
sample is collected from the throat, which may lead to a higher ratio of
false—negative results [2,5,6]. A higher number of virions in the upper
respiratory tract during the first two weeks of the infection is associated
with more severe disease. Interestingly, in the case of a mild form of the
disease, the elevated number of virions is observed only in the first
week of the infection [7]. Therefore, the number of false-negative re-
sults may be associated with the severity of the COVID-19. False—po-
sitive outcomes may result from cross-reactions, as well as sample
pollution in the laboratory [8]. Moreover, a molecular test result may
be unreliable due to untimely collection of the sample, insufficient
sample size, virus mutation, or limited replication phase in the host
cells [2,3]. Further limitations involve technical challenges with the
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Fig. 1. Suggested approach to serologic testing of patients with positive rRT-PCR results. Assessment of the patient’s clinical condition consists of medical history,
symptoms, and CT scan. Contact with suspected COVID-19 case, typical symptoms (fever, dry cough, fatigue) and distinctive CT image (ground-glass opacities,
patchy consolidations) suggest a high risk of SARS-CoV-2 infection. For this reason, positive serology can suggest an early, active, or late phase of the disease. It can
also suggest recurrent SARS-CoV-2. However, negative serology may result from undetectable concentration of antibodies - “window period”. No contact with
suspected COVID-19 case, oligosymptomatic or asymptomatic infection, and nonspecific CT image suggest a low risk of infection. Asymptomatic infection and false-
positive rRT-PCR should be considered in positive serology studies whereas asymptomatic infection with “window period” in negative serology studies. In the
“window period,” it is advisable to repeat the serological test in 10-12 days. rRT-PCR - real-time Reverse-Transcription Polymerase Chain Reaction, COVID-19 —
Coronavirus Disease 2019, CT — Computer Tomography. SARS-CoV-2 — Severe Acute Respiratory Syndrome Coronavirus 2.

analysis, the requirement for adequately prepared and certified la-
boratory including laboratory personnel, and fairly long waiting time
for the results [2,5]. The limitations, as well as challenges associated
with rRT-PCR warrant further research of new diagnostic approaches in
COVID-19. Serologic testing appears to be complementary to rRT-PCR.
It can detect antibodies directed to the pathogen as well as specific
antigens. The comprehensive analysis of the molecular structure of
SARS-CoV-2 allowed the researchers to introduce new types of highly
sensitive and specific serologic tests [9,10,11]. To date, there are sev-
eral hundred strip tests that enable quick identification of SARS—-
CoV-2-specific antibodies. These tests include lateral flow im-
munoassay (LFIA), chemiluminescence immunoassay (CLIA), and
enzyme-linked immunosorbent assay (ELISA) [3]. The sensitivity,
however, differs significantly among these assays. For example, the
results from lateral flow immunoassay are obtained the fastest, but their
sensitivity is fairly low [3]. According to the literature, ELISA is the
most common assay used to detect specific SARS-CoV-2 antibodies
[6,12,13,14]. The primary limitation of serological tests is linked with
sparse data regarding their sensitivity and specificity. Therefore, the
tests incur the risk of a high number of false-negative and false—positive
results. False-negative outcomes may be associated with developing an
immune response during early disease and the undetectable level of
specific antibodies (window period). Additionally, chronic
munosuppression may result in an impaired immune response and no
detectable titer. On the other hand, false-positive outcomes may be a
result of molecular similarity in the structure of beta—coronaviruses,
which leads to cross-reaction. At present, the WHO recommends
SARS-CoV-2 specific antibody analysis in the acute phase of infection
and convalescence period, despite the limitations mentioned above. It is
particularly recommended to employ highly sensitive and specific ser-
ological tests in case of negative rRT-PCR results [2].

im-
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3. Anti-SARS-CoV-2 IgM and anti-SARS-CoV-2 IgG

The presence of SARS-CoV-2-specific antibodies strongly correlates
with the molecular structure of the virus. Four essential proteins form
its structure: envelope protein E, spike protein S, membrane protein M
and nucleocapsid protein N. S protein, which consists of two subunits
S1 and S2, plays a critical role in the pathogenesis of COVID-19 [9,10].
The SARS-CoV-2 contains unique end amino acids sequence at the
border of S1 and S2 subunits [11]. This finding may contribute to
minimizing the risk of cross-reactions and false—positive results. Both
subunits of S protein are responsible for penetrating the virus to the
infected cell via an ACE2 receptor located in the respiratory, urinary,
and digestive tract [15]. Research indicates that subunit S is crucial to
specific antibody production [11]. Nucleocapsid protein N also plays a
vital role in stimulating the immune response of the infected organism
[15]. The data regarding the changes of antibodies titer (both IgM and
IgG) throughout the disease is still sparse. However, quantitative de-
tection of antibodies has potential significance for evaluating the se-
verity and prognosis of COVID-19. The current findings indicate that
during SARS-CoV-2 infection, IgM antibodies may be detectable be-
tween 3. and 42. days, whereas IgG antibodies between 5. and 47. days
from the infection [16]. IgM titer may be detectable 10 to 12 days after
the first manifestation of the symptoms [12,13]. Rarely, anti—
SARS-CoV-2 IgM detection becomes possible earlier, after 1-7 days
following the infection [13]. Anti-SARS-CoV-2 IgG is measurable
subsequently to IgM, after 12-14 days from the infection [12,13]. A
study by Havieri et al. examined the changes in anti-SARS-CoV-2 an-
tibodies in 4., 9., 10., and 20., day after the onset of the clinical
symptoms. The results found that in the samples from the 4th day, the
amount of the antibodies was undetectable. Whereas, in those from the
9th and 20th day, the level raised to 80 and 320 for anti-SARS-CoV-2
IgM and 80 and 1280 for anti-SARS-CoV-2 IgG, respectively [16]. The
dynamic changes in serum antibodies titer create a risk of false-nega-
tive results, particularly during the initial period of the infection. It is
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Fig. 2. Suggested approach to serologic testing of patients with past infection and negative rRT-PCR. Assessment of the patient's clinical condition consists of medical
history, symptoms, and CT scan. Contact with suspected COVID-19 case, typical symptoms (fever, dry cough, fatigue), and distinctive CT image (ground-glass
opacities, patchy consolidations) suggest a high risk of SARS-CoV-2 infection. For this reason, positive serology can suggest the early or late phase of the disease. It is
also necessary to exclude the risk of false-negative rRT-PCR in these cases. No contact with suspected COVID-19 case, oligosymptomatic or asymptomatic infection,
and nonspecific CT image suggest a low risk of infection. Convalescence, a past infection, and false-positive serology should be considered in these cases. Due to
negative rRT-PCR study and positive serology, it is advisable to repeat the rRT-PCR test. It is also suggested in low-risk cases due to the possibility of asymptomatic
COVID-19 in patients with past infection. However, past COVID-19 and negative serology suggest false-negative result and requires repeat testing. rRT-PCR - real-
time Reverse-Transcription Polymerase Chain Reaction, COVID-19 - Coronavirus Disease 2019, CT - Computer Tomography. SARS-CoV-2 - Severe Acute

Respiratory Syndrome Coronavirus 2.

recommended to measure both anti-SARS-CoV-2 IgM and IgG, to in-
crease the serological test sensitivity in the first days of the disease
[12-14]. Since the primary immune response develops during the first
10-14 days of the infection, it is essential to perform the serological
tests no sooner than its onset. The accumulating evidence points out
that the serological response during COVID-19 resembles the course of
other viral infections [13,14,17]. The maximum viremia levels are
measured during the initial period of the disease. From the 10-14th day
forward, the concentration decreases as a consequence of the immune
response [18]. These observations justify the therapeutic use of con-
valescence plasma at an early stage of severe COVID-19 [18].

4. Anti-SARS-CoV-2 antibodies and COVID-19 treatment

The relationship between the levels of anti-SARS-CoV-2 antibodies
and the prognosis, as well as the clinical course of COVID-19, is not
established. However, the antibodies and the inflammation caused by
the immune system's activation by viral proteins are responsible for the
symptoms [19,20]. The rising level of immunoglobulins and pro-in-
flammatory cytokines leads to organ failure [21]. The findings from in
vivo studies reveal that the rise of anti-S-IgG levels are associated with
a lower number of detectable virus units. However, higher anti-S-IgG
titer amplifies the risk of Acute Lung Injury (ALI), which is a con-
sequence of IgG-mediated stimulation of inflammation agents, such as
macrophages and IL-8 [22]. Notably, contradicting evidence regarding
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the association between higher antibodies levels and severe form of
COVID-19 exist [12,17]. Of note, however, is the significance of neu-
trophil/lymphocyte ratio (NLR), which allows us to predict the severity
of the infection. High NLR correlates with a more severe clinical course
of the disease [21,23].

Nonetheless, other risk factors, such as age or presence of coexisting
diseases, can also impact the severity of COVID-19 [17,23,24,25].
Notably, age was qualified as an independent risk factor [17]. The
evidence points out that declines in immune system function and higher
expression of ACE2 receptors observed in geriatric patients may be
responsible for the poor prognosis [26].

5. The role of serological testing in the diagnostic process in
confirmed COVID-19

Positive rRT-PCR confirms the presence of active disease [2,27].
The presence of anti-SARS-CoV-2 antibodies may indicate the phase of
COVID-19 disease. High IgM levels are observed in an early stage of the
infection, while elevated IgG is characteristic for reinfection or more
advanced stage [28]. Fig. 1 presents the suggested approach to ser-
ologic testing of patients with positive rRT-PCR results.
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Fig. 3. Suggested approach to serologic
testing of patients without past infec-
tion and negative rRT-PCR. Assessment
of the patient's clinical condition con-
sists of medical history, symptoms, and
CT scan. Contact with suspected
COVID-19 case, typical symptoms
(fever, dry cough, fatigue) and dis-
tinctive CT image (ground-glass opa-
cities, patchy consolidations) suggest a
high risk of SARS-CoV-2 infection. For
this reason, positive serology can sug-
gest the early or late phase of infection.
It is also necessary to exclude the risk of
false-negative rRT-PCR study, so re-
peating the molecular test is advisable.
No contact with suspected COVID-19
case, oligosymptomatic or asympto-
matic infection, and nonspecific CT
image suggest a low risk of infection.
Convalescence, a past infection, and
false-positive serology should be con-
sidered in these cases. Due to no prior
disease, negative rRT-PCR, and low risk
of infection, it seems unnecessary to
perform repeat testing. However, nega-
tive rRT-PCR and negative serology
indicate the false-negative rRT-PCR and
“window period” in cases with high risk
of infection. It is advisable to repeat the
rRT-PCR test. Insignificant medical
history, negative rRT-PCR, negative
serology, and low risk of COVID-19
suggest no active and past infection.

low risk of infection

rRT-PCR - real-time Reverse-Transcription Polymerase Chain Reaction, COVID-19 — Coronavirus Disease 2019, CT — Computer Tomography. SARS-CoV-2 - Severe

Acute Respiratory Syndrome Coronavirus 2.

Table 1
Interpretation of molecular, serological and clinical examination.

rRT-PCR results Serology results (IgM i/lub IgG) Risk of infection Interpretation
High Low
positive IgM (+) i IgG (-) + - early stage of infection
positive IgM (+) i IgG (+) + - active phase of infection
positive IgM (—) i IgG (+) + - late stage of infection, recurrent stage of infection
positive IgM (+) lub IgG (+) - + oligosymptomatic or asymptomatic infection, false-positive rRT-PCR, false-positive serology
positive IgM (—) i IgG (-) + - “window period”
positive IgM (—) i IgG (—) - + “window period”with oligosymptomatic or asymptomatic infection
false—positive rRT-PCR
negative IgM (+) i IgG (-) + - early stage of infection,
false-negative rRT-PCR
negative IgM (—) i IgG (+) + - late stage of infection,
false-negative rRT-PCR
negative IgM (—)i1gG (+) - + past infection
negative IgM (+) i IgG (+) - + convalescence,
false-negative rRT-PCR
negative IgM (—) i IgG (-) + - “window period”,
false-negative rRT-PCR
“+7” positive result or present risk; “—” negative result or absent risk.

6. The role of serological testing in the diagnostic process in
suspected COVID-19

The determination of antibody titer can play a complementary role
in the diagnostic process of COVID-19. In patients with negative
rRT-PCR results and suspected COVID-19, serological tests may help
determine the presence or absence of the infection [6,15]. The variable
sensitivity of the tests during the course of the disease strongly influ-
ences the results. Zhao et al. demonstrated that in the first seven days of
COVID-19, the sensitivity of rRT-PCR and serological tests was 66,7%
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and 38,3%, respectively. Between the 8th and 14th day from the onset,
the sensitivity of rRT-PCR decreased to 54%, whereas the sensitivity of
serological tests increased by up to 90%. After the 15th day, the sen-
sitivity of rRT-PCR was 45,5% and serological tests above 90%. Con-
sidering these findings, the authors suggest concurrent rRT-PCR and
anti-SARS-CoV-2 antibodies testing to increase the diagnostic sensi-
tivity of COVID-19 [12]. In turn, a study by Bin et al. found that the
length of virus incubation affects the seroconversion time. In the case of
virus incubation of fewer than five days, seroconversion appeared
around the 10th day from the beginning of an infection. However, in
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the case of incubation lasting over five days, seroconversion was de-
tected from the 7th day from the beginning of the disease. Among 80
patients with confirmed SARS-CoV-2 infection, seroconversion was
observed in 79 of them [13]. Other findings revealed the rise of anti-
body titer in more advanced stages of COVID-19, particularly after
seven days from the onset [15,17]. It is recommended to perform both
tests to increase the sensitivity of the diagnostic process, particularly
rRT-PCR testing in an early stage of the infection and serological testing
later in the course of the disease [12]. It is, therefore, advisable to
perform serological tests in patients with negative rRT-PCR results in a
later stage of COVID-19. The presence of specific antibodies suggests a
recent infection or a convalescence period [28]. However, it is critical
to emphasize the low sensitivity of rRT-PCR testing in later stages of
the disease. Figs. 2 and 3 present the suggested approach to serologic
testing of patients with negative rRT-PCR results, with and without past
infection.

7. Clinical value of serological testing

Serological tests may be utilized to complement the diagnostic ap-
proach to suspected or confirmed COVID-19. Moreover, the tests may
also be used to limit the spread of the virus. The SARS-CoV-2 virus is
primarily transmitted between people through respiratory droplets and
contact routes [29]. Serological tests are vital to assess the prevalence
of the infection in the targeted population [2,3,30]. Fundamentally, it
allows the estimation of the number of people infected, as well as
tracking the spread of the diseases through the population over time.
The surveillance helps public health officials plan for future healthcare
needs. Moreover, the tests enable easy identification of oligosympto-
matic or asymptomatic individuals and help reach a quarantine deci-
sion [30]. The oligosymptomatic or asymptomatic individuals emerge
as the primary vector of the transmission that contributes to the un-
controlled spread of the disease [31,32]. Furthermore, the assessment
of the prevalence of infection among healthcare workers is of particular
relevance since it helps to estimate and mitigate their exposure and
transmission risk. It is suggested that healthcare workers with immunity
against SARS-CoV-2 could be directed to the management of
COVID-19 patients [30]. The serological tests can be utilized to draw
conclusions regarding the effectiveness of various types of personal
protective equipment, such as shield, masks, goggles, gowns [30].
Lastly, serology tests may also be used to identify potential con-
valescent plasma donors and to evaluate the immune response to can-
didate vaccines [18,30].

8. Conclusion

Serological testing plays a vital role in the clinical management of
COVID-19. Constellations of serological findings, rRT-PCR results, and
their clinical interpretation in suspected infection are summarized in
Table 1. Due to the high sensitivity of serological tests after the 10th
day from the onset of the disease, it is recommended to utilize quali-
tative and quantitative anti-SARS-CoV2 IgM and IgG detection in the
advanced stage of the infection. Particularly, serologic testing should be
advised in patients with negative rRT-PCR results.
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