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ABSTRACT

Introduction: “Re-infection” with COVID-19 is a growing concern; re-infection cases have reported
worldwide. However, the clinical characteristics of SARS-CoV-2 re-infection, including the levels and role
of anti-SARS-CoV-2 Spike protein IgG antibodies and the half-maximal concentration (ICsp) of neutral-
izing antibodies remain unknown.
Methods: Both the epidemiological and clinical information has been collected during two episodes of
COVID-19 in a patient. Laboratory results, including RT-PCR, Ct values, anti-SARS-CoV-2 Spike protein IgG
antibodies, and the ICsp of neutralizing antibodies levels were analyzed on the patient.
Results: The patient was a 58-year-old man who developed moderate COVID-19 pneumonia with oxygen
demand (cannula 2 L/min) in the first episode. By day 30, he recuperated and was discharged after
testing negative for SARS-CoV-2. After two and a half months, his three family members showed COVID-
19 symptoms and tested positive for SARS-CoV-2. He tested positive for SARS-CoV-2 once again and was
asymptomatic (the second episode). The ICsy of neutralizing antibodies against SARS-CoV-2 greatly
increased from 50.0 pg/mL (after the first episode) to 14.8 pg/mL (after the second episode), and
remained strongly reactive (20.1 pl/mL) after 47 days of the second episode.
Conclusions: Epidemiological, clinical, and serological analyses confirmed that the patient had re-
infection instead of persistent viral shedding from first infection. Our results suggest that SARS-CoV-2
re-infection may manifest as asymptomatic with increased neutralizing antibody levels. Further
studies such as the virus characteristics, immunology, and epidemiology on SARS-CoV-2 re-infection are
needed.

© 2021 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Since December 2019, the novel coronavirus disease (COVID-
19), caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has spread worldwide; more than 120 million cases
including over 2.6 million deaths have been detected [1].

Over 25 million patients have recovered from COVID-19, but “re-
infection” cases are a major concern [2—4]. As IgG antibody titers
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and neutralizing activity are elevated initially and decline after 1—-2
months of acute infection, re-infection is a theoretical possibility
[5,6]. Although some re-infection cases with differences in viral
genome sequences have been reported [2—4], the clinical charac-
teristics of SARS-CoV-2 re-infection including the levels and role of
anti-Spike protein neutralizing antibodies and the half-maximal
concentration (ICsp) of neutralizing antibodies remain unknown.

Here, we evaluate the epidemiological, clinical, and serological
data from an asymptomatic patient re-infected with SARS-CoV-
2105 days after the first episode.

2. Patients and methods
Ethical approval

This study was approved by the ethics committee of the NCGM
(approval no: NCGM-G-003536-03) and was conducted in accor-
dance with the Declaration of Helsinki.

2.1. Quantitative reverse transcription-polymerase chain reaction
(qRT-PCR)

COVID-19 was diagnosed based on SARS-CoV-2 RNA detection
in nasopharyngeal swab-samples using qRT-PCR [7].

2.2. Enzyme-linked immunosorbent assay (ELISA)

Recombinant SARS-CoV-2 Spike protein was prepared from cells
transfected with a plasmid bearing the DNA encoding the full-
length protein using the Expi293 expression system (Thermo
Fisher Scientific, Waltham, MA) [8]. The purified protein was coated
onto a MaxiSorp 96-well ELISA plate (Thermo Fisher Scientific)
overnight at 4 °C. Coated wells were blocked with 1% BlockAce
(KAC, Kyoto, Japan) for 1 h at 37 °C and washed six times with
phosphate-buffered saline (PBS). The 1/800-diluted patient serum/
plasma samples were added and incubated at 37 °C for 1 h. The
plate was washed with PBS-T (PBS containing 0.2% Tween 20) and
incubated with horseradish peroxidase-conjugated anti-human
IgG (GeneTex, Irvine, CA) at 37 °C for 30min. After washing with
PBS-T, the captured anti-Spike antibodies were detected with
3,3,5,5'-tetramethylbenzidine substrate (Nacalai Tesque, Kyoto,
Japan). Finally, absorbance at 450 nm (OD4s0) was measured using a
microplate reader (Bio-Rad, Irvine, CA). Samples from healthy
volunteer without SARS-CoV-2 were used as negative controls,
whereas those from infected patients with high levels of anti-Spike
antibodies were used as positive controls. Each sample was assayed
in triplicate. Each antibody titer (OD ratio) was calculated by
dividing each sample OD value by the mean plus 6 standard devi-
ation of the negative control OD values.

2.3. Levels of neutralizing antibodies

IgG fractions were obtained from convalescent patients' plasma/
serum to detect neutralizing antibodies. We used TMPRSS2-
overexpressing VeroE6 (VeroE6™PRSS2) cells and SARS-CoV-
295-2N (jsolated from a patient with COVID-19- [CoV-05]) treated at
the NCGM hospital. IgG fractions were purified using a spin
column-based antibody purification kit (Cosmo Bio, Tokyo, Japan)
according to the manufacturer's instructions. For the antiviral assay,
VeroE6™PRSS2 cells were seeded overnight in 96-well plates
(1 x 10 cells/well). SARS-CoV-2°>—2N was then mixed with each of
the purified IgG fractions, incubated for 20 min at 37 °C, and
inoculated into the VeroE6™PRSS2 cells, After culturing for 3 days,
cytopathic effects in SARS-CoV-2-exposed cells were determined
using the Cell Counting Kit-8 (Dojindo, Kumamoto, Japan).
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3. Results
3.1. Epidemiological and clinical course of the patient

A 58-year-old Japanese man, with a history of mild dyslipide-
mia, underwent nasopharyngeal testing for SARS-CoV-2 RNA and
presented with fever on April 17, 2020. After two days, qRT-PCR
revealed a positive readout (cycle threshold [Ct] values of 18.1),
and the patient was hospitalized. He works as a branch manager of
a company, and his driver, who drives him to and from the company
for 1 h one way, was diagnosed with severe COVID-19 a few days
before. His daughter who had contact with him developed cough
and tested negative for SARS-CoV-2 RNA, whereas his wife was
asymptomatic and did not undergo testing. His son had no contact
with the patient and did not require testing. Upon admission, his
body temperature was 37.5 °C. Chest computed tomography
showed multiple bilateral patchy ground glass opacities. Blood test
results showed C-reactive protein levels of 7.1 mg/dL and leukocyte
counts of 3700 cells/uL. On April 21, favipiravir was administered
due to high oxygen demand (cannula 2 L/min) to treat moderate
COVID-19 pneumonia. His fever broke on April 28. Favipiravir was
administered until May 4. On May 17, his symptoms improved, two
sequential nasopharyngeal qRT-PCR tests were negative, and he
was discharged. There was no relapse of symptoms after discharge
(the first episode).

On July 31, the patient, his wife, and daughter underwent a
nasopharyngeal test for SARS-CoV-2 RNA because they had close
contact with his son, who was febrile and diagnosed with COVID-19
because of positive result of SARS-CoV-2 antigen test on July 29.
gRT-PCR readouts were positive for the patient, his wife, and
daughter with Ct values of 37.8, 16.5, and 16.0, respectively.
Although the patient was asymptomatic, his wife and daughter had
mild fever and dysosmia for several days. They returned home after
10 days of hotel isolation (the second episode) (Fig. 1).

3.2. Anti-spike protein IgG antibodies and neutralizing antibodies
against SARS-CoV-2

On July 20, the patient visited our hospital to take screening as a
candidate for convalescent plasma donor of COVID-19, and then he
received the antibody titer test before the second episode. The anti-
SARS-CoV-2 Spike protein IgG antibodies levels on July 20 (94 days
after the first episode), August 21 (126 days after the first and 21
days after the second episode), September 16 (152 days after the
first and 47 days after the second episode) remained high (OD ratios
were 15.6, 13.6, and 11.8, respectively). Although the ICso of
neutralizing antibodies on July 20 was high (50 pg/mL), that on
August 21 was lower, suggesting a strong reactivity (14.8 pg/mL),
that was maintained on September 16 (20.1 pg/mL) (Figs. 1 and 2).

4. Discussion

We evaluate the results of elevated ICsg of neutralizing anti-
bodies before and after the second episode of an asymptomatic case
of COVID-19 re-infection. In the previously reported cases, two
genetically different SARS-CoV-2 strains were responsible for re-
infection, as per whole-genome sequencing results [2—4].
Although we could not isolate the virus, the patient was diagnosed
as re-infected for the following reasons. First, the interval between
the first and second episodes was 105 days. In a previous case
report, a pregnant woman (immunocompromised) showed pro-
longed SARS-CoV-2 RNA shedding for 104 days [9]. Among most
COVID-19 patients, SARS-CoV-2 RNA was reduced to undetectable
levels one month after the onset of symptoms [5,10,11]. Concur-
rently, our patient tested negative for SARS-CoV-2 one month after
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Fig. 1. Timeline of SARS-CoV-2 infection.

ratio: 13.6, ICsy: 14.8 pg/mL, and (i) OD ratio: 11.8, ICs, 20.1 pg/mL, respectively.

The patient was admitted to the hospital after presenting symptoms related to moderate COVID-19 pneumonia between April 20 and May 17, 2020. He showed no relapse of
symptoms after discharge (the first episode). On July 31, the patient, his wife, and daughter underwent a nasopharyngeal test for SARS-CoV-2 RNA after coming in close contact with
his son, who was febrile and was diagnosed with COVID-19 on July 29. Quantitative reverse transcription-polymerase chain reaction showed a positive readout for SARS-CoV-2, and
they were isolated in a hotel for 10 days (the second episode). The half-maximal inhibitory concentration (ICso) of neutralizing antibodies was 50.0 pg/mL after first episode (July
20). However, the ICsg of neutralizing antibodies after the second episode (August 21) was greater than that after the first episode (14.8 pg/mL), and that at 152 days after the onset

of the first infection (September 16) remained strongly positive at 20.1 pg/mL.

the onset of symptoms. Second, the patient had close contact with a
newly infected family member, and intra-family discrepancy was
found in Ct values and clinical symptoms. Third, the ICs9 of
neutralizing antibodies declined from weakly reactive; 50 pg/mL
(after the first episode) to strongly reactive; 14.8 pg/mL (after the
second episode), and at 47 days from the second episode they
remained strongly positive as 20.1 pg/mL (Fig. 2), despite declined
neutralizing antibody levels after 1—2 months of acute infection [3].

SARS-CoV-2 expresses spike protein on its surface and its re-
ceptor binding domain (RBD) attaches to angiotensin converting
enzyme 2 (ACE2) of host cell. Previous report showed spike protein
has multiple epitopes including RBD, and some anti-RBD antibodies
prevent RBD-ACE2 binding and function as neutralizing antibodies
[12]. There is correlation between the overall levels of anti-spike or
anti-RBD IgG antibodies and neutralizing activity [13], while non-
anti-spike proteins may have neutralizing activity as shown in
SARS-CoV, 2002 [14]. Our study may demonstrate the role of anti-
Spike protein and neutralizing antibodies in SARS-CoV-2 re-infec-
tion. Anti-Spike protein IgG was present ~3 months after the first
infection, but was weakly reactive. However, at 21 days after re-
infection, neutralizing antibody levels increased, suggesting that
re-infection induced neutralizing antibody production.

Clinical significance of neutralizing antibodies against SARS-
CoV-2 has not been well understood, but our study and several
reports may indicate the clinical significance. Regarding first
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episode of infection, previous reports revealed that anti-spike
antibody titers, anti-RBD antibody titer, and neutralizing antibody
activities tended to be higher in patients with severe disease than
in those with mild or moderate disease [6,13,15]. Although the
severity of COVID-19 remains unknown in re-infection cases
[2,16,17], this patient was asymptomatic. We think that high levels
of neutralizing antibodies may reduce disease onset and severity in
reinfection episode. First, SARS-CoV-2 mRNA vaccination success-
fully induced neutralizing antibody and showed efficacy for pro-
tection [18,19]. Second, an asymptomatic re-infection patient will
be rarely diagnosed because such patients do not seek for medical
care and diagnostic test. For these reasons, there may be much
more asymptomatic or mild symptomatic re-infection patients like
our patient worldwide. This suggests that re-infection episode will
be too mild or even asymptomatic to be observed due to neutral-
izing antibodies and other acquired immune response.

While our patient is not incredibly old, nor does he have the
obvious immunodeficiency (only dyslipidemia), there are a few
reports suggesting the role of neutralizing antibody in immuno-
compromised host with persistent COVID-19 [20,21]. One is a case
of a woman in her 60s with history of non-Hodgkin lymphoma in
remission while on maintenance therapy with obinutuzumab, anti-
CD20 monoclonal antibody, who has persistent symptoms and
positive nasopharyngeal PCR test over 12 weeks, and her IgG an-
tibodies for SARS-CoV-2 were undetectable. The patient's
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Lower the half-maximal inhibitory concentration (ICsg) of neutralizing antibodies indicates a strongly active neutralizing antibody. The ICsg of neutralizing antibodies was 50.0 ug/
mL after first episode (July 20). However, the ICsq of neutralizing antibodies after the second episode (August 21) was greater than that after the first episode (14.8 pg/mL), and that
at 152 days after the onset of the first infection (September 16) remained strongly positive at 20.1 pg/mL.

symptoms resolved after convalescent plasma administration [20].
Another report described a case of a man in his 70s with history of
marginal B cell lymphoma with previous chemotherapy including
vincristine, prednisolone, cyclophosphamide, and rituximab.
Despite repeated administration of convalescent plasma and his
own anti-RBD of spike antibody production, SARS-CoV-2 produced
genomic variants during the course, and he deceased on day 102
[21]. Both cases show persistent infection may occur in immuno-
compromised host. Convalescent plasma or neutralizing antibody
could protect against infection, but it would not be sufficient
depending on the type and degree of host immunodeficiency or
viral mutation.

This study has some limitations. First, this is about the evalua-
tion of anti-spike antibodies and neutralizing antibodies in a single
case of suspected re-infection. Second, we could not isolate the
virus and compare differences in genome-wide sequences. How-
ever, increased neutralizing antibody levels suggest re-infection.
Despite these limitations, to best our knowledge, this case is the
first possible SARS-CoV-2 re-infection case in Japan.

In conclusion, SARS-CoV-2 re-infection may manifest as
asymptomatic with increased neutralizing antibody levels. Further
studies such as the virus characteristics, immunology, and epide-
miology on SARS-CoV-2 re-infection are needed.
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