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A case of COVID‑19 reinfection in a hemodialysis patient: the role 
of antibody in SARS‑CoV‑2 infection

Hiroko Beppu1  · Toshie Ogawa1 · Masahiro Ishikane2 · Tomoko Kawanishi1 · Tatsuya Fukuda3,4 · Lubuna Sato2 · 
Akihiro Matsunaga5 · Kenji Maeda6 · Daisuke Katagiri7 · Yukihito Ishizaka5 · Hiroaki Mitsuya6 · Norio Ohmagari2 · 
Fumihiko Yasui8 · Michinori Kohara8 · Kan Kikuchi9 · Sachiko Wakai1

Received: 19 November 2021 / Accepted: 24 February 2022 / Published online: 9 March 2022 
© The Author(s) under exclusive licence to The Japan Society of Nephrology 2022

Abstract
Hemodialysis patients are vulnerable to severe and lethal COVID-19, and their protective immunity against COVID-19 is 
not yet fully understood. Therefore, we report a case of COVID-19 reinfection in a hemodialysis patient 81 days after the 
first episode and discuss the role of antibodies in SARS-CoV-2 infection. A hemodialysis patient developed asymptomatic 
COVID-19 due to an outbreak in a hospital on October 29th, 2020. As he was hospitalized and did not develop any symptoms, 
he was discharged on November 9th. On January 18th, he presented with symptomatic COVID-19 due to close household 
contact. Then, he developed respiratory failure and was transferred to National Center for Global Health and Medicine if he 
would need intensive care. He recovered with oxygen inhalation, favipiravir, and steroid treatment, and was discharged on 
February 12th. To evaluate anti-SARS-CoV-2 antibodies during two hospital stays, we measured immunoglobulin (Ig) G 
specific for S1 subunit of Spike (S) protein of SARS-CoV-2 (IgG-S1) , IgG specific for the full-length S protein (anti-Spike 
IgG) and neutralizing antibodies. No seroconversion occurred 5 days after initial infection, the seroconversion of IgG-S1 was 
observed 10 days after the second infection. Similar to IgG-S1 antibody titer results, anti-Spike IgG and neutralizing antibod-
ies increased from 12 days after the second infection. In conclusion, we experienced a case of COVID-19 reinfection in a 
hemodialysis patient 81 days after the first episode and showed the kinetics and role of antibodies in SARS-CoV-2 infection. 
Further studies are needed to understand SARS-CoV-2 reinfection risk in hemodialysis patients and its clinical significance.
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Introduction

At the end of 2019, coronavirus disease 2019 (COVID-
19) has rapidly spread all over the world and resulted in 
a global pandemic [1, 2]. One of the main concerns is 
the duration of protective immunity to severe COVID-19 
(severe acute respiratory syndrome coronavirus 2 [SARS-
CoV-2]) in recovered patients, and its protectivity against 
SARS-CoV-2 reinfection [3]. Recent studies reported that 
a previous infection offers some protection for at least 
4–5 months in immunocompetent hosts, and seropositive 
recovered patients have been estimated to have 89% pro-
tection from reinfection [4–6].

Regarding hemodialysis (HD) patients, they are con-
sidered a highly vulnerable population to COVID-19 
because of a higher probability of having comorbidities, 
such as diabetes and cardiovascular disease. Indeed, recent 
studies reported that patients on HD are at high risk for 
adverse outcomes of COVID-19, and the mortality rates 
from COVID-19 can reach as high as 20% [7, 8]. How-
ever, the duration and strength of protective immunity in 
HD patients with COVID-19 are not yet fully understood. 
Therefore, reports of SARS-CoV-2 reinfection in HD 
patients and their immune responses are very important 
to understand the protective immunity against reinfection. 
Here, we report a case of COVID-19 reinfection in an HD 
patient, which occurred 81 days after the first episode, and 
the role of antibodies in SARS-CoV-2 infection.

Case report

A 62-year-old man who was on maintenance HD for 
5 years due to end-stage renal disease with type 2 diabetes 
presented with asymptomatic COVID-19 on October 29th, 
2020. He had a medical history of hepatitis C and T2N0M0 
stage II hepatocellular carcinoma (HCC), and he was in 
another hospital for the treatment of HCC when he was 
accidentally exposed to a confirmed COVID-19 patient 
due to outbreaks at the hospital. He was screened for a 
COVID-19 with reverse transcription polymerase chain 
reaction (RT-PCR) test using FilmArray RP v2.1 (Bio-
Mérieux, Marcy-l'Etoile, France) using a nasopharyngeal 
swab sample, and tested positive (cycle threshold values 
are unavailable). Then, he was transferred to Okubo hos-
pital, Tokyo, Japan, on October 30th, 2020. On admission, 
he had no symptoms, such as fever, cough, or abnormal 
smell and taste. His vital signs were normal, and a physical 
examination was unremarkable. We did not perform PCR 
retesting at our hospital. The laboratory data revealed a 
white blood cell count of 4.74 ×  103/μL, hemoglobin level 

of 10.6 g/dL, platelet count of 205 ×  103/μL, lymphocyto-
penia as indicated by a lymphocyte count of 0.39 ×  103/
μL, C-reactive protein (CRP) level of 3.05 mg/dL, fer-
ritin level of 430.85 ng/mL, aspartate transaminase level 
of 47 IU/L, alanine transaminase level of 85 IU/L, and 
D-dimer level of 0.97 μg/mL. High-resolution thorax com-
puted tomography (CT) did not reveal any abnormalities 
suggesting COVID-19 (Fig. 1a). He did not develop any 
symptoms during hospitalization, and after confirming 
improvements in the CRP and lymphocytopenia levels, 
which were 0.83 mg/dL and 0.50 ×  103/μL, respectively; 
he was discharged on November 9th.

On January 8th, 2021, his wife developed a fever and 
tested positive for COVID-19 with an RT-PCR test. He was 
then screened with COVID-19 RT-PCR on the next day 
due to close household contact and was negative. On Janu-
ary 18th, he presented with fever, wet cough, sore throat, 
and fatigue. He took the antigen test at the maintenance 
HD facility, which was positive. It had been 81 days, since 
he was initially diagnosed with COVID-19. Then, he was 
admitted to Okubo hospital again on January 25th. Upon 

Fig. 1  a Initial axial chest computed tomography images did not 
show any abnormalities suggesting COVID-19. b Axial chest com-
puted tomography images in the second episode showed moderate 
ground-glass opacities in bilateral lungs
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examination, his temperature was 37.9 °C, pulse was 82 
beats per minute, blood pressure was 131/79 mm Hg, res-
piratory rate was 20 breaths per minute, and oxygen satura-
tion was 97% on room air. The physical examination was 
unremarkable. On this presentation, the patient’s chest 
CT showed moderate ground-glass opacities in the lungs 
bilaterally (Fig. 1b). Laboratory data showed white blood 
cell count of 2.28 ×  103 /μL, hemoglobin level of 11.8 g/
dL, platelet count of 122 ×  103, lymphocytopenia as indi-
cated by lymphocyte count of 0.21 ×  103 /μL, C-reactive 
protein level of 5.05 mg/dL, ferritin level of 333.33 ng/mL, 
aspartate transaminase level of 14 IU/L, alanine transami-
nase level of 14 IU/L, and D-dimer level of 1.10 μg/mL. 
The COVID-19 PCR test from a nasopharyngeal swab was 
conducted to assure the diagnosis and the result was positive 
(Cycle threshold values of E gene and N gene were 23.7 and 
29.39, respectively). Favipiravir was started on the first day 
of admission to treat mild COVID-19. On January 27th, he 
developed respiratory failure and started receiving constant 
oxygen (3 L canula), after which we added dexamethasone 
6 mg/day and heparin as prophylactic anticoagulation treat-
ment. Okubo Hospital falls within the Tokyo Metropolitan 
public hospital network and is designated to provide inpa-
tient care for COVID-19 patients who do not require high-
flow oxygen or intensive care. Since he was at high risk of 
COVID-19, he was transferred on January 29th to National 
Center for Global Health and Medicine (NCGM), Tokyo, 
Japan in case he would develop severe illness and need 

intensive care. At NCGM, dexamethasone treatment was 
continued and oxygen requirement did not increase beyond 
3 L. On January 30th, the constant oxygen requirement 
tapered to zero, and the fever was alleviated on the next day. 
The dexamethasone and heparin treatments were ended on 
the same day. However, he developed fever again on Feb-
ruary 3rd and required continued isolation. Then, he was 
retransferred to Okubo hospital for observation and quar-
antine on February 4th. After confirming fever alleviation 
for more than 72 h, he was discharged on February 12th. To 
summarize, Fig. 2 shows the clinical course from the day; 
he was initially diagnosed with COVID-19 to the second 
infection episode.

To investigate the kinetics of antibody production against 
SARS-CoV-2, we measured the levels of immunoglobulin G 
(IgG) specific for the S1 subunit of S protein (IgG-S1) using 
iFlash 3000 chemiluminescence immunoassay analyzer 
(Shenzhen YHLO Biotech, China;) [9] and IgG specific for 
full-length S protein (anti-Spike IgG) using conventional 
ELISA [3]. According to the instructions, results with val-
ues ≥ 10 arbitrary units (AU)/mL for IgG-S1 and with val-
ues ≥ 0.087 OD 450 nm for anti-Spike IgG were considered 
positive. In addition, we evaluated the levels of neutralizing 
antibodies [3]. As shown in Table 1, the seroconversion of 
antibodies was not observed from days 0 to 5 after the onset 
of symptoms during the first episode of infection, while the 
seroconversion of IgG-S1 was observed at day 10 after the 
onset of symptoms during the second infection. Similar to 

Fig. 2  Clinical time course
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the trend in the IgG-S1 antibody titer results, the results of 
anti-Spike IgG and neutralizing antibody showed an increase 
starting 12 days after the onset of the second infection.

Discussion

We presented a case of COVID-19 reinfection in an HD 
patient. The patient was diagnosed with reinfection for the 
following reasons. First, we confirmed the negative test 
result between the first and second episodes. Second, the 
interval between the two episodes was 81 days. Although 
some patients have prolonged SARS-CoV-2 RNA virus 
shedding, the current consensus is that most patients are 
not infectious 20 days after the onset of symptoms [10–14]. 
Third, the patient came in close contact with infected people 
in both episodes. Although the possibility that the initial 
asymptomatic infection was a false-positive PCR test can-
not be completely ruled out, the probability of false-positive 
tests is reported to be very low [15], and the improvement 
in CRP elevation and lymphopenia can be explained as a 
course of recovery from the disease, which suggests that the 
patient had a true coronavirus infection.

In this case, we evaluated the kinetics and role of antibod-
ies in SARS-CoV-2 infection. We could not detect IgG sero-
conversion during the entire hospital stay for the first epi-
sode and up to 6 days after the onset of the second episode. 

Possibly, the patient did not have an antibody response after 
the first infection, but this cannot be confirmed, because the 
first infection only had stored serum collected on days 1 and 
5 after the onset of symptoms, while IgG seroconversion 
in HD patients usually occurs in the first to second week 
after the onset of symptoms, similar to non-HD patients 
[13, 16–18]. Another possibility is that there was indeed an 
antibody response after the first infection, but the antibody 
titer dropped below the detection limit of the assay. Pre-
vious studies have shown that patients with asymptomatic 
or mild symptoms have a limited initial humoral response 
to the virus, developing IgG antibodies with a half-life of 
about 36 days and that these low antibody titers may not 
provide adequate immunity [19]. HD patients who survive 
SARS-CoV-2 infection are reported to generate an anti-
body response that is well maintained and associated with a 
reduced frequency of reinfection, although fewer than 3% of 
patients show no evidence of humoral immunity at 6 months 
after the infection [20] and patients with lower responses 
may be at increased risk of reinfection [21]. The present 
case supports these studies and suggests that asymptomatic 
infections may not confer long-term protective immunity to 
all patients, thus, making them susceptible to reinfection. 
Inadequate protective antibody titer response after SARS-
CoV-2 infection may be the cause of reinfection.

This report has some limitations. First, whole genome 
sequencing data among two episodes were not available. 
Nevertheless, considering the fact that the B.1.1.7 strain 
(alpha variant) was first identified in December 2020 in 
Japan and was responsible for more than 80% of commu-
nity infections in May 2021 [22], the first and second epi-
sodes were thought to be caused by the native strain, B.1.1.7 
strain (alpha variant). Studies in the general population have 
reported that reinfection by SARS-CoV-2 could occur with a 
low frequency of < 1% [23, 24]. Interestingly, a recent study 
demonstrated the possibility that previous infection by a 
native strain remains highly protective against reinfection 
by the alpha variant [25], presumably suggesting that the 
first infection contributes to the fact that this patient did not 
have a critical outcome. Second, there were limited samples 
for antibody evaluation. During the first episode, we only 
had samples on days 1 and 5 after the onset of symptoms, 
and the samples from the second episode did not match all 
the samples evaluated for IgG-S1 antibody, anti-Spike IgG, 
and neutralizing antibodies. Despite these limitations, to our 
best knowledge, this case is the first SARS-CoV-2 reinfec-
tion case in HD patients in Japan, and it showed the kinetics 
and role of antibodies in SARS-CoV-2 infection.

In conclusion, we experienced a case of COVID-19 rein-
fection in an HD patient, which occurred 81 days after the 
first episode, and showed the kinetics and role of antibodies 
in SARS-CoV-2 infection. Since hemodialysis patients are 
a vulnerable population with multiple risk factors for severe 

Table 1  Quantitative measurements of IgG-S1, anti-Spike IgG, and 
neutralizing antibodies in SARS-CoV-2 infection

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, NA 
not available
a Results with values ≥ 10 arbitrary units (AU)/mL for IgG-S1 were 
considered positive
b Results with values ≥ 0.087 OD 450  nm for anti-Spike IgG were 
considered positive
c Neutralization titers are expressed as the dilution at which cytopathic 
effects were observed in 50% of the wells
Bolded areas indicate positive results

Episode Days after 
onset

IgG-S1a Anti-Spike  IgGb Neutral-
izing 
 antibodiesc

First 1 0.36 0.073  < 20
5 0.33 0.074  < 20

Second 8 1.5 0.078  < 20
10 11.44 NA NA
11 22.31 NA NA
12 NA 0.177 220
14 NA 0.357 680
17 617.76 NA NA
21 854.23 NA NA
23 760.74 NA NA
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COVID-19, further studies are needed to improve our knowl-
edge on SARS-CoV-2 reinfection risk in HD patients and its 
clinical significance.

Funding This work was funded by National Center for Global Health 
and Medicine with grant number 21A006 for Masahiro Ishikane and 
Tokyo Metropolitan Health and Hospitals Corporation Okubo Hospital.

Declarations 

Conflict of interest All the authors have declared no competing inter-
est.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from the patient.

References

 1. The Lancet COVID-19 Commissioners, Task Force Chairs, and 
Commission Secretariat. Lancet COVID-19 Commission State-
ment on the occasion of the 75th session of the UN General 
Assembly. Lancet. 2020;396(10257):1102–24. Accessed  9 Aug 
2021.

 2. Ioannidis JPA. Global perspective of COVID-19 epidemiology 
for a full-cycle pandemic. Eur J Clin Invest. 2020;50(12): e13423. 
https:// doi. org/ 10. 1111/ eci. 13423.

 3. Inada M, Ishikane M, Terada M, Matsunaga A, Maeda K, 
Tsuchiya K, Miura K, Sairenji Y, Kinoshita N, Ujiie M, Kutsuna 
S, Ishizaka Y, Mitsuya H, Ohmagari N. Asymptomatic COVID-19 
re-infection in a Japanese male by elevated half-maximal inhibi-
tory concentration (IC50) of neutralizing antibodies. J Infect 
Chemother. 2021;27(7):1063–7. https:// doi. org/ 10. 1016/j. jiac. 
2021. 04. 017.

 4. Gudbjartsson DF, Norddahl GL, Melsted P, Gunnarsdot-
tir K, Holm H, Eythorsson E, Arnthorsson AO, Helgason D, 
Bjarnadottir K, Ingvarsson RF, Thorsteinsdottir B. Humoral 
immune response to SARS-CoV-2 in Iceland. N Engl J Med. 
2020;383:1724–34. https:// doi. org/ 10. 1056/ NEJMo a2026 116.

 5. Mahase E. Covid-19: Past infection provides 83% protection for 
five months but may not stop transmission, study finds. BMJ. 
2021;372: n124. https:// doi. org/ 10. 1136/ bmj. n124.

 6. Lumley SF, O’Donnell D, Stoesser NE, Matthews PC, Howarth 
A, Hatch SB, Marsden BD, Cox S, James T, Warren F, Peck LJ. 
Antibody status and incidence of SARS-CoV-2 infection in health 
care workers. N Engl J Med. 2021;384(6):533–40. https:// doi. org/ 
10. 1056/ NEJMo a2034 545.

 7. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, 
Morton CE, Curtis HJ, Mehrkar A, Evans D, Inglesby P, Cock-
burn J. Factors associated with COVID-19-related death using 
OpenSAFELY. Nature. 2020;584:430–6. https:// doi. org/ 10. 1038/ 
s41586- 020- 2521-4.

 8. Hsu CM, Weiner DE, Aweh G, Miskulin DC, Manley HJ, Stewart 
C, Ladik V, Hosford J, Lacson EC, Johnson DS, Lacson E Jr. 
COVID-19 among US dialysis patients: risk factors and outcomes 
from a national dialysis provider. Am J Kidney Dis. 2021;77:748–
56. https:// doi. org/ 10. 1053/j. ajkd. 2021. 01. 003.

 9. Kaneko Y, Sugiyama A, Tanaka T, Fukui K, Taguchi A, Nakay-
ama A, Koga K, Kishi Y, Daming W, Qian C, Xia F. The sero-
logical diversity of serum IgG/IgA/IgM against the SARS-CoV-2 
nucleoprotein, spike, and receptor-binding domain and neutral-
izing antibodies in patients with COVID-19 in Japan. doi: https:// 
doi. org/ 10. 1101/ 2021. 06. 17. 21258 858

 10. Li N, Wang X, Lv T. Prolonged SARS-CoV-2 RNA shedding: not 
a rare phenomenon. J Med Virol. 2020;92:2286–7. https:// doi. org/ 
10. 1002/ jmv. 25952.

 11. Agarwal V, Venkatakrishnan AJ, Puranik A, Kirkup C, Lopez-
Marquez AC, Challener DW, Theel ES, O’Horo JC, Binnicker MJ, 
Kremers WK, Faubion WA. Long-term SARS-CoV-2 RNA shed-
ding and its temporal association to IgG seropositivity. Cell Death 
Discov. 2020;6:138. https:// doi. org/ 10. 1038/ s41420- 020- 00375-y.

 12. Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. 
Variation in false-negative rate of reverse transcriptase polymer-
ase chain reaction-based SARS-CoV-2 tests by time since expo-
sure. Ann Intern Med. 2020;173:262–7. https:// doi. org/ 10. 7326/ 
M20- 1495.

 13. Sethuraman N, Jeremiah SS, Ryo A. Interpreting diagnostic tests 
for SARS COV 2. JAMA. 2020;323:2249–51. https:// doi. org/ 10. 
1001/ jama. 2020. 8259.

 14. Theel ES, Slev P, Wheeler S, Couturier MR, Wong SJ, Kadkhoda 
K. The role of antibody testing for SARS-CoV-2: is there one? J 
Clin Microbiol. 2020;58(8):e00797-e820. https:// doi. org/ 10. 1128/ 
JCM. 00797- 20.

 15. Watson J, Whiting PF, Brush JE. Interpreting a covid-19 test 
result. BMJ. 2020;369: m1808. https:// doi. org/ 10. 1136/ bmj. 
m1808.

 16. Labriola L, Scohy A, Seghers F, Perlot Q, De Greef J, Desmet 
C, Romain C, Morelle J, Yombi JC, Kabamba B, Rodriguez-
Villalobos H. A longitudinal, 3-month serologic assessment of 
SARS-CoV-2 infections in a Belgian Hemodialysis Facility. Clin 
J Am Soc Nephrol. 2021;16:613–4. https:// doi. org/ 10. 2215/ CJN. 
12490 720.

 17. De Vriese AS, Reynders M. IgG antibody response to SARS-
CoV-2 infection and viral RNA persistence in patients on main-
tenance hemodialysis. Am J Kidney Dis. 2020;76:440–1. https:// 
doi. org/ 10. 1053/j. ajkd. 2020. 05. 009.

 18. Beppu H, Fukuda T, Tomoko Kawanishi T, Yasui F, Toda M, 
Kimura H, Nakamura Y, Nakamura Y, Kojima K, Ogawa H, Ishi-
watari A. Hemodialysis patients with coronavirus disease 2019: 
reduced antibody response. Clin Exp Nephrol. 2019. https:// doi. 
org/ 10. 1007/ s10157- 021- 02130-8.

 19. Ibarrondo FJ, Fulcher JA, Goodman-Meza D, Elliott J, Hofmann 
C, Hausner MA, Ferbas KG, Tobin NH, Aldrovandi GM, Yang 
OO. Rapid decay of anti-SARS-CoV-2 antibodies in persons with 
mild Covid-19. N Engl J Med. 2020;383:1085–7. https:// doi. org/ 
10. 1056/ NEJMc 20251 79.

 20. Clarke CL, Prendecki M, Dhutia A, Gan J, Edwards C, Prout 
V, Lightstone L, Parker E, Marchesin F, Griffith M, Charif R. 
Longevity of SARS-CoV-2 immune responses in hemodi-
alysis patients and protection against reinfection. Kidney Int. 
2021;99:1470–7. https:// doi. org/ 10. 1016/j. kint. 2021. 03. 009.

 21. Banham GD, Godlee A, Faustini SE, Cunningham AF, Richter A, 
Harper L, COVID-HD Birmingham Study Group. Hemodialysis 
patients make long-lived antibodies against SARS-CoV-2 that 
may be associated with reduced reinfection. J Am Soc Nephrol. 
2021;32(9):2140–2. https:// doi. org/ 10. 1681/ ASN. 20210 20188.

 22. IASR. Analysis of replacement of new coronavirus (SARS-
CoV-2) N501Y mutant strain in Japan. 2021; 42:174–5. https:// 
www. niid. go. jp/ niid/ ja/ 2019- ncov/ 2502- idsc/ iasr- in/ 10606- 
498c02. html. Accessed  13 Aug 2021

 23. Hansen CH, Michlmayr D, Gubbels SM, Mølbak K, Ethelberg S. 
Assessment of protection against reinfection with SARS-CoV-2 
among 4 million PCR-tested individuals in Denmark in 2020: a 

https://doi.org/10.1111/eci.13423
https://doi.org/10.1016/j.jiac.2021.04.017
https://doi.org/10.1016/j.jiac.2021.04.017
https://doi.org/10.1056/NEJMoa2026116
https://doi.org/10.1136/bmj.n124
https://doi.org/10.1056/NEJMoa2034545
https://doi.org/10.1056/NEJMoa2034545
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1053/j.ajkd.2021.01.003
https://doi.org/10.1101/2021.06.17.21258858
https://doi.org/10.1101/2021.06.17.21258858
https://doi.org/10.1002/jmv.25952
https://doi.org/10.1002/jmv.25952
https://doi.org/10.1038/s41420-020-00375-y
https://doi.org/10.7326/M20-1495
https://doi.org/10.7326/M20-1495
https://doi.org/10.1001/jama.2020.8259
https://doi.org/10.1001/jama.2020.8259
https://doi.org/10.1128/JCM.00797-20
https://doi.org/10.1128/JCM.00797-20
https://doi.org/10.1136/bmj.m1808
https://doi.org/10.1136/bmj.m1808
https://doi.org/10.2215/CJN.12490720
https://doi.org/10.2215/CJN.12490720
https://doi.org/10.1053/j.ajkd.2020.05.009
https://doi.org/10.1053/j.ajkd.2020.05.009
https://doi.org/10.1007/s10157-021-02130-8
https://doi.org/10.1007/s10157-021-02130-8
https://doi.org/10.1056/NEJMc2025179
https://doi.org/10.1056/NEJMc2025179
https://doi.org/10.1016/j.kint.2021.03.009
https://doi.org/10.1681/ASN.2021020188
https://www.niid.go.jp/niid/ja/2019-ncov/2502-idsc/iasr-in/10606-498c02.html
https://www.niid.go.jp/niid/ja/2019-ncov/2502-idsc/iasr-in/10606-498c02.html
https://www.niid.go.jp/niid/ja/2019-ncov/2502-idsc/iasr-in/10606-498c02.html


427CEN Case Reports (2022) 11:422–427 

1 3

population-level observational study. Lancet. 2021;397:1204–12. 
https:// doi. org/ 10. 1016/ S0140- 6736(21) 00575-4.

 24. Harvey RA, Rassen JA, Kabelac CA, Turenne W, Leonard S, 
Klesh R, Meyer WA, Kaufman HW, Anderson S, Cohen O, Petkov 
VI. Association of SARS-CoV-2 seropositive antibody test with 
risk of future infection. JAMA Intern Med. 2021;181(5):672–9. 
https:// doi. org/ 10. 1001/ jamai ntern med. 2021. 0366.

 25. Jeffery-Smith A, Rowland TA, Patel M, Whitaker H, Iyanger N, 
Williams SV, Giddings R, Thompson L, Zavala M, Aiano F, Ellis 
J. Reinfection with new variants of SARS-CoV-2 after natural 

infection: a prospective observational cohort in 13 care homes in 
England. Lancet Healthy Longev. 2021;2(12):e811–9. https:// doi. 
org/ 10. 1016/ S2666- 7568(21) 00253-1.

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

https://doi.org/10.1016/S0140-6736(21)00575-4
https://doi.org/10.1001/jamainternmed.2021.0366
https://doi.org/10.1016/S2666-7568(21)00253-1
https://doi.org/10.1016/S2666-7568(21)00253-1

	A case of COVID-19 reinfection in a hemodialysis patient: the role of antibody in SARS-CoV-2 infection
	Abstract
	Introduction
	Case report
	Discussion
	References




