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Background: The relationship between SARS-CoV-2-carrying time and specific
antibody production has not yet been reported in re-admitted COVID-19 patients. We
reported a case of mild COVID-19 with long virus-carrying time, weak production of
virus-specific IgG and IgM antibodies, and recurrence of positive SARS-CoV-2 RNA in
stool specimens after discharge.

Case Presentation: A 27-year-old male was diagnosed as COVID-19 after returning to
Meizhou from Wuhan. Despite extremely mild symptoms, the patient was hospitalized
for 24 days because of persistent positive SARS-CoV-2 RNA detection. Three days
after recovery discharge, he was hospitalized again for 7 days due to a recurrence of
the positive SARS-CoV-2 RNA result, while in a good physical condition. Serological
assay, using a fluorescent immunochromatography detection kit specific to SARS-CoV-2,
showed that SARS-CoV-2-specific IgM antibodies were undetectable and IgG antibodies
were very low on day 8 after onset; both of the antibodies seemingly reached top
concentrations on day 15 (just a 6-fold increase of the IgG titer), and then decreased,
remaining relatively stable from day 25 after onset until discharge. The production of the
IgM and IgG targeting SARS-CoV-2 in this very mild case was much lower than that in a
severe case of COVID-19 during the same hospitalizing period, and the latter was used
as a control.

Conclusion: Mild COVID-19 patients could carry SARS-CoV-2 for a long time, which
may be related to the weak production of the virus-specific IgG and IgM. Recurrence of
positive SARS-CoV-2 RNA could occur in mild COVID-19 possibly due to intermittent
virus shedding, so strict quarantine and health surveillance should be taken for all
discharged COVID-19 patients to prevent a potential virus spread.
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INTRODUCTION

In late December 2019, coronavirus disease 2019 (COVID-19)
broke out in Wuhan, China, and then spread rapidly throughout
the country, followed by a worldwide epidemic (1). In addition
to a small number of asymptomatic infections, the clinical
classification of COVID-19 includes mild cases, moderate cases,
severe cases, and critical cases (2). About 80% of laboratory-
confirmed patients had a mild or moderate disease, 13.8% were
severe, and 6.1% were critical, and the crude mortality rate was
about 3.8% (3).

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is highly contagious, and clinical symptoms primarily
manifest as a fever, dry cough, fatigue, shortness of breath,
and multiple ground-glass opacities in both lungs (2-5). The
positive nucleic acid test results of upper and lower respiratory
tract specimens and stool specimens are the basis of COVID-
19 laboratory confirmation; two consecutively negative results
taken 24 h apart is an essential criterion for discharge. From
the onset of symptoms to clinical recovery, the median time
is about 2 weeks for mild cases, and 3-6 weeks for severe
and critical cases (2, 3). According to reports, some discharged
patients have been readmitted for recurrence of positive SARS-
CoV-2 RNA (6-8). Viral infection can stimulate the immune
system to produce specific antibodies. It has been predicted that
the patient’s body produces SARS-CoV-2-specific IgM antibodies
about 3-5 days after onset, followed by the production of the
specific IgG antibodies; the IgG titer increases at least 4-fold
during the recovery stage, relative to the acute stage (2).

This report presents a very mild COVID-19 case with
persistent SARS-CoV-2 infection lasting at least 30 days and weak
production of the antibodies specific to SARS-CoV-2. Noticeably,
this patient was hospitalized again due to recurrence of positive
SARS-CoV-2 RNA; his virus-specific IgM was undetectable on
day 8 after onset; the amount of IgG was just slightly greater than
the cutoff value on day 8 after onset and peaked on day 15 with
about a 6-fold increase.

CASE PRESENTATION

A 27-year-old man who had been living in Wuhan returned
to Meizhou on January 20, 2020. He developed a low fever
(38°C), an occasional cough, and mild chills on the evening
of January 24. The SARS-CoV-2 RNA test result of his throat
swab specimens was positive, so he was confirmed to have
COVID-19 and was admitted to our hospital on January 26. On
admission, a physical examination showed: (1) low fever (37.2°C)
and occasional dry cough; (2) mood, appetite, and sleep were
merely acceptable; (3) heart rate: 80 beats/min, breathing rate:
20 times/ min, and blood pressure: 120/68 mmHg. Chest CT
scan revealed one instance of dorsal cord inflammation in each
of the upper and lower lobes of the right lung. Laboratory tests
showed (1) slightly low arterial oxygen saturation (93.6%); (2)
normal white blood cell count (4.0 x 10°/L), lymphocyte count
(1.5 x 10°/L), and CRP value (2.36 mg/L); (3) normal liver
and kidney function indicator values; (4) absence of other viral
infections, including HIV, influenza A and B virus, respiratory

syncytial virus, adenovirus, Chlamydia pneumoniae, Legionella
pneumophila, and parainfluenza virus.

After admission, the patient was given oxygen through
a nasal catheter and nutritional support treatment. During
hospitalization, the patient experienced an occasional cough,
but his temperature and white blood cell and lymphocyte
counts were normal (Figure 1, upper panel and middle panel,
respectively), and his vital signs were stable. He was given
medications that had been predicted to have anti-SARS-
CoV-2 activity, specifically Kaletra, arbidol, darunavir, and
chloroquine. Thymalfasin and intravenous immunoglobulin
were also administered to enhance immunity (Figure 1, lower
panel). Throat swabs or stool specimens were collected every 1-
3 days throughout his hospital stay and tested with RT-qPCR,
and most of them were positive for SARS-CoV-2 RNA until
February 15 (23 days after onset) (Figure 1, upper panel). Four
days later, the patient was discharged according to the discharge
criterion. He had a normal body temperature for at least 3 days,
no respiratory symptoms, two consecutively negative results
of SARS-CoV-2 RNA (taken 24 h apart), as well as improved
lung lesions revealed by chest CT. Home quarantine and health
surveillance were subsequently taken by the local center for
disease control.

Three days after discharge, the SARS-CoV-2 RNA test again
showed positive results in the patient’s stool specimens. To
eliminate the potential transmission of SARS-CoV-2, the patient
was re-admitted to this hospital on February 23rd (day 31
after onset). Physical examination showed (1) normal body
temperature (36.7°C); (2) normal heart rate (85 beats/min),
normal breathing rate (19 times/ min), and blood pressure
(115/78 mmHg); (3) no clinical symptoms of COVID-19.
Chest CT indicated that the original lesions in the upper
and lower lobes of the right lung were slightly absorbed
and reduced compared with the previous one. The patient
was discharged on March 1st after two negative SARS-CoV-
2 RNA results in both throat swabs and the stool specimens
on February 26 and 27. During the second hospitalization, the
patient was kept under close observation, but did not receive
any treatment.

Serological Assay of IgG and IgM Specific
to Sars-CoV-2

Serum samples collected from the patient on day 3, 8, 15, 22,
25, 31, and 34 after onset were retrospectively analyzed using
a fluorescent immunochromatography detection kit specific to
the IgM and IgG antibodies against SARS-CoV-2 (Zhongshan
Chuangyi Biochemical Engineering Co.) according to the
manufacturer’s instructions; the serum of a severe COVID-19
patient (57-year-old, male) collected at the roughly same time
was assayed simultaneously as a control. The production of
the SARS-CoV-2-specific IgM and IgG in the mild COVID-
19 patient showed similar changes: (1) IgM was undetectable
and IgG was just a little bit higher than the cutoff value on
day 8 of onset; (2) their levels increased equally and seemly
peaked on day 15 (with about a 6-fold increase of IgG);
(3) both antibodies then decreased and remained relatively
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FIGURE 1 | The dynamics of the throat swab and stool sample test of SARS-CoV-2 RNA, body temperature, blood cell counts, and medications of a mild COVID-19
during hospitalization. Antiviral medication: Kaletra, Arbidol, Darunavir, and Chloroquine. Supplementary medication: Thymalfasin and IVIG. IVIG, intravenous
immunoglobulin; WBC, white blood cell count (3.5-9.5 x 10°/L); LYMPH, lymphocytes (1.1-3.2 x 10%/L).
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stable from day 25 after onset until discharge (Figure2). In
contrast, both the virus-specific IgM and IgG of the control
patient were detected at weak levels on day 8 after onset,
and then significantly increased, peaking on day 15 (with
about a 15-fold increase of IgG). Noticeably, their levels were
much higher than those of the mild patient in this report
(Figure 2).

DISCUSSION

A total of 11 COVID-19 patients have been admitted to this
hospital so far, and all of them have since been discharged.
Compared with other COVID-19 patients in this hospital,
the patient in this report had the mildest clinical symptoms
but the longest SARS-CoV-2-carrying time (about 30 days
from onset of symptoms) and hospitalization time (a total
of 35 days). The production of the virus-specific IgM and
IgG was remarkably weak, and the high levels lasted for a
short time. This mild COVID-19 patient was the only one
who was re-admitted to quarantine in this hospital. The
reason was a positive SARS-CoV-2 RNA test result in his
stool specimen after discharge. Recurrence of positive SARS-
CoV-2 RNA in patients who have recovered from COVID-
19 has been reported (6-8). This may be explained by: (1)
intermittent virus shedding at the end of infection; (2) low
viral load and insuflicient sensitivity of the kit detection, leading

to false negative detection before discharge; and (3) limitation
of specimen types and irregular collection (7-9). Of note,
this mild COVID-19 patient produced only a small amount
of IgM and IgG relative to the strong production of specific
antibodies in the control patient, who had severe COVID-
19 (Figure2), and whose virus-carrying time was about 21
days from onset of symptoms (data not shown). We here
speculate that low production of the specific antibodies and
short maintenance time of high antibody concentration may
contribute to the long virus-carrying time in mild cases of
COVID-19. A study conducted in 12 severe patients and
11 mild patients reported that the majority of mild patients
had no detectable SARS-CoV-2 RNA after 10 days post-onset
but showed strong IgG response comparable to that of most
severe patients (10), which provides supportive evidence for
our speculation.

The immune response to SARS-CoV infection in humans
has been studied intensively. The SARS-CoV-specific IgM
and IgG antibodies generally begin to appear after 3-42
days and 4-47 days after initial infection; the antibody titers
then increase significantly and peak at 13-80 days; the IgM
and IgG maintenance time is up to 28-210 days and 90-
750 days, respectively (11-16). Our serological assay results
suggested that the production characteristics of the IgM
and IgG targeting SARS-CoV-2 might differ from those of
the antibodies targeting SARS-CoV, particularly in the peak
time and duration of the antibodies at high level. This
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FIGURE 2 | Serological assays of IgG and IgM specific to SARS-CoV-2 of a mild COVID-19 patient, with a severe COVID-19 case as the control. The presence and
concentration of IgM and IgG targeting SARS-CoV-2 were measured using a fluorescent immunochromatography detection kit specific to the IgM and IgG against
SARS-CoV-2. The cutoff values for IgG and IgM detection were 0.057 and 0.067, respectively.

speculation is supported by the findings of newly released
publications, which show that the SARS-CoV-2-specific IgM
and IgG generally began to appear on day 2-28 and day
2-19 after onset of symptoms, respectively, peaking on
day 10-30 after onset (17, 18). Due to one to one case
comparisons and lack of continuous daily blood sample
collection (Figure 2), more cases, samples and experimental data
should be collected and investigated in detail to characterize
the relationship between the virus-specific IgM and IgG level
change and disease course in mild cases with prolonged
SARS-CoV-2 infection.

According to the fifth edition of the National Diagnosis
and Treatment Guide for Novel Coronavirus Disease (1), the
patient’s throat swab or stool sample were monitored for
SARS-CoV-2 RNA throughout his hospitalization period. We
found a negative result in the throat swab and a positive
one in the stool on day 20 after onset; positive results in
both types of samples on day 21; however, a positive result
in the throat swab and negative result in the stool on day
23 and vice versa on day 30 (Figurel, upper panel). These
results suggested that the disease course of COVID-19 is not
necessarily related to the SARS-CoV-2 nucleic acid test results
in different types of specimens. Intermittent virus shedding
could be responsible for the inconsistent viral RNA results

in the specimens collected at different time points; however,
irregular sample collection should not be excluded. The patient’s
mother and younger sister were subsequently confirmed to have
mild COVID-19 and were admitted to other local hospitals,
which suggested that the SARS-CoV-2 virus in this mild case
may have low pathogenicity but high infectivity. Longer viral
RNA duration does not necessarily mean that an infectious
virus is present in clinical specimens; however, live SARS-
CoV-2 viruses were found in stool specimens, suggesting a
potential transmission through the fecal route (19). Considering
that this mild patient lived in a densely populated area,
the subsequent re-admission and hospital quarantine were
necessary to block the potential virus transmission within
the community.

CONCLUSION

In conclusion, strict quarantine and health surveillance
measures should be taken for all discharged COVID-
19 patients due to the potential recurrence of positive
SARS-CoV-2 RNA. Weak production and  short
maintenance of high concentrations of the SARS-CoV-
2-specific IgM and IgG may also contribute to the slow
virus eradication.

Frontiers in Immunology | www.frontiersin.org

August 2020 | Volume 11 | Article 1936


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Guo et al.

Antibody-Response in Persistent SARS-CoV-2 Infection

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will
be available on request to the corresponding authors, without
undue reservation.

ETHICS STATEMENT

Ethical review and approval were not required for the study on
human participants in accordance with the local legislation and
the requirements of the Ethics Committee of Meizhou People’s
Hospital. The patient gave written informed consent to publish
this case report.

AUTHOR CONTRIBUTIONS

XG, ZZho, and LZ were major contributed in writing this
manuscript. ZH, ZZho, and XG participated in the diagnosis

REFERENCES

1. Hui DS, Azhar EI, Madani TA, Ntoumi F, Kock R, Dar O, et al. The continuing
2019-nCoV epidemic threat of novel coronaviruses to global health - the latest
2019 novel coronavirus outbreak in Wuhan, China. Int ] Infect Dis. (2020)
91:264-6. doi: 10.1016/}.ijid.2020.01.009

2. General Office of National Health Commission, General Office of National
Administration of Traditional Chinese Medicine. Diagnostic and Treatment
Protocol for Novel Coronavirus Pneumonia (Trial Version 7). (2020). Available
online at: http://www.gov.cn/zhengce/zhengceku/2020-03/04/5486705/files/
2e61004f930d47598711a0d4cbf874a9.pdf (accessed April 27, 2020).

3. World Health Organization. Report of the WHO-China Joint Mission on
Coronavirus Disease 2019 (COVID-19). (2020). Available online at: https://
www.who.int/docs/default- source/coronaviruse/who- china-joint- mission-
on-covid- 19-final-report.pdf (accessed April 27, 2020).

4. Huang CL, Wang YM, Li XW, Ren LL, Zhao JP, Hu Y, et al. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
(2020) 395:497-506. doi: 10.1016/S0140-6736(20)30183-5

5. Chen NS, Zhou M, Dong X, Qu JM, Gong FY, Han Y, et al
Epidemiological and clinical characteristics of 99 cases of 2019 novel
coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. (2020)
395:507-13. doi: 10.1016/S0140-6736(20)30211-7

6. Lan L, Xu D, Ye GM, Xia C, Wang SK, Li YR, et al. Positive RT-PCR
test results in patients recovered from COVID-19. JAMA. (2020) 323:1502-
03. doi: 10.1001/jama.2020.2783

7. Chen DB, Xu WX, Lei ZY, Huang ZL, Liu ], Gao ZL, et al. Recurrence of
positive SARS-CoV-2 RNA in COVID-19: a case report. Int ] Infect Dis. (2020)
93:297-9. doi: 10.1016/}.ijid.2020.03.003

8. Qu YM, Kang EM, Cong HY. Positive result of Sars-Cov-2 in sputum
from a cured patient with COVID-19. Travel Med Infect Dis. (2020)
34:101619. doi: 10.1016/j.tmaid.2020.101619

9. Zhou L, Liu K, Liu HG. Cause analysis and treatment strategies of
“recurrence” with novel coronavirus pneumonia (COVID-19) patients after
discharge from hospital. Zhonghua Jie He Hu Xi Za Zhi. (2020) 43:281-
4. doi: 10.3760/cma.j.cn112147-20200229-00219

10. Wang Y, Zhang L, Sang L, Ye E, Ruan S, Zhong B, et al. Kinetics of viral
load and antibody response in relation to COVID-19 severity. ] Clin Invest.
(2020). doi: 10.1172/JCI138759. [Epub ahead of print].

11. Chang WT, Kao CL, Chung MY, Chen SC, Lin §J, Chiang

WC, et al. SARS exposure and emergency department workers.
Emerg  Infect  Dis. (2004) 10:1117-9. doi:  10.3201/eid1006.0
30972

and treatment of the patient. XG, YH, and ZZha performed
the laboratory test. XG performed the design. LZ and YH were
involved in the data collection. All authors read and approved the
final manuscript.

FUNDING

This study was supported by grants from the Natural Science
Foundation of Guangdong Province (2019A1515012133),
the Guangdong Provincial Key Laboratory of Precision
Medicine and Clinical Translation Research of Hakka
Population (2018B030322003), the Science and Technology
Program of Meizhou (2019B0202001), and the Key Scientific
and Technological Project of Meizhou Peoples Hospital
(PY-A2019003). The funders had no role in the study
design, data collection and analysis, and preparation of
the manuscript.

12. Chen XC, Zhou BP, Li MZ, Liang XR, Wang HS, Yang GL, et al
Serology of severe acute respiratory syndrome: implications for
surveillance and outcome. J Infect Dis. (2004) 189:1158-63. doi: 10.1086/
380397

13. Hsueh PR, Huang LM, Chen PJ, Kao CL, Yang PC. Chronological
evolution of IgM, IgA, IgG and neutralisation antibodies after infection
with SARS-associated coronavirus. Clin Microbiol Infect. (2004) 10:1062-
6. doi: 10.1111/§.1469-0691.2004.01009.x

14. Mo HY, Zeng GQ, Ren XL, Li H, Ke CW, Tan YX, et al
Longitudinal ~profile of antibodies against SARS-coronavirus in
SARS patients and their clinical significance. Respirology. (2006)

11:49-53. doi: 10.1111/].1440-1843.2006.00783.x

15. Shi YL, Wan ZY, Li LH, Li P, Li CE, Ma QJ, et al. Antibody responses against
SARS-coronavirus and its nucleocaspid in SARS patients. J Clin Virol. (2004)
31:66-8. doi: 10.1016/j.jcv.2004.05.006

16. Woo PC, Lau SK, Wong BH, Chan KH, Chu CM, Tsoi HW, et al. Longitudinal
profile of immunoglobulin G (IgG), IgM, and IgA antibodies against the
severe acute respiratory syndrome (SARS) coronavirus nucleocapsid protein
in patients with pneumonia due to the SARS coronavirus. Clin Diagn Lab
Immunol. (2004) 11:665-8. doi: 10.1128/CDLI.11.4.665-668.2004

17. Long QX, Liu BZ, Deng HJ, Wu GC, Deng K, Chen YK, et al. Antibody
responses to SARS-CoV-2 in patients with COVID-19. Nat Med. (2020)
26:845-8. doi: 10.1038/541591-020-0897-1

18. QuJX, Wu C, Li XY, Zhang GB, Jiang ZF, Li XH, et al. Profile of IgG and IgM
antibodies against severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). Clin Infect Dis. (2020). doi: 10.1093/cid/ciaa489. [Epub ahead of
print].

19. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. Detection of SARS-
CoV-2 in different types of clinical specimens. JAMA. (2020) 323:1843-
4. doi: 10.1001/jama.2020.3786

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Guo, Zeng, Huang, He, Zhang and Zhong. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Immunology | www.frontiersin.org

August 2020 | Volume 11 | Article 1936


https://doi.org/10.1016/j.ijid.2020.01.009
http://www.gov.cn/zhengce/zhengceku/2020-03/04/5486705/files/ae61004f930d47598711a0d4cbf874a9.pdf
http://www.gov.cn/zhengce/zhengceku/2020-03/04/5486705/files/ae61004f930d47598711a0d4cbf874a9.pdf
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1001/jama.2020.2783
https://doi.org/10.1016/j.ijid.2020.03.003
https://doi.org/10.1016/j.tmaid.2020.101619
https://doi.org/10.3760/cma.j.cn112147-20200229-00219
https://doi.org/10.1172/JCI138759
https://doi.org/10.3201/eid1006.030972
https://doi.org/10.1086/380397
https://doi.org/10.1111/j.1469-0691.2004.01009.x
https://doi.org/10.1111/j.1440-1843.2006.00783.x
https://doi.org/10.1016/j.jcv.2004.05.006
https://doi.org/10.1128/CDLI.11.4.665-668.2004
https://doi.org/10.1038/s41591-020-0897-1
https://doi.org/10.1093/cid/ciaa489
https://doi.org/10.1001/jama.2020.3786~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	Longer Duration of SARS-CoV-2 Infection in a Case of Mild COVID-19 With Weak Production of the Specific IgM and IgG Antibodies
	Introduction
	Case Presentation
	Serological Assay of IgG and IgM Specific to Sars-CoV-2

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


