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Abstract A case who revealed the longest duration of viral shedding (67 days) in current re-
ports, presented complicated characteristic on the relapse of COVID-19 due to the inconsistent
performance of chest radiography and SARS-CoV-2-RNA detection after discharge. Lopinavir-
interferon a2b boosted ribavirin following with lopinavir boosted budesonide might be a potent
treatment for viral clearance.
Copyright ª 2020, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

The outbreak of Corona Virus Disease 2019 (COVID-19) from
Wuhan is currently arousing great concern in the medical
community as the virus is spreading rapidly around the
world.1 Nowadays, many thousands of hospitalized patients
have recovered from COVID-19 and have been discharged,
but multiple recovered cases have presented positive for
SARS-CoV-2 during post-discharge surveillance,2,3 which
ring post-discharge surveillance with viral shedding lasting for 67
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suggests that a portion of discharged patients still may be
virus carriers. However, little attention has been paid to
such patients. Here, we present the clinical dynamics of a
case who was hospitalized three times due to the positive
detection of SARS-CoV-2 RNA and radiographic progression
during post-discharged surveillance.

Methods

The case was admitted to Xixi Hospital of Hangzhou (a
designated hospital of Zhejiang province, China) on
February 18, 2020, and was confirmed as COVID-19 by a
positive real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) test of SARS-CoV-2 RNA, which was con-
ducted according to the methods described previously.4

During the period of discharge surveillance, two consecu-
tively RT-PCR tests were conducted on each respiratory
sample. The RT-PCR test kits were recommended by Zhe-
jiang Center for Disease Control and Prevention.

Before released from the hospital, this patient met all of
the discharge criteria.5 The case was quarantined at a
community isolation center for two weeks and evaluated
with RT-PCR tests for SARS-CoV-2 RNA at days 7 and 14 after
discharge, to determine if the case could be released from
isolation ultimately.

This study was approved by the Institutional Review
Board of Xixi Hospital. All data were anonymized to comply
with the provisions of personal data protection legislation.
Due to the retrospective nature of this study and the fact
that only historical medical data were collected, written
informed consent was not required.

Results

The case was a 57-years-old female with a moderate type
of COVID-19. Her earliest symptoms were fever (37.5 �C),
cough, and yellow sputum. The first chest X-ray showed
ground-glass opacification and patchy consolidation. The
incubation period of the case was 24 days, which was
estimated based on her history of travel or potential
exposure. She had no other potential exposure history
except for the traveling from Hangzhou to Ningbo by train
on January 17, 2020.

The day of symptom onset was defined as Day 1 (Fig. 1).
The clinical symptoms of cough and sputum presented an
inseparable and lingering characteristic during the obser-
vation period. The time from symptom onset to disap-
pearance was 68 days.

Viral dynamics are shown in Fig. 1. During the first post-
discharge surveillance, the detection of SARS-CoV-2 on
nasopharyngeal swab was positive (Fig. 1, Day 24). For the
duration of the second discharge surveillance, virus results
were negative (Fig. 1, Day 46), but the CT imaging showed
new lesions in the upper left lung (Fig. 2a, Day 46). Then,
positive virus RNA was detected on day 51. The same situ-
ation as day 46 came up on day 57, and positive virus RNA
was detected on day 67 again. At the end of observation,
the detection of SARS-CoV-2 on nasopharyngeal swab was
negative (Fig, 1, Day 78). This patient did not contact any
other persons with respiratory symptoms, and no person
who contacted her was infected.
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Lopinavir (LPV) and interferon a2b atomization inhala-
tion (IAI) were both administered during each period of
hospitalization (Fig. 1). Given the prolonged infection,
arbidol hydrochloride granules (AHG) was changed to riba-
virin (RIB) during the third hospitalization. The cumulative
duration of AHG and RIB using was 28 and 7 days, respec-
tively. The patient was treated with budesonide (BUD, a
glucocorticoid with slight side effects) due to the deterio-
ration of radiographic lesions in the upper left lung (Fig. 1,
Days 50 and 57). The cumulative duration of BUD using was
17 days. The details of the drug dosage are shown in
Supplementary Table S1.

The results of the chest CT are shown in Fig. 1. Overall,
the radiographic lesions of this case improved on day 11,
progressed significantly on day 46, then improved persis-
tently since day 60, and all showed evident resorption
before each discharge.

Dynamic laboratory results are shown in Fig. 2b. The
level of rapid C-reactive protein (CRP), albumin to globulin
(A/G), oxygen saturation, and oxygen pressure (PO2)
turned into normal since days 60, 56, 57 and 58, respec-
tively. IgG and IgM levels were tested on days 29, 46 and 51
(Supplementary Table S2). IgG levels plateaued after the
first positive IgG measurement, and so is IgM after the first
negative detection.
Discussion

This patient, who fulfilled discharge criteria, presented
positive for SARS-CoV-2 RNA 6 days after her first discharge,
which is consistent with a previous study reported by Lan
et al.3 However, during the second discharge surveillance,
the chest CT of this patient showed new diffuse lesions in
the left lung but RT-PCR tests were negative (Fig. 1, Day
46). This phenomenon recurred on day 57 during the third
hospitalization (Fig. 1). This finding is inconsistent with the
previous study.6 Although false-negative SARS-CoV-2 RNA
results could have occurred,7 reexamination of viral RNA on
nasopharyngeal swab and subsequent examination results
of RT-PCR testing and CT imaging (Fig. 1, Day 50) were
consistent with that of previous (Fig. 1, Day 46), which
decreased the possibility of false-results. It is difficult to
find a reasonable explanation for this phenomenon. One
possible explanation is that it is as a result of residual vi-
ruses in the lungs of discharged COVID-19 patients.8

Remaining viruses first cause pathological lung changes
under conditions of weakened immunity, it will take some
time for viruses to travel to the upper respiratory tract
because of circulatory disturbance which resulted from low
PO2 and lung dysfunction of this case. The later positive
results of SARS-CoV-2 (Fig. 1, Days 51 and 67) were further
evidence, which confirm this explanation from another
perspective. These findings provide new insight into the
process of COVID-19, the possibility that negative results of
a nasopharyngeal swab might not synchronously reflect the
presence of SARS-CoV-2 in lung tissue among patients
recovered from COVID-19. This has significant implications
for patient isolation decision making.

Of this case, convalescence serological results for IgG and
IgM maintained a relatively stable level since the first mea-
surement of day 29, which suggests that serology testing could
ring post-discharge surveillance with viral shedding lasting for 67
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Figure 1. Nasopharyngeal swab virus tests and chest CT findings in COVID-19 patient from symptom onset to post-discharge,
China, FebruaryeApril 2020. legend: LPV: lopinavir; IAI: interferon a2b atomization inhalation; AHG: arbidol hydrochloride gran-
ules; RIB: ribavirin; BUD: budesonide.

Figure 2. Radiographic images and dynamic laboratory findings in COVID-19 patient from symptom onset to post-discharge,
China, FebruaryeApril 2020. Legend: Red arrow represents the new radiological lesions.
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not help identify the presence of SARS-CoV-2 in patients
recovered from COVID-19 during post-discharge surveillance.

In this report, the incubation period of this case was 24
days, which is longer than 5.2 days reported by Li et al.9

The long incubation period brings great difficulties and
challenges for the initial control of COVID-19. The duration
of viral RNA shedding after COVID-19 onset in this case
lasted for 67 days, which is the longest duration of viral
Please cite this article as: Liu F et al., Repeated COVID-19 relapse du
days in a recovered patient infected with SARS-CoV-2, Journal of M
j.jmii.2020.07.017
shedding as far as we know. Moreover, one RT-PCR test for
SARS-CoV-2 RNA was positive (Fig. 1, Day 51) even after
five-consecutively negative results, which suggests that
current criteria for discharge and termination of isolation
may need to be reconsidered.

Interestingly, most abnormal levels of CRP, A/G, and PO2,
which indicates inflammation, liver impairment, and lung
dysfunction,all turned intonormalat arounddays 56e60after
ring post-discharge surveillance with viral shedding lasting for 67
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symptom onset, and following with the disappearance of
clinical symptoms on day 68 and sustained until the end of the
observation. The exhilarating improvement of this case may
benefit from the using of BUD and the treatment of a triple
combination of antiviral therapy (LPVþ IAI þ RIB), which has
been reported tobe safeandhighly effective in shortening the
duration of virus shedding and alleviating symptoms in pa-
tients with moderate COVID-19.10

In conclusion, our study reported the dynamic features of a
special case, who has the longest duration of viral shedding in
current reports. Our report points out the relapse of COVID-19
presented complicated characteristics due to the inconsistent
performance of chest CT imaging and SARS-CoV-2 RNA detec-
tion. Lopinavir-interferona2b boosted ribavirin followingwith
lopinavir boosted budesonidemight be an effective treatment
for viral clearance in COVID-19 patients with long duration of
viral shedding. Longitudinal studies on a larger scale are
strongly recommended for discharged patients to understand
the prognosis of COVID-19 further.

Availability of data and materials
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