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Prolonged viral shedding and new mutations of COVID-19 could
complicate the control of the pandemic
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Abstract

The studies of coronavirus disease 2019 (COVID-19) have mainly focused on epidemiological and clinical features of patients,
but transmission dynamics of SARS-CoV-2 virus after patients have recovered is still poorly understood. Here we report a case
with prolonged viral shedding of COVID-19 in Kaohsiung, Taiwan. This patient started to show myalgia and malaise in Wuhan,
and the onset of the fever was on days 7-14 of the illness. All clinical and radiological results returned to normal after day 26,
however, viral shedding was still evident 14 days later. Sequence analysis of the genome of the Taiwanese SARS-CoV-2 isolate
from this patient reveals new mutations in viral replicase and ORF3a, indicating that COVID-19 evolves very quickly. Prolonged
viral shedding and new mutations in the viral genome could potentially complicate the control of the COVID-19 pandemic.

INTRODUCTION

A recent outbreak of pneumonia cases in Wuhan, China,
was caused by a novel betacoronavirus, the 2019 novel coro-
navirus (COVID-19) [1]. The initiation of the COVID-19
outbreak showed the potential link to a large seafood and
live animal market, suggesting animal-to-person spread.
Later, multiple cases of person-to-person spread were subse-
quently reported in countries outside China, including 53
countries worldwide [2]. Some international destinations
also have community spread currently. So far, the complete
clinical picture and transmission dynamics with regard to
COVID-19 are not fully understood. Viral shedding in
various periods of the clinical course were observed in
different biological samples, including nasopharyngeal and
stool specimens. However, little has been studied to follow
up the COVID-19 patients who have recovered from clinical
symptoms. Lan et al. reported that after hospital discharge
or discontinuation of quarantine, the reverse-transcriptase
(RT)-PCR tests on patients’ throat swabs were repeated
5 to 13 days later and all were positive [3]. These results
indicate that viral shedding from recovered patients may be

the potential challenge and risk to quarantine COVID-19
patients in the hospital or at home.

On 31 December 2019, hospitals in Taiwan set up a patient
flow plan to deal with potential cases and gathered data
regarding patients’ travel, contact and exposure histories, in
addition to fever or respiratory symptoms. Here we report
the clinical course of a patient in Kaohsiung, Taiwan with
prolonged viral shedding of COVID-19 for 40 days and
novel viral sequence mutations.

CASE REPORT

On 23 January 2020, a 59-year-old Taiwanese male with
malaise and myalgia was referred by a local physician to
our Emergency Department in Kaohsiung, Taiwan. We
learned he had recently worked in Wuhan and placed him
in quarantine in a negative pressure room within 7 min. This
patient had reported an elevated body temperature (BT) of
37.5°C and was prescribed antipyretic medications on 20
January 2020 in Wuhan. He returned to Kaohsiung by plane
on January 21. His initial vital signs revealed BT of 37.3°C,
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Table 1. Symptoms, maximal body temperature, RT-PCR results of viral RNA according to day of illness, 20 January to 28 February 2020

Local

hospital Backto . o
in  Taiwan

Wuhan

Hospitalization in an isolated negative pressure room

Date 20Jan  21Jan  22-Jan  23-Jan  24-Jan  25-Jan  26-Jan  27-Jan  28-Jan  29-Jan  30-Jan  [1/31  1-Feb  2-Feb

Itchy
throat
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RNA
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16 18 19 20 22 24 25 26 28 30 32 34 36 38 40

Throat
swab

Sputum + + + + + +

ND + - - + - - +

blood pressure of 173/104 mm Hg, pulse rate of 100 beats
per min, respiratory rate of 16 breaths per min, and oxygen
saturation of 100% via room air. The patient does not have
a history of chronic diseases. Lung auscultation revealed
minimal crackle at posterior aspects of bilateral lower
lung fields. Chest radiography presented as suspicious for
increased infiltrations at bilateral lower lung fields, and the
right lung is predominant (Fig. S1, available in the online
version of this article). We reported this to the Taiwan
Centers for Disease Control (CDC) as a case of severe
pneumonia with novel pathogens. Throat swab and sputum
specimens were sent to the CDC and were confirmed posi-
tive for COVID-19 using a real-time RT-PCR (rRT-PCR)
assay performed the next day (Table 1). The patient became
the second case of COVID-19 confirmed in Taiwan since
then.

After admission, the patient’s white blood counts showed
leucopenia (2.84x10° 1™!) on illness day 5 (Table 2) as
reported [4, 5]. He received empiric antibiotic treatment
with azithromycin (500 mg/day, illness day 4-8), then intra-
venous administration of ceftriaxone (1000 mg/12h, illness
day 8-16) and levofloxacin (750 mg/day, illness day 8-13)
in association with supportive care. During the ensuing
6 days, he showed signs of mild fever, myalgia, malaise, and
a peak fever (38.9°C) on illness day 7. A more productive
cough followed on the eighth day. He did not have nausea,
vomiting, diarrhea or abdominal discomfort. Chest x-ray
showed occasional infiltration with consolidation at bilat-
eral lower lung field until illness day 23 (Figs S2-S10). The
patient’s fever subsided after illness day 14. The late wors-
ening of this illness to a high peak fever with pneumonia
is consistent with recent reports [4, 5]. However, while
rRT-PCR tests had been negative twice (on days 18 and 20
after illness) and clinical symptoms improved significantly,
the virus could be detected again from day 22 (Table 1). The
viral shedding was still evident after 14 days of recovering
from respiratory symptoms (day 40). Currently the patient
is still in hospital under observation. So far, no evidence of
infection in family or the community has been found after

the CDC followed up with the people he had contact with
in Taiwan.

DISCUSSION

So far transmission dynamics of COVID-19 remain unclear.
Current estimates of the incubation period of COVID-19
infection range from 1 to 14days. However, certain case
reports have suggested that the incubation period may reach
24 days [6], longer than the 14 days outlined in quarantine
policies by the WHO and the US Centers for Disease Control
and Prevention. The virus appears to be primarily transmitted
through large droplets, but it has also been found in stool and
blood samples. This raises the possibility about other poten-
tial modes of transmission. A potentially longer incubation
period has critical implications for quarantine policies and
prevention of spread. On the other hand, current criteria
had to be met for hospital discharge or discontinuation of
quarantine: (1) normal temperature lasting more than 3 days,
(2) resolved respiratory symptoms, (3) substantially improved
acute exudative lesions on chest computed tomography
images, and (4) two consecutively negative RT-PCR test
results separated by at least 1 day. Our patient met criteria for
hospital discharge or discontinuation of quarantine in Taiwan
(absence of clinical symptoms and radiological abnormalities
and two negative rRT-PCR test results), but rRT-PCR results
showed positive again even after all symptoms subsided after
14 days. If this is the characteristic transmission dynamics of
COVID-19, it is bound to create a serious challenge.

On 27 January, Taiwan CDC released the viral genome
sequence from this patient (GSIAD; https://www.gisaid.
org/) [7], which reveals novel features. Compared to all
Wauhan isolates [8], the Taiwan isolate contains one synony-
mous substitution in nucleotide 26141 (G>T), and two
unique nonsynonymous substitutions in nucleotide 16 185
(G>T) and 25961 (A>G), which generate the replacement
of ORF1b tryptophan 913 (W913) with cysteine, and ORF3a
glutamic acid 191 (E191) with glycine (G). Both ORF1b W913
and ORF3a E191 are conserved among SARS coronavirus,
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Table 2. Clinical laboratory results

Day of illness 4 5 8 10 16 17 20 24 28 32 40
PEEET 1/23/20 1/24/20 1/27/20 1/29/20 2/4/20 2/5/20 2/8/20 2/12/20 2/16/20 2/20/20 2/28/20
measurement
Measure time PM20:21 AMO08:33  AMO00:43 AMO08:28  AMO09:02  AMO07:28 AMO08:25 AMO08:25 AM10:55 AMO07:54  AMO07:55
Reference
value

White-cell count

3 3.9~10.6 4.01 284 5.32 4.55 3.68 4.18 38 43 4.9
(10°/u)
Neutrophil (%) 42~74 46.1 56.2 77 713 293 68.6 67.1 64.9 59.8
Lymphocyte (%) 20~56 36.2 275 126 18 8.4 213 224 233 26.5
Monocyte (%) 0~12 16.5 14.8 10 9 19 7.7 7.6 8.1 8.4
Eosinophil (%) 0~5 1 11 0.2 15 0.5 22 24 3 4.5
Basophil (%) 0~1 0.2 0.4 0.2 0.2 22 0.3 0.5 0.7 0.8
Absolute neutrophil

277 1.85 1.6 4.1 3.24 0.44 3 2.6 2.8 29

count (10°/ul)
Red-cell count

c 4.31~5.95 4.76 4.66 4.59 4.06 4.37 4.19 4.82 4.69
(10%/u1)
Hemoglobin (g/dL) 13.5~17.5 14.5 145 14.3 12.4 133 131 14.8 14.5
Hematocrit (%) 41~53 40 39.2 38.6 8319 36.8 36.1 40.3 39.7
Platelet count

N 150~400 198 183 168 249 422 314 276 199
(10°/u1)
C reactive protein 003 0.68 073 379 413 012 04 01
(mg/dL)
procalcitonin
(ng/mL) <0.5 <0.05
Aspartate
Aminotransferase 0~38 217 345 24.7 27.1 19.7 21 225
(U/L)
Alanine
aminotransferase 0~44 19.1 40.7 37.7 44.1 34 334 30.7
(UL
Blood ureanitrogen ¢, 172 166 9.9 93 106 117 178 154 15.1
(mg/dL)
Creatinine (mg/dL) 0.6~1.2 1 0.9 0.9 0.8 0.9 0.9 1 1 1
Estimated
glomerular filtration 81.01 91.49 91.49 104.81 91.49 91.49 81.01 81.01 81.01
rate
Sodium (mmol/L) 136~145 136.5 1341 135.4 137.9 140.7 140.2 140.3 139.4 140.1
Potassium (mmol/L) 3.5%5.1 3.49 3.74 3.53 3.83 3.68 3.82 3.82 3.98 3.77
Glucose (mg/dL) 140 129
r:t‘l_‘:::a A/B Negative Negative
Urine
Legionella Ag Negative Negative
Strept. Pneumonia Negative Negative
Ag
Lactic Acid
Dehydrogenase 125~220 132 161
(mg/dL)
D-Dimer (ng/mL) <600 <100
Anti HIV Non-reactive
Rapid plasma reagin Non-reactive
Treponema
pallidum particle <1:80 <1:80
agglutination assay
Stool occult blood Negative

bat BtRf-BetaCoV, BtRs-BetaCoV and all other isolates of
2019-nCoV, but not Taiwan isolate (Fig. 1a). In addition, we
found that Orf3a G251 of Wuhan isolates is replaced with
valine in the Taiwan and the USA CA2, Sweden01, Italy-isl
isolates. Both E191G and G251V mutations are located in the
cytoplasmic regions of ORF3a protein (Fig. 1b). Mutations in
ORF3a may play roles in attenuating interferon responses and
innate immunity. Coronavirus spike and ORF3a proteins may
show signs of positive selection of virus evolution [9]. In addi-
tion, ORF1b W913 islocated in the thumb domain of NSP12/
viral RNA-dependent RNA polymerase (replicase) (Fig. 1c),
mutations in which lead to the emergence of drug-resistant

virus variants [10-12]. Whether or not these mutations cause
prolonged viral shedding of this patient is still unknown. As
this virus continues to evolve, the influence of ORF1b and
ORF3a mutations on the etiology and epidemic spread of
COVID-19 warrants further investigation.

The viral evolution and COVID-19 outbreak are moving
quickly. Our report provides a successful treatment strategy.
Since mutations in viral replicase usually lead to drug-
resistant virus variant, antiviral treatment should be evalu-
ated more carefully. If prolonged viral shedding is commonly
found in COVID-19 patients, the current protocol of hospital



Chen et al., Access Microbiology 2020;2

ove

ove

08T

08T

0CT

02T

09

09

sueiqwiawsues [N
414 T6T

Jlwse|dojA) I

Je|nj@denx3y

yrq o 3 DI D .

A D Sctl SO0T 66

¥LZ TAASILLIAIAXIdANYANYADSSOAILHIOANG-
TAASLLLIAIAXId+N AN ADSSOAILHIOA+
GLZ 'TdASILIIAIAXIdINAINAADSSOAILHIOAHIAI
(Ajey] ‘uapams ‘zy) ‘uemiey) A
dMIATINI IIILUNIIOLALLIOLS TTOXAATLIXOHAAAXRMIADSHIAIS XODIOX QTN
d+ APN+IJAL +T+OIAL++0LS TOXX IJIX H+AA @IADS  F+X99I0XA +
dAAATMNAIIILAHIADLALS TOLSATOXXAAS LIXSHTAADMIADSIMITLAODIOXAHI
(uemiey) o
TMALSIDADEILAATLALASNAA IDXAANHIHMOAI ANVAX TTANNSHOMMOTMOEAT 140
d++ 909 IL+AI+ IASNAJIDAAX +ILHMO+JIANVAXTTIANNS+OMMOIM ¥WWIIN
SIdSIIOAISLIAISSIASNAdIDXAAONIHMOTIANVAX TTANMSHOMMOTMTINI THA

YNIDOTAAITVATATIOVENDVYATTIHS AT LA TTTIND TIOIDMA TV IOMMDINTYIIN
NI OTIX+TVATATI VEI+OVVATTIHSA+IAITTITINO+I O TVIOMEM T IIX
ANISOTIXATVATATIAVETOVVATTTHS AALAITTTINDAIHADNS TV IOMDDI TLIIN

IV¥SOIAVTIAVADIATMOIATSYOTd IIVIVHALSYd SYNAINAGOVL I SOTLI TN TAW
+USOJAVT VAD++TIMOIGTSYO+AIIVIV A +d+¥+ I+ + I++9+1d YWITAW
SYSOJIAVTTVADAITMOIATSVYOIA ILVIVIAIASALYAN ITOONTIALOI LA THWATAN

6L

ve

ive

181

181

et

1zt

19

19

SS S€
q

S¥VS
AODU-6T0Z T-TH
SuVS
AODU-6T0Z T-NH
SuVS
AODuU-6102 T-NH
S¥VS
AODU-6T0Z T-NH
SH¥VS

AOQU-610Z T-NH

e

Fig. 1. (a) Alignment of ORF3a protein of 2019-nCoV Hu-1 and SARS coronavirus. Transmembrane and Golgi localization motif are
underlined in orange and purple, respectively. O-glycosylation sites are in green. E191G and G251V mutations (red) are shown in Taiwan

Schematic representation of 2019-nCoV ORF3a protein. Both E191G and G251V mutations

)

are in cytoplasmic region of Orf3a. (c) Mutation in tryptophan 913 (W913) is located in the thumb domain of RdRp. Structure of viral RNA-

dependent RNA polymerase (RdRp) is based on SARS [10].

and US-CA2, Sweden01, Italy-isl isolates. (b
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discharge or discontinuation of quarantine should be renewed
as soon as possible.
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