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A B S T R A C T

Background: It is necessary to know the viral kinetics and conduct epidemiological investigations of
confirmers to prevent the spread of the new infectious disease COVID-19 to the community. To date, no
study has been published on viral kinetics during the preclinical and clinical periods of SARS-CoV-2.
Methods: A confirmed case was defined as a patient with positive results by real-time reverse
transcription polymerase chain reaction (RT-PCR) assay for SARS-CoV-2. Both specimen types were
collected over the whole clinical course in all patients. Asymptomatic patients who had been screened for
COVID-19 due to a strong epidemiological link were also enrolled. The study population included 54
hospitalized patients with confirmed COVID-19.
Results: COVID-19 shows a very high viral load on the day of symptom development, which then decreases
overall. Rapid viral proliferation was observed 0–5 days before symptoms developed. Cycle threshold (Ct)
value was the lowest in the clinical course from 5 days before symptoms to 10 days after symptoms occurred
(Ct < 30). The rRT-PCR results were negative approximately 3 weeks after the onset of symptoms. However,
there was a continuous pattern that was negative and positive for up to 6 weeks and more.
Conclusion: Considering the characteristic that COVID-19 has a high viral load before symptoms appear, it is
necessary to consider to expand the scope of epidemiological investigations. As there is a very low
possibility of transmission after 10 days of symptom occurrence, it may be considered to release isolation
after 10 days of symptom occurrence in limited resource situations. This study allows for the planning of
epidemiological investigations, patient's ward supply, and follow-up of patients through sequential
changes in viral loads over the entire clinical course. In addition, it is possible to estimate the clinical time at
which the patient is present.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Coronavirus disease-2019 (COVID-19), which started in Wuhan
in December 2019, has spread worldwide. As of 20 May 2020, the
newly emerged severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) (genus Betacoronavirus, family Coronaviridae) has
been reported in 227 countries with more than 4,789,205
confirmed cases and 318,789 deaths (World Health Organization,
2020a). Contact screening and extensive testing are proposed

methods of blocking the transmission of infectious diseases during
pandemics.

It is necessary to know the viral kinetics and conduct
epidemiological investigations of confirmers to prevent the spread
of COVID-19. To date, there have been no published data on viral
loads before and after the onset of symptoms. The purpose of this
study was to infer viral kinetics, including preclinical, clinical, and
post-clinical periods, to assist in epidemiological investigations,
prevent transmission, and predict the patient's progress.

Methods
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nasopharyngeal and oropharyngeal swabs), with or without a
ower respiratory specimen (sputum). Both specimen types were
ollected over the whole clinical course in all patients. Patients
ho had no symptoms, but had been screened for COVID-19 due to

 strong epidemiological link, such as family members, were also
ncluded upon laboratory confirmation.

NA extraction

rRT-PCR was used to detect SARS-CoV-2. RNA was extracted
rom clinical samples with the QIAamp Viral RNA Mini kit (QIAGEN,
ilden, Germany), QIAsymphony RNA Kit (QIAGEN, Hilden,
ermany), and ExiPrep 16 Dx (Bioneer, Korea); manufacturer’s
nstructions were followed. All specimens were handled in
ccordance with the laboratory biosafety guidelines of the Korea
DC for SARS-CoV-2.

RT-PCR

The optimal concentration of primers and probes was synthe-
ized by using published sequences determined with the RNA
ranscripts of SARS-CoV-2. The primer and probe sequences for
NA-dependent RNA polymerase gene detection were as follows:
0-GTGARATGGTCATGTGTGGCGG-30 (Forward), 50-CAR ATGT-
AAASACACTATTAGCATA-30 (Reverse) and 50-CAGGTGGAACCT-
ATCAGGAGATGC-30 (probe in 5-FAM/30-BHQ format). Primer
nd probe sequences for the E gene detection were: 50-
CAGGTACGTTAATAGTTAATAGCGT-30 (Forward), 50-ATATTGCAG-
AGTACGCACACA-30 (Reverse), and 50-ACACTAGCCATCCT-
ACTGCGCTTCG-30 (probe in 5-FAM/30-BHQ format). A 20 mL
eaction contained 5 mL of template RNA, 11 mL of RT-PCR Premix,
nd 4 mL of each primer/probe mix. Thermal cycling was
erformed at 50 �C for 30 min for reverse transcription, followed
y the inactivation of the reverse transcriptase at 95 �C for 10 min.
CR amplification was performed with 40 cycles of 95 �C for 15 s
nd 60 �C for 1 min in the CFX-96 real-time PCR detection system
Bio-Rad). Ct values were reported.

thics statement

The Institutional Review Board (IRB) at Dankook University
ospital reviewed and approved the study protocol (IRB registra-
ion No. 2020-03-029�001); the requirement for written consent
as waived.

esults

The study population included 54 hospitalized patients with
onfirmed COVID-19 (Table 1). The median age of the 54 patients
as 45 years (interquartile range, 40–52 years; range, 2–81 years)
nd 33 (61.1%) were women. Of the 54 patients, 17 (31.5%) had one
r more comorbid medical conditions; 41.2% of patients were
ypertensive. Eleven cases (20.4%) were asymptomatic when they
ere confirmed to have COVID-19.
During hospitalization, pneumonia was present in 28 patients

51.85%). Six patients (11.1%) required oxygen supplement therapy:
our with nasal cannula, one with facial mask, and one with high
ow nasal cannula oxygen therapy. No patients required mechani-
al ventilator or ECMO therapy. Of 28 patients treated with
neumonia, 1 patient received systemic corticosteroid for the

regularly by nasopharyngeal swabs, lower respiratory specimens,
and within the sputum (Figure 1). RT-PCR results from 6 days
before symptoms to 48 days after symptoms were confirmed.

We classified the patient's test results from the date of symptom
occurrence and calculated the average Ct value (Figure 2). The Ct
value on the day of symptom development was the lowest at 13.47
(11.85�16.13). The Ct value was lowest in the clinical course from 5
days before symptoms to 10 days after the occurrence of symptoms
(Ct < 30).

Out of the twelve people who tested positive for SARS-CoV-2
before symptoms appeared, six people were family members of
confirmatory patients and the other six were in close contact with
an instructor who was identified as COVID-19-positive in the dance

Table 1
Clinical characteristics of 54 persons with diagnosed coronavirus diseasea.

Characteristics No. (%)

Age, y (mean + standard deviation) 47.0 + 13.0
Sex

M 21 (38.9)
F 33 (61.1)

Preexisting conditions 17 (31.5)
Hypertension 7 (13.0)
Diabetes 6 (11.1)
Chronic obstructive pulmonary disease 1 (1.9)
Congestive heart failure 0
Chronic kidney disease 0
Chronic liver disease 2 (3.7)
Malignancy 0

Body mass index, kg/m2b 23.6 + 3.2
Symptoms at admission

Fever (>37.5 �C) 17 (31.5)
Chills 9 (16.7)
Cough 21 (38.9)
Sputum 14 (25.9)
Dyspnea 5 (9.3)
Rhinorrhea 9 (16.7)
Sore throat 9 (16.7)
Nausea 1 (1.9)
Diarrhea 4 (7.4)
Abdominal pain 1 (1.9)
Myalgia 14 (25.9)
Headache 5 (9.3)
Anosmia or taste abnormality 4 (7.4)

MEWS(Modified Early Warning Score)† 1.5 + 0.91
Laboratory findings

Blood leukocyte count, reference range 4.0–11.0 � 109/
L
<4.0 � 109/L 9 (16.7)
>4.0 � 109/L 45 (83.3)

Lymphocyte count, reference range 1.0–3.4 � 109/Lb 1.463 + 0.634 � 109/L
Lymphopenia, <1.0 � 109/L 12 (22.2)

Platelet count, reference range 182–369 � 109/L
<150 � 109/L 7 (13.0)
>150 � 109/L 47 (87.0)
Hemoglobin, reference range 11.2–15.7 g/dLb 13.8 + 1.23 g/dL
C-reactive protein level >10 mg/L 12 (22.2)
Procalcitonin level >0.5 ng/mL 1 (1.9)
Lactate dehydrogenase >250 IU/L 24 (44.4)
Creatinine >133 mmol/L 1 (1.9)
Alanine aminotransferase >40 IU/L 7 (13.0)
Infiltration in chest x-ray 26 (48.1)
Infiltration in computed tomography 28 (51.9)
Supplementary oxygen 6 (11.1)

a Characteristics and clinical findings at the time of isolation or hospital
admission.

b Mean + standard deviation.
anagement of acute respiratory distress syndrome.
By May 29, 48 patients were off isolation or discharged. The

edian day of off-isolation/discharge was 25.0 days after symptom
nset (range, 12–49 days).
We evaluated viral kinetics by serial rRT-PCR of respiratory

pecimens from 54 patients (Figure 1). All patients were sampled
56
fitness class. The other was a Korean immigrant from the United
States and was confirmed by laboratory screening for visits. In one
case, a test conducted six days before the symptom occurred
showed negative findings (Ct value was 35.82).

In the 36th patient who received systemic corticosteroid, Ct
value decreased 10 days after methylprednisolone administration.
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In the rRT-PCR test performed with the lower respiratory tract
specimen, the Ct value decreased from 32.09 to 20.8 (Figure 3).

Discussion

COVID-19 shows a very high viral load on the day of symptom
development, which then decreases overall. Rapid viral prolifera-
tion was observed from 0 to 6 days before the onset of symptoms,
suggesting that the risk of transmission is extremely high due to a
significant amount of viral load in the early stages of symptoms and
preclinical period. A recent study found that a Ct value of 30 or less
showed positive findings in viral culture, although viral culture
positive Ct does not mean an infectious dose (Arons et al., 2020;
Young et al., 2020). In our finding, the Ct value is as low as 30 or less
from 5 days before symptom onset to 10 days after symptom onset.

The epidemiological investigation currently being conducted by

sufficient amount of virus transmission ability and is sufficient to
confirm the contact by more than 3 days before symptoms occur.
COVID-19 has a high viral load before symptoms; epidemiological
investigations from two days before the symptoms of diagnosed
patients according to the WHO guidelines are thought to be
difficult to prevent the spread of hidden infections as much as
possible. Considering the characteristic that COVID-19 has a high
viral load before symptoms appear, it is necessary to consider the
expansion of the scope of epidemiological investigations.

In addition, 10 days after symptom onset, the Ct value exceeds
30. As there is a very low possibility of transmission after 10 days of
symptom occurrence, it may be considered to release isolation
after 10 days of symptom occurrence in limited resource situations.

Based on our findings, even a patient who is currently
asymptomatic can deduce the present clinical condition of the
patient with the patient's rRT-PCR results, and the typical COVID-

Figure 1. Changes in the SARS-CoV-2 Ct value of rRT-PCR in respiratory specimens. (A) Changes in the Ct value of SARS-CoV-2 RNA (RNA-dependent RNA polymerase gene,
RdRP) in lower respiratory specimens in 54 patients with COVID-19. (B) Changes in the Ct value of SARS-CoV-2 RNA (RdRP) in nasopharyngeal specimens.
the WHO (World Health Organization) guideline is set as of the
second day before patient symptoms are confirmed (World Health
Organization, 2020b). However, our results show it is possible to
see a rapid increase in the virus 5 days before symptom occurrence
and a very high viral load that can occur 5 days before to 10 days
after symptoms occur. Within this Ct range, the virus contains a
563
19 patient's hospitalization can be determined based on the
patient’s rRT-PCR results. Recently, a patient was confirmed after
returning from the United States and was admitted to the hospital.
The patient had no symptoms at that time, but 2 months earlier the
patient had severe cold symptoms. At the time of hospitalization,
the Ct value of rRT-PCR test performed outside the hospital was as
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igh as 33.64, and the Ct value of all tests performed during
ospitalization for two consecutive days was negative. This patient
as thought to be highly likely to be “PCR detection after isolation”
ublished by the Korean Central Disaster and Safety Counter-
easures Headquarters.
Ultimately, rRT-PCR turned negative after �3 weeks; however, a

egativeandpositivepattern canoccurrepeatedlyforapproximately
 more weeks. Many COVID-19 patients were retested after
ischarge, confirmed repositivity, and requarantined in Korea
World Health Organization, 2020a; Jiang et al., 2020). Until May
9, the Korean public health center conducted rRT-PCR tests again
wo weeks after COVID-19 patients were discharged to confirm

In addition, it was shown that a high viral load can be
maintained for a long time in patients who were administered with
corticosteroids in this study. A recent study reported that the use of
corticosteroids may delay virus removal and develop bacterial
infections caused by immunosuppression (Yang et al., 2020).
Therefore, we need to treat this result with caution and selectively
apply systemic corticosteroid.

This study is limited by a small sample size (n = 54). In addition,
a more comprehensive graph can be created if the results of rRT-
PCR from the contact before the onset of symptoms can be added.
Further research is needed to determine how much of the viral load
is infectious.

igure 2. Changes in the SARS-CoV-2 Ct value of rRT-PCR in respiratory specimens. The calculated value as the mean of the Ct value of SARS-CoV-2 RNA(RdRP) in the
asopharyngeal specimens. The Ct value shows the lowest value on the day of symptoms and negative 3 weeks from the date of symptoms. (Negative > Ct value 35).

igure 3. Changes in the SARS-CoV-2 Ct value of rRT-PCR in respiratory specimens of patient 36. A 71-year-old man with a history of diabetes was hospitalized on the 5th day
f cough and fever. On the 10th day of symptom onset, dyspnea worsened and tachypnea persisted even after high flow nasal cannula oxygen therapy. On the 10th day of
ymptom development, methylprednisolone was administered at 0.5 mg/kg for 3 days and then stopped. Oxygen demand was reduced, but it was worsened on the 4th day
fter discontinuation, so methylprednisolone was taken at 1 mg/kg for 3 days. (The concomitant drugs used during the period of use of methylprednisolone were nafamostat,
iperacillin/tazobactam, levofloxacin, and lansoprazole.) After clinical improvement, the prednisolone dose was reduced and finally stopped after 10 days. In the rRT-PCR test
fter the discontinuation of corticosteroid administration, the Ct value was continuously decreased and negative was confirmed on the 19th day after the final
iscontinuation.
epositivity. Based on our study, there was a continuous pattern,
hich showed negative and positive results for 6 weeks and longer,
ith the persistence of Ct values of 33 or more in discharged patients
ith COVID-19 for 6 weeks and longer. Three PCR detection after

solationpatientswere excluded from thisstudy. Upto 11 weeksafter
he onset of symptoms, rRT-PCR positive findings were observed.
56
In conclusion, changes in viral load allow us to estimate when
patients will develop symptoms and determine the scope of
epidemiological investigations. This study of viral kinetics provides
a basis for estimating the inpatient discharge time and the patient's
isolation release time, which can make the supply and demand of
the hospital room predictable.
4
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