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ABSTRACT

This study aimed to assess the nasopharyngeal viral load at discharge or time of discontinued isolation in
coronavirus 2019 (COVID-19) patients admitted to our hospital and discharged under the current
symptom-based criteria in Japan.

Patients diagnosed with COVID-19 by reverse transcription polymerase chain reaction and hospitalized
at Toyama University Hospital were included in the analysis. Nasopharyngeal viral load was measured
when symptom-based criteria for discharge or end of isolation in the accommodations were met, and
examined the relationship between viral load and days after onset or age. From the perspective of virus
isolation limit, the amount of infectious viral load was defined at 50 copies/uL by nasopharyngeal sample.

Thirty-three patients with laboratory-confirmed COVID-19 were included in the analysis, after
excluding critical and fatal cases. Mean nasopharyngeal viral load at discharge or end of isolation was
1.90 log-copies/uL, and 64% of patients were discharged with over 50 copies/uL. No correlation was
apparent between age and viral load at discharge, and viral load remained relatively high at discharge or

end of isolation in all age groups.

Although attempts at infectious virus isolation are necessary, infection control precautions even after
discharge or discontinued isolation in accommodations may be needed, as the date of onset mostly
depended on self-reporting by patients.

© 2021 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

Currently, novel coronavirus disease 2019 (COVID-19) is pri-
marily diagnosed by the detection of severe acute respiratory
syndrome coronavirus 2019 (SARS-CoV-2) RNA via reverse tran-
scription polymerase chain reaction (RT-PCR) or by viral culture
and demonstration of cytopathic effect. Although RT-PCR only
identifies viral RNA and cannot determine whether infectious virus
remains present, infectiousness can be inferred from the viral load.
The RT-PCR threshold cycle (Ct) represents the number of PCR cy-
cles required to detect SARS-CoV-2 RNA, with lower values
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indicating higher viral load and, by implication, higher infectious-
ness [1]. The exact RT-PCR Ct values and viral loads from naso-
pharyngeal swabs or saliva associated with the presence of
infectious SARS-CoV-2 remains unclear, but infectious virus has
been isolated from specimens with an RT-PCR Ct as low as 34 [2].
On the other hand, virus isolation has been reported as almost
impossible for Ct values of 33—35 [3].

Ct values are generally used for estimating the viral load because
of the correlation between the Ct value and the viral load [4]. They
can fluctuate depending on the pre-analytical process such as the
sample collections and the protocols, however, the viral load pro-
vide the beneficial information to understand the pathogenesis. For
example, the minimum viral loads of culture positive nasopha-
ryngeal specimens are reportedly 12—252 copies/uL [5—7]. In
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addition, we previously reported that viral loads was higher among
symptomatic cases who transmitted to others compared to those
who did not transmit to others [8]. In this study, the differences in
the viral load gradually disappeared, and viral loads reached to
approximately at 50 copies/uL about 10 days after the onset. Thus,
we defined the minimum viral load associated with infectivity as 50
copies/uL in this study.

Virus shedding is highest on the day of onset, then gradually
declines. However, shedding may persist, with positive PCR test
results seen even after symptoms have subsided. For this reason,
the current criteria for discharge or end of isolation in Japan have
been changed from the conventional method based on the results
of PCR testing (test-based strategy) to a method using subjective
symptoms as an index (symptom-based strategy). However, un-
certainty remains regarding the date of symptom onset, as this has
relied on self-reported information from the patient. Moreover, one
report described virus isolation from patient specimens on day 13
of illness [2]. Concerns therefore remain regarding the presence of
infectious patients excreting virus even after meeting the current
discharge criteria.

This study therefore assessed the nasopharyngeal viral load at
discharge or end of isolation in COVID-19 patients admitted to our
hospital and discharged after meeting the current symptom-based
criteria in Japan.

Patients diagnosed with COVID-19 by RT-PCR of nasopharyngeal
swabs and hospitalized at Toyama University Hospital between
August 8 and October 5, 2020 were included in this study. Patients
were divided into 4 groups according to the severity of symptoms:
mild, moderate, severe, or critical. Patients who showed sufficient
improvement of symptoms and were judged as able to be followed-
up at the accommodation facility for the rest of the medical treat-
ment period were moved from the hospital to the accommodation
facility. The date of discharge from hospital or end of isolation in the
accommodation facility was determined based on the symptom-
based criteria in Japan, defined as: “At least 10 days have passed
since symptoms first appeared, at least 72 hours have passed since
last fever without the use of fever-reducing medications, and
symptoms (e.g., cough, shortness of breath) have improved.” [9].

The viral load was measured using a nasopharyngeal swab at
discharge or end of isolation after meeting the requisite criteria,
and we examined the relationship between viral load and days
after onset or age.

In quantitative measurement by RT-PCR, nasal swab specimens
were pretreated with 500 pL of Sputazyme (Kyokuto Pharmaceu-
tical, Tokyo, Japan). After centrifugation at 20,000xg for 30 min at
4 °C, the supernatant was used for RNA extraction. A total of 60 puL
of RNA solution was obtained from 140 pL of supernatant using a
QIlAamp ViralRNA Mini Kit (QIAGEN, Hilden, Germany) or Nip-
pongene Isospin RNA Virus (Nippon Gene Co., Tokyo, Japan) ac-
cording to the instructions from the manufacturers. Viral loads of
SARS-CoV-2 were quantified based on an N2-gene-specific
primer/probe set by quantitative RT-PCR according to the protocol
of the Japan National Institute of Infectious Diseases [10]. The
quality of quantification was controlled by AcroMetrix COVID-19
RNA Control (Thermo Fisher Scientific, Fremont, CA). The detec-
tion limit was approximately 0.4 copies/uL (2 copies/5 uL).

After excluding 6 critical and 2 fatal cases, 33 patients were
included in the present analysis. Baseline characteristics of the
patients are summarized in Table 1. Median age was 52 years,
comprising 2 patients (6.1%) <20 years old, 21 patients (63.6%) at
18—64 years old, and 10 patients (30.3%) >65 years old. Patients
comprised 17 males (51.5%) and 16 females (48.5%). Thirty-two
patients (97.0%) were symptomatic, and 1 patient (3.0%) was
asymptomatic. Nine patients (27.3%) were classified as showing
mild disease, 9 patients (57.6%) were moderate, and 4 patients
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Table 1
Basic characteristics of the patients.

Characteristics Study population

Age, median, y 52.0
=20, n (%) 2 (6.1)
21-64, n (%) 21(63.6)
=65, n (%) 10 (30.3)

Sex
Male, n (%) 17 (51.5)

Presence of symptoms, n (%)

Asymptomatic 1(3.0)
Symptomatic 32 (97.0)
Mild 9 (27.3)

Moderate 19 (57.6)
Severe 4(12.1)

Coexisting conditions, n (%)

Any coexisting condition 15 (45.5)
Chronic lung disease 1(3.0)
Diabetes mellitus 4(12.1)
Hypertension 8(24.2)
Immune deficiency 1(3.0)
Cardiovascular disease 2(6.1)
Cerebrovascular accident 0(0)
Renal disease 3(9.1)
Received hemodialysis 0(0)
Cognitive impairment 0(0)
Obesity 10 (30.3)

Medication, n (%)
no medication 26 (78.8)
Steroid 3(9.1)
Heparin 2(6.1)
Favipiravir 6(18.2)
Remdesivir 3(9.1)

(12.1%) were severe. Most of the patients had a significantly
reduced viral load at discharge or end of isolation compared to at
admission (Fig. 1). One of them had a higher viral load at discharge
than at admission. Eight patients were discharged or ended isola-
tion in the accommodation at 10 days after symptoms onset, among
whom only 2 patients (25%) were discharged or ended isolation in
the accommodation with a nasopharyngeal viral load of <50
copies/uL (Fig. 2). In total, 64% of patients were discharged or ended
isolation with over 50 copies/uL. No correlation was identified be-
tween these viral loads and days after onset or age, and viral load
remained high at discharge or end of isolation in the accommo-
dation in some patients, regardless of age.

Currently, a symptom-based strategy is being used in Japan to
determine discharge and end of accommodation treatment for
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Fig. 1. Relationship between the nasopharyngeal viral load at the time of discharge or
discontinuing isolation and days after symptom onset.
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Fig. 2. Nasopharyngeal viral load at admission and discharge or end of isolation. Red
circles represent one case who had a higher viral load at discharge than at admission.

COVID-19 patients. Symptom relief is defined as "no fever despite
no use of fever-reducing medications and improvement of symp-
toms (e.g., cough, shortness of breath)", but infectiousness may not
have completely disappeared under those conditions in some pa-
tients. Virus has reportedly been isolated from a sample with a Ct
value of 34 and from a sample 13 days after onset [2]. Some patients
showed viral loads <50 copies/uL at discharge or end of accom-
modation treatment, but many cases were discharged with a high
viral load. Based on such results, although we did not try to the
isolation of infectious virus from the samples, it seems likely that
some patients are excreting virus even after meet the current
discharge criteria. The current symptom-based strategy may have
resulted in discharge or end of isolation with patients in an infec-
tious state.

None of the COVID-19 patients who have been admitted to our
hospital and discharged after meeting the criteria have required
readmission. In addition, no cases of secondary infection origi-
nating from the patient have been confirmed after discharge.
Although previous studies demonstrated some cases in which the
PCR test became positive again after discharge, and the subjective
symptoms recurred, suggesting a relapse of COVID-19 [11,12].
However, there have been no reports that described the secondary
infection spread from the case of relapse. The effects of continued
infection prevention measures even after discharge and the exis-
tence of asymptomatic secondary infections cannot be ruled out,
and there are still many unclear points regarding the possibility of
infection in patients who have relapsed or after discharge. Further
evidence is expected to accumulate.

The present study contained some cases in which the viral load
was not sufficiently reduced at the time of discharge or the end of
isolation. It remains unclear how viral load changes over time in
relapsed cases. However, because the increase of the viral load after
the convalescent of the disease can imply the relapse, it may be
necessary to measure the viral load and confirm its improvement.

There are several limitations in our research. First, we evaluated
only the viral load but not attempted to isolate the virus. In addi-
tion, we have not evaluated factors that affect infectivity other than
viral load, such as the status of infection protection at the time of
exposure. Therefore, it may be difficult to evaluate the infectivity of
the patients after discharge from the hospital. Second, compared to
the liquid speciments, it is difficult to know the exact sample volume
of the nasopharyngeal swab specimens. Therefore, the viral loads in
the present study roughly indicate estimated values.
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Although isolation of infectious virus from samples at discharge
or end of isolation is necessary, infection control precautions are
needed even after discharge or end of isolation at the accommo-
dation, because of the uncertain nature of the date of onset based
on self-reports from patients.
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