£

and Public Health

International Journal of
Environmental Research

Article

Differential Kinetics of Cycle Threshold Values during
Admission by Symptoms among Patients with Mild COVID-19:
A Prospective Cohort Study

Teppei Sakano 12, Mitsuyoshi Urashima 3*0, Hiroyuki Takao 1*®, Kohei Takeshita !, Hiroe Kobashi ®

and Takeo Fujiwara 4

check for

updates
Citation: Sakano, T.; Urashima, M.;
Takao, H.; Takeshita, K.; Kobashi, H.;
Fujiwara, T. Differential Kinetics of
Cycle Threshold Values during
Admission by Symptoms among
Patients with Mild COVID-19: A
Prospective Cohort Study. Int. J.
Environ. Res. Public Health 2021, 18,
8181. https://doi.org/10.3390/
fjerph18158181

Academic Editor: Jozsef Z. Farkas

Received: 27 June 2021
Accepted: 29 July 2021
Published: 2 August 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Division of Innovation for Medical Information Technology, The Jikei University School of Medicine,
Tokyo 105-8461, Japan; sakano@allm.inc (T.S.); takao@jikei.ac.jp (H.T.); k.takeshita@jikei.ac.jp (K.T.)

2 Allm, Inc., Yushin Bldg. Shinkan 2F, 3-27-11 Shibuya, Shibuya-ku, Tokyo 150-0002, Japan

Division of Molecular Epidemiology, The Jikei University School of Medicine, Tokyo 105-8461, Japan

4 Department of Global Health Promotion, Tokyo Medical and Dental University, Tokyo 113-8510, Japan;
fujiwara. hlth@tmd.acjp

Department of Neurosurgery, The Jikei University School of Medicine, Tokyo 105-8461, Japan

Infectious Disease Department, Team Medical Clinic, Tokyo 105-0003, Japan; kobashi@team-medical.or.jp
*  Correspondence: urashima@jikei.ac.jp; Tel.: +81-3-3433-1111; Fax: +81-3-5400-1250

Abstract: In the coronavirus disease 2019 (COVID-19) pandemic, more than half of the cases of
transmission may occur via asymptomatic individuals, which makes it difficult to contain. How-
ever, whether viral load in the throat during admission is different between asymptomatic and
symptomatic patients is not well known. By conducting a prospective cohort study of patients with
asymptomatic or mild COVID-19, cycle threshold (Ct) values of the polymerase chain reaction test
for COVID-19 were examined every other day during admission. The Ct values during admission
increased more steadily in symptomatic patients and febrile patients than in asymptomatic patients,
with significance (p = 0.01 and p = 0.004, respectively), although the Ct values as a whole were not
significantly different between the two groups. Moreover, the Ct values as a whole were higher in
patients with dysosmia/dysgeusia than in those without it (p = 0.02), whereas they were lower in
patients with a headache than those without (p = 0.01). Patients who were IgG-positive at discharge
maintained higher Ct values, e.g., more than 35, during admission than those with IgG-negative
(p = 0.03). Assuming that viral load and Ct values are negatively associated, the viral loads as a whole
and their changes by time may be different by symptoms and immune reaction, i.e., IgG-positive at
discharge.

Keywords: coronavirus disease 2019; COVID-19; SARS-CoV-2; mild; asymptomatic; febrile; afebrile;
PCR; Ct; cycle threshold

1. Introduction

Currently, more than one year after the declaration of the coronavirus disease 2019
(COVID-19) pandemic by the World Health Organization (WHO) on 11 March 2020, more
than 165 million people have been infected with the virus, and more than 3 million have
died worldwide. Without efficient vaccinations, it seems to be difficult to control the spread
of COVID-19 by only restricting human behavior. One metanalysis based on eight reports
all originating from China showed that more than half of the cases of transmission may
occur via presymptomatic and asymptomatic carriers [1,2], which is the most troublesome
point of COVID-19 and makes it difficult to contain. In fact, presymptomatic transmission
has been reported in clusters of patients with close contact approximately 1 to 3 days
before the source patient developed symptoms during the early phase of the pandemic in
Singapore [3] and in Germany [4]. Moreover, the possibility of asymptomatic transmission
was suggested in China [5]. In contrast, another systematic review showed that the
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risk of transmission by asymptomatic patients was 42% lower than that by symptomatic
patients [6]. Thus, infectivity of asymptomatic patients has not been well elucidated.

A lower cycle threshold (Ct) value quantified by the real-time reverse transcription-
polymerase chain reaction (RT-PCR) from respiratory samples indicates large quantities
of viral RNA, because the Ct values have been demonstrated to correlate strongly and
negatively with cultivable virus [7]. Thus, in addition to diagnosis of COVID-19, Ct values
have been used to monitor its viral load and, increasingly, infer infectivity of the patients at
point-of-care testing. In fact, Ct values in the samples derived from the throat were shown
to start increasing several days before the appearance of the first symptoms [8], which
may support the plausibility of presymptomatic transmission. Moreover, equivalent levels
of the Ct values were detected in both asymptomatic and symptomatic patients, which
may suggest the plausibility of asymptomatic transmission [9,10], which may suggest the
plausibility of asymptomatic transmission. However, RT-PCR positivity does not always
distinguish between infectious and non-infectious virus, because RT-PCR can amplify a
part of the viral genome that has already lost infectivity [11]. In fact, the median time from
symptom onset to viral clearance in viral culture was 7 days, whereas the median time from
symptom onset to viral clearance on RT-PCR was 34 days, and viral culture was positive
only in samples with a Ct value for the N gene of 28.4 or less [12]. A Ct value for the N
gene less than 40 is interpreted as positive for SARS-CoV-2 RNA in Japan.

The common symptoms of COVID-19 are fever, cough, and shortness of breath.
Additional symptoms include weakness, fatigue, nausea, vomiting, diarrhea, and changes
of taste and smell [1]. The severity of COVID-19 varies from asymptomatic carriers to
fatal cases. Of the 104 people with SARS-CoV-2 infection on the Diamond Princess cruise
ship, 32% remained asymptomatic during admission [13]. Similarly, of the 1271 crew
members who were RT-PCR-positive on the U.S.S. Theodore Roosevelt Aircraft Carrier,
22% stayed asymptomatic for at least 10 weeks [14]. However, it is not well known whether
viral shedding after diagnosis or during admission differs between asymptomatic and
symptomatic patients, between afebrile and febrile patients, or between the presence and
absence of other signs/symptoms and characteristics. Thus, the aims of this prospective
cohort study enrolling asymptomatic carriers and patients with mild COVID-19 were to
compare the kinetics of Ct values during admission by symptoms and other factors.

2. Materials and Methods
2.1. Ethics Statement

The protocol of this prospective cohort study was approved by the Clinical Research
and Ethics Committee of the Tentakai (9-29-2020(13)), and before entry, written informed
consent was obtained from all patients. This study was performed in accordance with the
principles of the Helsinki Declaration.

2.2. Study Design

This was a prospective cohort study of asymptomatic SARS-CoV-2 carriers and pa-
tients with mild COVID-19 without hypoxia, based on the guideline by the Japanese
Ministry of Health, Labour and Welfare (included if either RT-PCR or the antigen-test was
positive, but excluded if the patient was age 65 years or older, had comorbidity such as
diabetes mellitus or food allergy, or was pregnant), and admitted in the Shonan Village
Center (SVC), located at Hayama, Kanagawa Prefecture of Japan between 17 November
2020 and 30 December 2020. SVC is a hotel, but it was a dedicated quarantine facility
for COVID-19 during the study period, staffed with nurses and caregivers to support
non-severe patients.

2.3. Participants

Consecutive patients who were positive on RT-PCR tests, i.e., Ct value < 40 at least
once, with or without any symptoms, diagnosed as having mild COVID-19 or asymp-
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tomatic COVID-19, referred to and admitted to SVC, and who provided written informed
consent, were enrolled during the study period.

2.4. MySOS

“MySOS” (Allm, Inc., Tokyo, Japan) [15] is a personal health management smartphone
app that uses the communication concept of social networking services such as WhatsApp,
LINE, or iMessage (Figure 1). Each participant was asked to install MySOS on their
smartphone to record their daily health status and to receive consultation by healthcare
professionals. “Team” (Allm, Inc., Tokyo, Japan) [16] is a web-browser based internet
application, by which daily health status of each patient from MySOS was automatically
gathered, monitored, and provided a consultation video call/text chat interface.
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Figure 1. MySOS interface.
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2.5. Cycle threshold (Ct) Values of Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR)
Test

RT-PCR assays for SARS-CoV-2 were performed using CronoSTAR™ 96 Real-Time
PCR System (WakenBtech Co., Ltd., Kusatsu-city, Shiga, Japan) to determine the presence of
the virus through the identification of nucleocapsid protein (N) gene. The Ct values of the
RT-PCR test were used as indicators of the copy number of SARS-CoV-2 RNA; specimens
with lower Ct values are considered to have higher viral copy numbers. According to the
diagnostic criteria of the Ministry of Health, Labour and Welfare in Japan, a Ct value less
than 40 was interpreted as positive for SARS-CoV-2 RNA, but a Ct value of up to 50 was
recorded in this study.

2.6. University of Pennsylvania Smell Identification Test (UPSIT)

For the smell test, the University of Pennsylvania Smell Identification Test (UPSIT;
Sensonics, Inc., Haddon Heights, NJ, USA) was administered to participants during admis-
sion.

2.7. Data Monitoring during Admission

On the first day, patients were provided with the smell testing kits, saliva collection
kits for the RT-PCR test, and instruction documents. They were to record, via MySOS, their
name, age, sex, symptoms (cough, fatigue, shortness of breath, headache, diarrhea, and
dysosmia/anosmia and/or dysgeusia/ageusia) (Figure 2), body temperature and oxygen
saturation level [SpO;, %] using a thermometer and pulse-oximeter, respectively, medical
history, drug history, and self-performed smell test and COVID-19 IgM/IgG antibody test
(Artron Laboratories, Inc., Burnaby, BC, Canada) results by sending pictures of the test
results.

all 1317 7 100% M-
Body Temperature/
Symptom Registration

Save

Cancel

Body Temperature

Temperature
measurement 04/30/2021
day

Temperature

measurement 1317
time
Body

Temperature 395

Select the symptoms that apply to you
No symptoms

Tiredness

Loss of taste

Dry cough

Diarrhoea

Headache

Shortness of breath

Figure 2. Sample of body temperature/symptoms. Users can register and manage their daily health
condition and symptoms as screening items for COVID-19.

From the second day, patients were asked to record, via MySOS, their symptoms,
vitals, and self-performed smell test results every morning and every late afternoon. Saliva
was collected in the late afternoon before dinner every two days during admission and also
the morning of the discharge day for RT-PCR testing. Patients were discharged 10 days
after symptom onset if the last 72 h had passed without symptoms. Low-grade fever was
defined as follows: the temperature was slightly elevated (between 37.5 °C and 38.4 °C)
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and lasted for more than 24 h. Hypoxemia was defined as oxygen saturation of 93% and
less.

2.8. Post-Discharge Questionnaire Survey

A post-discharge questionnaire survey was performed three weeks after discharge to
ask about persistent symptoms in patients after acute COVID-19. PCR test-negative digital
certificate for COVID-19 were provided to the participants.

2.9. Statistics

Skewness and kurtosis tests were used to assess the normality of the distributions.
Parametric and nonparametric continuous variables with normal and nonnormal distri-
butions were compared between two groups and among three groups using a t-test and
Mann-Whitney test, and analysis of variance and the Kruskal-Wallis test, respectively.
Dichotomous variables were compared between groups by the x? test. The kinetics of the
Ct value during admission were compared between with and without a certain symptom
or sign by means of repeated measure analysis of variance (ANOVA). Data were analyzed
using Stata version 17.0 software (StataCorp LP, College Station, TX, USA).

3. Results
3.1. Patients” Characteristics Stratified by Three Groups: Asymptomatic Patients, Febrile Patients,
and Afebrile Patients with any Other Symptoms

A total of 121 consecutive patients agreed to participate in this study on admission
to SVC. However, one patient then refused to participate. Thus, 120 patients (median age
38.9 [SD, 12.4] years; women vs. men: 51 vs. 69 years) were included in the following
analyses. A total of 102 patients complained of at least one of the following symptoms on
or before admission: fever, 78 (65.0%); cough, 46 (38.3%); fatigue, 40 (33.3%); headache,
22 (18.3%); sore throat, 21 (17.5%); dysfunction of smell, i.e., dysosmia, and taste, i.e.,
dysgeusia, 20 (16.7%); joint pain, 8 (6.7%); runny nose, 7 (5.8%); dyspnea, 7 (5.8%), and
others, e.g., diarrhea, 3; dizziness, 2; appetite loss, 2; nausea/vomiting, 1; pneumonia, 1;
gingivitis, 1. On the other hand, 18 people did not complain of any symptoms before and
during admission, and they were defined as asymptomatic cases in this study. One of the
asymptomatic carriers showed transient low-grade fever (37.9 °C), but it did not last for
24 h. Except for that, all 18 patients remained asymptomatic during admission.

The patients’ characteristics stratified as asymptomatic patients (n = 18), febrile pa-
tients (n = 78), and afebrile patients with any other symptoms (n = 24) are shown in Table 1.
Age seemed to be older in febrile patients than in others, but there were no significant
differences among the three groups. Duration from onset to admission was positively
associated with Ct value (p = 0.003). Duration from admission to discharge was longer in
asymptomatic patients than in febrile patients (p = 0.03) and afebrile patients (p = 0.003).
The Ct values on admission of febrile patients were significantly lower than of asymp-
tomatic patients (p = 0.04) and afebrile patients (p = 0.01). On the other hand, the minimum
Ct value during admission and the Ct value at discharge were not different among the
three groups. A mean of SpO2 was 96.9% (SD, 1.7%) in total, suggesting patients enrolled
in this study were mild without hypoxia on admission. Results of the smell test and the
IgM-positive rate on admission were not different among the three groups. No patients
were IgG-positive on admission, suggesting that all participants had primary infection with
COVID-19. Positivities of both IgM and IgG at discharge were also not different among
the three groups. The frequencies of medical history or comorbidities, e.g., cardiac disease,
respiratory disease, hypertension, and cancer, were not different among the three groups.
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Table 1. Patients’ characteristics stratified by three groups: asymptomatic, dysosmia/dysgeusia, and

others.
Symptomatic
Variable Asymptomatic n =102 p-Value
n=18 Febrile Afebrile
n=78 n=24
Age,y 4
Median (IQR 1) 37 (24-48) 43.5 (29-50) 38.5 (26-47) 0.72
Men, n (%) 12 (66.7%) 44 (56.4%) 13 (54.2%) 0.68°5
Onset to admission, days 6
Median (IQR 1) - 4 (3-5) 5 (3-6.5) 0.16
Admission to discharge, days 4
Median (IQR 1) 10(5-10) 9 (7-10) 8 (6-9) 0.01
Onset to discharge, days 6
Median (IR 1) 12 (12-12) 12 (12-12) 0.15
Ct value on day 1 327 (28.5-39.7) 30.1(26.9-35.2) 344 (28.4-38.8)  0.047
Mean (SD 1) . . . . . .. o o . .
Minimum Ct value 7
Mean (5D 1) 30.3(25.9-35.7) 29.1(26.0-31.6) 31.8(27.1-36.8)  0.14
Ct value on discharge 7
Mean (SD 1) 39.0 (35.2-50) 41.9 (34.7-50) 47.1 (36.4-50) 0.76
UPSIT for smell test 3
0~24% 5 (27.8%) 14 (18.0%) 9 (40.9%)
25~49% 2 (11.1%) 5 (6.4%) 3(13.6%) 0.29 5
50~74% 1(5.7%) 14 (18.0%) 3(13.6%) :
75~99% 3 (16.7%) 20 (25.6%) 3 (13.6%)
100% 7 (38.9%) 25 (32.1%) 4 (18.2%)
SpO2, % 2
97 (97-97 97 (97-98 97 (96-97 204
Median (IQR 1) ( ) ( ) ( ) 020
IgM on admission
- 15 (83.3%) 73 (93.6%) 22 (91.7%) 5
+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.37
+ 3 (16.7%) 5 (6.4%) 2 (8.3%)
IgG on admission
- 18 (100%) 78 (100%) 24 (100%) i}
+ 0 (0.0%) 0 (0.0%) 0 (0.0%)
+ 0 (0.0%) 0 (0.0%) 0 (0.0%)
IgM at discharge
- 7 (38.9%) 25 (32.9%) 8 (34.8%) 5
+ 3 (16.7%) 19 (25.0%) 5 (21.7%) 0.96
+ 8 (44.4%) 32 (42.1%) 10 (43.5%)
IgG at discharge
- 16 (88.9%) 63 (82.9%) 18 (78.3%) 5
+ 0 (0.0%) 7 (9.2%) 1 (4.4%) 0.44
+ 2 (11.1%) 6 (7.9%) 4 (17.4%)

TIQR: interquartile range (25-75%), SD: standard deviation 2 The questionnaire was collected from 96 participants.

3 The data were obtained on the first day of admission. ¢ p-value calculated by the Kruskal-Wallis equality-of-

gopulations rank test. > p-value calculated by the chi-squared test. ¢ p-value calculated by the Mann-Whitney test.
p-value calculated by analysis of variance.

3.2. Characteristics of Three Patients Who Deteriorated after Admission and Were Referred to the
Hospital

During admission, the medical condition of three patients deteriorated, and they
were referred to the hospital due to hypoxia (Table 2). All three patients were male and
symptomatic.
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Table 2. Characteristics of patients referred to the hospital.

Patient Age (y) Ol‘}SQF Date Symptoms Ct Va}ue: on Minimu1?1 0, Date of Reason for
ex Admission Date Admission Saturation Referral Referral
1 ijle }; ;ﬂ Zgig D;:(Liia 28.2 93 18/11/2020 hypoxia
2 1115:1(3 ifﬁﬂﬁgig Cough 343 82 23/11/2020  hypoxia
3 n?fle éj}ifﬁgig Fg‘;fz t(}:fr’gagth 24.8 93 18/11/2020  hypoxia

3.3. Differential Kinetics of Ct Values between Symptomatic and Asymptomatic Patients

First, the kinetics of Ct values during admission were compared between symptomatic
(n =102) and asymptomatic patients (1 = 18) (Figure 3). The Ct values as a whole were not
significantly different between asymptomatic and symptomatic patients (p = 0.68), whereas
the Ct values increased more steadily in symptomatic patients than in asymptomatic
patients with significance (p = 0.01).

= Symptomatic Asymptomatic
w0
. N
Q
: [
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[}
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©
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Figure 3. Differential kinetics of Ct values between symptomatic and asymptomatic patients. Mean
Ct with 95% confidence intervals. When the Ct value is 40 or more, the PCR test result is considered

negative.

3.4. Differential Kinetics of Ct Values between Afebrile and Febrile Patients

Second, the kinetics of the Ct values during admission were compared between
afebrile patients (1 = 42) and febrile patients (n = 78) (Figure 4). The Ct value on the first
day was lower in febrile patients than in afebrile patients (p = 0.01). The Ct values as
a whole were not significantly different between afebrile and febrile patients (p = 0.54),
whereas the Ct values increased more steadily in febrile patients than in afebrile patients
with significance (p = 0.01).
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Figure 4. Differential kinetics of the Ct values between afebrile and febrile patients. Mean Ct with

95% confidence intervals. When the Ct value is 40 or more, the PCR test result is considered negative.

* represents a significant difference (p < 0.05).

3.5. Differential Kinetics of Ct Values between Febrile Patients and Asymptomatic Patients

Third, by excluding afebrile patients with any symptoms other than fever (n = 24), the
kinetics of Ct values during admission were compared between febrile patients (1 = 78) and
asymptomatic patients (n = 18) (Figure 5). The Ct values as a whole were not significantly
different between asymptomatic and symptomatic patients (p = 0.91), whereas the Ct values
increased more steadily in febrile patients than in asymptomatic patients with significance
(p = 0.004). The Ct value on the first day was significantly lower in febrile cases than in
asymptomatic cases (p = 0.04).

T T T T 3
5 7 9 1 1 3 5
Days after Admission

- Febrile Asymptomatic
v
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]
: |
© o ]
> ¥ *
et
o W/ J
ol 1
Vr B
STt
1 3

~ -
©
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e

Figure 5. Differential changes of Ct values between febrile and asymptomatic patients. Mean Ct with
95% confidence intervals. When the Ct value is 40 or more, the PCR-test result is considered negative.

* represents a significant difference (p < 0.05).

3.6. Differential Kinetics of Ct Values between Patients without and with Cough

Fourth, the kinetics of Ct values during admission were compared between patients
without cough (n = 74) and with cough (n = 46) (Figure 6). There was no significant
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difference in the kinetics of the Ct values between the groups. However, the Ct value on
admission was significantly lower in patients with cough than in those without (p = 0.04).

° Without Cough With Cough
w
. T
- /,,_,_,-0
2 I
© g ik T
>
-
(8]
*
8+ | T
T/ 1 .
® I

T T T T T

T
1 3 5 7 9 1 1 3 5 7 9 1
Days after Admission

Figure 6. Differential kinetics of Ct values between patients without and with cough. Mean Ct with
95% confidence intervals. When the Ct value is 40 or more, the PCR test result is considered negative.

* represents a significant difference (p < 0.05).

3.7. Differential Kinetics of Ct Values between Patients without and with Dysosmia/Dysgeusia

Fifth, the kinetics of Ct values during admission were compared between patients with-
out dysosmia/dysgeusia (1 = 100) and with dysosmia/dysgeusia (1 = 20) (Figure 7). The Ct
value on the first day was higher in patients with than those without dysosmia/dysgeusia
(p = 0.01). Similarly, the Ct values as a whole were significantly higher in patients with
than those without dysosmia/dysgeusia (p = 0.02), although changes of the Ct values by
time were not significantly different.

o Without With
0] Dysosmia/ Dysgeusia Dysosmia/ Dysgeusia
3
O o T T —9
= —
g /}/‘ . r/
*%
o< T L 7 T/ \'
o/I/
9 T
*}*/f
3

T
1 3 5 7 9 1 1 3 5 7 9 1"
Days after Admission

Figure 7. Differential kinetics of Ct values between patients without dysosmia/dysgeusia and with
dysosmia/dysgeusia. Mean Ct with 95% confidence intervals. When the Ct value is 40 or more, the
PCR test result is considered negative. ** represents a significant difference (p < 0.005).
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There were no significant differences in the kinetics of Ct values between with and
without other symptoms: fatigue, headache, and sore throat.

3.8. Differential Kinetics of Ct Values between Patients without and with Headache
Sixth, the kinetics of Ct values during admission were compared between patients
without headache (n = 98) and with headache (n = 22) (Figure 8). The Ct values as a whole

were significantly lower in patients with than those without headache (p = 0.01), although
changes of the Ct values by time were not significantly different.

& Without Headache With Headache

w

8 |

<
g [
EE .
]
>
=)
O V

35
-

30
—
—

T T T T T T T T

1 2 3 4 5 6 1 2 3 4 5 6
Days after Admission

Figure 8. Differential kinetics of Ct values between patients without headache and with headache.
Mean Ct with 95% confidence intervals. When the Ct value is 40 or more, the PCR test result is
considered negative.

3.9. Differential Kinetics of Ct Values between Patients Negative and Positive for IgM on
Admission

Seventh, kinetics of Ct values during admission were compared between patients who
were IgM-negative (n = 110) and IgM-positive (1 = 10) on admission (Figure 9). There was
no significant difference in the kinetics of Ct values between the groups, but the Ct value
on the first day of admission was significantly higher in patients negative for IgM than in
those positive for IgM on admission (p = 0.004).

IgG for SARS-CoV-2 was negative in all patients on admission.
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Figure 9. Differential kinetics of Ct values between patients who were IgM negative and IgM positive
on admission. Mean Ct with 95% confidence intervals. When the Ct value is 40 or more, the PCR test
result is considered negative. ** represents a significant difference (p < 0.005).

3.10. Differential Kinetics of Ct Values between Patients Negative and Positive for IgG at
Discharge

Eighth, the kinetics of Ct values during admission were compared between patients
who were IgG-negative (n = 104) and IgG-positive (n = 12) at discharge (Figure 10). The Ct
values as a whole were significantly higher in patients who were IgG-positive at discharge
than in those who were IgG-negative (p = 0.03), although changes of the Ct values by time
were not significantly different. The Ct value on the first day of admission was significantly
higher in patients who were IgG-positive at discharge than in those who were IgG-negative
(p =0.004).

IgG-negative at discharge 1gG-positive at discharge

60

55

50

“ Ct llsalue
|
J

T T T

T
1 3 5 7 9 1 1 3 5 7 9 11
Days after Admission

35
)r;
*

30

Figure 10. Differential kinetics of Ct values between patients with negative and positive IgG at
discharge. Mean Ct with 95% confidence intervals. When the Ct value is 40 or more, then the PCR
test result is considered negative. ** represents a significant difference (p < 0.005).
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There were no significant differences in the kinetics of Ct values between those who
were IgM-positive and IgM-negative at discharge.

3.11. Differential Kinetics of Ct Values between Women and Men

Ninth, the kinetics of Ct values during admission were compared between women
(n = 51) and men (n = 69) (Figure 11). There was no significant difference in the kinetics
between women and men. However, the Ct value on day 7 of admission was significantly
less in men than in women (p = 0.03).

Female Male
3
o I
> < T J.
6 *
& T l
]

T T T T T T T T T T T T
1 3 5 7 9 1 1 3 5 4 9 11
Days after Admission

Figure 11. Differential kinetics of Ct values between female and male patients. Mean Ct with 95%
confidence intervals. When the Ct value is 40 or more, the PCR test result is considered negative.

* represents a significant difference (p < 0.05).

3.12. Differential Kinetics of Ct Values between Younger and Older Than Forty Years

Tenth, the kinetics of Ct values during admission were compared between younger
(<40 years of age: n = 60) and older (>40 years: n = 60) cases (Figure 12). Recovery speed,
i.e., increment in Ct value, seemed faster in younger than in older cases, although there
was no significant difference. In the group of younger patients, the Ct value exceeded 40
before day 7, whereas in the group of older patients, the Ct value exceeded 40 after day 8.
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Figure 12. Differential kinetics of Ct values between age < 40 y and >40 y. Mean Ct with 95%
confidence intervals. When the Ct value is 40 or more, then the PCR test result is considered negative.

3.13. Persistent Symptoms in Patients after Acute COVID-19

A total of 96 (80%) patients replied to the post-discharge questionnaire survey three
weeks after discharge. A total of 34 (35.4%) patients complained of at least one of fol-
lowing symptoms: dysosmia/dysgeusia, 18 (19.0%); difficulty in breathing, 13 (13.7%);
cough/sputum, 12 (12.6%); fatigue, 8 (8.4%); headache, 3 (3.2%); fever, 2 (2.1%); sleepiness,
2 (2.1%); chest pain, 1 (1.1%); joint pain, 1 (1.1%). On the other hand, 62 (64.6%) people
did not complain of any symptoms. There were no significant differences in the rates of
any other symptoms among the three groups: asymptomatic patients, febrile patients, and
afebrile patients with any other symptoms (Table 3).

Table 3. Post-discharge questionnaire survey stratified by three groups.

Symptomatic
Variable Asymptomatic n =102 _Value 2
n (%) ! n=15 Febrile Afebrile b
n=~64 n=17

Dysosmia/dysgeusia 2 (13.3%) 12 (19.1%) 4 (23.5%) 0.76
Difficulty in breath 1(6.7%) 10 (15.9%) 2 (11.8%) 0.63
Cough/sputum 1(6.7%) 6 (9.5%) 5 (29.4%) 0.07
Fatigue 0 (0.0%) 5 (7.9%) 3 (17.7%) 0.19
Headache 0 (0.0%) 2 (3.2%) 1 (5.9%) 0.64
Fever 0(0.0%) 2 (3.2%) 0 (0.0%) 0.60
Sleepiness 1(6.7%) 0 (0.0%) 1(5.9%) 0.13
Chest pain 0 (0.0%) 1(1.6%) 0 (0.0%) 0.77
Joint pain 0 (0.0%) 1 (1.6%) 0 (0.0%) 0.77
Any chronic 4(26.7%) 23 (36.5%) 7 (41.2%) 0.73

symptoms, n (%) 2

! The questionnaire was collected from 96 participants. 2 p-value was calculated by the chi-squared test.

4. Discussion

In this study, initially, the differential kinetics of Ct values during admission by symp-
toms were shown. The Ct values on admission were higher in asymptomatic patients than
in febrile patients. Moreover, the Ct values during admission increased more steadily in
symptomatic patients and febrile patients than in asymptomatic patients, although the
Ct values as a whole were not significantly different between the two groups. Le Bert
et al. demonstrated that SARS-CoV-2-specific T cells derived from asymptomatic patients
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produced higher levels of interferon gamma and interleukin 2 than those from symptomatic
patients, whereas such T cells from severe patients secreted more pro-inflammatory cy-
tokines, such as interleukin-6, than those from asymptomatic patients, suggesting that
asymptomatic patients are not characterized by weak antiviral immunity, but by a highly
functional, virus-specific cellular immune response [17]. In fact, IgM was positive in 16.7%
of asymptomatic patients compared to 6.4% in febrile patients on admission, although the
difference was not significant. Carsetti et al. showed that an early increase of specific IgM
was associated with asymptomatic SARS-CoV-2 infection [18], which is consistent with the
results of the present study. Thus, asymptomatic patients may suppress viral proliferation
without signs of inflammation, such as fever. Assuming low Ct values are associated with
more viral load or being more infectious, asymptomatic patients may be less infectious than
febrile or patients with symptoms such as coughing and headache, because the means of
the Ct values in asymptomatic patients were always above 35 during admission, whereas
the means in febrile or symptomatic patients were lower than 35 in the first couple of days
after admission. This hypothesis is consistent with the systematic review showing that the
risk of transmission by asymptomatic patients was 42% lower than that by symptomatic
patients [6]. The Ct values on admission were higher in patients with dysosmia/dysgeusia
than in those without it. Alterations in smell and/or taste were frequently reported by
mildly symptomatic patients with SARS-CoV-2 infection and were often the first apparent
symptom [19,20]. On the other hand, the Ct values as a whole were lower in patients with
than those without headache. However, why the Ct values were higher in patients with
dysosmia/dysgeusia and lower in patients with headache remains unknown.

Next, the differential kinetics of Ct values during admission by positivity of IgM or
IgG either on admission or at discharge were examined. Patients who were IgM-positive
on admission and IgG-positive at discharge had already high Ct values, e.g., more than 35,
but patients who were IgM- or IgG-negative had low Ct values on admission. In addition,
patients who were IgG-positive at discharge maintained higher Ct values, e.g., more than
35, during admission than those with IgG-negative. These results suggest that IgM- or
IgG-positive patients may be less infectious than IgM- or IgG-negative patients.

Finally, the kinetics of Ct values were compared between women and men and be-
tween young and old persons. The Ct values increased more quickly in female patients
than in male patients, indicating that female patients may recover faster than male pa-
tients. Indeed, the immune landscape in patients with COVID-19 is considerably different
between the sexes, and these differences may underlie heightened disease vulnerability
in men [21,22]. Thus, these immunological differences between women and men were
thought to affect the kinetics of Ct values. Similarly, Ct values seemed to recover faster in
young than in old persons, although no significant difference was detected.

There are several limitations to this study. First, Ct values were used as a parameter
reflecting viral load in this study, because a previous study demonstrated that Ct values
correlate strongly with cultivable virus [7]. However, RT-PCR positivity does not always
distinguish between infectious and non-infectious virus, because RT-PCR can amplify a
part of the viral genome that has already lost infectivity [23]. Second, the sample size
was too small to detect significant differences in some comparisons. Third, analyses of
symptoms and other factors may increase the probability of type I error due to multiple
comparisons. Thus, some of the significant results may be due to chance. Fourth, because
this study was conducted in Japan, the results of the present study are not necessarily
generalizable to other populations or countries. Fifth, high Ct values, i.e., around 30,
were observed on admission in this study, compared with other published studies [11,24].
Rao et al. suggested that higher Ct values may be associated with better outcome [11].
Patients analyzed in this study were asymptomatic carriers or mild cases without hypoxia.
That is why the overall Ct values were high in this study. Moreover, N gene, but not
COVID-19-RdRp/Hel [25] nor S gene [24], was used for PCR testing. Duration from onset
to admission was median 4 to 5 days. In this study, these factors may also raise Ct value on
admission. Sixth, changes of Ct values by saliva PCR test during admission were applied
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in this study. However, a recent Cochrane systematic review [26] has found conflicting
reports on this approach between saliva testing and nasopharyngeal testing as a golden
standard. Seventh, days from onset to admission were different among patients, which
may be a potential source of bias on Ct values on admission. Eighth, regarding persistent
symptoms, a total of 35.4% patients complained of at least one symptom. However, 80%
replied to the post-discharge questionnaire survey; thus, this percentage may include bias.
Ninth, scores of the smell test on admission used in this study as an objective measure did
not always match dysosmia as a subjective symptom, although a study using UPSIT to
compare smell acuity in patients diagnosed with COVID-19, compared with a matched
control group, showed that 98% of the patient group exhibited some smell dysfunction,
scoring significantly lower on the UPSIT compared to controls [27].

5. Conclusions

Assuming that viral load and Ct values are associated, the results of this study gener-
ated the hypothesis that the viral load may be (1) decreased more steadily in symptomatic
patients and febrile patients than in asymptomatic patients, (2) low in patients with dysos-
mia/dysgeusia and high in patients with headache, and (3) low in patients who were
IgG-positive at discharge and high in those who were IgG-negative.

Author Contributions: Conceptualization, T.S., HK. and K.T.; methodology, T.S., K.T. and H.T,;
validation, H.K.; formal analysis, M.U.; resources, T.S.; data curation, T.S. and H.K.; writing—original
draft preparation, M.U.; writing—review and editing, T.F.,, K.T., T.S., HK. and H.T.; visualization,
M.U. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Japan Agency for Medical Research and Development
under Grant Number JP20he0722006. The funder had no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to
publish the results.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the by the Clinical Research and Ethics Committee of the
Tentakai (9-29-2020(13)) at 9 September 2020.

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to thank nurses Masami Chugun and Yukina Yamashiro
for collecting data at the Shonan Village Center.

Conflicts of Interest: T.S. is the CEO and Founder of Allm, Inc. The other authors declare no conflicts
of interests.

References

1.

Wiersinga, W.J.; Rhodes, A.; Cheng, A.C.; Peacock, S.J.; Prescott, H.C. Pathophysiology, transmission, diagnosis, and treatment of
Coronavirus Disease 2019 (COVID-19): A review. JAMA 2020, 324, 782-793. [CrossRef] [PubMed]

Johansson, M.A.; Quandelacy, T.M.; Kada, S.; Prasad, P.V.; Steele, M.; Brooks, ]J.T.; Slayton, R.B.; Biggerstaff, M.; Butler, ].C.
SARS-CoV-2 transmission from people without COVID-19 symptoms. JAMA Netw. Open 2021, 4, €2035057. [CrossRef]

Wei, WE,; Li, Z.; Chiew, C.J.; Yong., S.E.; Toh, M.P; Lee, V.J. Presymptomatic transmission of SARS-CoV-2—Singapore, January
23-March 16, 2020. MMWR Morb. Mortal Wkly. Rep. 2020, 69, 411-415. [CrossRef]

Rothe, C.; Schunk, M.; Sothmann, P,; Bretzel, G.; Froeschl, G.; Wallrauch, C.; Zimmer, T.; Thiel, V,; Janke, C.; Guggemos, W.; et al.
Transmission of 2019-nCoV Infection from an asymptomatic contact in Germany. N. Engl. J. Med. 2020, 382, 970-971. [CrossRef]
[PubMed]

Bai, Y,; Yao, L.; Wei, T; Tian, E; Jin, D.Y.; Chen, L.; Wang, M. Presumed asymptomatic carrier transmission of COVID-19. JAMA
2020, 323, 1406-1407. [CrossRef] [PubMed]

Byambasuren, O.; Cardona, M.; Bell, K; Clark, J.; McLaws, M.; Glasziou, P. Estimating the extent of asymptomatic COVID-19 and
its potential for community transmission: Systematic review and meta-analysis. Off. ]. Assoc. Med. Microbiol. Infect. Dis. Can.
2020, 5, 223-234. [CrossRef]


http://doi.org/10.1001/jama.2020.12839
http://www.ncbi.nlm.nih.gov/pubmed/32648899
http://doi.org/10.1001/jamanetworkopen.2020.35057
http://doi.org/10.15585/mmwr.mm6914e1
http://doi.org/10.1056/NEJMc2001468
http://www.ncbi.nlm.nih.gov/pubmed/32003551
http://doi.org/10.1001/jama.2020.2565
http://www.ncbi.nlm.nih.gov/pubmed/32083643
http://doi.org/10.3138/jammi-2020-0030

Int. J. Environ. Res. Public Health 2021, 18, 8181 16 of 16

10.

11.

12.

13.

14.
15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Singanayagam, A.; Patel, M.; Charlett, A.; Lopez Bernal, J.; Saliba, V.; Ellis, J.; Ladhani, S.; Zambon, M.; Gopal, R. Duration of
infectiousness and correlation with RT-PCR cycle threshold values in cases of COVID-19, England, January to May 2020. Euro
Surveill. 2020, 25, 2001483. [CrossRef] [PubMed]

He, X,; Lau, EH.Y,; Wu, P; Deng, X.; Wang, J.; Hao, X.; Lau, Y.C.; Wong, ].Y.; Guan, Y.; Tan, X,; et al. Temporal dynamics in viral
shedding and transmissibility of COVID-19. Nat. Med. 2020, 26, 672—675. [CrossRef]

Zou, L.; Ruan, F;; Huang, M.; Liang, L.; Huang, H.; Hong, Z.; Yu, J.; Kang, M.; Song, Y.; Xia, J.; et al. SARS-CoV-2 viral load in
upper respiratory specimens of infected patients. N. Engl. |. Med. 2020, 382, 1177-1179. [CrossRef]

Lee, S.; Kim, T.; Lee, E.; Lee, C.; Kim, H.; Rhee, H.; Park, S.Y.; Son, H.J.; Yu, S.; Park, J.W.; et al. Clinical course and molecular viral
shedding among asymptomatic and symptomatic patients with SARS-CoV-2 infection in a community treatment center in the
Republic of Korea. JAMA Intern. Med. 2020, 180, 1447-1452. [CrossRef] [PubMed]

Dahdoubh, E.; Lazaro-Perona, F; Romero-Gémez, M.P.; Mingorance, J.; Garcia-Rodriguez, J. Ct values from SARS-CoV-2 diagnostic
PCR assays should not be used as direct estimates of viral load. J. Infect. 2021, 82, 414-451. [CrossRef] [PubMed]

Kim, M.C.; Cui, C; Shin, K.R;; Bae, J.Y.; Kweon, O.].; Lee, M.K,; Choi, S.H.; Jung, S.Y.; Park, M.S.; Chung, ].W. Duration of
culturable SARS-CoV-2 in hospitalized patients with Covid-19. N. Engl. ]. Med. 2021, 384, 671-673. [CrossRef] [PubMed]
Tabata, S.; Imai, K.; Kawano, S.; Ikeda, M.; Kodama, T.; Miyoshi, K.; Obinata, H.; Mimura, S.; Kodera, T.; Kitagaki, M.; et al. Clinical
characteristics of COVID-19 in 104 people with SARS-CoV-2 infection on the Diamond Princess cruise ship: A retrospective
analysis. Lancet Infect. Dis. 2020, 20, 1043-1050. [CrossRef]

Kasper, M.R;; Geibe, ].R; Sears, C.L.; Riegodedios, A.].; Luse, T.; Von Thun, A.M.; McGinnis, M.B.; Olson, N.; Houskamp, D.;
Fenequito, R.; et al. An outbreak of Covid-19 on an aircraft carrier. N. Engl. . Med. 2020, 383, 2417-2426. [CrossRef] [PubMed]
MySOS. Available online: https:/ /www.allm.net/en/mysos-en/ (accessed on 19 May 2021).

Team. Available online: https://www.allm.net/en/team-en/ (accessed on 19 May 2021).

Le Bert, N.; Clapham, H.E.; Tan, A.T.; Chia, W.N.; Tham, C.Y.L.; Lim, ].M.; Kunasegaran, K.; Tan, L.W.L.; Dutertre, C.A.; Shankar,
N.; et al. Highly functional virus-specific cellular immune response in asymptomatic SARS-CoV-2 infection. J. Exp. Med. 2021,
218, €20202617. [CrossRef] [PubMed]

Carsetti, R.; Zaffina, S.; Piano Mortari, E.; Terreri, S.; Corrente, F.; Capponi, C.; Palomba, P.; Mirabella, M.; Cascioli, S.; Palange, P,;
et al. Different innate and adaptive immune responses to SARS-CoV-2 infection of asymptomatic, mild, and severe cases. Front.
Immunol 2020, 11, 610300. [CrossRef]

Spinato, G.; Fabbris, C.; Polesel, J.; Cazzador, D.; Borsetto, D.; Hopkins, C.; Boscolo-Rizzo, P. Alterations in smell or taste in mildly
symptomatic outpatients with SARS-CoV-2 infection. JAMA 2020, 323, 2089-2090. [CrossRef]

Xydakis, M.S.; Dehgani-Mobaraki, P.; Holbrook, E.H.; Geisthoff, U.W.; Bauer, C.; Hautefort, C.; Herman, P.; Manley, G.T.; Lyon,
D.M.; Hopkins, C. Smell and taste dysfunction in patients with COVID-19. Lancet Infect. Dis. 2020, 20, 1015-1016. [CrossRef]
Takahashi, T.; Ellingson, M.K.; Wong, P; Israelow, B.; Lucas, C.; Klein, J.; Silva, J.; Mao, T.; Oh, J.E.; Tokuyama, M.; et al. Sex
differences in immune responses that underlie COVID-19 disease outcomes. Nature 2020, 588, 315-320. [CrossRef] [PubMed]
Scully, E.P.; Haverfield, J.; Ursin, R.L.; Tannenbaum, C.; Klein, S.L. Considering how biological sex impacts immune responses
and COVID-19 outcomes. Nat. Rev. Immunol. 2020, 20, 442-447. [CrossRef]

Rao, S.N.; Manissero, D.; Steele, V.R.; Pareja, J. A Systematic review of the clinical utility of cycle threshold values in the context of
COVID-19. Infect. Dis. Ther. 2020, 9, 573-586. [CrossRef] [PubMed]

Ade, C.; Pum, J.; Abele, I.; Raggub, L.; Bockmiihl, D.; Zéllner, B. Analysis of cycle threshold values in SARS-CoV-2-PCR in a
long-term study. J. Clin. Virol. 2021, 138, 104791. [CrossRef] [PubMed]

Chan, J.E; Yip, C.C.; To, KK,; Tang, T.H.; Wong, S.C.; Leung, K.H.; Fung, A.Y,; Ng, A.C.; Zou, Z.; Tsoi, H.W.; et al. Improved
molecular diagnosis of COVID-19 by the novel, highly sensitive and specific COVID-19-RdRp/Hel real-time reverse transcription-
PCR assay validated in vitro and with clinical specimens. J. Clin. Microbiol. 2020, 58, €00310-20. [CrossRef] [PubMed]

Dinnes, J.; Deeks, ].J.; Berhane, S.; Taylor, M.; Adriano, A.; Davenport, C.; Dittrich, S.; Emperador, D.; Takwoingi, Y.; Cunningham,
J.; et al. Rapid, point-of-care antigen and molecular-based tests for diagnosis of SARS-CoV-2 infection. Cochrane Database Syst.
Rev. 2021, 3, CD013705. [CrossRef] [PubMed]

Moein, S.T.; Hashemian, S.M.; Mansourafshar, B.; Khorram-Tousi, A.; Tabarsi, P.; Doty, R.L. Smell dysfunction: A biomarker for
COVID-19. Int. Forum Allergy Rhinol. 2020, 10, 944-950. [CrossRef]


http://doi.org/10.2807/1560-7917.ES.2020.25.32.2001483
http://www.ncbi.nlm.nih.gov/pubmed/32794447
http://doi.org/10.1038/s41591-020-0869-5
http://doi.org/10.1056/NEJMc2001737
http://doi.org/10.1001/jamainternmed.2020.3862
http://www.ncbi.nlm.nih.gov/pubmed/32780793
http://doi.org/10.1016/j.jinf.2020.10.017
http://www.ncbi.nlm.nih.gov/pubmed/33131699
http://doi.org/10.1056/NEJMc2027040
http://www.ncbi.nlm.nih.gov/pubmed/33503337
http://doi.org/10.1016/S1473-3099(20)30482-5
http://doi.org/10.1056/NEJMoa2019375
http://www.ncbi.nlm.nih.gov/pubmed/33176077
https://www.allm.net/en/mysos-en/
https://www.allm.net/en/team-en/
http://doi.org/10.1084/jem.20202617
http://www.ncbi.nlm.nih.gov/pubmed/33646265
http://doi.org/10.3389/fimmu.2020.610300
http://doi.org/10.1001/jama.2020.6771
http://doi.org/10.1016/S1473-3099(20)30293-0
http://doi.org/10.1038/s41586-020-2700-3
http://www.ncbi.nlm.nih.gov/pubmed/32846427
http://doi.org/10.1038/s41577-020-0348-8
http://doi.org/10.1007/s40121-020-00324-3
http://www.ncbi.nlm.nih.gov/pubmed/32725536
http://doi.org/10.1016/j.jcv.2021.104791
http://www.ncbi.nlm.nih.gov/pubmed/33725648
http://doi.org/10.1128/JCM.00310-20
http://www.ncbi.nlm.nih.gov/pubmed/32132196
http://doi.org/10.1002/14651858.CD013705
http://www.ncbi.nlm.nih.gov/pubmed/33760236
http://doi.org/10.1002/alr.22587

	Introduction 
	Materials and Methods 
	Ethics Statement 
	Study Design 
	Participants 
	MySOS 
	Cycle threshold (Ct) Values of Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) Test 
	University of Pennsylvania Smell Identification Test (UPSIT) 
	Data Monitoring during Admission 
	Post-Discharge Questionnaire Survey 
	Statistics 

	Results 
	Patients’ Characteristics Stratified by Three Groups: Asymptomatic Patients, Febrile Patients, and Afebrile Patients with any Other Symptoms 
	Characteristics of Three Patients Who Deteriorated after Admission and Were Referred to the Hospital 
	Differential Kinetics of Ct Values between Symptomatic and Asymptomatic Patients 
	Differential Kinetics of Ct Values between Afebrile and Febrile Patients 
	Differential Kinetics of Ct Values between Febrile Patients and Asymptomatic Patients 
	Differential Kinetics of Ct Values between Patients without and with Cough 
	Differential Kinetics of Ct Values between Patients without and with Dysosmia/Dysgeusia 
	Differential Kinetics of Ct Values between Patients without and with Headache 
	Differential Kinetics of Ct Values between Patients Negative and Positive for IgM on Admission 
	Differential Kinetics of Ct Values between Patients Negative and Positive for IgG at Discharge 
	Differential Kinetics of Ct Values between Women and Men 
	Differential Kinetics of Ct Values between Younger and Older Than Forty Years 
	Persistent Symptoms in Patients after Acute COVID-19 

	Discussion 
	Conclusions 
	References

