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ABSTRACT

Background: The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes coronavirus disease 2019
(COVID-19), has spread around the world and been classified as a global pandemic. This study aimed to determine the factors involved in
the time to disappearance of SARS-CoV-2 from nasopharyngeal swabs in patients with COVID-19.
Methods: The study participants were 22 patients diagnosed with COVID-19 whose nasopharyngeal swabs tested positive for SARSCoV-2 by quantitative reverse transcription polymerase chain reaction (RT-qPCR) in quarantine before being admitted to our hospital.
All patients underwent laboratory tests for anti-SARS-CoV-2 antibodies and chest X-ray on admission. Logistic regression analysis was
conducted to investigate retrospectively the association between the number of days from nasopharyngeal to viral resolution and clinical
factors.
Results: In the univariate analysis, no clinical or laboratory factors, including age, sex, highest body temperature, lowest peripheral oxygen
saturation, presence of symptoms during hospitalization, laboratory results, and chest X-ray findings, were associated with negative RTqPCR results at 5, 7, and 10 days from first detection of the virus. Although no statistically significant differences were found, the median
times required until achieving two consecutive negative RT-qPCR results for SARS-CoV-2 from first detection of the virus were 5 and 10
days in cases without and with anti-SARS-CoV-2 immunoglobulin M (IgM) and/or immunoglobulin M (IgG) antibodies, respectively.
Conclusion: Although we only investigated the presence or absence of IgM and IgG antibodies to SARS-CoV-2 at the time of admission,
our results suggest that humoral immunity may not be essential for the disappearance of SARS-CoV-2 in nasopharyngeal swabs.
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Introduction

The novel coronavirus severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which causes coronavirus disease
2019 (COVID-19), has spread around the world since it was
identified in Wuhan, China, and been classified as a global
pandemic [1]. Polymerase chain reaction (PCR) tests have begun
to be conducted on passengers placed in quarantine after arriving
at international airports in Japan, including returnees from SARSCoV-2-affected countries, with those testing positives being placed
in isolation at hotels or medical institutions, such as our hospital,
until viral shedding has ceased [2,3]. However, time course data
acquired by quantitative reverse transcription PCR (RT-qPCR)
assays of asymptomatic or very mild COVID-19 cases remain
limited [4,5].
Recently, antibody tests against SARS-CoV-2 have been developed
by numerous companies [6,7]. However, an antibody test only
shows that a person had the virus at some point in the past; it does
not indicate whether the patient no longer has the virus or is still
contagious. In the case of COVID-19, it still remains unclear to
what extent immunity is conferred, and if so, for how long.
To determine the factors involved in the time to disappearance
of SARS-CoV-2 from nasopharyngeal swabs in patients with
COVID-19, we investigated the clinical courses, including the
presence of antibodies against SARS-CoV-2, of 22 asymptomatic
or very mild COVID-19 cases who had been placed in quarantine

at Narita International and Haneda airports before being admitted
to our hospital.

Materials and Methods
Participants

The study participants were 22 patients diagnosed with COVID-19
whose nasopharyngeal swab samples tested positive for SARSCoV-2 by RT-qPCR in quarantine before being admitted to our
hospital between March 30 and May 12, 2020 (shown in Table 1).
All cases underwent laboratory tests and chest X-ray on admission.
Any remaining serum samples collected were stored at –40 °C. In
accordance with Japanese law, people with SARS-CoV-2 infection can
be released from quarantine after two consecutive negative RT-qPCR
tests, so all patients were tested several times a week at the government
quarantine facility. The characteristics of the 22 cases (15 males, 7 females;
median age, 39 years; age range, 20–65 years) are shown in Table 1.
Among the cases, 19 were Japanese, and one each was American, Filipino,
and Brazilian. Before entering Japan, 8 persons were asymptomatic,
while 14 had fever, cough, malaise, taste disorder, olfactory disorder, or
digestive disorder. Pneumonia was found in four cases on chest X-ray
at admission. In addition, those who had symptoms abroad had mostly
disappeared by the time they entered Japan.

Assay

We detected immunoglobulin (IgM) and immunoglobulin G
(IgG) antibodies against SARS-CoV-2 in serum samples taken

Characteristics

N=22

Median age, years (range, IQR)

39 (20-65 , 28.5-44.5)

Male
Sex
Female
Duration of hospitalization, days (range, IQR)
IgG-positive
Antibody
IgM-positive
Median highest body temperature, oC (range, IQR)
Vital signs
Median lowest peripheral oxygen saturation, % (range, IQR)
Fever
Malaise
Cough
Gastrointestinal symptoms
Symptoms
Taste disorder
Olfactory disorder
Pneumonia
Asymptomatic
Median white blood cell count, × 10 7 L (range, IQR)
Median lymphocyte count, × 10 7 L (range, IQR)
Median C-reactive protein, mg/dL (range, IQR)
Median AST, U/L (range, IQR)
Laboratory findings
Median ALT, U/ L (range, IQR)
Median lactate dehydrogenase, U/L (range, IQR)
Median, γ−GTP, IU/ L (range, IQR)
Median creatinine, mg/dL (range, IQR)
Median blood sugar, mg/dL (range, IQR)

15
17
9 (4-65, 6-13.25)
11 (50.0%)
9 (40.9%)
36.9 (36.1-37.1, 7-37.0)
98 (93-99, 98-98)
9 (40.9%)
4 (18.2%)
5 (22.7%)
2 (9.1%)
2 (9.1%)
5 (22.7%)
4 (18.2%)
8 (36.3%)
5,760 (2,860-9,750, 4,555-7,790)
1,739 (1,010-3,599, 1,422-2,166)
0.11 (0.02-0.59, 0.04-0.22)
19 (11-49, 14.3-27.5)
22 (9-65, 13.2-44.8)
166 (120-262, 151-197)
22 (10-212,16-34.5)
0.76 (0.46-1.06, 0.62-0.91)
89.5 (77-410, 85.5-97.8)

IQR: Interquartile range

Table 1.Patient characteristics
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Figure 1: Profile of participants who had symptoms before entering Japan, status of antibodies against SARS-CoV-2, and the sequences of the RT-qPCR results.
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and stored on admission to our hospital using a rapid lateral
flow immunoassay (Innovita® Biological Technology Co., Ltd.,
Tangshan, China). This immunoassay can provide results in 10
minutes using a finger-pricked blood sample.
We conducted logistic regression analysis to investigate
retrospectively the association between the number of days from
nasopharyngeal to viral resolution and clinical factors, including
age, sex, highest body temperature, lowest peripheral oxygen
saturation (SpO2), presence of symptoms, laboratory results, and
imaging findings. In addition, we divided the COVID-19 cases
into two groups based on the presence or absence of serum IgM
and/or IgG antibodies against SARS-CoV-2, and then compared
the time to disappearance of SARS-CoV-2 RNA in nasopharyngeal
swabs.

Statistical analysis

The results are presented as medians and 25th to 75th percentiles.
The chi-squared test was used to compare characteristics between
the two groups. A p value < 0.05 was considered to indicate
statistical significance.

Results

The sequences of the RT-qPCR results for all cases are shown
in Figure 1. Viral clearance was observed in all 22 cases. In the
univariate analysis, no clinical or laboratory factors, including
age, sex, highest body temperature, lowest SpO2, presence of
symptoms after entering our hospital, laboratory results, or chest
X-ray findings, were associated with negative RT-qPCR results at
5, 7, or 10 days from first detection of the virus (Table 2). All 22
asymptomatic or mild COVID-19 cases were healthy and had no
difficulties in normal social life.
Among all 22 cases, two tested positive for only anti-SARS-CoV-2
IgM type and nine for anti-SARS-CoV-2 IgM type and IgG type
antibodies. The remaining 11 cases tested negative for both antiSARS-CoV-2 IgM and IgG antibodies.
Although no statistically significant differences were observed, the
median times required until achieving two consecutive negative
RT-qPCR results for SARS-CoV-2 from first detection of the virus
were 5 (range, 4–25) and 10 (range, 4–25) days in cases without and
with anti-SARS-CoV-2 IgM and/or IgG antibodies, respectively.

Discussion

In the univariate analysis, no clinical data were associated with
negative SARS-CoV-2 RNA tests from first detection of the virus.
Antibody tests showed that 11 cases had anti-SARS-CoV-2 IgM
and/or IgG antibodies; the remaining 11 cases did not have antiSARS-CoV-2 IgM and/or IgG antibodies at admission to our
hospital.
Six of the 11 cases with anti-SARS-CoV-2 IgM and/or IgG
antibodies and a history of high fever within 3-20 days before
entering Japan. On the other hand, three of the 11 cases without
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anti-SARS-CoV-2 IgM and/or IgG antibodies had history of
high fever 8–23 days before entering Japan. Some cases were
found to have antibodies, whereas others were not, even if they
had a recent history of high fever. No significant differences were
observed between a history of high fever before entering Japan
and the presence or absence of anti-SARS-CoV-2 IgM and/or IgG
antibodies at the time of admission to our hospital.
Studies on past severe cases of severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS) showed
that virus-specific antibodies were detectable in 80–100% of
patients at 2 weeks after symptom onset [8-12]. Recently, it was
reported that 100% of patients tested positive for antiviral IgG
within 19 days after symptom onset [13]. In that report, IgG and
IgM seroconversion occurred simultaneously or sequentially. In
that study, both anti-SARS-CoV-2 IgG and IgM titers plateaued
within 6 days after seroconversion. It has also been reported that
the seroconversion rate at 15 days after SARS-CoV-2 infection
was significantly lower in patients with cancer than in health care
workers (30% vs. 71%, respectively) [14].
In this study, no significant differences were seen in the time
until a negative SARS-CoV-2 RT-qPCR result between cases
with anti-SARS-CoV-2 IgM and/or IgG antibodies, or those who
were antibody-free, whose antibody titers may have been below
the sensitivity of the measurement. Six cases without anti-SARSCoV-2 IgM and/or IgG antibodies obtained two consecutive
negative RT-qPCR test results for SARS-CoV-2 RNA within 5
days, while three of the 11 cases with anti-SARS-CoV-2 IgM and/
or IgG antibodies obtained two consecutive negative results within
5 days; however, no statistically significant difference (chi-squared
test) was found between the two groups. People in the two groups
had a good post-hospitalization course without severe symptoms.
There was no difference in hospital course between the 2 groups.
These results suggest that humoral immunity may not be essential
for the disappearance of SARS-CoV-2 in nasopharyngeal swabs in
those patients, although at the time of admission, we only examined
the presence or absence of IgM and/or IgG type antibodies against
SARS-CoV-2.
Therefore, it may be possible that nonspecific (innate) immunity
and specific cell-mediated immunity are involved in the
disappearance of SARS-CoV-2 from the nasopharynx, but not in
humoral immunity. It would be helpful to examine the courses
of patients who tested negative for anti-SARS-CoV-2 antibodies
at the time of admission to our hospital, but these cases are
scattered throughout Japan and do not attend our hospital, so
their cases remain unclear. We look forward to the results of future
epidemiological studies involving large-scale antibody retention
rates.
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