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Abstract

Coronavirus disease 2019 (COVID-19) has caused a global pandemic associated with substantial morbidity and mortality. Nasopharyngeal
swabs and sputum samples are generally collected for serial viral load screening of respiratory contagions, but temporal profiles of these
samples are not completely clear in patients with COVID-19. We performed an observational cohort study at Renmin Hospital of
Wuhan University, which involved 31 patients with confirmed COVID-19 with or without underlying diseases. We obtained samples
from each patient, and serial viral load was measured by real-time quantitative polymerase chain reaction. We found that the viral load
in the sputum was inclined to be higher than samples obtained from the nasopharyngeal swab at disease presentation. Moreover, the
viral load in the sputum decreased more slowly over time than in the nasopharyngeal group as the disease progressed. Interestingly, even
when samples in the nasopharyngeal swab turned negative, it was commonly observed that patients with underlying diseases, especially
hypertension and diabetes, remained positive for COVID-19 and required a longer period for the sputum samples to turn negative.
These combined findings emphasize the importance of tracking sputum samples even in patients with negative tests from nasopharyngeal
swabs, especially for those with underlying conditions. In conclusion, this work reinforces the importance of sputum samples for SARS-

CoV-2 detection to minimize transmission of COVID-19 within the community.
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Introduction

Coronavirus disease 2019 (COVID-19), a novel viral pneumo-
nia, was first widely reported in Wuhan, the capital city of
Hubei province in China (Li et al. 2020; Zhu et al. 2020). The
virus has been identified as a novel species, namely severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which has similarity to the SARS-CoV pathogen (Zou et al.
2020). Although the mortality rate from SARS-CoV infection
was higher than that of COVID-19, SARS-CoV-2 can spread
much faster and has led to a global pandemic (Rainer et al.
2007; Li et al. 2020; Wang, Hu, et al. 2020). The World Health
Organization (WHO) declared COVID-19 an international
public health emergency on January 30, 2020 (Guan et al.
2020). By July 7, 2020, the United States had reported the most
deaths, with 132,979. Brazil, Britain, and Italy followed with
nearly 96,000, 45,000, and 35,000 deaths, respectively.
Epidemiologists and governments all over the world are striv-
ing to analyze cases that may help ascertain the defining clini-
cal characteristics.

Given the rapid spread and respiratory symptoms of
COVID-19, clinicians and scientists have determined that the
virus spreads mainly through dispersal of droplets, generated
when patients talk, cough, and sneeze (Guan et al. 2020; Lo
et al. 2020; Wang, Hu, et al. 2020). In terms of respiratory

infections, successive sampling of nasopharyngeal swabs,
throat swabs, and sputum (secreted from the oropharynx and
oral cavity) is usually used for viral load monitoring (Lin et al.
2020; Lo et al. 2020; Zou et al. 2020). Unlike SARS-CoV,
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SARS-CoV-2 (inversely related to the cycle threshold [Ct]
value) peaks soon after symptom onset, with higher viral loads
in the nose than in the throat (Pan et al. 2020; Wu et al. 2020;
Yip et al. 2020). But sputum samples are more commonly col-
lected, and the relationship between the viral load of the naso-
pharyngeal samples and the sputum samples is still unclear.
With the control of the disease and the intervention of antiviral
drugs, the viral load can be reduced, but the time required for
the nasopharyngeal swab and sputum to turn negative varies.
However, the viral load dynamics and characteristics in naso-
pharyngeal secretions and sputum samples during course of the
COVID-19 disease remain unclear.

It has been reported that patients with systemic diseases
such as high blood pressure, asthma, and diabetes are more
likely to be infected with the virus (Chen, Dai, et al. 2020;
Deng et al. 2020; Xie et al. 2020). Moreover, patients with
underlying diseases have lower immunity and increased blood
sugar facilitating bacterial infection, which extends the course
of the disease (Wang, Hu, et al. 2020). Therefore, in a retro-
spective study of the disease, it is important to distinguish the
duration of the disease and how it may affect different patient
populations.

We systematically analyzed the viral load dynamics by Ct
value in >300 samples collected from 31 patients with and
without underlying medical conditions, after confirmation of
COVID-19. Two test sampling collecting methods were used
for sputum and nasopharyngeal swab samples. Both sampling
methods were investigated for differences in the required time
for patient samples to turn negative.

Materials and Methods
Study Design and Patients

This was a retrospective cohort study of patients with laboratory-
confirmed COVID-19 who were admitted consecutively to
Renmin Hospital, Wuhan University. All patients were diag-
nosed as having SARS-CoV-2 infection according to the WHO
interim guidance. Patients were divided into 2 groups: 16
adults with underlying diseases and 15 adults without underly-
ing diseases, all of whom were admitted to the hospital. The
study conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the ethics com-
mittee of the Renmin Hospital, Wuhan University (No.
WDRY2020-K066).

Sample Processing

The sputum and nasopharyngeal swab samples were collected
according to the guidelines for collection. Sputum samples
were collected from the respiratory tract. The patient was asked
to rinse his or her mouth with water and then expectorate deep-
cough sputum directly into a sterile container. Nasopharyngeal
swabs were collected with a commercially available plastic rod
swab with a polypropylene fiber head (Biotron). The swab
was gently passed up the nostril to the posterior wall of the

nasopharynx, held for approximately 3 s, rotated 2 or 3 times,
withdrawn gently, and placed in 3 mL of virus transfer medium.

Inclusion Criteria

During whole treatment, patients diagnosed with SARS-CoV-2
infection via sputum and nasopharyngeal swab samples
according to the WHO interim guidance were included in this
study. Patients with former or current diabetes, cardiovascular
disease, malignant tumor, and so on were identified as the
underlying disease group.

Exclusion Criteria

Patients diagnosed with SARS-CoV-2 infection via a single
method of sputum or nasopharyngeal swab samples or with
incomplete test results recorded were excluded from the study.

Viral Extraction and Real-time Quantitative
Polymerase Chain Reaction

The extraction procedure was performed via an extraction kit
(Health Gene Technologies) and nucleic acid extractor
(TANBead) according to the manufacturers’ protocol. Samples
were tested by real-time quantitative polymerase chain reaction
(RT-gPCR) amplification for SARS-CoV-2 open reading frame
(ORF) lab and nucleocapsid protein (NP) gene fragments per
the double nucleic acid detection kit (BioGerm), following
WHO guidelines (Corman et al. 2020). Samples with Ct values
were considered positive for SARS-CoV-2 RNA, while sam-
ples with undetectable Ct values were consider negative.

Data Collection and Statistical Analysis

The research team of Wuhan University Renmin Hospital ana-
lyzed the medical records of patients. After analysis, the distri-
butions of viral load in sputum and nasopharyngeal swab
samples and all data were of normal distribution. For statistical
analysis in the study, unpaired Student’s 7 test was used to eval-
uate the correlation between viral amount in sputum and naso-
pharyngeal swab samples and the correlation between patients
with and without underlying diseases (Prism 8.0, GraphPad,
SPSS 25.0, IBM).

Results

Correlation between Viral Load in Sputum
and Nasopharyngeal Swab Samples

The demographic and clinical information of the 16 patients
with underlying diseases and 15 patients without underlying dis-
eases at the initial day are summarized in Appendix Tables 1 and
2. Viral RNA was extracted from sputum and nasopharyngeal
swabs and subjected to an RT-qPCR assay. The sampling day of
these patients varies from day 1 to day 13 after admittance to
the hospital. In patients without underlying diseases, the Ct
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values were 28.23 to 38.39 (mean, 32.85) for
SARS-CoV-2 ORF from the sputum samples and
26.37 to 39.45 (mean, 33.4) for SARS-CoV-2 NP
in sputum samples. SARS-CoV-2 RNA was also
detected in nasopharyngeal swab samples from all
15 available specimens. The Ct values were 26.41
to 40.58 (mean, 35.13) for SARS-CoV-2 ORF in
nasopharyngeal swab samples and 24.55 to 40.11
(mean, 35.05) for SARS-CoV-2 NP in nasopharyn-
geal swab samples. For the 16 patients with under-
lying diseases, sputum and nasopharyngeal swab
samples were also evaluated by RT-qPCR and are
listed in Appendix Table 2. The Ct values were
25.17 to 37.64 (mean, 33.07) for SARS-CoV-2019
ORF in sputum samples and 24.65 to 35.86 (mean,
30.25) for SARS-CoV-2 NP in sputum samples.
For the nasopharyngeal swab samples, the Ct val-
ues were 26.93 to 36.46 (mean, 32.43) for SARS-
CoV-2 ORF and 25.88 to 37.63 (mean, 32.34) for
SARS-CoV-2 NP. In both groups, the Ct values of
SARS-CoV-2 ORF and NP in sputum samples
were smaller than in the nasopharyngeal swab sam-
ples, indicating higher viral load in the sputum
samples (Fig. 1).
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Figure I. Detection of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in patients with and without underlying diseases in different sample types.
Comparison of SARS-CoV-2 Ct values in sputum and nasopharyngeal swab samples
without underlying diseases: (A) NP and (B) ORF. Comparison of SARS-CoV-2 NP
Ct values in sputum and nasopharyngeal swab samples with underlying diseases:
(€) NP and (D) OREF. Values are presented as mean * SD. Ct, cycle threshold; NP,

Correlation of Viral Duration
in Different Sample Types

nucleocapsid protein; ORF, open reading frame |ab.

>

To demonstrate the duration of SARS-CoV-2 in
sputum and nasopharyngeal swab samples, we
collected demographic and clinical information
of 15 patients without underlying diseases and 16
patients with underlying diseases and tested them
over time to determine when the viral load turned
negative. In patients without underlying diseases,

Time to turn negative (day)

the sampling day of these patients varied from
day 10 to day 28 after admission to the hospital.
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At these points, sputum and nasopharyngeal swab
samples were collected and tested and are sum-
marized in Appendix Tables 3 and 4. As demon-
strated, the Ct values were 25.29 to 38.96 (mean,
34.32) for SARS-CoV-2 ORF in sputum samples
and 26.13 to 41.16 (mean, 34.25) for SARS-CoV-2 NP, while
most nasopharyngeal swab samples exhibited negative
results. For the 16 patients with underlying diseases, the Ct
values were 22.19 to 39.91 (mean, 34.75) for SARS-CoV-2
ORF in sputum samples and 22.46 to 41.8 (mean, 35.02) for
SARS-CoV-2 NP, while most nasopharyngeal swab samples
also exhibited negative results. When compared with the
nasopharyngeal swab samples, the sputum samples needed a
delayed duration to turn negative (Fig. 2).

*P<0.05.

Correlation Between Viral Duration
and Underlying Diseases

To investigate the correlation between viral duration and under-
lying diseases, we collected and compared the demographic

Figure 2. Comparison of the time required for samples to turn negative in the
sputum and nasopharyngeal swab sample groups: (A) patients without underlying
diseases and (B) patients with underlying diseases. Values are presented as mean + SD.

and clinical symptoms of patients with and without underlying
diseases (Appendix Table 5). In patients with underlying dis-
eases, the viral duration of the nasopharyngeal swab samples
was longer than patients without underlying diseases (Fig. 3A).
In addition, there was a delayed duration for when the viral
sample turned negative in the sputum group without underly-
ing diseases (Fig. 3B).

Discussion

SARS-CoV-2 can accumulate in the nasopharynx, oropharynx,
and oral cavity, which contributes to its disease transmission
through oral droplets (To, Tsang, Leung, et al. 2020). In the pres-
ent study, we surveyed the different temporal viral load profiles
of 31 inpatients with COVID-19 and analyzed the relationship
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It has also been recognized that the virus shed-
ding time is different in different parts of the respi-
ratory tract (He et al. 2020; Wolfel et al. 2020;
Zheng et al. 2020). It was shown that the peak of
SARS-CoV-2 in the upper respiratory tract speci-
mens appears at the early stage of the disease (Guan
et al. 2020). Yet another study reported that the
virus shedding time is longer in lower respiratory
tract secretions and that the maximum viral loads
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Figure 3. Association between underlying diseases and duration of severe acute
respiratory syndrome coronavirus-2 infection. (A) The duration of nasopharyngeal
swab samples turning negative in patients with and without underlying diseases. (B) The
delayed time required for samples to turn negative in the sputum samples in patients
with and without underlying diseases. Values are presented as mean + SD. *¥P<0.005.

between sample type and viral load in nasopharyngeal and spu-
tum samples of 2 patient populations. The length of time
required for samples to turn negative was also determined and
analyzed. The results suggest that viral load in the sputum is
higher than that in the nasopharyngeal swab at disease presen-
tation. Moreover, viral load in the sputum samples decreased
more slowly than in the nasopharyngeal swab samples as the
disease progressed. Although the nasopharyngeal swab sam-
ples turned negative, especially in patients with an underlying
disease, such as hypertension and diabetes, a longer time was
required for sputum samples to turn negative.

Since the outbreak of the COVID-19 disease, clinicians have
successively tested various samples of patients and used
RT-qPCR to detect the viral load and virus proliferation rate in
the body (Yip et al. 2020; Zou et al. 2020). In addition to the
nasopharyngeal swabs and sputum sample testing described in
this article, other samples tested included feces, anal swabs,
blood, and urine (To, Tsang, Leung, et al. 2020; Zheng et al.
2020). Additionally, some hospitals would test serum anti-
SARS-CoV-2 antibodies to track their immune status (Wolfel
et al. 2020). However, in the screening of a large number of sus-
pected patients and in the asymptomatic population, nasopha-
ryngeal swabs and sputum are still heavily used by medical staff
and patients because of their ease and convenience (Goh et al.
2017; He et al. 2020; To, Tsang, Chik-Yan, et al. 2020; Yip et al.
2020). Therefore, in-depth analysis and understanding of the
disease from nasopharyngeal swabs and saliva sputum are nec-
essary. Consistent with recent studies, we reported that a high
viral load on the onset of COVID-19 was detected and declined
steadily (To, Tsang, Leung, et al. 2020). It was shown that
SARS-CoV-2 RNA could be detected in nasopharyngeal swabs
and sputum samples at a mean sampling time of 6.7 d (range, 1
to 13 d) in patients without underlying disease, compared with
4.8 d (range, 1 to 8 d) in patients with underlying disease. This
suggests that the virus spreads and replicates faster in the patient
population with underlying diseases. Moreover, we found that
the viral load of the sputum sample was slightly higher than that
in the nasopharyngeal swab at the beginning of the disease,
regardless of underlying disease, indicating that lower respira-
tory tract secretions have a higher virus transmission capacity.

(Zheng et al. 2020). In the current study, we consis-
tently found longer SARS-CoV-2 detection in the
sputum samples than in the nasopharyngeal swab
samples collected from patients with or without
underlying diseases, delayed by a mean 8.3 and
4.1d, respectively. The findings were also similar
to the latest study by Wang, Zhang, et al. (2020).
But the delayed shedding duration of sputum samples that they
counted was longer than the one in this article, which may be
attributed to the different included patient population. The dif-
ferent expression levels of ACE2 (angiotensin converting
enzyme 2), the putative cell entry receptor of SARS-CoV-2, in
these regions may partly explain this phenomenon. Meanwhile,
the lower respiratory tract communicates less with the outside
world than the upper respiratory tract, which may exacerbate
viral retention. In patients with pulmonary disease, even if the
clinical symptoms are cured, there is still a certain amount of
viral load, leading to prolonged shedding of the virus in lower
respiratory secretions and sputum (Huang et al. 2020; Liu et al.
2020; Wolfel et al. 2020). These findings are vital for resultful
management and prevention of the epidemic in hospital and
community populations, as it remains impossible to ensure that
there is no virus load in the body following a negative nasopha-
ryngeal swab test and that patients still need to be strictly man-
aged accordingly (Wolfel et al. 2020). Furthermore, patients
with underlying diseases should be treated more closely due to
their faster disease onset and longer course of disease transmis-
sion potential.

The health status of patients before the infection of the virus
affects the body’s ability to respond to it and causes different
severity of disease (Chen, Wu, et al. 2020; Zhou et al. 2020). It
was shown that comorbidities existed in almost half of inpa-
tients, with hypertension being the most common, followed by
diabetes and coronary heart disease (Deng and Peng 2020).
Therefore, the existence of underlying diseases such as hyper-
tension and diabetes is one of the important factors affecting
the prognosis of patients (Deng et al. 2020). We found that in
the group with the underlying diseases, the nasopharyngeal
swab and sputum groups took longer to turn negative than the
group without the underlying diseases, with the sputum sam-
ples remaining positive the longest, consistent with other
research (Wang, Zhang, et al. 2020). Meanwhile, this study
pointed out that elderly patients might have prolonged viral
shedding duration, and it suggested that diabetes was associ-
ated with the detection of virus RNA from nasopharyngeal
swab and sputum specimens. Based on these observations, it
may be advisable to make a powerful and reasonable treatment
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plan and provide antiviral treatment for patients, under the
premise of controlling basic conditions (Guan et al. 2020).

Our study has limitations. First, viral load can be affected
by several factors. We reported only the Ct values (not exact
viral loads). So the study of viral load cannot perfectly reflect
the exact amount of the virus in the body (To, Tsang, Leung,
et al. 2020). Second, RT-qPCR cannot guarantee the detection
of viable viruses (Zheng et al. 2020; Zou et al. 2020). Third, the
low sample size did not allow for more subgroups, such as age,
sex, severity of disease, and so on (Chan et al. 2020). When
viral shedding time is assessed, it may lead to an unbalanced
distribution of other factors. Finally, we focused on the respira-
tory tract samples but ignored the blood biochemical indica-
tors, and we did not integrate all the laboratory results and
course of disease for analysis.

COVID-19 is a public health emergency with many remain-
ing unknowns. The current study has demonstrated the viral
shedding pattern in nasopharynx and oropharynx secretions
from patients with or without underlying conditions, which may
assist in determining the epidemiologic dynamics of the virus
and in updating monitoring practices. These findings indicate
that decreasing viral loads, specifically in sputum, would be
conducive to prevent the spread of the virus since these samples
contain higher viral loads for longer periods. Pathogenic bio-
logical and immunologic studies remain needed to deeply
understand SARS-CoV-2 infection characteristics at the earliest
convenience to curb transmission of the disease.
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