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ABSTRACT

The knowledge of SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) shedding is highly relevant to the diagnosis,
treatment and follow-up of patients with COVID-19 (coronavirus disease 2019). Deep nasopharyngeal swabs repeatedly collected
from a cohort of one hundred patients with COVID-19 were tested for SARS-CoV-2 RNA using RT-PCR (real-time polymerase chain
reaction). The median period of viral genome detectability was 15 days. Furthermore, the authors tested the hypothesis on the
relationship between the severity of COVID-19 and the period in which the viral genome is detectable. They did not find any statisti-
cally significant difference in the duration of viral clearance between patients with asymptomatic to mild disease or severe disease.
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SOUHRN

Cimrman $., Mackova L., Krél V., Bartos H., Stiborova 1., Dlouhy P.: Délka vylu¢ovani SARS-CoV-2 u pacientl uzdravujicich se
z COVID-19

Znalosti o vylucovani SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) jsou vyznamné pro diagndzu, terapii a sledovani
pacientd s COVID-19 (coronavirus disease 2019). Vzorky ziskané opakovanym hlubokym nazofaryngedinim vytérem u kohorty 100
pacientt s COVID-19 byly testovany na pritomnost SARS-CoV-2 RNA pomoci RT-PCR (real-time polymerase chain reaction). Median
doby detekovatelnosti virového genomu byl 15 dnl. Autofi dale testovali hypotézu o vztahu mezi zavaznosti prdbéhu COVID-19 a
délkou obdobi, po které je virovy genom detekovatelny. Nenalezli statisticky signifikantni rozdil v trvani virové clearance mezi osobami
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s mirnou ¢i asymptomatickou infekci a pacienty se zavaznym onemocnénim.

KLiCOVA SLOVA
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SARS-COV-2 AND ITS EXCRETION DYNAMICS

COVID-19 (Coronavirus Disease 2019) is an infectious
disease caused by SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) that has affected over 8.000 peo-
ple in the Czech Republic and approximately 4.5 million
people worldwide since December 2019. The infection is
transmitted through respiratory secretions during close
contact or can be transferred from contaminated hands to
mucosal surfaces. The incubation period is estimated to
be between two and 14 days. The disease most commonly
manifests as febrile respiratory infection with cough
and shortness of breath. A considerable number of cases
remain completely asymptomatic [1].

The diagnosis is based on the detection of viral genome
(E, N and RdRp genes) by RT-PCR (real-time polymerase
chain reaction) in deep nasopharyngeal swabs. The viral
genome can also be detected in blood, but not all patients
with COVID-19 have detectable viral RNA in their blood
samples. Tracheal aspiration from the lower respiratory
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tract is the preferred method for obtaining samples from
patients in ICU (intensive care units).

There is a growing body of evidence supporting the detect-
ability of viral RNA in other body fluids and secretions,
such as stool, urine and ejaculate. However, it was not
detected in maternal milk. The detection of the viral
genome in a sample alone does not necessarily prove the
presence of infectious viral particles or the possibility for
the transmission of the infection [2].

Serological detection methods are limited of diagnostic
value in most of respiratory infectious diseases and due
to a delayed and unreliable production of antibodies, are
neither suitable for an early diagnosis of COVID-19 nor
for screening for asymptomatic carriers. The population
screening for IgA, IgM and IgG class antibodies can be
used in order to estimate the population immunity rate
if a proper methodology and result interpretation is
utilized. Serological methods can also find use in the
treatment of patients with COVID-19 in a critical condi-
tion: before use of therapeutic plasma from a recovered



patient in the treatment of COVID-19, evidence of virus
neutralizing antibodies is required.

The dynamics of SARS-CoV-2 excretion have already been
examined by numerous studies [3, 4, 6]. The peak viral
load was found in the first week of the disease, followed
by a decline in the second week. This is in accord with
a considerable decrease of virus transmissibility in time.
The rate at which SARS-CoV-2 replicates is dependent
on its virulence and the host immune response; it is
highest in elderly patients [4]. No evidence was found
to support a possible connection between the number of
viral particles in nasopharyngeal swab and the severity
of COVID-19. Even asymptomatic individuals infected
with SARS-CoV-2 can present with a high a viral load [5].
Some studies have claimed that there is a connection
between the severity of COVID-19 and the time period in
which the viral genome is detectable in a patient’s sam-
ples [6]. We tested this claim on our cohort of patients.

CHARACTERISTICS OF THE COHORT

Our cohort consisted of 100 individuals with COVID-19,
inpatients or outpatients, treated at the Department of
Infectious Diseases of the Masaryk Hospital in Usti nad
Labem, Czech Republic from 19 February 2020 to 12 May
2020. Only patients diagnosed with COVID-19 by RT-PCR
of nasopharyngeal swabs or blood samples, who had
two negative follow-up RT-PCR tests during recovery,
were included.

We used a Rotor-Gene Q thermocycler, Qiagen, Germany,
QuickExtract™ RNA Extraction Kit, Lucigen, USA, and
Novel Coronavirus (2019-nCoV) Real Time Multiplex
RT PCR Kit (Detection for 3 Genes), Liferiver, China.
Statistical analysis was performed using the TIBCO
Statistica software.

We examined the duration of viral RNA excretion, also re-
ferred to as viral shedding and viral clearance, defined as
the interval between the first positive RT-PCR test result
and the first negative result, assuming that the negative
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result was then followed by a second confirmatory ne-
gative test result. Two negative PCR tests in succession
are required as the criterion for COVID-19 recovery. The
time interval between sample (swab, blood) collections
was dependent on the course of the disease, logistical
conditions and the epidemiologist’s opinion.

The median age in our cohort was 49 years; age range

11 to 93 years.

The hypothesis that patients with a more severe course of

the disease shed viral RNA longer than those with a mil-

der disease was tested on a subgroup of 74 cohort patients

with COVID-19 whose course of illness was well known
and documented in detail and who could therefore be
stratified into four groups based on the disease severity:

» Groupl: asymptomatic (n = 16),

e Group 2: mild (n = 34) - needed no or short hospital
admission, have neither pneumonia nor shortness of
breath, were stable and required no oxygen support,

e Group 3: moderate (n = 16) - admitted to the hospital
and presenting with shortness of breath, low hemoglo-
bin saturation (SpO, < 93%) and/or pneumonia,

» Croup 4: severe (n = 8) - required intensive care due to
signs of cardiopulmonary instability and/or non-in-
vasive or invasive ventilation support, had bilate-
ral pneumonia, acute respiratory distress syndrome
(ARDS), sepsis and septic shock or multiple organ
dysfunction syndrome (MODS).

The remaining 26 cohort patients were only consulted

over the phone because of incomplete records regarding

their presenting symptoms, and their samples were
collected by medical personnel outside of the hospital.

For some of these 26 patients, nasopharyngeal swab test

results were only available.

RESULTS

The cohort analysis results are shown in Figure 1. The
shortest amount of time a COVID-19 positive patient in
our cohort required to achieve a negative PCR result for
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Figure 1. Time span of viral shedding in all patients in the cohort (n = 100) using RT-PCR of nasopharyngeal swabs
Horizontal axis = number of days of documented COVID-19 positivity, vertical axis = number of patients. The median is 15 days.
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Figure 2. A comparison between a group of patients with less severe illness (n = 50) and more severe iliness (n =24)

Vertical axis = number of days of documented COVID-19 positivity.

SARS-CoV-2 RNA in nasopharyngeal swab was three days
and the longest was 31 days. The cohort (n =100) median
was 15 days.

The median period between the first positive viral RNA
PCR test result and the first negative test result (fol-
lowed by another negative result as established earlier)
in asymptomatic patients was 16 days, with a range of
three to 30 days. The median of viral RNA clearance in
patients with mild disease was 14 days; range five to
31 days. The group of patients with moderate disease
showed a median clearance of 17.5 days, ranging be-
tween four and 27 days. The median viral clearance in
patients with severe disease was 14 days; range six to
21 days.

Patients with asymptomatic to mild disease (n = 50,
expected value =15.4, median = 14, standard deviation =
6.17) were compared to those with moderate to severe dis-
ease (n =24, expected value =75.79, median =17, standard
deviation = 6.83) utilizing survival analysis and t-test,
see Figure 2. Neither of the tests demonstrated a statis-
tically significant difference between the two groups
(Mantel-Cox test: p = 0.234; Wilcoxon test: p = 0.134;
Tarone-Ware: p = 0.137; t-test: p = 0.136). Therefore, we
did not confirm the hypothesis that persons with a more
severe course of the disease shed viral RNA significantly
longer than those with a mild or asymptomatic disease.

DISCUSSION

The presence of SARS-CoV-2 RNA in the examined materi-
al does not necessarily indicate the presence of infectious
viral particles. On the other hand, one negative test re-
sult does not rule out a longer course of infection. During
follow-up, several patients converted from negative to
positive and vice versa, some even repeatedly. We there-
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fore agree, that atleast two consequent negative PCR test
results from samples collected no less than 24 hours apart
and at least 12 days after the first positive test result along
with the complete absence of symptoms should be the
criteria for listing a patient as recovered from COVID-19
and for terminating any isolation measures [7].

Our results show that the process of SARS-CoV-2 viral
shedding, or rather the time period in which viral RNA
remains detectable in nasopharyngeal swabs, is exten-
sive. The longest interval between the first positive and
the first negative test was 31 days. Two patients who
continued to be positive at the time of writing were
excluded from the cohort, remaining positive for 49 and
37 days, respectively. Although they only exhibit mild
symptoms now, both of them had a severe course of the
disease at one point.

However, we cannot prove a statistically significant link
between the severity of COVID-19 and the length of viral
RNA shedding. The distribution of patients who tested
positive for extended periods of time was random in all
severity groups; the conclusions of other researchers
were not confirmed [6]. Our findings are, however, fully
in accordance with the known fact that even asymptoma-
tic carriers may shed viral RNA in high concentrations
and for extended periods of time [8].

The limitations of this study stem from the impossibi-
lity of maintaining shorter and more regular intervals
in sample collection. The reasons for that are twofold:
limited testing capacity and the inability of many of our
patients to commute from their homes in any higher
frequency. In some cases, such as in our patient who
produced a negative test result for COVID-19 as early
as three days after the diagnosis, tests were performed
daily to ensure a vital medical procedure would not be
further delayed. In most patients, however, samples
were collected 12-14 days after the last positive sample,



as per official recommendations [7]. Despite these limi-
tations, we believe that the data from such a relatively
large cohort can provide important information about
the course of viral RNA shedding in patients infected
with SARS-CoV-2.
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