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A B S T R A C T

Background: Molecular detection of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is key in
the diagnosis of coronavirus disease 2019 (COVID-19) and has been widely used for followup of cases as a proxy
for contagiousness. The persistence of SARS-CoV-2 RNA shedding in the context of clinical features and co-
morbidities is understudied.
Methods: We retrospectively reviewed laboratory-confirmed COVID-19 adult symptomatic cases at Mayo Clinic,
eventually achieving cessation of viral RNA shedding (CVS), defined as two consecutive negative SARS-CoV-2
PCR results on nasopharyngeal swabs collected at least 24 h apart.
Results: A total of 251 patients were included, median age was 53 years and 59 % female. The most common
symptoms at diagnosis were cough, myalgia, dyspnea, fever and chills. Myalgia, cough, anosmia, ageusia and
sore throat were common at CVS, but fever and dyspnea were not observed. The median time from symptom
onset to CVS was 23 days, and did not differ by symptoms. The weekly cumulative CVS rate was 2, 14, 44, 73, 91
and 95 % at 1–6 weeks from symptom onset, respectively. Cough and fever were associated with a positive PCR
test if tested within 2 weeks of symptoms (P < 0.05). Patients with asthma or immunosuppression were less
likely to achieve CVS if tested 3 weeks into symptoms (P < 0.04).
Conclusions: The cumulative CVS rate at 3 weeks from symptom-onset is 44 % in our entire cohort. The findings
of our study highlight the low yield of repeating a SARS-CoV-2 NP PCR test within 21 days of a laborator-
yconfirmed COVID-19 diagnosis.

1. Background

The COVID-19 pandemic, caused by the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), continues to expand after first
being reported in China in December 2019 [1]. Clinical presentation is
heterogeneous, with fever, cough, and fatigue being the most common
clinical symptoms [2,3]. Given the challenges in defining this clinically,
the World Health Organization has defined COVID-19 as any individual
with a positive polymerase chain reaction (PCR) test regardless of
symptoms [4] and this has led to reliance on PCR for the diagnosis and
management of COVID-19.

There is growing evidence demonstrating that viral shedding begins

before a patient is symptomatic, peaks at or shortly after symptom
onset, and persists beyond symptom resolution [5,6]. It is known that
asymptomatic viral shedding enhances the transmissibility of SARS-
CoV-2 [7]. Studies on SARS-CoV-2 persistence report a median time
from symptom onset to persistently negative SARS-CoV-2 PCR tests
ranging from 11 to 31 days [6,8–13] with positive tests found as late as
55 days from symptom onset [14]. Severe disease, in particular, has
been associated with prolonged viral RNA detection in several reports
[15–18], and the presence of dyspnea, hypoxia, and tachypnea has also
been associated with prolonged shedding in respiratory samples [11].
There have been questions as to whether this persistent RNA detection
represents viable virus, and therefore, transmission risk.
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Understanding viral dynamics of SARS-CoV-2 shedding in relation
to symptom evolution and other underlying clinical factors has direct
implications in diagnostic stewardship, implementation of effective
infection prevention measures, and the development of public health
strategies. Here, we aimed to evaluate clinical features as predictors for
the cessation of SARS-CoV-2 RNA detection in a cohort of laboratory-
confirmed COVID-19 cases.

2. Methods

We retrospectively reviewed laboratory-confirmed COVID-19 adult
symptomatic cases who had a positive initial SARS-CoV-2 PCR naso-
pharyngeal (NP) swab and two subsequent negative SARS-CoV-2 PCR
NP swab test results at Mayo Clinic, Rochester from February 1, 2020,
through May 15, 2020. We excluded deceased patients to capture those
who achieved viral RNA clearance. Other sample sources (e.g.,
bronchoalveolar lavage, other respiratory samples) were excluded to
avoid testing variability. Cessation of viral RNA shedding (CVS) was
considered to have been achieved on the date of the first of two con-
secutive negative SARS-CoV-2 PCR results on NP swabs collected at
least 24 h apart.

Demographic, clinical, and laboratory data from each patient were
extracted from the electronic health record. Date of symptom onset,
symptoms at diagnosis, date of first and subsequent positive SARS-CoV-
2 PCR tests, and symptoms at the time of CVS was recorded. Symptoms
were recorded based on the current Centers for Disease Control and
Prevention (CDC) case definition [19]. Immunocompromised patients
were defined as solid organ transplant recipients, patients who had an
active hematologic malignancy, and/or who were on anti-neoplastic
chemotherapy, immunomodulators, or other immunosuppressive
drugs. Fever was defined as a temperature> 38.5 °C. Ambulatory cases
were defined as those cases that were not hospitalized during the course
of the illness. The study was approved by the Mayo Clinic Institutional
Review Board (IRB ID: 20-002629).

SARS-CoV-2 PCR testing was performed using SARS-CoV-2 quali-
tative assays using the cobas 6800 / 8800 systems (Roche Molecular
Systems), the Abbott m2000 system (Abbott) or a SARS-CoV-2 labora-
tory-developed test that has received emergency use authorization from
the Food and Drug Administration [20].

Categorical variables were reported as counts and percentages using
Chi-square or Fisher’s exact test for comparison, as appropriate.
Continuous variables were reported as mean and standard deviations,
or medians and interquartile ranges (IQR) from the 25th to the 75th
percentiles and compared using t-test or the Wilcoxon rank-sum test, as
deemed appropriate. The difference in symptom prevalence at diag-
nosis and at CVS was tested using McNemar’s test. Logistical regression
was applied to assess for associations between symptoms, risk factors,
and CVS. A log-rank test was applied for time-to-event analysis for CVS
and clinical features. Statistical tests were two-tailed with p < 0.05
considered significant. All analyses were performed using the R Project
(R Foundation for Statistical Computing, Austria).

3. Results

A total of 1641 patients had a positive SARS-CoV-2 PCR test at our
institution during the study period. Of these, 251 (15.2 %) were adults
with a positive SARS-CoV-2 PCR on an NP swab followed by CVS. For
this group of patients, a total of 1101 SARS-CoV-2 PCR tests were
performed and reviewed, with a median of 4 tests (IQR 2) performed
per patient.

3.1. Baseline characteristics

Patient demographics and comorbidities are summarized in Table 1.
The median patient age was 53 (IQR 27) years; 59 % were female. The
most common underlying medical conditions were obesity (29.9 %),

coronary artery disease (CAD, 27.9 %), asthma (18.3 %), diabetes
mellitus (DM, 13.5 %), chronic obstructive pulmonary disease (COPD,
8.8 %) and chronic kidney disease (CKD, 8%). Twenty-two (8.8 %)
patients were categorized as immunocompromised, and 89 (35.5 %)
had no clinically relevant medical history.

A total of 62 (24.7 %) patients were hospitalized, and comprised an
older group of patients when compared to ambulatory cases (60 [IQR
16.8] years vs. 47 [IQR 27] years [P < 0.001]). They also had a sig-
nificantly higher prevalence of comorbidities, namely obesity (51.6 vs
22.8 %; P < 0.001), CAD (51.6 vs 20.1 %; P < 0.001), DM (33.9 vs
6.9 %; P < 0.001), COPD (17.7 vs 5.8 %; P= 0.004), CKD (16.1 vs 5.3
%; P= 0.006), CHF (8.1 vs 2.1 %; P= 0.029) and im-
munocompromised status (22.6 vs 4.2 %; P < 0.001). Only 6 (9.7 %)
hospitalized patients had no medical comorbidities compared to the
ambulatory cases (43.9 %; P < 0.001).

3.2. Symptoms at initial laboratory diagnosis and at CVS

Symptoms at initial laboratory diagnosis and at CVS are summar-
ized in Table 2. At the time of laboratory diagnosis, the most prevalent
symptoms among all patients were cough (84.1 %), myalgia (66.1 %),
dyspnea (53.0 %), fever (50.2 %), and chills (49.0 %).

There was a higher prevalence of dyspnea (85.5 vs. 42.3 %;
P=<0.001), myalgia (83.9 vs. 60.3 %; P=<0.001), diarrhea (43.5
vs 23.8 %; P=0.003) and dizziness (46.8 vs. 14.8 %; P=<0.001) in
the hospitalized compared to the ambulatory cases. The presence of
cough (91.9 vs. 81.5 %; P=0.051), fever (54.8 vs. 48.7 %; P= 0.4),
and chills (59.7 vs. 45.5 %; P=0.053) was also higher, but this dif-
ference was not statistically significant.

At the time of CVS, 56 (29.6 %) patients were asymptomatic. The
most common symptoms that persisted at CVS were myalgia (25.4 %;
P= 0.58), cough (20.6 %; P= 0.03), anosmia (21.7 %; P=<0.0001),
ageusia (20.1 %; P=<0.0001), and sore throat (18 %; P=<0.0001).
The prevalence of all symptoms was significantly lower at the time of
CVS compared to the time of diagnosis, with the exception of myalgia,
prevalence of which was lower but with a difference that did not reach
statistical significance. Notably, none of the 251 patients reported ob-
jective fever, subjective fever, or dyspnea at the time of CVS, and only
one patient reported chills.

3.3. Temporal relationship between PCR test results and symptoms

The median time from symptom onset to the first positive PCR test
result was 3 (IQR 6) days. The median time from symptom onset to CVS
was 23 (IQR 12) days, and this did not differ significantly when stra-
tified by symptom (P= 0.76; Figs. 1 and 2). The median time from the
first positive PCR to CVS was 17 (IQR 11) days, and this also did not
differ significantly by symptom. The cumulative CVS rate at different
intervals from symptom onset in all patients was 1.6 % at 1 week, 13.5
% at 2 weeks, 43.8 % at 3 weeks, 73.3 % at 4 weeks, 90.8 % at 5 weeks
and 94.8 % at 6 weeks. The cumulative CVS rate for patients tested
within 1 week of symptom onset (n= 190) was 2.1 % at the first week,
16.8 % at 2 weeks, 53.2 % at 3 weeks, 81.6 % at 4 weeks, 96.3 % at 5
weeks and 97.9 % at 6 weeks.

3.4. Initial symptoms as predictors of CVS

Patients with cough were less likely to achieve CVS when a PCR test
was repeated within 1 week of symptom onset (OR 0.0746, 95 % CI
0.00363 to 0.602 [P=0.026]) and similarly, patient with fever at the
time of diagnosis were less likely to achieve CVS when a PCR was re-
peated within 2 weeks of symptom onset (OR 0.41, 95 % CI 0.169 to
0.958 [P=0.043]).

In contrast, patients with dyspnea at the time of diagnosis were
more likely to achieve CVS if tested at week 3 of symptoms onset (OR
2.21, 95 % CI 1.178–4.203 [P= 0.014]). Anosmia at the time of
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COVID-19 diagnosis was also associated with CVS if PCR was performed
at week 4 post symptom onset (OR 3.43, 95 % CI 1.181–12.5
[P=0.036]). Patients with fever, chills, and dizziness at the time of
diagnosis were more likely to achieve CVS at week 5 of symptoms (OR
5.17, 95 % CI 1.673–17.62 [P=0.0057]; OR 3.68, 95 % CI
1.184–13.07 [P=0.031]; OR 8.4, 95 % CI 1.49–158.6 [P=0.048],
respectively)

3.5. Risk factor as predictors for CVS

Patients with asthma or those receiving immunosuppressive drugs
were less likely to achieve CVS if tested at week 3 post symptom onset
(OR 0.11, 95 % CI 0.00587–0.605 [P=0.038]; OR 0.289, 95 % CI
0.1–0.73 [P=0.013], respectively). Obesity was associated with CVS if
tested at week 3 of symptoms (OR 2.563, 95 % CI 1.233–5.51
[P=0.013]). No other association between risk factors and CVS was
found (Fig. 3).

4. Discussion

In our study, the cumulative CVS rate at 2 weeks from symptom
onset was 13.5 %, and increased to 43.8 % at 3 weeks post symptom

onset, suggesting that testing after 3 weeks of symptoms might have a
greater CVS yield. Patients with cough and fever at diagnosis were more
likely to have a persistently positive SARS-CoV-2 PCR result if tested
within 2 weeks of symptom onset. Similarly, patients with asthma and
immunosuppression were less likely to achieve CVS is tested within 3
weeks from symptom onset, indicating an association between viral
RNA shedding in these populations within 3 weeks of symptoms. It is
not known, however, if this persistent viral RNA shedding translates
into persistent infectivity.

Symptoms associated with higher odds for CVS included dyspnea
and anosmia if tested at 3 and 4 weeks from symptom onset, respec-
tively. Similar results were demonstrated when initial symptoms of
fever, chills, and dizziness were tested at week 5 from symptom onset.
There were no symptoms or comorbidities associated with CVS before 3
weeks of symptom onset, suggesting that testing for CVS before 3 weeks
of symptom onset might not be warranted, regardless of symptoms or
comorbidities.

Cough, sore throat, and myalgia were the most prevalent persistent
symptoms at CVS, all of which are the most commonly reported
symptoms associated with the post-infectious syndrome (PIS) [21,22], a
phenomenon that was first described by Bannister et.al. PIS is thought
to be a clinical manifestation of persistent local and systemic

Table 1
Clinical characteristics and timing of PCR testing for patients with COVID-19.

Variables Ambulatory (N=189) Hospitalized (N=62) Total (N=251) P-value

Age, years
Median (IQR) 47 (27) 60 (16.8) 53 (27) < 0.001
Sex
Male 73 (38.6 %) 30 (48.4 %) 103 (41.0 %) 0.175
Female 116 (61.4 %) 32 (51.6 %) 148 (59.0 %)
Comorbidities and risk factors
Obesity 43 (22.8 %) 32 (51.6 %) 75 (29.9 %) < 0.001
Coronary artery disease 38 (20.1 %) 32 (51.6 %) 70 (27.9 %) < 0.001
Asthma 34 (18.0 %) 12 (19.4 %) 46 (18.3 %) 0.809
Diabetes mellitus 13 (6.9 %) 21 (33.9 %) 34 (13.5 %) < 0.001
Chronic obstructive pulmonary disease 11 (5.8 %) 11 (17.7 %) 22 (8.8 %) 0.004
Chronic kidney disease 10 (5.3 %) 10 (16.1 %) 20 (8.0 %) 0.006
Use of anti-neoplastic chemotherapy, immunomodulators, or immunosuppressive drugs 7 (3.7 %) 9 (14.5 %) 16 (6.4 %) 0.002
Congestive heart failure 4 (2.1 %) 5 (8.1 %) 9 (3.6 %) 0.029
Solid organ transplant recipient 0 (0.0 %) 3 (4.8 %) 3 (1.2 %) 0.002
Active hematologic malignancy or peripheral blood stem cell transplant recipient 1 (0.5 %) 2 (3.2 %) 3 (1.2 %) 0.09
Cystic fibrosis 1 (0.5 %) 0 (0.0 %) 1 (0.4 %) 0.566
None 83 (43.9 %) 6 (9.7 %) 89 (35.5 %) < 0.001
Median time in days from symptoms to first positive PCR (IQR) 3 (6) 3 (5.8) 3 (6) 0.254
Median time in days from symptoms to cessation of viral shedding (IQR) 22 (12) 24 (11.8) 23 (12) 0.663
Median time in days from first positive PCR to cessation of viral shedding (IQR) 17 (11) 18 (11) 17 (11) 0.343

Abbreviations: IQR, interquartile range; PCR, polymerase chain reaction.

Table 2
Prevalence of symptoms at diagnosis and at cessation of viral RNA shedding (CVS) for patients with COVID-19.

Variables Symptoms at diagnosis (N=251) Symptoms at CVS (N=251) P-valuea Median time to CVS (IQR)

Cough 154 (81.5 %) 39 (20.6 %) 0.0376 24 (17−29.5)
Dyspnea 80 (42.3 %) 0 (0.0 %) <0.0001 23 (17−29)
Fever (T > 38.5C) 92 (48.7 %) 0 (0.0 %) <0.0001 23 (19−29)
Subjective fever 37 (19.6 %) 0 (0.0 %) <0.0001 21 (15−28.5)
Chills 86 (45.5 %) 1 (0.5 %) <0.0001 23 (17−29)
Shivering 1 (0.5 %) 0 (0.0 %) <0.0001 43 (43−43)
Muscle pain 114 (60.3 %) 48 (25.4 %) 0.58 23 (17−29.8)
Diarrhea 45 (23.8 %) 1 (0.5 %) <0.0001 24 (17−30)
Headache 72 (38.1 %) 12 (6.3 %) <0.0001 23 (17−30)
Sore throat 79 (41.8 %) 34 (18.0 %) <0.0001 23 (17−29)
Ageusia 41 (21.7 %) 38 (20.1 %) <0.0001 24 (18−28.5)
Anosmia 45 (23.8 %) 41 (21.7 %) <0.0001 23 (17−27.5)
None 0 (0%) 56 (29.6 %) – –
Unknown 0 (0%) 11 (5.8 %) – –
Dizziness 28 (14.8 %) 10 (5.3 %) <0.0001 24 (17−30)

a McNemar's test for dependent proportions.
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immunologic derangements following the complex molecular interplay
between a respiratory virus and the host immune system [23]. We
speculate that the persistence of symptoms in our cohort at the time of
CVS may be, at least in part, explained by the PIS.

De Chang et al. reported half of their cases (8/16) remained PCR
positive even after the resolution of symptoms (median 2.5 days); fur-
thermore, the timeline of SARS-CoV-2 PCR positivity and negativity is
different in specimens other than NP swabs [5]. Wang W. et al. reported
that PCR test positivity was higher in bronchoalveolar lavage specimens
(93 %), followed by sputum (72 %), nasal (63 %), and pharyngeal
swabs (32 %) [24]. In our study, all SARS-CoV-2 PCR tests were ob-
tained from NP swabs; false-negative follow-up test results that may
have occurred due to inappropriate timing of sample collection from
symptom onset. Deficiencies in sampling technique cannot be ruled out.

Viral infections in an immunocompromised host are associated with
severe disease at higher rates with a significant impact on the morbidity
and mortality than in the healthy population [25]. Disease manifesta-
tions are dependent on the specific virus, and the type and duration of
immunosuppression. Our study demonstrated that patients with risk
factors including solid organ transplant recipients, those with active
hematologic malignancy, and/or those receiving anti-neoplastic che-
motherapy, immunomodulators, or other immunosuppressive drugs
were less likely to achieve CVS if tested within 3 weeks from symptom
onset than those without these conditions.

Although we did not have data on viral shedding before symptom
onset in our cohort, viral RNA became detectable as early as the same
day of symptom onset (median of 3 days) and became undetectable at a
median time of 23 days. Patients had a median time from positive to

Fig. 1. Kaplan Meier curve of negative PCR test results after initial symptoms.

Fig. 2. Kaplan Meier curve of negative PCR test results after symptom onset by symptoms.
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negative PCR of 17 days. Our findings are consistent with previous
reports, where for most individuals with symptomatic COVID-19 in-
fection, viral RNA became detectable as early as day 1 of symptoms and
peaked within the first week of symptom onset. Zhou, F. et al. reported
on the persistence of viral RNA for a median of 20 days after symptom
onset [13]. Sethuraman et al. reported that SARS-CoV-2 PCR test po-
sitivity starts to decline by week three and eventually becomes un-
detectable [26]. Many individualized, institution-specific testing pro-
tocols require follow-up PCR testing beginning day 7 from symptom
onset for disease tracking purposes, and the CDC indicates that health
care workers can return to work if at least 10 days have passed since
symptom onset. On the contrary, Gombar, et al. suggested that return to
work and contact precaution guidelines should assume viral shedding
for 33 days following symptom onset [27]. In our study, patients
achieved CVS at a median of 23 days (IQR 12). This finding presumably
correlates with the decline of infectivity by week 3, validating the CDC
recommendations and the results of Sethuraman et al. and Gombar
et al. Of note, 70.4 % of our patient population was symptomatic at
CVS.

In a rapidly expanding epidemic, the approach to contact tracing
and quarantine is challenging. The majority of our patient population
did not require hospitalization, and this significant difference may be
due to the patients’ age and absence of significant comorbidities as risk
factors when compared to the hospitalized cases. The current data is
derived from mostly young, healthy, and non-immunocompromised
subjects, which is consistent with the previous report from Chang D.
et al. [28] With a substantial proportion of undefined pre-symptomatic
transmission, measures such as enhanced personal hygiene and social
distancing are likely to be key instruments for community disease
control.

5. Limitations

The primary limitation is the retrospective nature of this study and
the symptom onset relying on patient recall upon confirmation of
COVID-19, thus making it difficult to establish a clear timeline for CVS.
All specimens were obtained from NP swabs; having a negative result
does not rule out the presence of viral RNA. Finally, PCR tests can
detect non-viable virus, and thus the prolonged RNA shedding may not
correlate to persistence of infectious virus.

6. Conclusion

Patients with cough and/or fever at the time of laboratory-con-
firmed COVID-19 disease are more likely to have a persistent SARS-
CoV-2 PCR test result if tested within 2 weeks of symptom onset than
those without cough and/or fever. Those with asthma or receiving
immunosuppression are less likely to achieve CVS within 3 weeks of
symptom onset than those without these conditions. Patients with fever,
chills and cough are more likely to achieve CVS at week 5 of symptom
onset than those without the aforementioned symptoms. The findings of
our study highlight the low yield of repeating a SARS-CoV-2 PCR test on
an NP swab within 21 days of a laboratory-confirmed COVID-19 diag-
nosis to document CVS.
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Fig. 3. Box Plot of median time to cessation of viral RNA shedding from symptom onset by risk factors.
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