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Abstract This study aimed to determine if the crossing point of the initial positive SARS-CoV-
2 PCR test correlated with patient demographics, subsequent hospitalization, or duration of
positivity. Seventy-three patients with two or more positive PCR tests had a median time of
23 days to two consecutive negative results.
Copyright ª 2020, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory tract
infection caused by a single-stranded RNA virus, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
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Molecular testing methods, primarily reverse transcription
polymerase chain reaction (RT-PCR), have been the diag-
nostic test-of-choice for identifying those with a current
infection. Previous studies have shown that the PCR
crossing point (Cp) (i.e., cycle threshold) values correlate
inversely with the viral load. Some have proposed the use of
the Cp as a surrogate measure of disease severity and viral
shedding.1,2 Another study monitored viral load over time
(as determined by PCR Cp values), and showed COVID-19
patients to have a lower PCR Cp value (i.e., higher con-
centration of viral RNA) shortly after symptom onset,
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implicating higher viral loads early in infection.3 This is
consistent with published data demonstrating peak con-
centrations of the virus in upper respiratory specimens
before day 5 following symptom onset.4

While published data suggest that SARS-CoV-2 is most
reliably detected in upper respiratory specimens early in
the disease course, SARS-CoV-2 has been detected for
greater than 20 days in upper and lower respiratory sam-
ples, and in some cases, following the resolution of clinical
symptoms and development of antibodies.3,4 One proposed
clinical use for PCR Cp values is in predicting disease
severity and the likelihood of a persistent positive RT-PCR
test result in patients diagnosed with COVID-19. This issue
of SARS-CoV-2 RNA persistence is of importance to infection
prevention and control strategies, as many COVID-19 pa-
tients are undergoing routine re-testing to inform decisions
regarding the discontinuation of quarantine and allow for
return to work. In this study, we assessed the potential
correlation of initial PCR Cp values with duration of PCR
positivity and disease severity.

Methods

Study design

This study was reviewed and approved by the institutional
review board at our center. No samples were collected for
the sole use of this study, as the data were reviewed
following routine SARS-CoV-2 testing. At the time of data
collection, all patients with research authorization and
more than one positive result by an emergency use autho-
rized laboratory-developed SARS-CoV-2 PCR assay were
included in this analysis.5 PCR crossing point information
was obtained from the laboratory information system and
cross-referenced with basic patient demographics.

SARS-CoV-2 real time RT-PCR assay

The laboratory developed test method, including primer/
probe sequences and thermocycling conditions, are
described in detail by Rodino et al.5 In brief, respiratory
specimens were added to NucliSENS� lysis buffer (bio-
Mérieux; Durham, NC) in a class II biosafety cabinet. After
lysis, nucleic acid extraction was performed on the eMAG�
Table 1 Cohort demographics.

Age Range 0e65

No. 59
No. (%) male 21 (36%)
No. (%) hospitalized 7 (12%)
No. (%) with Two consecutive negative results 47 (80%)
Initial NUC Cp (IQR) 24.9 (20.
Initial ORF Cp (IQR) 25.4 (21.

No., number; Cp, crossing point; IQR, interquartile range.
or easyMAG� platform (bioMérieux; Durham, NC) and pu-
rified nucleic acid tested for the presence of two target
regions within the SARS-CoV-2 genome utilizing TaqMan�
real-time RT-PCR technology on the LightCycler 480 (Roche
Molecular, Indianapolis, IN). The assay targets the SARS-
CoV-2 nucleocapsid (NUC) and open reading frame (ORF)
genes. In addition, each reaction includes an internal con-
trol (i.e., murine hepatitis virus sequence) that must be
detected in negative samples or the reaction is invalid.
Following an initial reverse transcription step, fluorescence
output is monitored for a total of 45 cycles. Due to differ-
ences in target specificity, the detection of the NUC target
(alone or in combination with ORF) is considered positive
for SARS-CoV-2, while detection of ORF alone is considered
indeterminate. This test has been granted Emergency Use
Authorization (EUA) by the U.S. Food and Drug Adminis-
tration (FDA).

Statistical analysis

Analyses included descriptive statistics of the cohort, gen-
eration of a KaplaneMeier curve, and development of lo-
gistic and linear regression models predicting hospital
admission and repeat PCR Cps, respectively. Statistical
analysis was performed using JMP�, Version 14 (SAS Insti-
tute Inc., Cary, NC, 1989e2019). For the purpose of this
study, two consecutive negative results are defined as two
negative PCR results on samples collected at least 24 h
apart. The time to two consecutive negative results is
measured on the date of the first negative PCR result.

Results

Patient demographics

Over a 6 week time period spanning March to April 2020, 73
patients met inclusion criteria with a total of 187 positive
tests performed on these patients. The median age was 50
(IQR 32e61) and 62% were female (Table 1). The median
NUC and ORF Cps of the initial tests were 24.67 and 24.88,
respectively. The median NUC and ORF Cps of the last
positive PCR tests were 32.7 and 31.9, respectively. At the
time of this analysis, 56 (77%) out of 73 patients had tested
negative on at least 2 separate specimen collections.
>65 Total

14 73
7 (50%) 28 (38%)
6 (43%) 13 (17.8%)
9 (64%) 56 (77%)

8e29.1) 24.0 (20.9e25.7) 24.5 (20.8e28.7)
9e27.9) 23.6 (21.6e25.7) 24.9 (21.7e27.2)



Fig. 1. Duration of time to two consecutive negative results
is not related to initial crossing points or hospitalization status.
A. KaplaneMeier curve shows the duration of time to two
consecutive negative results (defined as two consecutive
negative tests at least 24 h apart). The median time to two
consecutive negative results was 23 days. Confidence interval
(95%) represented by dotted line. B. Linear regression
modeling shows Cps over time from the patients’ initial posi-
tive test. Each point represents a Cp for a given patient at a
given time after the individual’s first positive test; red points
denote ORF Cp, while blue points denote NUC Cp. C. Boxplot
shows the median crossing point of the initial test for the pa-
tient cohort based on hospitalization status. The median NUC
Cp (blue boxes) for the never hospitalized group was 24.9 (IQR
21.7e29.3) and hospitalized group was 22.4 (IQR 20.3e26.4).
The median ORF Cp (red boxes) for the never hospitalized
group was 25.7 (22.1e28.1) and hospitalized group was 21.9
(20.7e25.9).
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Time to two consecutive negative results for SARS-
CoV-2 is not strongly related to initial crossing
points

The KaplaneMeier curve shows the time to two consec-
utive negative results across the entire cohort (Fig. 1A).
This cohort’s median time to two consecutive negative
results was 23 days (range: 14e32 days). Of the 73 pa-
tients with multiple tests, 44 had two tests, 19 had three,
8 had four, and 2 had five that were positive (median 2
tests, IQR 2e3). In those patients who ultimately had two
consecutive negative results, 31 required two tests, 17
required three, 7 required four, and 1 required five tests
prior to achieving two consecutive negative results (me-
dian 2 tests, IQR 2e3). There was no relationship be-
tween the initial Cp of the ORF target and the number of
days to a two consecutive negative results. However, for
every single unit increase in the initial Cp of the NUC
target, the time to two consecutive negative results
decreased by 0.30 days (95% CI 0.02e0.57). This small
effect was similar after adjusting for patient age and sex.
As expected, Cp values showed a trend of increasing over
time (Fig. 1B). In single variable linear regression, neither
age nor sex was significant predictors of initial Cp for
either target.

Initial PCR crossing points of NUC and ORF do not
predict current hospitalization status, may predict
future hospitalization

There was no relationship between the initial Cps for both
NUC and ORF and hospitalization status (Fig. 1C). In single
variable logistic regression, the first test Cp for the NUC
target did not increase odds of subsequent hospital
admission (Odds Ratio [OR] 0.90 [95% 0.79e1.01]). The first
test Cp for the ORF target was mildly predictive of sub-
sequent hospitalization (OR 0.84 [95% 0.70e0.98]). Loca-
tion of sample collection (i.e., inpatient vs outpatient)
could not be reliably predicted by the Cps for either NUC
(OR 1.01, 0.92e1.09) or ORF (OR 0.99, 0.89e1.11) sug-
gesting that Cp may not be a marker of current disease
severity.

Discussion

In this study cohort that included both outpatient and
hospitalized individuals, the PCR Cp value was not a strong
predictor of the time to a negative result or current disease
severity. There was evidence that the initial ORF Cp may be
mildly predictive of subsequent hospitalization (OR 0.84
[95% 0.70e0.98]). These data suggest that the disease
severity and the duration to PCR negativity are not
dependent upon the initial PCR Cp value. Additionally,
there was no difference in initial Cps for age and gender,
which is consistent with previously published findings that
age and gender did not impact the viral load or duration of
viral shedding.6,7

This study has several limitations, including the inability
to perform a chart review for most patients, as many
samples were submitted through our reference laboratory
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operation. Although the median NUC and ORF Cp values
were lower (i.e., more strongly positive) in the hospitalized
versus non-hospitalized patients, the differences did not
reach statistical significance. Further studies assessing this
correlation using a larger patient cohort may be needed.
Also, we did not evaluate the time from symptom onset to
sample collection. However, there was still a trend of
increasing Cp with time. Additionally, not all patients had
the same duration of follow up, with 17 of the 73 patients
still testing positive at the completion of this study.
Another limitation of this study is that we used a single real-
time PCR method, so Cp results cannot be generalized to
other molecular assays for SARS-CoV-2. Finally, our results
do not provide any conclusions on the period of viral
infectiousness, which can only be assessed through culture
studies and contact tracing of positive cases. The prolonged
PCR positivity observed in our study is comparable to pre-
vious reports showing that PCR positivity may last up to 48
days.6,8 Furthermore, temporal fluctuations in viral loads
have been reported in the literature, with reports of RT-
PCR positivity after clinical resolution and several days
after two negative RT-PCR tests done after 2 weeks of
symptom onset.9,10

Prolonged detection of viral RNA has significant impli-
cations on current isolation/quarantine and work restric-
tion policies. At the time of this study, the recommendation
of the Centers for Disease Control and Prevention (CDC) was
to follow a test-based strategy after symptom resolution,
requiring two consecutive negative molecular tests from
nasopharyngeal swabs collected at least 24 h apart. Our
findings suggested that reevaluation of current criteria for
return to work and ending home isolation/quarantine may
be needed and support the updated CDC guidelines. The
CDC guidelines now do not recommend after a test-based
strategy for ending quarantine.11
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