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Discontinuation of Transmission Precautions for
COVID-19 Patients

Polymerase Chain Reaction Diagnostics, Patient Delays, and Cycle
Threshold Values
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Background: The decision of when it is safe to discontinue transmis-
sion-based precautions for SARS-CoV-2 coronavirus disease 2019
(COVID-19) hospitalized patients has been controversial. The Centers
for Disease Control and Prevention offered reverse transcriptase polymer-
ase chain reaction (PCR) diagnostic test- or symptom-based guidelines.
Methods: A retrospective chart review of Vidant Health system, Eastern
North Carolina, was conducted. Length of stay, days in isolation unit, and
date appropriate for discharge or isolation discontinuation based on the
symptom-based strategy were recorded.
Results: Of 196 COVID hospitalized patients, 34 had repeated COVID
PCR tests 3 or more days from their first positive test result. Half of these
patients experienced delays in release from transmission-based precautions
because of repeated positive PCR test results and use of the test-based ap-
proach. This resulted in an additional 166 days of hospitalization, costing
an estimated $415,000. Furthermore, 2 subjects had a combined 16-day de-
lay in necessary medical procedures. Most of the COVID PCR platforms
yield quantitative results in the form of cycle threshold (Ct) values, the
number of cycles needed to detect the genome. These values have also been
used to assess whether patients are likely to remain contagious. None of our
patients who met the criteria for symptom-based strategy for transmission-
based precaution discontinuation had positive PCR test results with Ct
values lower than 25, but 4 had Ct values lower than 30.
Conclusions: Concerns surround immunocompromised patients and
those treated with steroids who might be delayed or incapable of stopping
viral replication and thus remain contagious. Our results suggest that clini-
cians use all available data including Ct values to evaluate the safety of dis-
continuation of transmission precautions.
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C oronavirus disease 2019 (COVID-19) is caused by SARS-
CoV-2 and was first identified in the city of Wuhan, Hubei

Province, China.1,2 Similar to the first SARS outbreak in 2003,3

the disease primarily presents as an acute respiratory illness, but
it may have a number of clinical presentations including thrombo-
sis and gastrointestinal symptoms.4 Evidence suggests that the vi-
rus infects the kidney, liver, gastrointestinal tract, blood vessels,
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and heart5,6 and has killed more than 1 million people as of
October 6, 2020.7 Virus has also been detected in, and can be
spread by asymptomatic individuals.8–11 Although continued co-
ronavirus spillover events were predicted and much vaccine work
was done in animals for SARS-CoV,12–15 there is currently no ap-
proved vaccine for SARS-CoV-2. The rapid spread of the disease
around theworld has resulted in far-reaching impacts onmany aspects
of society. Notably, health care systems have been overwhelmed
with a large influx of patients with COVID-19, scarcity of per-
sonal protective equipment (PPE), and staff shortages due to eco-
nomic hardships faced by the hospitals.

Diagnostic testing for COVID-19 depends on the detection
of SARS-CoV-2. The first and most of the tests rely on the detec-
tion of viral ribonucleic acid (RNA) using reverse transcription
real-time polymerase chain reaction (PCR). The PCR test for viral
RNA is the mainstay of testing in the United States. The Centers
for Disease Control and Prevention (CDC) has provided guide-
lines for interpreting COVID-19 test results, both for viral detec-
tion (current infection) and detection of patient antibodies to
SARS-CoV-2.16 Detection of serum antibody (immunoglobulin
M or G) indicates that the patient has been infected, or may still
be infected and has mounted an immune response to SARS-
CoV-2.17 The serological antibody test has not been validated to
document immunity or to make clinical decisions on infectivity.16

Antigen tests detecting viral proteins are also coming into produc-
tion. However, antigen tests are often less sensitive, resulting in
more false-negatives. A positive COVID antigen result is conclu-
sive, but a negative result may require follow-up PCR testing.16

Nasopharyngeal samples are most commonly collected for diagnos-
tics, but saliva also provides reliable diagnostic results.18 Saliva has
additional advantages; it is less invasive and can easily be self-
administered, obviating the need for health care professionals and
PPE. When a patient is first infected, a patient will test negative for
the virus during the incubation period until viral titers reach the
threshold for detection. As infection progresses, viral replication in
the upper respiratory tract decreases as the immune system clears
the virus; over time, this clearing will result in a negative test result.19

The PCR test has been used for diagnosing COVID-19, for
screening patients before procedures and before patient discharge
to a skilled nursing facility (SNF), and for determining discontin-
uation of transmission-based precautions. The CDC outlined 2
strategies for discontinuing COVID-19 transmission-based pre-
cautions in Spring 2020, symptom- and test-based strategies.20

The symptom-based strategy states that patients should remain
on transmission-based precautions until 10 days after symptom
onset, at least 24 hours without a fever (updated August 10, 2020,
previously 72 hours), and improvement in respiratory symptoms,
whereas the test-based strategy includes resolution of fever, im-
provement in respiratory symptoms, and 2 negative Food and
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Drug Administration–approvedmolecular assays for the detection
of SARS-CoV-2 RNA collected 24 hours or more apart (Fig. 1).

Interpretation of tests in recovering patients presents a signif-
icant diagnostic challenge and can influence the availability of cer-
tain therapies, timing of procedures, and length of hospitalization.
Patients who met the symptom-based criteria to discontinue trans-
mission isolation but have a positive PCR test result may be
deemed infectious and kept in isolation. Delayed discharge repre-
sents a significant emotional and financial burden to patients and
can lead to delayed medical procedures and increased costs to the
health care system. Bartsch and colleagues21 estimate the total
cost for COVID direct medical care in the United States could
reach $650 billion. Uninsured patients alone could cost the health
care system as much as $40 billion.22 The cost of treating
COVID-19 patients is underscored by the federal government's
first Coronavirus Aid, Relief, and Economic Security Act, which
provides $175 billion in funding for health care providers.

In this report, we evaluate the impact of the test-based strat-
egy for discontinuation of COVID-19 transmission precautions.
We report findings from almost 200 hospitalized patients, 20 of
whom experienced delays in procedures, transfer from the COVID
unit, or discharge due to repeated positive SARS-CoV-2 PCR test
results. We discuss these patient experiences in the context of
evolving research showing that detection of viral RNA is not ade-
quate to conclude that a patient is still infectious and that reliance
on such tests causes significant problems for patients and the
health care system. Although COVID PCR test results are often
reported simply as positive or negative, we evaluated the quantita-
tive data in terms of the number of PCR cycles needed to reach
detection, the cycle threshold (Ct), which provides additional
information on whether the patient likely has residual viral RNA
or infectious virions being released.
METHODS
Of 196 COVID-19 hospitalized patients within the Vidant

Health system in Eastern North Carolina, 34 subjects had repeated
PCR tests 3 or more days from their first positive test result.
Nasopharyngeal swabs were analyzed for SARS-CoV-2 genome
by reverse transcriptase polymerase chain reaction (RT PCR) on
the Cepheid Infinity, Genmark ePlex Cov2, BD Max, or Quidel
Lyra platforms. The Cepheid Infinity and BD Max PCR assays
detect 2 PCR targets, whereas the other platforms detect 1. Using
patient charts in the electronic health record, we retrospectively
evaluated date of symptom onset, date of hospitalization, number
and results of COVID tests, symptom timeline, and number of days
that a procedure, transfer, or discharge was delayed. In addition, we
evaluated available Ct values for COVID PCR diagnostic tests.
Vidant Health is a hospital system constituting 1 tertiary care
center and 7 rural secondary care centers. The tertiary care center
contained a non–intensive care unit (ICU) COVID isolation unit
designated for COVID-infected patients only, whereas the
secondary care centers did not contain an isolation unit.
FIGURE 1. Strategies for discontinuation of COVID-19 transmission-base
severely immunocompromised (updated August 10, 2020).
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Improvement of respiratory symptoms was defined as a clear
improvement in presenting symptoms, minimal or no supplemen-
tal oxygen requirement, and overall clinical readiness for dis-
charge. Statements regarding disposition in progress notes,
normal vital signs, and absence of intravenous therapies were all
clinical indicators of discharge readiness. Increased length of stay
was calculated comparing date of discharge with the date identi-
fied as clinically appropriate for discharge. Total extra days of
hospitalization (delayed discharge) were calculated using date
identified as appropriate for discharge using the symptom-based
approach and date of actual discharge. For patients hospitalized
at the tertiary care center, where both COVID ICU and non-ICU
wardswere used, total days spent in the non-ICUCOVID isolation
unit were also calculated.

Statistics
Mean days from symptom onset to second COVID test result

were compared using an independent-sample t test. Total length of
hospitalization was compared with the day appropriate for dis-
charge using an unpaired t test. A P value of < 0.05 was consid-
ered statistically significant. Statistical analyses were performed
using SPSS software version 25 (IBM Corp, Armonk, NY).

This study was approved by the East Carolina University
Institutional Review Board in compliance with the Declaration
of Helsinki.

RESULTS
To evaluate the effects of repeated testing, we identified 34 of

our 196 COVID-19 subjects who had at least 1 repeat PCR test 3
or more days from their first positive test result. Each subsequent
test result and the impact of the tests were recorded (Table 1). Of
the 34 patients, 26 (76%) had 2 repeat positives, 11 (32%) tested
positive on a third test, and 6 (18%) tested positive on a fourth test.
Two of the 6 patients who tested positive 4 times or more had pre-
viously tested negative. Twenty patients (59%) experienced delays
in transfer from a COVID isolation unit, a necessary medical pro-
cedure, or discharge to a SNF or inpatient rehabilitation (IPR) be-
cause of the requirement of 2 consecutive negative PCR test
results. Of the 20 patients, 18 had a delay in discharge or proce-
dure and may also initially have had delayed transfer out of the
COVID isolation unit, whereas 2 patients only had delayed trans-
fer out of the COVID isolation unit (patients 16 and 33) (Table 1).
Fourteen patients (41%) did not have a delay due to repeat testing.
Despite the results of the first subsequent test being negative, pa-
tients still may have experienced a delay owing to a following test
result being positive, as seen in patient 17.

To evaluate the effect of time of symptomonset to repeat pos-
itive test result, days from the first symptom onset to the time of
second test was assessed. Of the 34 subjects with repeat testing,
8 (24%) tested negative on the first repeat test (Table 1). Among
the 8 subjects, the mean (SD) length of stay from symptom onset
until the negative test result was 21.3 (10.2) days. Of the 26 (76%)
d precautions in patients with mild to moderate illness who are not
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TABLE 1. Repeat PCR Tests and Delays in Patients Diagnosed With COVID-19

Pt

Test 2 Test 3 Test 4

Add. Tests Total Tests Length of StayResult Days Delay Result Days Delay Result Days Delay

1 − 38 COVID + 40 COVID − 42 COVID 3 7 40
2 + 7 − + 15 SNF/IPR − 22 SNF/IPR 1 5 20
3 − 27 − − 2 25
4 + 20 − − 29 SNF/IPR + 30 SNF/IPR 2 6 34
5 + 37 SNF/IPR − 2 25
6 + 40 − − 48 − − 3 27
7 + 46 SNF/IPR + 63 SNF/IPR + 77 SNF/IPR 3 7 99
8 + 15 − − 2 22*
9 + 17 − − 23 − − 3 20
10 + 20 SNF/IPR + 24 SNF/IPR − 3 20
11 + 21 − − 25 COVID − 27 COVID − 4 44†

12 − 25 SNF/IPR + 26 SNF/IPR + 27 SNF/IPR − 4 26
13 + 13 − − 29 SNF/IPR + 31 SNF/IPR 1 5 19
14 + 18 − − 2 11
15 + 10 − − 2 9
16 + 25 COVID − 27 COVID − 28 COVID − 4 49
17 − 20 SNF/IPR + 21 SNF/IPR − 22 SNF/IPR − 4 18
18 − 26 SNF/IPR − 27 SNF/IPR − 3 22
19 + 15 Care + 17 Care − 21 Care 5 9 39
20 − 10 SNF/IPR + 12 SNF/IPR − 13 SNF/IPR 2 6 20
21 + 17 COVID + 20 COVID − 22 COVID 3 7 42†

22 + 4 − + 26 SNF/IPR − 28 SNF/IPR 4 8 29
23 − 6 SNF/IPR − 7 SNF/IPR − 9 SNF/IPR − 4 8
24 − 18 − − 2 17
25 + 29 Care − 33 Care − 34 Care − 4 40*
26 + 12 SNF/IPR − 2 11
27 + 11 COVID − 16 COVID − 17 SNF/IPR − 4 22
28 + 11 − − 2 9
29 + 7 SNF/IPR − 2 14
30 + 6 COVID − 13 COVID − 15 SNF/IPR 1 5 28
31 + 4 COVID + 6 SNF/IPR + 7 SNF/IPR 7 11 22
32 + 5 SNF/IPR + 7 SNF/IPR + 8 SNF/IPR 1 5 21†

33 + 12 COVID − 21 COVID − 23 COVID − 4 21†

34 + 3 − − 2 24†

All patients tested positive for test 1. Days denote days since symptom onset; Add. Tests, number of additional tests after the fourth test; Care, delay in
care; SNF/IPR, delay discharge to SNF/IPR; and COVID, delay in transfer out of COVID unit. Blank cells indicate no further testing.

* Patient passed away during hospitalization.
† Ongoing hospitalization at time of writing.

Pt indicates patient.
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subjects whose first repeat test result was positive, the test was
performed a mean (SD) of 15.9 (10.2) days from symptom onset.
Independent sample t test showed that therewas no significant dif-
ference between mean days from symptom onset and repeat
COVID test result (t32 = 1.298, P = 0.204).

Of the 18 subjects identified as having a delay in a procedure
or discharge to an SNF or IPR, 16 subjects had delayed discharge,
1 subject had a delay in both discharge and procedure, and 1 sub-
ject had a delay in a procedure because of repeat positive COVID
test results (Table 2). Patient 25 experienced a 6-day delay in a
necessary procedure because of a positive test result and died in
the ICU. The other 17 subjects all met the symptom-based CDC
approach for transmission precaution discontinuation criteria
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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and were clinically ready for discharge. These patients could have
been discharged earlier; however, they were discharged using the
test-based strategy, causing 166 days of extra hospitalization
(Table 2, Fig. 2), with a mean extra stay of 9.8 days per patient.
The total length of hospitalization with the test-based strategy
used versus the length of stay if the symptom-based strategy
was used did not result in a statistically significant difference
(t23 = 1.73, P = 0.092); however, the total hospitalization was lon-
ger than if the symptom-based strategy was used. The mean (SD)
length of stay for patients who were discharged using the
test-based strategy was 27.6 (21) days, whereas mean (SD) hospi-
talization would have been 17.8 (11) days if the symptom-based
approach were used. Furthermore, because of the test-based
www.infectdis.com e289
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TABLE 2. Delays in Hospital Discharge and Required Procedures Owing to the Test-Based Strategy Being Used

Pt Total LOS
Day Patient Appropriate

for Discharge
Extra LOS Due to
Repeat Testing Days in COVID Unit Discharge/Result

1 40 25 15 21 SNF
2 20 11 9 10 SNF

Pt insisted on going home
4 34 25 9 11 IPR
5 25 20 5 15 SNF
6 27 19 8 SNF
7 99 44 55 SNF
10 20 13 7 SNF
13 19 14 5 6 IPR*
17 18 17 1 3 IPR*
19 39 38 1 18 LTAC

Procedure delayed 10 days
22 29 23 6 8 SNF*
23 8 4 4 5 SNF
25 40 – – Procedure delayed 6 days

Pt passed away in ICU
26 11 8 3 SNF
29 9 8 1 SNF
30 28 13 15 6 SNF
31 22 10 12 22 SNF
32 21+ 11 10+ 22+ SNF
Total 509+ 166+ 141+

SNF denotes discharged to SNF; IPR, discharged to IPR; and LTAC, discharged to long-term acute care hospital. “Days in COVIDUnit” denotes that the
patient was hospitalized in the COVID Isolation Unit at a tertiary care center. + means ongoing hospitalization; −, not appropriate for discharge.

* Denied admission to IPR or SNF because of positive PCR test, discharged home.

Pt indicates patient; LOS, length of stay.
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criteria, 3 subjects were denied admission to SNFor IPR and were
discharged homewhen they would have clinically benefitted from
SNF or IPR placement (Table 2).

Two cases illustrate the difficulties with PCR-based viral de-
tection for discontinuation of transmission-based precautions.
One patient, a 64-year-old man, was admitted to the hospital after
an ischemic stroke. Although he worked well with physical and
occupational therapy, the subject could not be safely discharged
home because of severe neurologic deficits. Therefore, while pre-
paring for an SNF discharge, a COVID-19 PCR nasopharyngeal
swab was obtained on hospital day 34, which returned positive.
FIGURE 2. Total length and extra days of hospitalization due to test-bas
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Repeat COVID-19 testing on hospital days 48 and 79 were also
positive. Because of concern of unnecessary use of PCR tests
for which reagent is in short supply across the country, further test-
ing was deferred for the next 2 weeks. The patient was stable for
discharge on hospital day 44 and ended up having an extra 55 days
of hospitalization before discharge owing to testing requirements
for discharge to a nursing facility. A second patient, a 61-year-
old man, was hospitalized for acute hypoxic respiratory failure
from COVID-19 pneumonia requiring intubation and ICU admis-
sion. His ICU coursewas complicated by a sacral wound infection
requiring surgical debridement and renal failure requiring
ed strategy versus symptom-based strategy.
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hemodialysis. Hospital criteria for surgery required a COVID test
before any procedure. He tested positive, and therefore, both pro-
cedures were delayed for 10 days. Furthermore, although he was
negative before his procedures, he tested positive before dis-
charge, requiring transfer back to the COVID isolation unit. Such
test-based strategy required 18 days in the COVID isolation unit, a
10-day delay in procedures, and a 1-day increase in hospitalization.

Of the 34 subjects with at least 1 repeat COVID test, 24 were
hospitalized at the tertiary care center and 10 were hospitalized at
rural secondary care centers. The 24 tertiary care center subjects
spent a collective 226 days in the non-ICU COVID isolation unit;
the average time spent was 9.4 days. Assuming that the patients
with extra length of stay due to testing were required to remain
in the COVID unit (Table 2), it would indicate that 77 of the
141 days in COVID isolation were unnecessary, contributing to
patient distress, increased costs, and PPE use. Patient 30 was
TABLE 3. PCR Ct Values Days Post Symptom Onset

Pt

Test 2 Test 3

Result Days Ct 1 Ct 2 Result Ct 1 C

1 − 38 − − + 32.5 3
2 + 7 21.8 20.5 + 31.4 3
3 − 27 − −
4 + 20 37.4 40.5 − −
5 + 37 25.0 36.8
6 + 40 27.3 27.5 − −
7 + 46 23.9 24.4 + 32.4 3
8 + 15
9 + 17 − 36.1 − −
10 + 20 29.9 30.0 + 29.2 2
11 + 21 33.5 34.5 − −
12 − 25 − − + 0.0 3
13 + 13 28.0 30.5 − −
14 + 18 27.3 29.7
15 + 10 − −
16 + 25 36.1 35.8 − −
17 − 20 − − + 34.2 3
18 − 26 − − − −
19 + 15 26.1 26.4 + 26.1 2
20 − 10 − − + 34.7 3
21 + 17 32.3 32.6 + 35.5 3
22 + 4 21.6 23.9 + 37.8
23 − 6 − − − −
24 − 18 − −
25 + 29 34.7 35.7 − −
26 + 12 28.1 28.1
27 + 11 33.4 34.2 − −
28 + 11 19.6 N/A
29 + 7
30 + 6 29.3 N/A − − N
31 + 4 14.5 N/A + 16.0 N
32 + 5 23.3 N/A + 22.6 2
33 + 12 32.8 32.7 − − N
34 + 3 14.4 N/A

Days denotes days after symptom onset. Ct 1 is the Ct value for genome tar
ready for discharge based on symptom-based strategy and Ct values lower than

Pt indicates patient; NA, not applicable (QuantStudio 1 target).
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transferred out of COVID isolation after 2 negative test results
but subsequently tested positive, delaying discharge (Table 1).

In this study, we identified 166 days of unnecessary hospital-
ization for 17 patients (Table 2, Fig. 2). At a cost of $2,500 per
day,23,24 the total cost of these delays was estimated at $415,000, a
mean of $24,400 per patient. The CDC reports 58,088
laboratory-confirmed COVID-19-associated hospitalizations be-
tween March 1, 2020, and September 26, 2020.25 If a similar per-
centage of delays occurs nationally as in our patient population
(~9%) with delays of 10.2 days, that would cost the United
States an additional unnecessary $129 million just between
March and September 2020.

To determine whether quantitative data from PCR diagnostic
tests might be useful for evaluating the potential for patient infec-
tiousness, we assessed the Ct data from the patients (Table 3). In
general, the Ct values of patients increased over time, as expected
Test 4

Add. Tests Total Testst 2 Result Ct 1 Ct 2

2.5 − − − 3 7
1.1 − − − 1 5

− 2
− + 32.3 33.3 2 6

− 2
− − 3
2.8 + 31.8 32.7 3 7

− 2
− − 3
9.9 − 3
− − − − − 4
9.8 + 0 40.4 − 4
− + 29.2 29.7 1 5

− 2
− 2

− − − − − 4
4.4 − − − − 4
− − 3
6.2 − − − 5 9
4.4 − − − 2 6
4.6 − − − 3 7
− − − − 4 8
− − − − − 4

− 2
− − − − − 4

− 2
− − − − − 4

− 2
− 2

/A − − N/A 1 5
/A + 16.2 N/A 7 11
2.4 + 28.5 28.3 1 5
/A − − N/A − 4

− 2

get 1, and Ct 2 is Ct value for target 2. Bold data indicate patients declared
30.
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as patients recovered from virus infection. Of the patients who had
a second PCR test done at day 10 or less of symptoms, 85.7% had
Ct values lower than 25, suggesting that they might still be infec-
tious. Only 1 had a Ct value higher than 25 (29.3). For patients
with a positive PCR test result at day 11 of symptom onset or later,
17.6% had at least 1 Ct value of 25 or lower (indicating a higher
level of viral genome present), 35.3% had at least 1 Ct value lower
than 30, and the remaining 47.1% had Ct values higher than 30.
We had 4 patients who tested negative and subsequently tested
positive for SARS-CoV-2 RNA: all had Ct values higher than 32
on the subsequent test. Thirteen of 34 patients (38%) tested posi-
tive by PCR on or after the day they were judged appropriate for
discharge, and 4whoweremore than 10 days after symptom onset
had Ct values lower than 30 (bold text in Table 3), but all were 25
or higher.
DISCUSSION
Determiningwhen a COVID-19 patient is no longer infectious

is a difficult and complex task. The proper timing of discontinuing
transmission-based precaution is crucial for the safety of health care
workers and the community at large. When patients experience a
delay in being declared free of infectious virus, they experience nu-
merous difficulties. Chaplain visits are limited, and expert consul-
tants who are involved in clinical decisions are deferred to phone
interviews. In our study, the 24 subjects hospitalized at the tertiary
care center spent 224 days in the COVID isolation unit owing to
the test-based strategy, an estimated 77 being unnecessary. Delay
in discharge causes emotional distress and delays in needed care.
Patients cannot be discharged to appropriate care facilities (SNF)
or have appropriate physical or occupational therapy. In addition,
these delays cause great expense to both patients and the health care
system costing millions of dollars.

Other studies are beginning to shed light on PCR detection of
viral RNAversus the infectivity of recovering patients. To evaluate
the risk of infectivity upon discharge, the Korean CDC identified
285 subjects who had recovered from COVID-19 but subse-
quently had a positive PCR RNA test.26 Of the 790 individuals
who came in contact with the 285 subjects, only 3 new cases were
reported. Importantly, all 3 new cases had contact with other
known cases. As a result, the Korean CDC discontinued the previ-
ous test-based recommendation for transmission-based precaution
discontinuation. The Korean study demonstrates that recovered
COVID-19 subjects with positive PCR test results may not be
infectious.

Another study exploring the relationship between PCR de-
tection of viral load, timing of seroconversion, and symptoms
followed 9 patients with resolution of symptoms within 5 days.27

However, despite viral RNA being detectable for weeks, live virus
was detectable only until day 8 after symptom onset, indicating
that these patients were not infectious. Seroconversion occurred
by day 7 in 50% of patients and all patients by day 14. At time
of seroconversion, there was no decrease detectable in viral
RNA, suggesting that shedding of viral genome fragments may
continue even after recovery and a protective immune response.
Furthermore, another study of 766 subjects reported the detection
of viral RNA for up to 33 days.28 Such findings suggest that viral
RNA is detectable for weeks after the cessation of infectiousness.

An approach to improve the testing strategy is to evaluate the
amount of viral RNA present. Real-time PCR uses a quantitative
measure, the Ct. The Ct is inversely proportional to the target sam-
ple amount (a lower cycle number indicates more viral genome).
Bullard et al29 reported that COVID-19 subjects (90) with a Ct
higher than 24 and with more than 8 days from symptom onset
resulted in a negative viral culture and low probability of
e292 www.infectdis.com
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transmitting infection. Another study reported that a Ct of 30 or
higher would result in low probability of being infectious.28

Therefore, Ct values could be used to address the aforementioned
limitations in test-based strategy for preoperative and nursing fa-
cility discharge screening. It should be noted that Ct values are
not directly comparable between different testing platforms.
Indeed, variability has been documented even between different
batches of tests from the same instrument.30 Our data show
that those patients who were ready for discharge using the
symptom-based strategy who had a subsequent positive test result
all had a Ct value of 25 or higher, supporting the findings of the
aforementioned studies. However, of our patients with a positive
PCR test result at day 11 or after of symptom onset, but who did
not meet the full symptom-based criteria, 17.6% had at least 1 Ct
value of 25 or lower, suggesting that they might still have infectious
virus. Therefore, simply basing decisions on days from symptom
onset is not recommended.

In our study, we report the tremendous cost to patients and
the health care system of the previously recommended test-based
strategy in discontinuing COVID-19 transmission-based precau-
tions and support the use of all available data (symptom improve-
ment, cessation of fever, and PCR Ct values) to assess patient and
community safety, especially in the case of patients who may be
immunocompromised or immunosuppressed by steroid treatment.
ACKNOWLEDGMENTS
The authors wish to thank East Carolina University and the

North Carolina Coronavirus Disease 2019 (COVID-19) Crisis
House Bill 1043 for providing funding for this work; Dr John T.
Fallon, Heather Duncan, Isabel Madrid, Dr Phyu Thwe, and Vidant
Health systems microbiology laboratory staff for help with data
collection; and Dr Ming Fan for help with manuscript preparation.
REFERENCES
1. Coronavirus Disease 2019 (COVID-19) Situation Report 22. World Health

Organization; 2020. https://www.who.int/docs/default-source/
coronaviruse/situation-reports/20200211-sitrep-22-ncov.pdf?sfvrsn=
fb6d49b1_2. Accessed June 25, 2020.

2. Chen N, Zhou M, Dong X, et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia inWuhan,
China: a descriptive study. Lancet. 2020;395(10223):507–513.

3. Marra MA, Jones SJ, Astell CR, et al. The genome sequence of the
SARS-associated coronavirus. Science. 2003;300(5624):1399–1404.

4. Skowronski DM, Astell C, Brunham RC, et al. Severe acute respiratory
syndrome (SARS): a year in review. Annu Rev Med. 2005;56:357–381.

5. WadmanM, Couzin-Frankel J, Kaiser J, et al. A rampage through the body.
Science. 2020;368(6489):356–360.

6. Wadman M, Couzin-Frankel J, Kaiser J, et al. How does coronavirus kill?
Clinicians trace a ferocious rampage through the body, from brain to toes.
Science | AAAS. April 17, 2020. https://www.sciencemag.org/news/2020/
04/how-does-coronavirus-kill-clinicians-trace-ferocious-rampage-through-
body-brain-toes. Accessed June 22, 2020.

7. COVID-19 case tracker. Johns Hopkins Coronavirus Resource Center.
https://coronavirus.jhu.edu/. Accessed July 3, 2020.

8. Bai Y, Yao L, Wei T, et al. Presumed asymptomatic carrier transmission of
COVID-19. JAMA. 2020;323(14):1406–1407.

9. Morawska L, Cao J. Airborne transmission of SARS-CoV-2: the world
should face the reality. Environ Int. 2020;139:105730.

10. Anderson EL, Turnham P, Griffin JR, et al. Consideration of the aerosol
transmission for COVID-19 and public health. Risk Anal. 2020;40(5):
902–907.
© 2021 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200211-sitrep-22-ncov.pdf?sfvrsn=fb6d49b1_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200211-sitrep-22-ncov.pdf?sfvrsn=fb6d49b1_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200211-sitrep-22-ncov.pdf?sfvrsn=fb6d49b1_2
https://www.sciencemag.org/news/2020/04/how-does-coronavirus-kill-clinicians-trace-ferocious-rampage-through-body-brain-toes
https://www.sciencemag.org/news/2020/04/how-does-coronavirus-kill-clinicians-trace-ferocious-rampage-through-body-brain-toes
https://www.sciencemag.org/news/2020/04/how-does-coronavirus-kill-clinicians-trace-ferocious-rampage-through-body-brain-toes
https://coronavirus.jhu.edu/
http://www.infectdis.com


Infectious Diseases in Clinical Practice • Volume 29, Number 5, September 2021 Discontinuation of Precautions for COVID
11. Asadi S, Bouvier N, Wexler AS, et al. The coronavirus pandemic and
aerosols: does COVID-19 transmit via expiratory particles? Aerosol Sci
Technol. 2020;54(6):635–638.

12. See RH, Zakhartchouk AN, Petric M, et al. Comparative evaluation of two
severe acute respiratory syndrome (SARS) vaccine candidates in mice
challenged with SARS coronavirus. J Gen Virol. 2006;87(Pt 3):641–650.

13. Roper RL, RehmKE. SARS vaccines: where are we? Expert Rev Vaccines.
2009;8(7):887–898.

14. See R, Roper R, Brunham R, et al. Rapid response research—SARS
coronavirus vaccines and application of processes to other emerging
infectious diseases. Curr Immunol Rev. 2005;1(2):185–200.

15. See RH, Petric M, Lawrence DJ, et al. Severe acute respiratory syndrome
vaccine efficacy in ferrets: whole killed virus and adenovirus-vectored
vaccines. J Gen Virol. 2008;89(Pt 9):2136–2146.

16. Guidance on interpreting COVID-19 test results. Department of Health and
Human Services May 1, 2020. https://www.whitehouse.gov/wp-content/
uploads/2020/05/Testing-Guidance.pdf. Accessed June 6, 2020.

17. Coronavirus (COVID-19) update: FDA authorizes first antigen test to help
in the rapid detection of the virus that causes COVID-19 in patients. FDA.
May 12, 2020. https://www.fda.gov/news-events/press-announcements/
coronavirus-covid-19-update-fda-authorizes-first-antigen-test-help-rapid-
detection-virus-causes. Accessed June 6, 2020.

18. Wyllie AL, Fournier J, Casanovas-Massana A, et al. Saliva is more sensitive
for SARS-CoV-2 detection in COVID-19 patients than nasopharyngeal
swabs. medRxiv. 2020. doi:10.1101/2020.04.16.20067835.

19. Sethuraman N, Jeremiah SS, Ryo A. Interpreting diagnostic tests for
SARS-CoV-2. JAMA. 2020;323(22):2249–2251.

20. Centers for Disease Control and Prevention. Discontinuation of
transmission-based precautions and disposition of patients with COVID-19
in healthcare settings (interim guidance). February 11, 2020. https://www.
cdc.gov/coronavirus/2019-ncov/hcp/disposition-hospitalized-patients.
html. Accessed June 25, 2020.
© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer 
21. Bartsch SM, Ferguson MC, McKinnell JA, et al. The potential health care
costs and resource use associated with COVID-19 in the United States.
Health Aff (Millwood). 2020;39(6):927–935.

22. Schwartz K, Tolbertt J, Neuman T. Update on COVID-19 funding for
hospitals and other providers. KFF. April 24, 2020. https://www.kff.org/
coronavirus-policy-watch/update-on-covid-19-funding-for-hospitals-and-
other-providers/. Accessed June 2, 2020.

23. Hospital adjusted expenses per inpatient day. KFF. February 21, 2020.
https://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-
day/. Accessed June 2, 2020.

24. Ellison A. Average hospital expenses per inpatient day across 50 states.
Becker's Hospital Review. January 4, 2019. https://www.
beckershospitalreview.com/finance/average-hospital-expenses-per-
inpatient-day-across-50-states.html. Accessed June 2, 2020.

25. Key updates for week 30, ending July 25, 2020. CDC; 2020. https://www.
cdc.gov/coronavirus/2019-ncov/covid-data/pdf/covidview-07-31-2020.
pdf. Accessed August 1, 2020.

26. Korean Center for Disease Control. Findings from investigation and
analysis of re-positive cases. May 19, 2020. http://www.cdc.go.kr.
Accessed June 22, 2020.

27. Wölfel R, Corman VM, Guggemos W, et al. Virological assessment of
hospitalized patients with COVID-2019. Nature. 2020;581(7809):
465–469.

28. Academy of Medicine Singapore. Position statement from the
National Centre for Infectious Diseases and the Chapter of
Infectious Disease Physicians, Academy of Medicine, Singapore.
May 23, 2020. https://scholarbank.nus.edu.sg/handle/10635/168938.
Accessed June 22, 2020.

29. Bullard J, Dust K, Funk D, et al. Predicting infectious SARS-CoV-2 from
diagnostic samples. Clin Infect Dis. 2020;ciaa638.

30. Han MS, Byun JH, Cho Y, et al. RT-PCR for SARS-CoV-2: quantitative
versus qualitative. Lancet Infect Dis. 2020;S1473-3099(20)30424-2.
www.infectdis.com e293

Health, Inc. All rights reserved.

https://www.whitehouse.gov/wp-content/uploads/2020/05/Testing-Guidance.pdf
https://www.whitehouse.gov/wp-content/uploads/2020/05/Testing-Guidance.pdf
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-first-antigen-test-help-rapid-detection-virus-causes
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-first-antigen-test-help-rapid-detection-virus-causes
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-first-antigen-test-help-rapid-detection-virus-causes
https://www.cdc.gov/coronavirus/2019-ncov/hcp/disposition-hospitalized-patients.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/disposition-hospitalized-patients.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/disposition-hospitalized-patients.html
https://www.kff.org/coronavirus-policy-watch/update-on-covid-19-funding-for-hospitals-and-other-providers/
https://www.kff.org/coronavirus-policy-watch/update-on-covid-19-funding-for-hospitals-and-other-providers/
https://www.kff.org/coronavirus-policy-watch/update-on-covid-19-funding-for-hospitals-and-other-providers/
https://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day/
https://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day/
https://www.beckershospitalreview.com/finance/average-hospital-expenses-per-inpatient-day-across-50-states.html
https://www.beckershospitalreview.com/finance/average-hospital-expenses-per-inpatient-day-across-50-states.html
https://www.beckershospitalreview.com/finance/average-hospital-expenses-per-inpatient-day-across-50-states.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/pdf/covidview-07-31-2020.pdf
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/pdf/covidview-07-31-2020.pdf
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/pdf/covidview-07-31-2020.pdf
http://www.cdc.go.kr
http://scholarbank.nus.edu.sg/handle/10635/168938
http://www.infectdis.com

