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Abstract

The decision to discontinue isolation in hospitalized patients with persistently positive severe acute respiratory coronavirus virus 2
(SARS-CoV-2) molecular testing is nuanced. Improvement in clinical status should be evaluated with expert consultation when considering
whether discontinuation of isolation is appropriate. The cycle threshold value may serve as a useful adjunct to this decision-making process.

(Received 26 December 2020; accepted 17 March 2021; electronically published 6 April 2021)

The emergence of coronavirus disease 2019 (COVID-19), caused
by the novel severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), has evolved into a global pandemic with an
unprecedented impact. Due to prolonged shedding of the virus
or positivity of nucleic acid amplification tests, particularly in
immunocompromised patients or those with severe disease, dis-
continuation of isolation induces concern for transmission within
the healthcare facility, making these decisions nuanced and
difficult.!?

Studies evaluating the transmission risk throughout the dura-
tion of illness have assessed the growth of SARS-CoV-2 on culture
compared with the cycle threshold (Ct) values on RT-PCR.
Notably, viable virus is rarely cultured at Ct values >30 on or after
14 days of illness, suggesting that the probability of infectivity
decreases with increasing Ct values and is primarily seen in the first
2 weeks after symptom onset.>* Thus, the Centers for Disease
Control and Prevention (CDC) created recommendations for
removal from isolation; however, their reccommendations regard-
ing immunocompromised persons and those with severe disease
were ambiguous.

We implemented a policy in June 2020 allowing discontinu-
ation of isolation in hospitalized patients with COVID-19 21 days
after the first positive nucleic acid amplification test (NAAT),
stipulating that the COVID-19 infectious diseases team should
review each patient prior to discontinuation of isolation (Fig. 1).
As a quality improvement initiative, we sought (1) to evaluate
how our process for determining isolation discontinuation per-
formed and to (2) describe the clinical characteristics and Ct values
of patients approaching 21 days since the first positive test who
exhibited persistent viral shedding.
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Methods

We performed a retrospective chart review from June 16, 2020,
through September 8, 2020, of adult hospitalized patients with
COVID-19 who exhibited persistently positive SARS-CoV-2
NAAT and who were removed from isolation 21 days after their
first positive test. Demographics and clinical characteristics were
obtained. Immunocompromise was defined as the presence of
immunosuppressive medications, advanced HIV, solid-organ or
bone-marrow transplantation, or primary immunodeficiency.
Severe illness was defined according to NIH criteria.’ Only patients
who had repeat testing within 21 days were included in the analysis.

COVID testing was performed on multiple assays: the Roche
cobas SARS-CoV-2 test, the Cepheid Xpert Xpress SARS-CoV-2,
the Hologic Aptima SARS-CoV-2 assay, and the NEcov19 (labora-
tory-developed with emergency use authorization from the US Food
and Drug Administration). Ct values for the E gene, which is tar-
geted by the 3 PCR assays, were obtained and pooled. The
Aptima assay utilized transcription-mediated amplification rather
than PCR and does not give Ct values.

A linear mixed model that allowed for the correlation of Ct val-
ues obtained from the same patient was used to compare the mean
Ctvalues at <10 days, 10-21 days, and >21 days from the first pos-
itive test. Pairwise comparisons between these periods were
adjusted using Tukey’s test. Results were summarized with model
adjusted means and standard errors (SEs). Analyses were con-
ducted using SAS version 9.4 software (SAS Institute, Cary, NC),
and a P value <.05 was considered statistically significant.

Results

In total, 23 patients (61% male) with persistently positive NAAT
testing were removed from isolation after 21 days. Among them,
19 patients had severe disease (83%), 4 (17%) were immunocom-
promised, and 7 (30%) remained on mechanical ventilation.
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Fig. 1. Decision tree for determine if a hospitalized patient is appropriate to remove from isolation. Note. PE, pulmonary embolism; VAP, ventilator-associated pneu-
monia; ARDS, acute respiratory distress syndrome.
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There were 94 total positive tests among 23 patients: 86 (91.5%)
were from nasopharyngeal (NP) samples, 7 (7.4%) were from tracheal
aspirates, and 1 (1.1%) was from a bronchoalveolar lavage. The E gene
Ct values for each sample are illustrated in Figure 2. Ct values were
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Days from Symptom Onset

>30 in 39% of tests from days 0-10, in 84% from days 11-21, and in
100% after day 21. Statistically significant differences in the mean Ct
value were determined between all 3 periods: <10 days: 26.1 + 1.1;
10-21 days: 33.1 £ 1.1; >21 days: 38.7 + 1.5 (P < .001).
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Discussion

Patients with COVID-19 may demonstrate prolonged detection of
viral RNA for weeks to months after onset of illness, particularly in
severe disease.! Studies show that the probability of isolating
replication-competent virus in patients is highest at the onset of
symptoms and decreases thereafter, with the probability of detec-
tion of “0.03% by 14 days from symptom onset.*®® A correlation
between the Ct value and the likelihood of infectivity has been
demonstrated.*® In general, replication-competent virus has not
been detected in specimens with Ct values >30, though exceptions
have been noted in immunocompromised persons.>*®1° However,
the comparability of Ct values between different assays and insti-
tutions remains unclear.

Removal from isolation at our institution was initially test
based: with defervescence and significant clinical improvement,
patients could exit isolation with 2 sequential negative molecular
tests ~24 hours apart. This procedure resulted in prolonged hos-
pitalizations for patients who continued to test positive. In June
2020, we implemented a time-based isolation policy allowing the
discontinuation of isolation in hospitalized patients 21 days from
their first positive test, with the caveat that patients who remained
critically ill, lacked clinical improvement, or were severely immuno-
compromised should be discussed with the COVID ID physician
(Fig. 1). Data for patients with severe disease or immunosuppression
are limited; thus, decisions to remove these patients from isolation
while molecular assays continue to yield positive results are more
nuanced. In July 2020, the CDC updated their guidance and recom-
mended a similar strategy based on time from symptom onset.
However, we decided to continue our protocol of utilizing the initial
positive test as ‘day 1’ given that day of symptom onset is subjective
in nature.

Our findings indicate that Ct values were lowest around the
time of symptom onset and increased over time thereafter. After
day 21 from test positivity, all 14 tests (from 7 patients) showed
a Ct value >30 (mean, 31.6), including those from patients with
immunosuppression. Additionally, to date, no cases of transmis-
sion within our healthcare system have been linked to patients
removed from isolation at day 21.

These findings suggest that, when a process is utilized in which
clinical criteria are evaluated in conjunction with an infectious dis-
ease expert, discontinuation of isolation on day 21 is reasonable
and safe. This conclusion is further demonstrated by the higher
Ct values and lack of any transmission events following deisolation.

This study has several limitations. Because of the limited study
size and because Ct values were obtained from testing performed as
part of patient care, data from multiple specimen types and assays
were analyzed together. The precision of Ct values obtained
from qualitative assays is unknown, and the quality of specimen
collection likely provides an additional source of variability.
Furthermore, not all patients received testing on or after day 21.
Finally, we utilized 21 days from the first positive test rather than
time from symptom onset based on our hospital protocol, making
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this a more conservative discontinuation of isolation strategy.
However, only 1 patient had a Ct of <30 when symptom onset
was used as day 1, so using symptom onset, although less
conservative and more subjective, may also be an adequate
strategy.

The decision to discontinue isolation in hospitalized patients
with COVID-19 is nuanced, with multiple contributing factors,
and it becomes more challenging in patients with severe disease
or who are immunocompromised. These decisions should be made
with utmost care given concern for transmission within the health-
care facility. Our multistep process, which includes consultation
from an expert in infectious diseases and infection control, along-
side evaluation of the patient’s medical history, clinical course, and
Ct value, is useful when considering whether discontinuation of
isolation is appropriate.

Acknowledgments. We would like to acknowledge all of the hard work and
dedication by the UNMC COVID Infectious Diseases team, healthcare workers
and leaders in our COVID units, laboratory personnel, and the Department of
Infection Control.

Financial support. No financial support was provided relevant to this article.

Conflicts of interest. All authors report no conflicts of interest relevant to this
article.

References

1. Xu K, Chen Y, Yuan J, et al. Factors associated with prolonged viral RNA
shedding in patients with coronavirus disease 2019. Clin Infect Dis 2020;
71:799-806.

2. He X, Lau EHY, Wu P, et al. Temporal dynamics in viral shedding and

transmissibility of COVID-19. Nature Med 2020;26:672-675.

. Young BE, Ong SWX, Ng LFP, et al. Viral dynamics and immune correlates
of COVID-19 diseases severity. Clin Infect Dis 2020. doi: 10.1093/cid/
ciaal280.

4. Singanayagam A, Patel M, Charlett A, et al. Duration of infectiousness and
correlation with RT-PCR cycle threshold values in cases of COVID-19,
England, Jan-May 2020. Euro Surveill 2020;25(32):2001483.

. Clinical spectrum of SARS-CoV-2 infection. National Institute of Health
COVID-19 Treatment Guidelines website. https://www.covid19treatment
guidelines.nih.gov/overview/clinical-spectrum/. Published December 17,
2020. Accessed February 8, 2021.

6. Wolfel R, Corman V, Guggemos W, et al. Virological assessment of hospi-
talized patients with COVID-19. Nature 2020;581:465-469.

. Zheng S, Fan ], Yu F, et al. Viral load dynamics and disease severity in
patients infected with SARS-CoV-2 in Zhejiang province, China, Jan-
March 2020. BMJ 2020;369:m1443.

. Perera R, Tso E, Tsang O, et al. SARS-CoV-2 virus culture and sgRNA for
respiratory specimens from patients with mild coronavirus disease. Emerg
Infect Dis 2020;26:2701-2704.

9. Rao SN, Manissero D, Steele VR, Pareja J. A narrative systematic review of
the clinical utility of cycle threshold values in the context of COVID-19.
Infect Dis Ther 2020;9:573-586.

10. Choi B, Choudhary MC, Regan J, et al. Persistence and evolution of

SARS-CoV-2 in an immunocompromised host. N Engl ] Med 2020;383:
2291-2293.

W

w

~

o


https://doi.org/10.1093/cid/ciaa1280
https://doi.org/10.1093/cid/ciaa1280
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://doi.org/10.1017/ice.2021.132

	Evaluation of cycle threshold values at deisolation
	Methods
	Results
	Discussion
	References


