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1  |  INTRODUC TION

The pandemic of coronavirus disease 2019 (COVID-19) caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
presents significant health-care challenges. The primary method 
to diagnose COVID-19 relies on reverse transcriptase polymerase 

chain reaction (RT-PCR)-based tests that detect viral RNA in clini-
cal specimens. Some RT-PCR tests yield a cycle threshold (CT) value, 
the number of cycles required for a fluorescent signal to cross the 
detection threshold. CT values provide semiquantitative information 
with values that are inversely proportional to the relative amount of 
viral RNA present in tested samples. In certain viral respiratory tract 

Received: 30 June 2020  | Revised: 8 September 2020  | Accepted: 1 October 2020

DOI: 10.1111/ajt.16357  

B R I E F  C O M M U N I C A T I O N

Clinical implications of SARS-CoV-2 cycle threshold values in 
solid organ transplant recipients

David C. Gaston1  |   Maricar Malinis1  |   Rebecca Osborn2 |   David R. Peaper3 |   
Marie Landry1,3 |   Manisha Juthani-Mehta1 |   Marwan M. Azar1

© 2020 The American Society of Transplantation and the American Society of Transplant Surgeons

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CDC, Centers for Disease Control and Prevention; CMV, cytomegalovirus; COVID-19, coronavirus 
disease 2019; CT, cycle threshold; HFNC, high-flow nasal cannula; hsCRP, high-sensitivity C-reactive protein; ICU, intensive care unit; IQR, interquartile range; IRB, institutional review 
board; LDT, laboratory developed test; N2, nucleocapsid 2 gene; NRB, non-rebreather; PPE, personal protective equipment; RT-PCR, reverse transcriptase polymerase chain reaction; 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SOT, solid organ transplant; WHO OSCI, World Health Organization COVID-19 Ordinal Scale for Clinical Improvement.

1Section of Infectious Diseases, Yale 
University School of Medicine, New 
Haven, Connecticut
2Department of Internal Medicine, Yale 
University School of Medicine, New 
Haven, Connecticut
3Department of Laboratory Medicine, 
Yale University School of Medicine, New 
Haven, Connecticut

Correspondence
David C. Gaston
Email: dgaston3@jhmi.edu

Funding information
No sources of funding were used to 
support this work.

Abstract
Detection of SARS-CoV-2 viral RNA by RT-PCR assays is the primary diagnostic test 
for COVID-19. Cycle threshold (CT) values generated by some of these assays provide 
inversely proportional proxy measurements of viral load. The clinical implications of 
CT values are incompletely characterized, particularly in solid organ transplant (SOT) 
recipients. We conducted a retrospective chart review of 25 adult SOT recipients 
admitted to the Yale New Haven Health System between March 1 and May 15, 2020, 
analyzing 50 test results to investigate the clinical implications of SARS-CoV-2 CT 
values in this population. Initial CT values from upper respiratory tract samples were 
significantly higher in patients on tacrolimus, but were not associated with admis-
sion severity nor highest clinical acuity. Viral RNA was detected up to 38 days from 
symptom onset with a gradual increase in CT values over time. In five patients with 
serial testing, CT values <35.0 were detected >21 days after symptom onset in 4/5 
and ≥27 days in 2/5, demonstrating prolonged RNA detection. These data describe 
SARS-CoV-2 viral dynamics in SOT patients and suggest that CT values may not be 
useful to predict COVID-19 severity in SOT patients. SARS-CoV-2 CT values may be 
more useful in informing infection prevention measures.
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infections, such as influenza, CT values may correlate with disease 
severity.1 In COVID-19, viral replication in upper respiratory tract 
specimens is highest between 0.6 days prior to symptom onset and 
5 days after symptom onset before declining.2,3 As COVID-19 pro-
gresses, CT values increase in upper respiratory samples, reflecting 
diminished abundance of viral RNA with time.2–8 Though CT values 
may reflect viral burden and time from initial viral acquisition, the 
utility of individual CT values for clinical decision-making or progno-
sis has not been established.

Solid organ transplant (SOT) recipients are generally at higher 
risk of acquiring infectious diseases and developing worse out-
comes. While certain series of SOT recipients with COVID-19 report 
high overall disease severity and poor outcomes,9,10 others suggest 
low mortality among transplant recipients.11 It is unknown if SARS-
CoV-2 RT-PCR CT values are associated with disease severity and 
clinical outcomes as few studies to date have evaluated associations 
of SARS-CoV-2 CT values in these patients. Additionally, studies de-
tailing viral dynamics using CT values have not routinely included 
or identified SOT patients. As a proxy for viral load, CT values may 
have important implications for managing COVID-19 in SOT recip-
ients. Immunosuppression modification and infection prevention 
measures could be informed by CT values as clinical specimens with 
lower CT are more likely to yield culturable, and therefore infectious, 
virus.12–15 Accordingly, we performed a retrospective study in a 
single health system to investigate the associations between initial 
SARS-CoV-2 CT values and clinical parameters in SOT patients as 
well as viral dynamics over time.

2  |  METHODS

Adult (≥18 years old) SOT recipients on maintenance immunosup-
pression diagnosed with symptomatic COVID-19 and admitted to 
Yale New Haven Health System from March 1 to May 15, 2020 were 
identified by electronic chart review. Nasopharyngeal or combined 
nasopharyngeal and oropharyngeal samples were collected by medi-
cal professionals using flocked swabs in accordance with guidelines 
from the Centers for Disease Control and Prevention (CDC). Repeat 
testing was primarily performed for discharge to extended care fa-
cilities due to requirements of two negative SARS-CoV-2 RT-PCR as-
says before acceptance.

Patients with SARS-CoV-2 RT-PCR testing performed at the 
Yale New Haven Hospital clinical virology laboratory reported as 
detected, positive, presumptive positive, or inconclusive were in-
cluded. SARS-CoV-2 RT-PCR was performed on nasopharyngeal 
or combined nasopharyngeal and oropharyngeal samples using a 
laboratory developed test (LDT) derived from the CDC assay and 
approved via an Emergency Use Authorization from the Food and 
Drug Administration,16 or the commercially available Cepheid Xpert 
Xpress SARS-CoV-2 test (hereafter referred to as Xpert).17 The LDT 
detects two SARS-CoV-2-specific regions of the viral nucleocapsid 
gene (N1 and N2) and the Xpert detects a pan-Sarbecovirus target 
in the envelope (E) or the SARS-CoV-2-specific N2 gene. Definitions 

of positive, inconclusive, and negative tests are provided in the 
Appendix S1. Evaluation of CT values was performed using N2 CT re-
sults after demonstrating assay results were comparable (Appendix 
S1). We grouped N2 CT into low (0–20.0), moderate (20.1–30.0), and 
high (30.1–40.0) values based on currently understood clinical cor-
relates. Negative tests demonstrating resolution of viral RNA per-
sistence were not obtained in these patients.

Demographic, transplant-specific, clinical, COVID-19-related 
management, and outcome data were collected retrospectively 
through a period of at least 28 days beginning at hospital admis-
sion. Initial laboratory values were the first recorded, whereas peak 
laboratory values were the highest recorded during the hospital 
admission. Creatinine levels were censored for patients undergo-
ing renal replacement therapy, including hemodialysis or peritoneal 
dialysis. For laboratory values reported as above or below the de-
tectable range, the upper or lower limit of detection was recorded, 
respectively. Approximate symptom onset was obtained from ad-
mission documentation. The furthest time point of symptom onset 
from hospital admission was included if a range of dates was doc-
umented. Clinical severity in the first 24 h of hospitalization and 
highest clinical acuity during the hospital course were determined 
using the World Health Organization COVID-19 Ordinal Scale for 
Clinical Improvement (WHO OSCI).18 WHO OSCI scores used in this 
study are provided in the Appendix S1. This score was modified by 
adding one additional point if a patient was admitted to an intensive 
care unit (ICU). Patients with a modified WHO OSCI score ≥5 were 
designated as severe and those with a score of <5 were designated 
as non-severe. The highest clinical acuity as determined by the mod-
ified WHO OSCI score was used to categorize patients into non-se-
vere or severe groups to investigate clinical associations.

2.1  |  Institutional Review Board (IRB) Approval

This study was approved by the Yale Human Investigation Committee 
(IRB Protocol Identification 2000028099).

2.2  |  Statistical analysis

Fisher's exact, Mann-Whitney, Kruskal-Wallis, and simple lin-
ear regression testing was performed with Prism 8 (version 8.4.2, 
GraphPad) using an alpha value of 0.05. Additional details are pro-
vided in the Appendix S1. Descriptive statistics are reported as per-
centages or medians with interquartile ranges (IQR).

3  |  RESULTS

We identified 25 hospitalized SOT recipients who met the inclu-
sion criteria. Demographic and clinical data are presented in Table 1. 
Fifteen patients had severe COVID-19 and 10 patients had non-severe 
COVID-19 as the highest clinical acuity during hospitalization based 
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TA B L E  1  Patient demographics and clinical characteristics

Total (N = 25) Nonsevere (N = 15) Severe (N = 10)
p 
value

Demographics

Age, median (IQR), years 60.0 (54.0–64.5) 60.0 (48.0–65.0) 61.5 (54.8–64.2) .77

Gender, N (%)

Male 12 (48.0) 4 (26.7) 8 (80.0) .01

Female 13 (52.0) 11 (73.3) 2 (20.0)

Race, N (%)

Black or African American 13 (52.0) 8 (53.3) 5 (50.0) .78

White or Caucasian 4 (16.0) 3 (20.0) 1 (10.0)

American Indian or 
Alaskan

1 (4.0) 1 (6.7) 0

Other 7 (28.0) 3 (20.0) 4 (40.0)

Ethnicity, N (%)

Hispanic or Latino 7 (28.0) 3 (20.0) 4 (40.0) 0.38

Non-Hispanic 18 (72.0) 12 (80.0) 6 (60.0)

Transplanted organ, N (%)

Kidney 23 (92.0) 13 (86.7) 10 (100.0) .50

Liver 2 (8.0) 2 (13.3) 0

Transplantation to admission, 
days, median (IQR)

1581 (566–2699) 2298 (789–3359) 1044 (473–2403) .12

Admission immunosuppression, N (%)

Tacrolimus 18 (72.0) 9 (60.0) 9 (90.0) .18

Belatacept 7 (28.0) 6 (40.0) 1 (10.0) .18

Antimetabolite 17 (68.0) 9 (60.0) 8 (80.0) .40

Prednisone 22 (88.0) 12 (80.0) 10 (100.0) .25

Microbiology

Initial N2 CT, median (IQR) 22.9 (18.7–25.4) 22.9 (16.3–29.4) 23.1 (18.9–24.6) .97

Laboratory

Tacrolimus (ng/ml), median (IQR) [N]

Initial 12.0 (6.5–25.0) [18] 10.0 (4.0–26.0) [9] 13.0 (7.0–24.0) [9] .65

Trough 4.0 (3.0–6.3) [18] 6.0 (4.0–8.5) [9] 3.0 (3.0–4.0) [9] .02

Creatinine (mg/dl), median (IQR)b 

Initial 2.0 (1.3–2.9) 1.6 (1.0–2.9) 2.2 (1.5–3.4) .17

Peak 2.4 (1.8–5.0) 1.9 (1.2–3.4) 3.9 (2.2–5.7) .03

AST (U/L), median (IQR)

Initial 35.0 (29.5–51.0) 34.0 (27.0–43.0) 45.0 (32.2–60.0) .09

Peak 57.0 (44.0–120.5) 50.0 (37.0–58.0) 109.0 (58.2–144.5) <.01

ALT (U/L), median (IQR)

Initial 25.0 (18.5–34.5) 22.0 (12.0–29.0) 34.0 (21.8–42.0) .06

Peak 37.0 (25.5–119.0) 32.0 (23.0–44.0) 101.5 (36.2–158.8) .02

hsCRP (mg/L), median (IQR)

Initial 88.6 (50.8–191.6) 76.1 (11.5–146.4) 156.7 (88.2–225.8) .02

Peak 154.4 (78.8–213.2) 139.2 (52.9–202.1) 184.4 (98.9–237.0) .22

Ferritin (ng/ml), median (IQR)

Initial 1366.0 (571.0–2186.0) 1127.0 (227.0–1958.0) 1488.0 (921.3–4714.0) .26

Peak 2206.0 (1184.0–3656.0) 2206.0 (719.0–3390.0) 2243.0 (1226.0–8589.0) .40

(Continues)
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on the modified WHO OSCI score. Median patient age was 60 years 
(range 29–78), and most (13/25, 52.0%) identified as Black or African 
American. Twelve patients were male (48.0%) and 13 patients were 
female (52.0%) with significantly more males in the severe group. 
Twenty-three patients were kidney SOT and two were liver SOT recipi-
ents. More patients were on a tacrolimus-based immunosuppressive 
regimen (18/25, 72.0%) as compared to a belatacept-based regimen 
(7/25, 28.0%) prior to admission. Regimens were combined with an an-
timetabolite (17/25, 68.0%; 15 mycophenolate mofetil, one mycophe-
nolic acid, and one azathioprine) and/or prednisone (22/25, 88.0%).

Patients with severe disease had significantly higher peak 
creatinine, aspartate aminotransferase (AST), and alanine 

aminotransferase (ALT). Inflammatory markers also correlated 
with severity, with significantly higher initial high-sensitivity 
C-reactive protein (hsCRP) and D-dimer in the severe group. 
The median hospital length-of-stay was 10.0 days for patients 
discharged during the study period, with no difference between  
nonsevere and severe groups. Three patients remained hospital-
ized at the time of analysis, with hospital lengths-of-stay exceed-
ing the 28-day analysis period. Four patients included in this study 
died. The median hospital length-of-stay for the patients who died 
was 18.5 days (IQR 10.0–27.0 days). All patients who died were 
in the severe group and required critical care during their course. 
No deaths occurred in the nonsevere group during admission, and 

Total (N = 25) Nonsevere (N = 15) Severe (N = 10)
p 
value

D-dimer (mg/L), median (IQR)

Initial 1.0 (0.6–1.7) 1.2 (0.6–2.2) 0.8 (0.6–1.4) .34

Peak 2.3 (1.5–13.3) 1.6 (1.3–4.2) 11.6 (2.3–21.6) .02

Peak IL-6 (pg/ml), median 
(IQR)

44.5 (5.0–189.8) 10.0 (5.0–107.5) 159.5 (19.2–218.0) .09

COVID-19 therapies

Atazanavir, N (%) 6 (24.0) 4 (26.7) 2 (20.0) >.99

Convalescent plasma, N (%) 3 (12.0) 0 3 (30.0) .05

Hydroxychloroquine, N (%) 24 (96.0) 14 (93.3) 10 (100.0) >.99

Methylprednisolone, N (%) 7 (28.0) 1 (6.7) 6 (60.0) .01

Remdesivir, N (%) 1 (4.0) 0 1 (10.0) .4

Tocilizumab, N (%) 17 (68.0) 8 (53.3) 9 (90.0) .08

Clinical

Hospitalization days, median 
(IQR)a 

10.0 (5.8–21.0) 7.0 (5.0–15.0) 11.0 (10.0–27.0) .09

Modified WHO OSCI, first 24 h, N (%)

Score <5 (initially 
nonsevere)

20 (80.0) 15 (100.0) 5 (50.0) .01

Score ≥5 (initially severe) 5 (20.0) 0 5 (50.0)

Critical care in ICU during hospitalization, N (%)

Did not require critical 
care

15 (60.0) 15 (100.0) 0 <.01

Required critical care 10 (40.0) 0 10 (100.0)

Highest oxygen required, N (%)

Room air – 6L nasal 
cannula

15 (60.0) 15 (100.0) 0 <.01

NRB, HFNC, or intubation 10 (40.0) 0 10 (100.0)

28 days mortality, N (%) 4 (16) 0 4 (40.0) .02

Note: Percentages are calculated per grouping (all, nonsevere, and severe). Non-severe and severe categorization represent the highest acuity 
COVID-19 severity during the entire hospital course as determined by the modified World Health Organization COVID-19 Ordinal Scale for 
Clinical Improvement (WHO OSCI). P values represent comparisons between non-severe and severe groups. Individual p values were calculated for 
immunosuppressive agents and therapies as patients received multiple medications simultaneously.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CT, cycle threshold; HFNC, high-flow nasal cannula; hsCRP, high-
sensitivity C-reactive protein; IQR, interquartile range; N2, nucleocapsid 2 gene; NRB, nonrebreather. 
aCreatinine values for two patients in the nonsevere group were censored due to dialysis. 
bDays of admission were censored for three patients who remained inpatient at the time of analysis. 

Table 1 (Continued)
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no additional deaths occurred in either group following discharge. 
One patient had low-level cytomegalovirus (CMV) viremia without 
end-organ disease.

Antimetabolite immunosuppressive medications (mycophenolate 
mofetil, mycophenolic acid, or azathioprine) were discontinued after di-
agnosis with COVID-19 per institutional protocol. Immunosuppression 
was otherwise managed at the discretion of the inpatient transplant 
providers. No acute graft rejection developed upon decrease in im-
munosuppressive regimens. Type of immunosuppression on admis-
sion was not associated with highest clinical acuity, although more 
patients in the non-severe group were on a belatacept-based regi-
men (severe 1/10 vs. non-severe 6/15; p = .18). Of the patients on a 
tacrolimus-based regimen at admission (N = 18), there was no differ-
ence between initial tacrolimus levels in non-severe or severe groups. 
However, patients in the severe group had significantly lower tacroli-
mus trough levels during their hospital course. Significantly, more pa-
tients in the severe group received convalescent plasma (severe 3/10 
vs. non-severe 0/15; p = .05) and methylprednisolone (severe 6/10 vs. 
non-severe 1/15; p = .01). More patients in the severe group received 
tocilizumab, which trended toward but did not reach statistical signifi-
cance (severe 9/10 vs. non-severe 8/15; p = .08). Of the 25 patients, all 
but one received hydroxychloroquine.

Initial RT-PCR testing was performed prior to or within the first 
5 days of hospitalization in all 25 patients, totaling 25 initial tests. A 
majority of these 25 tests were performed on the first hospital day 
(19/25 tests on hospital day 1, 5/25 tests on hospital days 2–5; for one 
patient, the initial test was performed 4 days prior to hospitalization 

for COVID-19 by screening that followed a nosocomial exposure 
during a separate hospitalization). One sample (1/25) was reported as 
inconclusive (LDT N1 CT >40, N2 CT 37.9), whereas all other samples 
(24/25) were positive.

Initial N2 CT values did not differ when categorizing patients by 
admission disease severity via applying the modified WHO OSCI 
score to the first 24 h of hospitalization (initial non-severe N2 CT 
median 22.9 IQR 18.9–25.1 [N =20] vs. initial severe median N2 CT 
21.6 IQR 17.8–36.2 [N =5]; p = .77). Initial N2 CT values also did not 
differ between severity groups categorized by highest clinical acuity 
during hospitalization (non-severe median N2 CT 22.9 IQR 16.3–29.4 
[N =15] vs. severe median N2 CT 23.1 IQR 18.9–24.6 [N =10]; p = .97). 
Although significantly more males were in the severe group for high-
est clinical acuity during hospitalization, no difference was found 
between gender and initial N2 CT values (male median 23.5 IQR 
20.0–25.6 vs. female median 20.5 IQR 16.0–27.9, p = .28).

Separating initial N2 CT values by tacrolimus- or belatacept-based 
immunosuppression revealed significantly higher CT values with tac-
rolimus-based regimens (tacrolimus-based regimen median 23.5 IQR 
19.4–29.9 [N =18] vs. belatacept-based regimen median 16.3 IQR 
12.8–22.9 [N =7], p = .02). However, no significant difference was 
found when separating by individual immunosuppressive regimen 
(tacrolimus or belatacept with or without an antimetabolite and/or 
prednisone) (Figure 1).

Five patients (four non-severe and one severe) had three or more 
positive SARS-CoV-2 RT-PCR test results during their admission. 
Plotting N2 CT values as a function of days from symptom onset 

F I G U R E  1  Initial N2 CT per immunosuppressive regimen at admission. Error bars represent median and interquartile ranges (IQR). Panel 
A: Combined N2 CT values. Initial N2 CT values presented in panels B and C are aggregated in panel A. Panel B: N2 CT values as a function 
of tacrolimus or belatacept. Values were compared using Mann-Whitney test, p = .02 (*). N2 CT values presented in panel C are aggregated 
in panel B. Panel C: N2 CT values as a function of individual immunosuppressive regimens. Values were compared using Kruskal-Wallis test, 
p = .19
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demonstrated an increase in CT values over time (Figure 2). N2 CT 
values were grouped into low CT (0–20.0) over days 1–11 from ap-
proximate symptom onset (three values), moderate CT (20.1–30.0) 
over days 5–24 (10 values), and high CT (30.1–40.0) over days 15–38 
(14 values; one value obtained due to contact tracing following a 
nosocomial exposure during a non-COVID-19-associated hospital 
admission was also grouped with high CT values). Four of five pa-
tients had N2 CT values <35.0 beyond 21 days after symptom onset 
and two of five patients had CT values <35.0 beyond 27 days (and 
up to 35 days). Viral RNA was detected up to 38 days from symptom 
onset.

4  |  DISCUSSION

The dynamics of SARS-CoV-2 infection in the setting of solid organ 
transplantation are not well characterized. At this time, it is unclear 
whether transplant patients are at higher risk for more severe dis-
ease due to uncontrolled viral replication in the setting of com-
promised immune systems or at lower risk due to altered cytokine 
production from dampened immune responses. The majority of data 
suggest that SOT patients experience more severe manifestations 
of COVID-19, including increased overall mortality.9,10,19 Identifying 
markers of severity is particularly important in risk stratifying this 
vulnerable population. Though clinical and epidemiologic factors 
have been associated with more severe disease, there are little 
data on whether CT values correlate with disease severity. Use of 
CT values as a biomarker to predict disease severity in the general 
population has been explored, with some studies reporting higher 
viral loads significantly associated with degree of clinical severity6,8 
and others finding no association.3,4,7 A study of renal transplant 
patients did not find an association with nasopharyngeal CT values 
and severe disease.20 Similarly, our analysis did not find an associa-
tion of initial CT values with clinical severity in the first 24 hours 

of hospitalization or highest clinical acuity during hospitalization 
among SOT recipients.

We found a significantly higher CT in SOT patients on tacroli-
mus-based immunosuppressive regimens as compared to those on 
belatacept-based regimens, though interpretation of this result is 
limited by the small sample size and confounding factors. Although 
tacrolimus trough levels were statistically lower in severe patients, 
the clinical implications of this finding are unclear. Of note, there 
is biologic plausibility to a lower viral load in SOT patients admin-
istered tacrolimus, as tacrolimus has been demonstrated to dimin-
ish non-SARS-CoV-2 coronavirus replication in vitro.21 Others have 
proposed that tacrolimus could diminish SARS-CoV-2 replication in 
SOT patients.22 Potential positive or negative consequences of im-
munosuppressive regimens for SOT patients with COVID-19, includ-
ing effects on clinical outcomes and viral dynamics, require further 
investigation.

Studies in non-SOT patients consistently describe decreasing 
viral load over time regardless of sample collection site or assay 
method.2–8 We present data on viral dynamics in SOT patients and 
similarly extrapolate a decrease in viral load, based on higher CT val-
ues from upper respiratory tract samples related to time from symp-
tom onset, in an immunocompromised population. All five patients 
assessed over time continued to have detectible virus greater than 
14 days after symptom onset. Virus was detected as long as 38 days 
after symptom onset, which is consistent with known prolonged 
PCR positivity in immunocompetent patients as well as recent re-
ports in SOT patients. In a small study of 10 kidney transplant recip-
ients with COVID-19 matched with 10 infected family members, the 
mean duration of viral shedding was more than twice as long in the 
SOT group (28 vs. 12 days).23 Similarly, SARS-CoV-2 was detected 
in a renal transplant patient as distant as 63 days after symptom 
onset.24 Whereas viral dynamics in immunocompetent patients gen-
erally demonstrate a rapid decrease in viral load, dynamics in the five 
patients in this study suggest a delayed rate of decay.

F I G U R E  2  N2 CT values from symptom onset. Individual shapes represent five different patients. Solid lines separate values into low N2 
CT (0–20.0), moderate N2 CT (20.1–30.0), and high N2 CT (30.1–40.0). One value obtained following a nosocomial exposure but 4 days prior 
to symptom onset is grouped with high N2 CT viral load values. The dotted line separates values at N2 CT 35.0
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Some studies have demonstrated that SARS-CoV-2 could not 
be successfully cultured from clinical specimens with high CT val-
ues, particularly in those with CT values ≥33–35.12–15 Publicly avail-
able data from the CDC utilizing the assay on which the Yale New 
Haven Hospital LDT is based similarly demonstrate the inability to 
reliably culture SARS-CoV-2 from samples with CT values above this 
range.25 Since several patients in this study had CT values falling 
within a potentially “culturable range” (<35.0) beyond 21–27 days 
after symptom onset, our findings raise the possibility that viable 
virus may continue to be shed beyond 28 days after symptom onset 
in SOT patients. This has important implications for transmissibility 
and infection prevention measures. Our data suggest that current 
CDC time-based strategies to relieve infection prevention mea-
sures (20 days after symptom onset for immunocompromised pa-
tients25) may prematurely end precautions for SOT patients since CT 
values <35, and thus potentially culturable virus, could be present 
up to 27 days after symptom onset in SOT recipients. Accordingly, 
prolonged periods of isolation and continued personal protective 
equipment (PPE) use, potentially 28 days or longer from symptom 
onset, may be a safer approach for SOT recipients with COVID-19. 
Alternatively, some have proposed a CT-based approach suggesting 
CT values of 33–34, interpreted in clinical context, as a cutoff for 
relaxing infection control measures.26,27 This approach could reduce 
isolation time and PPE use for SOT recipients rather than adopting a 
28 days minimum from symptom onset. However, there is currently 
no universal standardized RT-PCR assay detecting nor quantifying 
SARS-CoV-2 viral RNA, RT-PCR assays detect differing targets and 
can yield varying CT values, CT values beyond which SARS-CoV-2 
cannot be cultured may be assay dependent, and some assays do 
not report CT values at all.28,29 Furthermore, respiratory samples are 
not uniform, and CT values differ based on sample acquisition from 
the upper or lower respiratory tract.6,7 Sample collection is operator 
dependent and quality can vary, likely impacting CT values as well. 
Together these factors significantly limit the ability to recommend 
specific CT cutoff values for clinical decision-making. Regardless, op-
timized infection control practices for SOT recipients could further 
prevent the spread of SARS-CoV-2, particularly iatrogenic spread 
among this population.

This study has several limitations, including small sample size, 
single health system retrospective design, and lack of comparison 
with matched non-immunosuppressed patients. Reliance on ad-
mission documentation to determine approximate symptom onset 
for comparing baseline CT values is limited by the variability in time 
from symptom onset to presentation. Though a modified scoring 
system was used for clinical severity, the modification accounted 
for patients who would have been classified as non-severe despite 
requiring ICU-level care and did not affect classification of pa-
tients who were already considered severe. Censoring the three 
patients who remained inpatient at the study conclusion from hos-
pital length-of-stay analysis impacts this result. Administration of 
tocilizumab to non-severe patients potentially confounds disease 
severity classification by highest clinical acuity, as tocilizumab may 
subvert the cytokine release syndrome currently understood as the 

primary pathophysiologic process of severe COVID-19.30 However, 
the lack of difference between initial N2 CT values in patients pre-
senting with severe or non-severe COVID-19 during the first 24 h 
of admission argues against this possibility. Combining N2 CT values 
obtained from differing assays (LDT vs. Xpert) may be viewed as 
a limitation, but N2 CT values generated by the Yale New Haven 
Hospital Clinical Virology laboratory are comparable. Combining N2 
values represents a real-world approach as many clinical microbiol-
ogy laboratories currently utilize multiple assays to test for SARS-
CoV-2. Finally, there is no standard classification for SARS-CoV-2 
CT values, and our classification of high, moderate, or low CT val-
ues is based on currently understood CT value ranges and clinical 
correlates.

This study describes SARS-CoV-2 CT dynamics specifically in 
SOT recipients. We found no association of initial N2 CT values with 
clinical severity in the first 24 h of admission or with highest clini-
cal acuity, suggesting that this is not a reliable biomarker predicting 
clinical severity in SOT recipients. N2 CT values remained positive 
for up to 38 days after symptom onset with CT <35.0 up to 35 days 
after symptom onset. Infection prevention practices based on CT or 
time-based approaches may need to be prolonged for SOT patients, 
potentially 28 days or longer after symptom onset. Further studies 
are needed to elucidate these important questions.
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