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Abstract

Objectives: We evaluated the length of time immunocompromised children (ICC)
remain positive for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
identified factors associated with viral persistence, and determined cycle threshold
(Cy) values of children with viral persistence as a surrogate of viral load.

Methods: We conducted a retrospective cohort study of ICC at a pediatric hospital
from March 2020 to March 2021. Immunocompromised status was defined as primary,
secondary, or acquired due to medical comorbidities/immunosuppressive treatment.
The primary outcome was time to first of two consecutive negative SARS-CoV-2 poly-
merase chain reaction (PCR) tests at least 24 hours apart. Testing of sequential clinical
specimens from the same subject was conducted using the Centers for Disease Control
(CDC) 2019-nCoV real-time reverse transcriptase (RT)-PCR Diagnostic Panel assay.
Descriptive statistics, Kaplan-Meier curve median event times and log-rank tests were
used to compare outcomes between groups.

Results: Ninety-one children met inclusion criteria. Median age was 15.5 years
(interquartile range [IQR] 8-18), 64% were male, 58% were White, and 43% were His-
panic/Latinx. Most (67%) were tested in outpatient settings and 58% were asymp-
tomatic. The median time to two negative tests was 42 days (IQR 25.0-55.0), with
no differences in median time by illness presentation or level of immunosuppression.
Seven children had more than one sample available for repeat testing, and five of seven
(71%) children had initial C; values of <30 (moderate to high viral load); four children
had C; values of <30, 3-4 weeks later, suggesting persistent moderate to high viral
loads.

Conclusions: Most ICC with SARS-CoV-2 infection had mild disease, with prolonged

viral persistence >6 weeks and moderate to high viral load.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) con-
tinues to be an ongoing global health crisis. SARS-CoV-2 causes mild
to moderate upper respiratory tract infection in most children, but
the true burden of disease is unknown due to asymptomatic infection.
Viral load typically peaks with symptom onset and falls to undetectable
levels by the third week, when patients generally begin to develop
antibodies.!

Patients with a suppressed immune system, such as those being
treated for cancer, are susceptible to more severe viral infections.?
While these infections, including SARS-CoV-2, have the poten-
tial to be more severe in immunocompromised adults,>* emerg-
ing data suggests that SARS-CoV-2 does not necessarily present
with an increased risk of severe disease in immunocompromised
children (ICC).>® However, the persistence of SARS-CoV-2 infec-
tion in pediatric immunosuppressed patients is still unknown, with
case series suggesting that infection can be more prolonged in this
population.?

Anunderstanding of viral persistence inimmunocompromised hosts
has important public health implications. Specific impacts include the
effective prevention of disease transmission through infection control
practices, as well as decreasing the risk of emerging variants given the
concern that SARS-CoV-2 variants may have emerged from prolonged
replication within immunocompromised hosts.1%11 The objectives of
our study were to determine the length of time that ICC are positive for
SARS-CoV-2; identify the sociodemographic and clinical factors associ-
ated with prolonged viral shedding; and determine the cycle threshold
(Cy) values of a subset of patients with viral persistence as a surrogate
of viral load and potential transmissibility.

2 | METHODS

2.1 | Study design

We conducted a retrospective cohort study of children evaluated for
SARS-CoV-2 at Children’s Hospital Colorado (CHCO) from March 19,
2020 to March 28, 2021. We included children who were positive for
SARS-CoV-2 by polymerase chain reaction (PCR) and were concur-
rently confirmed as immunocompromised by study investigators via

chart review.

2.2 | Setting

CHCO is a regional, academic quaternary care pediatric hospital with
affiliated sites serving children in the Denver metropolitan area, the
greater Colorado area, and the seven surrounding states. The main hos-
pital campuses in Aurora and Colorado Springs, in conjunction with six

satellite locations, have 560 beds and admit over 15,000 inpatients per

year. The Center for Cancer and Blood Disorders (CCBD) provides clin-
ical services for children, adolescents, and young adults with cancer
and nonmalignant blood disorders at Children’s Hospital Colorado and
Network of Care locations. Study investigators extracted data from the
electronic health record via systematic, concurrent, and retrospective
chart review. Approval was obtained from the Colorado Multiple Insti-
tutional Review Board (COMIRB # 20-1578).

2.3 | Participants

We included symptomatic and asymptomatic children in both inpa-
tient and ambulatory settings seeking care at CHCO who were
immunocompromised and had at least one positive SARS-CoV-2 PCR
conducted at the CHCO Clinical Microbiology Laboratory. Children
were defined as immunocompromised if they were a patient of the
CCBD receiving active treatment for cancer (solid and liquid tumor)
post bone marrow/stem cell transplant or chimeric antigen receptor
T-cell (CAR-T) therapy with active documented immunodeficiency;
had a primary or secondary immunodeficiency (e.g., human immun-
odeficiency virus [HIV]); or received immunosuppressive medications
(which were classified as biologics including monoclonal antibodies,
chemotherapeutic agents, steroids, T-cell inhibitors, or other immune
system targets). We excluded children with normal immune function
and those not currently on treatment for their cancer diagnosis, fully
immune reconstituted post-bone marrow transplant, and those with
a positive SARS-CoV-2 test at outside facilities only. Our institutional
policy is that any outside facility testing should be confirmed with
testing at our microbiology laboratory, given the variability in testing
platforms and their performance characteristics. Further, our institu-
tion requires ICC to have two consecutive negative SARS-CoV-2 PCR
tests collected at least 24 hours apart and 21 days from the patient’s

initial positive test in order to be removed from isolation.

24 | Testing

Nasopharyngeal swabs, nasal aspirates, tracheal aspirates, and bron-
choalveolar lavage (BAL) samples were tested for detection of SARS-
CoV-2 in the Clinical Microbiology Laboratory at CHCO. The molecu-
lar assays performed included the CDC 2019-nCoV real-time reverse
transcriptase (RT)-PCR Diagnostic Panel, Abbott RealTime SARS-CoV-
2 assay (Abbott Laboratories, Chicago, IL), the Simplexa COVID-19
Direct assay (DiaSorin Molecular LLC, Cypress, CA), the BioFire Res-
piratory Panel 2.1 (BioFire Diagnostics, Salt Lake City, UT), and the
Xpert Xpress SARS-CoV-2/FIu/RSV assay (Cepheid, Sunnyvale, CA).
Testing was completed per manufacturer instructions as outlined in
the respective emergency use authorization instructions for use.12-1°
Residual specimens from a subset of study subjects with persistently
positive SARS-CoV-2 were retested using the CDC 2019-nCoV real-
time RT-PCR Diagnostic Panel. Reported Ct values were calculated by
taking the mean of the C1 values for the N1 and N2 viral gene targets.
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For samples in which SARS-CoV-2 was not detected, a Ct value of 40
was assigned.

2.5 | Variables

Variables of interest included demographic (age, sex, race, ethnicity),
clinical (immunocompromising condition, chemotherapy phase, test
indication, and location), laboratory data (absolute neutrophil count
[ANC], absolute lymphocyte count [ALC] within 72 hours of initial test),
microbiologic data (sources, dates, and results of SARS-CoV-2 testing),
and immunocompromising medication (name, class, therapy phase).
We defined low ANC or ALC as a level <1000 cells/ul, and moderately
low ANC or ALC as a level of 1000-1500 cells/ul.

2.6 | Outcomes

The primary outcome was time in days to the first of two consecutively
negative tests. Secondary outcomes included time to the first nega-
tive test, hospitalization related to SARS-CoV-2 infection, and Cy val-

ues from PCR assays.

2.7 | Statistical methods

For all study objectives, unless otherwise specified, we summarized
data descriptively using frequencies for categorical variables and mea-
sures of central tendency for continuous variables. Proportions were
compared using the chi-square test or the Fisher exact test when
needed. Mean values were compared using the Wilcoxon rank-sum or
Kruskal-Wallis test.

Bivariable analyses were performed to compare patient and clini-
cal characteristics by immunocompromising condition and to compare
factors with dichotomized version of time to negative test result (<30,
>30 days). For children who had at least one subsequent test, mul-
tiple SARS-CoV-2 test results were described graphically using a line
segment plot. Kaplan-Meier (KM) analysis was stratified by oncology
classification, symptomatic/asymptomatic, and ALC classification. KM
curves were described by median times to negative (defined as first
of two consecutive negatives) and compared with log-rank tests. For
those with at least one subsequent test, subjects were considered cen-

sored at the last test if they did not have two consecutive negative test

results.
3 | RESULTS
3.1 | Participants/descriptive data

Excluding 983 of 1078 SARS-CoV-2 positive children during our study
period who were not considered immunocompromised, there were

91 children who met inclusion and exclusion criteria. The sociodemo-
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FIGURE 1 Testingtimelines plot of immunocompromised children
in cohort with positive SARS-CoV-2 PCR and subsequent testing

(n = 67). Legend: Line segment plot of immunocompromised children
in cohort with positive SARS-CoV-2 PCR with subsequent testing,
grouped by immunocompromising condition. Each line represents an
individual patient. Positive results are shown in black, negative results
are shown in light grey

graphic and clinical characteristics of children, classified as oncology
patients versus those on other immunosuppressive agents, are shown
in Table 1. The median age of children was 15.5 years (interquartile
range [IQR] 8-18), 64% were male, and 53% of children were White,
with 43% being Hispanic or Latinx. Most children (67%) were tested
in outpatient settings, and 58% of children were asymptomatic at the
time of their first positive test. A higher proportion of children with
an oncologic diagnosis were male, but otherwise there were no sig-
nificant differences in demographics, hospitalization, or testing indi-
cation between children with oncologic diagnoses and children with
other immunocompromising conditions.

The median number of repeat tests among children in our cohort
was two (IQR 0-4). The number of SARS-CoV-2 PCR tests and results
for children in our cohort with more than one test are shown in Fig-
ure 1. Children with an oncologic diagnosis were more likely to have
more than one SARS-CoV-2 PCR test and complete blood count test-
ing within 72 hours of their initial test. Children with an oncologic diag-
nosis were more likely to have a lower median ALC (550 vs. 1015,
p = .039) compared with children with other immunocompromising

conditions.
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TABLE 1 Sociodemographic and clinical characteristics of immunocompromised children, classified as oncologic diagnosis, or
immunosuppressive therapies/other immunocompromised status (n = 91)
Other immunosuppressive
Demographics and clinical therapies/other immunocompromised
characteristics Total (n = 91)N (%) Oncology (n=48)N (%) status (n=43)N (%) p-Value
Demographics
Male 58 (64) 36 (75) 22(51) 018
Median age in years (IQR) 15.5(8.0-18.0) 13.0(5.0-17.0) 17.0(12.0-19.0) 023
Race
American Indian or Alaska Native 3(3) 0(0) 3(7) .28¢
Asian 1(1) 0(0) 1(2)
Black or African American 4(4) 2(4) 2(5)
Race other 25(27) 12 (25) 13(30)
Race unknown 5(5) 4(8) 1(2)
White 53(58) 30(63) 23(53)
Ethnicity
Ethnicity unknown 3(3) 2(4) 1(2) .81¢
Hispanic or Latinx 39 (43) 19 (40) 20(47)
Not Hispanic or Latinx 49 (54) 27 (56) 22 (51)
Asymptomatic during initial testing 53 (58) 31(65) 22(51) .20
Initial testing done as outpatient 61(67) 31(65) 30(70) .60
Laboratory and microbiologic data
At least one negative SARS-CoV-2 61(67) 42 (88) 19 (44) <.0001
retest
Median days to first negative test 31.0(22.0-49.0) 34.5(23.0-50.0) 28.0(21.0-45.0) 26P
(IQR)
Two consecutive negative 54 (59) 41 (85) 13(30) <.0001
SARS-CoV-2 PCR tests
Median days to first of two 35.0(25.0-53.0) 38.0(25.0-55.0) 30.0(21.0-44.0) .10°
consecutive negative SARS-CoV-2
PCR tests
ANC within 72 hours of first positive 64 (70) 40(83) 24 (56) .0041
SARS-CoV-2 PCR available
Median ANC within 72 hours of first 1686 (805.0-3160) 1415 (630.0-2520) 2710(1310-3940) 076
positive SARS-CoV-2 PCR
ALC within 72 hours of first positive 62 (68) 38(79) 24 (56) 017
SARS-CoV-2 PCR available
Median ALC within 72 hours of first ~ 920.0 (370.0-1370) 550.0 (260.0-1370) 1015 (885.0-1380) 039
positive SARS-CoV-2 PCR
Clinical outcomes
Initial hospitalization (related to 23(77) 13(76) 10(77) 1.000¢
COVID),n= 30
ICU admission during first hospital 3(10) 1(6) 2(15) 56°¢

Abbreviations: ALC, absolute lymphocyte count; ANC, absolute neutrophil count; COVID, coronavirus disease 2019; ICU, intensive care unit; IQR, interquar-
tile range; PCR, polymerase chain reaction; SARS, severe acute respiratory syndrome.

2Pearson’s chi-square test unless otherwise specified.

bWilcoxon rank-sum test.

“Fisher’s exact test.
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FIGURE 2 Kaplan-Meier survival estimates for all children in
study cohort with oncologic diagnoses and other
immunocompromising conditions demonstrating time to first of two
negative tests (n = 67). Legend: Kaplan-Meier survival curves
demonstrating time in days to first negative SARS-CoV-2 PCR for
children with oncologic diagnoses (blue) compared with children with
other immunocompromising conditions (red). p-Value was calculated
using the log-rank test

3.2 | Outcome data

The median time to the first of two consecutive negative tests in our
cohort by KM analysis was 42 days (IQR 25.0-55.0), and 11 of the 68
children (16%) had intermittent negative followed by positive results
(Figure 1).

Children with an oncologic diagnosis had a longer median time
to two consecutive negative tests compared with children receiving
other immunocompromising medications (38.0 days [IQR 25.0-55.0]
vs. 30.0 days [IQR 21.0-44.0]), which approached statistical signif-
icance (p = .097) (Table 1). KM analysis that included the censored
subjects also showed there was no difference in times to two consec-
utive negative tests between these groups (Figure 2, log-rank p = .88).
KM analyses demonstrated that children with leukemia and lymphoma
had a longer time to negative testing (43 days, IQR 25-55) versus
children with a solid tumor diagnosis (35 days [IQR 26-50]), but these
findings were not significant (log-rank p = .33) (Figure 3). Children with
low ALC (<1000 cells/ul) had longer time to negative testing (44 days,
IQR 25-55) compared with those with a moderately low to normal
ALC (31 days [IQR 26-44]), which was also not statistically significant
(log-rank p =.17). There was no significant difference between time to
negative testing for children with symptomatic versus asymptomatic
illness (42 days [IQR 30-55] vs. 38 days [IQR 22-55], log-rank p = .59).

3.3 | Secondary outcome data/other analyses

We compared characteristics of children with a first negative test
within 30 days of their initial SARS-CoV-2 diagnosis with that of chil-

0 10 20 30 40 50 60 70 80 90 100 110
Days after initial SARS-CoV-2 positive PCR test

FIGURE 3 Plotof Cy values from SARS-CoV-2 PCR testing over
time among children with sequential samples available for retesting
(n=7). Legend: Plot of mean Cy values (y-axis) from SARS-CoV-2 PCR
testing on the CDC assay over time (x-axis) in days from initial positive
test. Repeated testing that yielded a negative result on the CDC assay
or intermittent negative results on clinical testing represented as Ct
value of 40. Each line represents a unique patient. Clinical information
regarding each patient is shown in accompanying Table S3

drenwith afirst negative test after 30 days (Table 2). Children who took
>30 days for their SARS-CoV-2 tests to turn negative were more likely
to be receiving chemotherapy and steroids, but these findings were not
statistically significant. In our cohort, of the 30 children who were hos-
pitalized, 23 (77%) hospitalizations were related to COVID-19 illness,
with three children requiring intensive care unit (ICU) admission. One
patient died from ARDS. This patient was a 20-year-old male day +127
post matched unrelated donor for treatment-induced leukemia. He
presented to clinic with a known SARS-CoV-2 positive test, progressive
shortness of breath, tachypnea, and baseline oxygen saturation in the
80%-85% range. The patient had worsening respiratory and cardiac
function and progressed to positive pressure ventilation with intuba-
tion on day 12 of admission and extracorporeal membrane oxygenation
(ECMO) on day 25 of admission. SARS-CoV-2-directed therapy for this
patient included remdesivir (10-day course), prednisone, and anakinra.
Following further worsening lung and right heart function, the family

elected to withdraw life-sustaining treatment on day 37 of admission.

34 | Cyvalues

Clinical SARS-CoV-2 testing was completed on five different platforms
depending on patient encounter classification and turnaround time
requirements. Therefore, to standardize results and enable further
characterization of SARS-CoV-2 Ct values, we identified a subgroup
of seven children who had multiple respiratory samples available for
repeat testing. Demographic and clinical information regarding this
subgroup is summarized in Table S3. Using the CDC assay for repeat
testing, we evaluated SARS-CoV-2 Cy values for a total of 20 speci-

mens from these seven individuals over time, presuming Cy value as a
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TABLE 2 Sociodemographic and clinical characteristics associated with time to first negative test among immunocompromised children with

two consecutive negative tests (n = 61)

Age <10 years

Immunocompromising condition

Total (n = 61)N (%)
20(33)

Oncology - solid tumor 10(16)
Oncology - leukemia/lymphoma 31(51)
HSCT 4(7)
Bone marrow failure syndrome 2(3)
Solid organ transplant 1(2)
HIV 1(2)
Other 11(18)
Asymptomatic at the time of initial 35(57)
positive test

Immunosuppression based on ANC

High level 16 (34)
Low level 10(21)
No immunosuppression 21 (45)
Immunosuppression based on ALC

High level 25 (54)
Low level 11(24)
No immunosuppression 10(22)
Steroids 15(25)
Chemotherapy medication 41 (67)

Time to first negative

Time to first negative

<30days (n = 30)N (%) >30days (n = 31)N (%) p-Value

9(30) 11(35) .65

6(20) 4(13) .33

12 (40) 19(61)

3(10) 1(3)

2(7) 0(0)

1(3) 0(0)

0(0) 1(3)

6(20) 5(16)

20(67) 15(48) .15
.15

11(48) 5(21)

4(17) 6(25)

8(35) 13(54)

11(48) 14 (61) .65

6(26) 5(22)

6(26) 4(17)

6(20) 9(29) 41

18 (60) 23(74) 24

Abbreviations: ALC, absolute lymphocyte count; ANC, absolute neutrophil count; HIV, human immunodeficiency virus; HSCT, hematopoietic stem cell trans-

plant.
2Pearson’s chi-square test.
bSteroid dose consistent with immunosuppression.

surrogate for viral load. Five of seven (71%) children had initial Ct val-
ues <30, indicating a moderate to high viral load, and of these, four
(57%) children had repeat testing 21-30 days later with Ct values <30,
suggesting persistence of moderate to high viral loads (Figure 3). Two
of seven (29%) patients had a single negative test followed by a positive
test. By 40 days after initial positive testing, six of seven (86%) children
had negative tests (indicated as Cy of 40) or Cy values >35. The excep-
tion was one patient who remained positive until day 85. One patient
(Patient 4) had a positive result on a specimen when tested clinically
but a negative result when retested on the CDC assay. This is most
likely indicative of alow viral load in the specimen, as the assay used for
clinical testing and the CDC assay have similar, but not identical, limits

of detection.

4 | DISCUSSION

In our study evaluating SARS-CoV-2 viral persistence in ICC, we found
that the median time to the first of two negative tests was 6 weeks.
Most children had an oncologic diagnosis, were tested in outpatient
settings prior to admission or for procedural sedation, and over half of

those tested were asymptomatic at the time of their first positive test.
There was no significant difference in time to negativity among symp-
tomatic versus asymptomatic children. Among children who remained
positive at day 30, half had Ct values <30, suggesting persistence of
moderate to high viral loads and assumed potential risk of transmission.
Our study highlights the importance of PCR-based screening for ICC to
guide isolation duration, irrespective of symptom presentation. These
data support our current practice, with the need for at least two neg-
ative tests prior to isolation removal, given the potential for intermit-
tent negative followed by positive results, and risk for ongoing, poten-
tial transmission even several weeks from initial infection.

The CDC recommends an isolation period of 10 days in healthy,
non-immunocompromised individuals with SARS-CoV-2 infection
based on studies that demonstrate the absence of viable/transmissible
virus beyond this period.’® Immunocompromised patients can have
a longer period of infectivity, but there is little available evidence in
the literature to guide infection control practices. Our study revealed
a prolonged period of viral persistence in ICC, with a longer period
of positivity compared with a case series of ICC and a study of
immunocompromised adults.”!” Children with leukemia/lymphoma
had longer viral persistence compared with children with other
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immunocompromising conditions, which we hypothesize is due to
this population having the highest impairment of adaptive immunity.
These children also represent the population of children with the
greatest degree of lymphopenia, which has been shown in adults to be
associated with more severe disease.’® Another study has also shown
that patients critically ill from SARS-CoV-2 were more likely to have
a decrease in CD3+CD4+ T cells compared to noncritical patients.?
Additionally, a study of adult cancer patients found a general lack of T-
cell response to the N, M, and S proteins from SARS-CoV-2. While these
findings suggested lack of a protective T-cell response, the patients
presented with mild illnesses despite relatively high viral loads.2 And
although we had one death in our patient cohort post bone marrow
transplant, allogeneic, autologous and CAR-T therapy patients have
overall favorable outcomes following SARS-CoV-2 infection.3

Similar to findings from adult studies, we did not see a relationship
between clinical presentation and persistent positive SARS-CoV-2
status. An adult study of 3758 adults retested following initial SARS-
CoV-2 infection found longer time to negativity to be associated with
older age, multiple comorbidities, and solid organ transplant but not by
degree of immunocompromise or illness severity.” Our findings serve
as a reminder that even asymptomatic children may have potentially
transmissible virus several weeks after initial detection. Asymptomatic
ICC are a potentially important group that pose high risk of transmis-
sibility, given their silent infection and prolonged infectious period.

While PCR is unable to differentiate actively replicating virus from
viral shedding, Ct values may serve as a useful surrogate for viral load
and potential transmissibility. Other studies suggest that C; values
of 25-30 represent moderate to high viral loads, acknowledging
variability between assays. We evaluated C; values using the same
PCR assay for a small sample of patients with available clinical sam-
ples, which demonstrated that half still had a moderately high viral
load even 3-4 weeks from their initial viral infection, regardless of
their presentation. Other studies evaluating samples with PCR, viral
culture, and subgenomic ribonucleic acid (RNA) have shown that Ct
values similar to those found in our study were associated with viable,
culturable virus, as well as the presence of subgenomic RNA, which
indicates actively replicating virus.2> These data further support the
need for extended isolation duration for ICC given the persistence
of relatively low Ct values, suggesting potentially transmissible virus.
Low CT values indicating relatively high viral loads were observed
even in asymptomatic ICC, reflecting a need for test-based isolation
protocols, rather than symptom-based isolation.

There are several limitations of this single-center, retrospective
study. A small sample size precluded adjusted analyses to account for
factors that may influence viral persistence and increased the risk of
a type Il error. Given the retrospective nature of the study, there was
nonstandardized repeat testing, and the frequency and intervals were
not consistent between study participants. Repeat testing at our insti-
tution was recommended at 3 weeks from the first positive test, which
may have increased our median time to negative testing, but most chil-

dren in our cohort were still positive at this timepoint. We did not have

a cohort of non-ICC with repeat SARS-CoV-2 testing, so we were not
able to compare the degree of viral persistence in ICC with a healthy
population. Finally, clinical SARS -CoV-2 testing was conducted on dif-
ferent testing platforms, and there were a limited number of remaining
sequential samples available for repeat testing to yield Ct data.

In conclusion, our study demonstrates prolonged viral persistence
of SARS-CoV-2 viral material in ICC, even in asymptomatic children,
with moderate to high viral loads seen in the majority of children
several weeks from initial positive testing. These findings highlight
the importance of PCR-based screening for ICC to help guide isola-
tion duration, irrespective of symptom presentation, given the risk for

ongoing transmission even several weeks from initial infection.
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