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COVID-19 Cycle Threshold/Cycle Number
Testing at a Community Living Center

Jeffrey Petersen, MD>*; and Darshana Jhala, MD=

Background: COVID-19 imposes a special risk to the nursing
home population, including community living centers (CLCs)
for veterans. Cycle threshold/cycle number (CT/CN) values
obtained by serial reverse transcriptase polymerase chain
reaction (RT-PCR) testing could yield valuable information about
viral load and potential infectiousness. Serial testing for COVID-
19 with CT/CN correlates in a nursing home population during
an outbreak has not yet been reported in the literature.

Methods: A retrospective review of serial RT-PCR testing for
COVID-19 during an outbreak at a CLC was performed from

March 28 to April 4, 2020, with follow-up of identified patients
until November 10, 2020. Testing was performed on the Abbot
m?2000 or Cepheid platform.

Results: Of 80 patients tested, 25 (31%) were positive for
COVID-19. CT/CN values corresponded to the infection course
as expected.

Conclusions: Repeat testing for COVID-19 accompanied by CT/
CN values could provide clinical and epidemiologic information
about the likely stage of the patients’ disease course, which may
aid public health measures and clinical management.
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OVID-19, caused by SARS-CoV-2, is
more severe in individuals with un-
derlying illnesses. Because complete
social distancing might be more difficult in
nursing homes and community living centers
(CLCs), public health leaders and clinicians
have been concerned about the epidemiology
and disease course in nursing homes even
before the COVID-19 pandemic.'” A report
of a COVID-19 outbreak in a nursing home
facility in King County, Washington, docu-
mented a 33.7% overall fatality rate for resi-
dents and 52.4% among the most critically
ill.*> The experience at King County, Wash-
ington, shows that proactive steps to identify,
monitor, and apply preventive control mea-
sures is important for future outbreaks.”
Reverse transcriptase polymerase chain
reaction (RT-PCR) testing produces a cycle
threshold (CT) or cycle number (CN) that
correlates with viral load and infectious-
ness.®'* CT/CN represents the number of
RT-PCR cycles required for the fluorescent
signal to cross the detection threshold (ex-
ceed background level) and is inversely pro-
portional to the viral load. Effectively, the
higher the viral load, the lower the CT/
CN value (Figure 1). Tracking CT/CN val-
ues was not documented in the Washington
nursing home outbreak. Reports of COVID-
19 testing in CLCs during outbreaks are
sparse, and CT/CN values and demographic
distribution of these veterans has not been
reported.!’> The CLC veteran population,
with known higher vulnerability to infection
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and chronic diseases, is epidemiologically
different from the general nursing home
population.’>!® To address these literature
gaps, we present the first report of COVID-
19 testing with CT/CN value correlations in
the high-risk veteran CLC population.

METHODS

A retrospective review of all COVID-19
CT/CN testing at the Corporal Michael J.
Crescenz Veterans Affairs Medical Center
(VAMC) CLC in Philadelphia, Pennsylva-
nia, from March 28, 2020, to April 24, 2020,
was performed with a US Department of Vet-
erans Affairs (VA) Veterans Health Infor-
mation System Architecture VistA/FileMan
search. Only veteran residents were included
in this review. Data collected included initial
and serial test results, CT/CN on positive test
results, test dates, testing platform used, de-
mographic information (age, self-reported
ethnicity, and sex), and clinical follow-up in-
formation. Health records were reviewed ret-
rospectively to identify death, the first day
after diagnosis with no documented symp-
toms, or hospitalization status.

RT-PCR testing was performed with the
Abbott RealTime SARS-CoV-2 assay on
the Abbott m2000 platform and the Xpert
Xpress SARS-CoV-2 assay on the Cepheid
Infinity platform. The Xpert Xpress assay
gave 2 CT values for the E and N2 targets
on positive samples.' For this assay to in-
dicate a positive specimen, amplification
by RT-PCR of the N2 target or both the N2
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and E target is required. The
Xpert Xpress assay results as
presumptive positive if only
the E target amplified. This
assay counts a maximum of
45 cycles. The Abbott Re-
alTime SARS-CoV-2 assay
gave 1 CN derived from the

FIGURE 1 CT/CN Graphics lllustration

RNA-dependent RNA poly-

merase and N targets on pos-
itive samples.?® The Abbott
assay on the m2000 counts a
maximum of 37 cycles. The
CT/CN value is the number
of cycles required by RT-PCR
for the fluorescence signal to 1
cross a threshold value ex-
ceeding background level.!**
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Although both instruments

were used for RT-PCR, the precise CT/CN
values are not interchangeable and CT/CN
observations over time between the 2 instru-
ments during the disease course would be
based on CT/CN value movement (general
upward or downward trend) rather than ab-
solute CT/CN differences. Both assays have
been approved by emergency use authoriza-
tion as qualitative tests for the presence/ab-
sence of COVID-19. Although the CT/CN
value is available to laboratory staff after test
completion, the CT/CN value is not reported
routinely in the patient health record. All
veteran patients identified on the initial re-
view from March 28, 2020, to April 24, 2020,
had all serial COVID-19 testing recorded
until November 10, 2020. The CN values at
the limit of detection (LOD) for the Abbott
m2000 platform from the initial validation
study were reviewed for reference.”!

RESULTS

Of 80 patients, 25 (31%) were COVID-19
positive over the course of testing. The study
population had a mean age of 73.5 years;
92% were aged > 60 years. The group was
predominantly male (79 male vs 1 female).
Among the 77 patients with a stated ethnic-
ity, 39 (51%) were African American. In com-
parison, 43% of residents in Philadelphia
County are African American (Table).?*?
Additionally, a previously published total
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COVID-19 tested population by ethnicity at
the same regional VAMC revealed 46.8% of
tested veteran patients were African Ameri-
can.** Three patients had no stated ethnicity.
Among those who tested positive, 11 were
African American patients, 12 were White
patients, and 2 had no stated ethnicity.

Four patients tested positive on their
first test. The other 21 patients were posi-
tive on repeat testing. Interestingly, 6 pa-
tients had 1 initial negative test before a
positive test, 6 patients had 2, 8 patients
had 3, and 1 patient had 4 initial negative
tests before a positive test result. Among
the 25 positive patients, 22 were either
positive within 10 days of the initial neg-
ative test result or initially positive (Fig-
ure 2). Three patients who tested positive
after 10 days did so at 16, 20, and 21 days
after the initial negative test result. Among
the 25 positive patients, 23 had initial
and serial testing from both the Abbott
and Xpert Xpress assays. The remaining
2 positive patients had initial and serial
testing from the Abbott assay exclusively.

Only positive COVID-19 results by RT-
PCR produced a CT/CN value. After disease
resolution with a negative test, no CT/CN
value was produced with the negative test
result on either testing platform. Because
repeat testing after the initial positive re-
sult took place no sooner than 10 days, we
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TABLE Patient Demographics

COVID-19 COVID-19
Demographics Negative, No. Positive, No.
Age ranges 55 25
<40y 1 0
40-49y 1 0
50-59y 2 1
60-69y 19 10
70-79y 20 6
>80y 12 8
Race and ethnicity
African American 28 11
White American 22 12
Multiple 4 0
Unanswered/declined 1 2
Sex
Male 54 25
Female 1 0

observed that the CT/CN value increased
after the initial positive result until the dis-
ease resolved, and a negative result was ob-
tained (eAppendix 1, available online at
doi:10.12788/fp.0276). A t test comparing
the initial CT/CN value to the value more
than 10 days after the initial positive showed
the CT/CN was statistically significantly
higher (P < .05).

Prompt repeat testing after the initial test
can show a decrease in the CT/CN value
because of increasing viral load before the
expected increase until disease resolution
if the initial test caught the infection early.
Twelve patients had a negative test result
between 2 serial positive results. These
negative test results occurred later, near
the end of the disease course. Among the
12 patients with this positive-negative-
positive CT/CN pattern, 7 were symptom-
atic and no longer had documented symp-
toms or hospitalization around the time
of this positive-negative-positive pattern.
Four of these individuals were asymptom-
atic during the entire infection course. One
of the 12 patients with this pattern expired
with the negative result occurring on day
27 of the disease in the context of rising
CT/CN. One of these 12 patients only had
a presumptive positive test result on the Ce-
pheid because it detected only the E target
with a CT value of 38.7. In 1 of the 12 pa-
tients, the negative test result occurred be-
tween 2 positive test results with CT/CN
values < 20 (12.05 and 19.05 for the posi-
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tive tests before and after the negative re-
sult, respectively). When the initial CT/CN
values was separated based on ethnicity, the
average CT/CN value for African Americans
(23.3) was higher than for other ethnicities
(19.9), although it did not reach statistical
significance (P = .35).

Ten of the 25 patients testing positive
were admitted to the hospital, including
1 admitted 15 days before diagnosis (pa-
tient 20) and 1 admitted 80 days after diag-
nosis (patient 7). Among these 10 patients,
6 were admitted to the intensive care unit,
including patient 7. None of the patients
were intubated. Three of the 10 admitted
patients died (patients 7, 20, and 24). Pa-
tient 7 was a 79-year-old male with a his-
tory of dementia, cerebrovascular accident,
hypertension, hyperlipidemia, and chronic
kidney disease with symptoms of lethargy
and refusal of oral intake when he was di-
agnosed with COVID-19. He was admitted
80 days after diagnosis for hyponatremia
and acute renal failure, with death on day
87 recorded as complications from the ear-
lier COVID-19 infection. Patient 20, an
89-year-old male with a history of demen-
tia, chronic kidney disease, and hyperlipid-
emia, had been admitted with fever, cough,
and leukocytosis 17 days before COVID-19
diagnosis. He continued to be symptom-
atic after diagnosis with development of
hypotension, dehydration, and refusal of
oral intake while on comfort measures/end-
of-life care and died 15 days after COVID-
19 infection diagnosis. Patient 24 was a
96-year-old male with history of heart fail-
ure, hypertension, coronary artery disease,
prostate carcinoma, and dementia who de-
veloped a cough at the time of diagnosis;
because of his underlying condition, he re-
mained in the CLC on comfort care. His
symptoms, including hypoxia, worsened
until he died 7 days after diagnosis.

Among the 25 patients, 17 were symp-
tomatic at the time of diagnosis; the 14 ini-
tially symptomatic patients who survived
improved clinically and returned to baseline.
Eight of the 25 patients were asymptomatic
initially and 3 developed symptoms 2 to 5
days after diagnosis. Only 1 patient who re-
mained asymptomatic was admitted for in-
ability to adhere to quarantine at the CLC.
Review of the health records of all surviv-
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ing symptomatic patients showed
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FIGURE 2 Patients Who Initially Tested Negative for COVID-19

symptom resolution with return to
baseline that corresponds to an in-
creasing CT/CN value. A 1-tailed
t test comparing the initial CT/
CN at the time of diagnosis to the
last CT/CN value for symptomatic
patients who recovered revealed
a statistically significant increase
(P < .05). For the symptomatic,
symptom resolution and hospital
discharge took (if required) a mean
20 days (range, 7-46). Among
those who were not hospitalized,
symptoms resolved in 7 to 36 days
(18 days). Among those requir-
ing hospitalization at any time (ex-
cluding patients who died or were
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asymptomatic), symptom and hos-
pitalization resolution took a mean
22 days (range, 10-46). Asymptomatic
patients (patients 8, 10, 15, 16, and 25) also
showed increasing CT/CN value during
the infection course, although there was no
correlation with the continued lack of
symptoms.

During the initial validation of the Abbott
m2000 instrument, an LOD study included
concentrations of 1000, 500, 250, 100, 70,
60, and 50 virus copies/mL (eAppendix 2,
available online at doi:10.12788/fp.0276).*!
The average CN at 100 virus copies/mlL—the
manufacturer provided LOD in the instruc-
tions for use—was 25.74.%° At a concentra-
tion of one-half that (50 virus copies/mL),
the average CN was 28.39.

DISCUSSION

This is the first study in the English litera-
ture to track CT/CN values as part of serial
testing of a veteran CLC. Widescale test-
ing and repeat screening in the absence of
symptoms of nursing home residents would
identify those who are infected and allow
providers to track viral load clearance.”'*
CT/CN values, when serially tracked dur-
ing the infection course, appear to increase
with illness resolution, consistent with ear-
lier reports that CT/CN correlates with viral
load.®'* Serial CT/CN values that are high
(> 25) and continue to increase with each
test suggest progression toward disease res-
olution or viral RNA clearance.®'* After
symptom resolution, patients can have a
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persistent low level of viral shedding (cor-
responding to a high CT/CN value).!*14%

Near the end of disease resolution, a nega-
tive serial RT-PCR sample test before a subse-
quent positive might be a promising clinical
sign of near disease recovery. Once the viral
load is low with a CT/CN significantly higher
than 25, some specimens might result as neg-
ative but turn up positive on subsequent
sampling with a high CT/CN value. This pat-
tern, with attendant high CT/CN values for
the positive results, are consistent with the
known effect of viral load (ie, a low viral load
correlates to a high CT/CN) and adequacy of
specimen collection on CT/CN values.”> If
the patients viral load is low, the sample col-
lected might have a viral load at or near the
testing platform’s LOD.

For Abbott m2000, the manufacturer pro-
vided LOD is 100 virus copies/mL, although
the instrument was able to detect virus con-
centrations below that level during the initial
validation.?® The actual LOD of the instrument
at our institution is < 100 virus copies/mL. For
the Cepheid Xpert Xpress SARS-CoV-2 assay,
the manufacturer-provided LOD is 250 virus
copies/mL."” An LOD study including sam-
ples below the manufacturer-provided LOD
was not part of the initial validation study for
the Xpert Xpress assay. Nonetheless, the virus
concentration of samples with very high CT
values at or near the maximum CT value of
45 is expected to be at or near the platform’s
actual LOD.

Each column represents an individual patient; 1 patient had a positive test within 24 h of the initial
negative test.
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FIGURE 3 Community Living Center
Widescale Test Benefit Analysis

Faster clinical treatment

Prompt prevention
and isolation

Complete knowledge
of everyone’s status

Important benefits include allowing clinical teams to know
the status of every patient, to promptly isolate those who
are positive, and allow faster access to treatment for
those who test positive and need additional care.

If the samples collected near the end of
the patient’s disease course have viral loads
near these low concentrations, the encour-
aging positive-negative-positive pattern
with high CT/CN values might be a prom-
ising sign for viral clearance. On the other
hand, a positive-negative-positive pattern in
the setting of low CT/CN values before and
after the negative test might indicate poor
sampling for the negative specimen. The
back-and-forth or positive-negative-positive
pattern generally appears to indicate near
resolution of the infection course, although
clinical correlation is necessary to rule out
inadequate sampling earlier in the disease
course or prolonged viral RNA shedding.'*
In all of the surviving symptomatic patients
who showed the positive-negative-positive
pattern, this sign occurred around or after
symptom resolution. It also is important to
consider that in some patients, SARS-CoV-2
RNA might remain detectable with increas-
ing CT/CN after symptom resolution, and
samples from these patients might not re-
sult positive. Therefore, CT/CN values can-
not be interpreted without considering the
clinical picture.”

Studies on infectiousness and virus cul-
ture from COVID-19 samples with CT/
CN correlation have shown that patients
with high CT/CN at the end of their disease
course might not be as infectious.”'*** Be-
cause 1 patient had a presumptive positive
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result after the negative result, this study
shows that this positive-negative-positive
pattern could include presumptive positive
results. Also, in the setting of a recent pos-
itive result on the same testing platform,
a patient with this pattern is presumed to
be positive for COVID-19 RNA because of
scant viral material.

Taiwan’s public health response to the
outbreak illustrates the ability to mitigate
an outbreak throughout a society.?® These
actions could help blunt an outbreak within
a civilian nursing home population.” Mit-
igation within a veteran CLC population
has been documented, but the study, which
focused on mitigation, did not consider
CT/CN values, demographic distribution,
testing access of the studied population,
or laboratory findings related to disease
pathophysiology.’> A key ingredient in wi-
descale, serial testing is the availability of
a rapid turnaround from testing in-house
that allowed identification within 24 hours
instead of several days at a reference lab-
oratory.'” Rapid widescale testing would
allow clinical teams to optimize the Trian-
gle of Benefit of Widescale Timely Tests for
CLC (Figure 3)." Timely laboratory testing
remains pivotal for CLC veteran residents
to aid successful clinical triage and man-
agement. Reporting serial CT/CN values
can provide additional information to clini-
cians about the disease course because CT/
CN correlates with viral load, which varies
based on where the patient is in the disease
course.”'* CT/CN values carry significant
prognostic value, particularly with respect
to intubation and mortality?®

Limitations

Important limitations to our study in-
clude the use of 2 separate RT-PCR plat-
forms. Using different RT-PCR platforms
is common in clinical laboratories trying
to take advantage of the unique character-
istics of different platforms—for example,
turnaround time vs high throughput—
to manage COVID-19 testing workflow.?
However, the exact CT/CN values obtained
from each platform might not translate to
the other, and the general trend (CT/CN
values are rising or falling across serial
tests) rather than a single value could be
useful for clinical correlation. Even when
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the same platform is used for the serial
testing, CT/CN values can be affected by
adequacy of specimen collection; there-
fore, clinical correlation and considering
the trend in CT/CN values is necessary for
interpretation.'®'** Because of the known
trend in viral dynamics, a positive specimen
collected with a high CT/CN followed by a
subsequent (within 2 days) positive speci-
men collected with a low CT/CN might be
compatible with early detection of COVID-
19 infection in the appropriate clinical con-
text.!' However, detection late in the
infection course or even after the symptom-
atic disease resolved with prolonged viral
shedding might show serial positive sam-
ples with increasing CT/CN values.'*'

Patients with prolonged viral shedding
might not be infectious.?” Because of the
clinical correlation required for interpre-
tation and the other factors that might
affect CT/CN values, recommendations ad-
vise against using CT/CN values in clinical
practice at this time, although these rec-
ommendations could change with future
research.? Serial CT/CN values have the
potential, if appropriately correlated with
the clinical picture, to provide useful infor-
mation, such as whether the viral load of
the sample is relatively high or low and in-
creasing or decreasing.

Veterans, as a population, are more sus-
ceptible to poor health outcomes and mor-
bidity compared with similar civilian
counterparts.>'*!® Veteran CLC patients
likely would experience worse outcomes
with COVID-19, including more infections,
expiration, and morbidity compared with
similar general population nursing homes.
Similar to what had been reported for the ci-
vilian population, a trend (high CT/CN val-
ues early in the disease course with repeat
testing needed to detect all positives followed
by lower CT/CN value to correlate with in-
creased viral load and then increased CT/CN
value as the infection resolved) also was ob-
served in this veteran population.

It has been extensively documented
that minority groups experience decreased
health care access and worse health out-
comes.”®* Considering the critical medi-
cal supply shortages, including personal
protective equipment, ventilators, and even
testing supplies, there is the potential for
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a resource access disparity by ethnicity.?8-!
Because the VA does not depend on mea-
sures of wealth and privilege such as health
insurance, there was no disparity noted in
access to testing by race or ethnicity at the
VAMC CLC. When considering the health
outcome of viral load from the measured
CT/CN value, the viral loads of African
American patients and those of other eth-
nicities was not significantly different in
this study.

CONCLUSIONS

This is the first study to bring up critical
points including serial CT/CN value correla-
tion in RT-PCR tests, demographic distribu-
tions demonstrating easy and equal access in
a veteran nursing home to COVID-19 test-
ing, and clinical laboratory signs related to
disease pathophysiology. Unlike other pop-
ulations who have undergone serial CT/CN
monitoring, nursing homes represent a par-
ticularly vulnerable population who require
measures to prevent the spread and mitigate
outbreaks of COVID-19.%*> Test measure-
ments obtained such as the CT/CN value
during routine clinical care can provide use-
ful information for public health, epidemio-
logic, or clinical purposes with appropriate
correlation to clinical and other laboratory
parameters. This study demonstrates early
intervention of serial testing of an outbreak
in a veterans nursing home with CT/CN
value correlation.
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eAPPENDIX 2 CN Values From the Abbott m2000

LOD Study

Virus Concentration,

Virus Copies/mL CN Values obtained Mean CN
1000 22.5,22.2,22.5 22.4
500 23.1,23.7,23.3 23.3
250 240,239,254 24.41
100 25.5,25.4, 25.6, 25.5, 25.7

26.3, 26.1, 25.7

70 25.0, 26.3, 26.4 25.9
60 26.0, 27.1, 28.1 271
50 28.0, 29.2, 28.0 28.4

Abbreviations: CN, cycle number; LOD, limit of detection.

The instrument obtained positive results at all concentrations tested for
this LOD determination including at the manufacturer’s provided LOD
(100 virus copies/mL) and one-half that value (50 virus copies/mL).
This is an approximate reference because the use of Cns or thresholds
should depend on trends rather than a specific number.
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