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Abstract

One in six nursing home residents and staff with positive SARS-CoV-2 tests >90 days after initial infection had specimen cycle thresholds (Ct)
<30. Individuals with specimen Ct<30 were more likely to report symptoms but were not different from individuals with high Ct value spec-

imens by other clinical and testing data.

(Received 25 October 2021; accepted 24 February 2022)

Prior severe acute respiratory coronavirus virus 2 (SARS-CoV-2)
infection is associated with a reduced risk of repeated infection for
nearly 6 months. However, reinfections are frequently reported,
particularly after 90 days from prior infection."” Nucleic acid
may be intermittently positive for months after infection, which
makes diagnosing reinfection difficult.> Cycle threshold value
(Ct), viral culture, and whole-genome sequencing are tools to help
differentiate noninfectious remnant nucleic acid from infectious
virus due to reinfection, but they are often unavailable to providers.

Given the high volume of asymptomatic testing in nursing
homes, these settings may benefit from understanding whether
routinely available testing and clinical data can distinguish
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individuals with repeated positive test results who have a higher
likelihood of being infectious from those who are less likely to
transmit virus.*® Early in the COVID-19 pandemic, the Centers
for Disease Control and Prevention (CDC) recommended that
nursing home residents and healthcare personnel (HCP) previ-
ously diagnosed with SARS-CoV-2 infection should not be retested
within 90 days following an initial infection, unless symptomatic.
The CDC also recommended that, after 90 days, individuals should
be tested if they develop COVID-19 symptoms, have been exposed
to persons with COVID-19, were associated with a COVID-19 out-
break, or as part of routine HCP screening based on community
incidence and vaccination status.* We described the testing and
clinical characteristics of nursing home individuals with a repeated
positive SARS-CoV-2 test. We used RT-PCR, Ct values, and viral
culture of specimens to determine potential infectivity.

Methods

Through direct consultation with nursing homes, 4 US public
health jurisdictions - Nebraska, Kentucky, the District of
Columbia, and Pennsylvania - identified a convenience sample
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Fig. 1. RT-PCR Ct values for repeated positive SARS-CoV-2 specimens retested at the CDC and days to specimen collection from initial infection, July 2020-March 2021 (n = 64).

(One specimen with Ct =31 was mistakenly not sent for viral culture.)

of nursing home residents and HCP with a positive SARS-CoV-2
test from July 2020 through March 2021 who had also had a pos-
itive SARS-CoV-2 test >90 days prior.

Individual-level data included demographics, days from initial
to repeated positive test, testing information between initial and
repeated positive test, and testing indication, including presence
of symptoms, COVID-19 exposure, or an ongoing outbreak in a
nursing home. When available, repeated positive respiratory spec-
imens were sent to the CDC for retesting using the CDC 2019-
novel coronavirus (2019-nCoV) real-time RT-PCR diagnostic
panel.® Specimens were categorized as low Ct value (<30) or high
Ct value (>30 or RT-PCR negative at retesting). Specimens with a
Ct value of <34 at retesting were assessed for replication-compe-
tent virus in cell culture. Each specimen with a Ct value <30 under-
went Next Generation sequencing.

Data were collected using REDCap electronic data capture tools
hosted at the CDC and analyzed using SAS version 9.4 software
(SAS institute, Cary, NC). Continuous variables were compared
using Wilcoxon signed-rank tests. Proportions were compared
using the y? test or the Fisher exact test. The correlation between
time from initial infection to repeated positive test and Ct value was
assessed using the Spearman rank coefficient. This study was deter-
mined to be non-human-subjects research as part of a public
health response, consistent with applicable federal law and CDC
policy (eg, §45 CFR part 46.102(1)(2), 21 CFR part 56; 42 USC
§241(d); 5 USC §552a; 44 USC §3501 et seq).

Results

Among participating jurisdictions, 1,534 individuals were reported
to have had a repeated positive test >90 days after their initial pos-
itive test; 1,437 (94%) came from a query of the Pennsylvania
Department of Health National Election Disease Surveillance
System (Supplementary Table online). Among the total reported,
64 individuals unvaccinated against COVID-19 at the time of col-
lection, representing 61 unique nursing homes, had a repeated pos-
itive respiratory specimen available. Overall, 37 specimens (58%)

were RT-PCR negative at the CDC and 27 (42%) were positive
(Fig. 1). Of the positive specimens, 15 had Ct values <34 and 14
(22%) were cultured. Ten (16%) of 64 specimens had low Ct values
(<30), of which 4 specimens (6%) were viral-culture positive at
105, 206, 250, and 265 days following initial SARS-CoV-2 infec-
tion. There was no correlation between Ct value and time from ini-
tial infection (P = .34).

Even though 6 of 10 individuals with low Ct values were HCP,
the proportion was not significantly different than the number of
HCP among individuals with high-Ct specimens (18 of 54; P = .16)
(Table 1). Median days to repeated positive test result was not dif-
ferent for low-Ct specimens (median, 122 days; IQR, 103-229) and
high-Ct specimens (median, 201 days; IQR, 139-254; P = .13). At
the time of repeated positive test, 5 (50%) of 10 individuals with
low-Ct specimens reported COVID-19 symptoms compared to
1 (4%) of 27 individuals with a high-Ct specimens (P < .01).
We detected no significant difference in indication for testing
(eg, following a known or suspected COVID-19 exposure during
an active outbreak) between individuals with low-Ct and high-
Ct specimens (P = .18). No variants of concern or variants being
monitored were identified among sequenced specimens.

Discussion

In this study, ~1 in 6 individuals with repeated positive SARS-
CoV-2 specimens >90 days after initial infection demonstrated
a Ct value <30, 40% of whom also had culturable virus, suggesting
potential infectivity and risk of transmission. Individuals with low-
Ct specimens were more likely to report COVID-19 symptoms but
were otherwise difficult to distinguish from individuals with high-
Ct specimens using clinical information, including prior testing
results, timing since initial infection, or SARS-CoV-2 exposure his-
tory. These findings support the CDC recommendations at the
time of the study for testing individuals >90 days after their initial
infection.

Individuals with specimens with low Ct values may be
infectious and pose a risk for transmission. Although the CDC
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Table 1. Characteristics of Nursing Home Individuals With Repeated Positive SARS-CoV-2 Test Specimens, 4 US Jurisdictions, July 2020-November 2021

Age, median y [IQR] 67 [51-80] 62 [47-79] 68 [53-80] 56
Days from initial infection to repeated positive test, median [IQR] 194 [124- 122 [103-229] 201 [139-254] 13
251]
Nursing home role, no. (%) .16
Resident 40 (63) 4 (40) 36 (67)
HCP 24 (38) 6 (60) 18 (33)
Testing between initial and repeated positive test, no. (%)
At least 2 negative SARS-CoV-2 RT-PCR or antigen test result 30 (47) 6 (60) 24 (44) 49
Had a negative SARS-CoV-2 RT-PCR or antigen test result 14 d prior to repeated positive 32 (50) 7 (70) 25 (46) .30
test
Days from most recent SARS-CoV-2 RT-PCR or antigen test to repeated positive test 7 [6-14] 4 [4-T] 8 [6-14] .05
result, median [IQR]
Symptom status at time of repeated positive test, no. (%) <.01
Asymptomatic 31 (84) 5 (50) 26 (96)
Symptomatic 6 (16) 5 (50) 1(4)
Known or suspected COVID-19 exposure in nursing home outbreak at repeated positive episode, no. (%)%¢ .18
Yes 46 (79) 9 (100) 37 (76)
No 12 (21) 0 (0) 12 (24)
Symptomatic or confirmed or suspected COVID-19 exposure, no. (%) 57
Yes 48 (91) 10 (100) 38 (88)
No 5(9) 0 (0) 5(12)
SARS-CoV-2 viral sequence of repeated positive specimen, no. (%)&"
B.1.1.186 1 (10)
B.1.234 2 (20)
B.1.296 1 (10)
B.1.2 3 (30)
B.1.1369 1 (10)
B.1.1.434 1 (10)
B.1.1.207 1 (10)

Note. Ct, cycle threshold value; HCP, healthcare personnel.
237 specimens had an undetectable SARS-CoV-2 RNA when retested.

bCategories were compared for statistical significance by Wilcoxon signed-rank test or 2 test when indicated.

“n=37. Symptom status at time of repeated positive test is unknown for 27 individuals (0 with Ct <30 and 27 with Ct > 30).

dn=58. Confirmed COVID-19 exposure is unknown for 58 individuals (5 with Ct <30 and 53 with Ct > 30).

en=>58. Suspected COVID-19 exposure during a nursing home outbreak at the time of repeated positive test is unknown for 6 individuals (1 with Ct <30 and 5 with Ct > 30).

fn=53. Unknown exposure status for 11 individuals (11 with Ct> 30).

ENo specimens had genetic sequences matching variants of interest or concern per SARS-CoV-2 variant classifications and definitions as of the update on August 26, 2021.°

"n=10. SARS-CoV-2 sequencing was performing for specimens with Ct < 30 only.

RT-PCR assay does not quantify the relationship between Ct value
and RNA viral load, lower Ct values among SARS-CoV-2 RT-
PCR-positive specimens have been correlated with larger amounts
of viral RNA, greater likelihood of recovering replication-compe-
tent virus, and worse clinical outcomes, which can guide inferences
of potential infectivity at a population level.”® However, a negative
viral culture may not definitively indicate that an individual is non-
infectious, particularly when specimen handling during transport

may degenerate viable virus.” Therefore, we analyzed our results by
categorizing specimens as low Ct if <30 and as high Ct if >30
instead of solely relying on viral culture positivity.

This study had several limitations. We lacked viral sequencing
data from the initial positive SARS-CoV-2 specimen, which limited
an assessment of reinfection by different viral lineages. Second,
58% of specimens were negative at retesting, suggesting that many
specimens may have degraded in transit to the CDC or may have



been falsely positive at initial testing. Comparisons between state
public health laboratory and CDC PCR assays or Ct values were
not possible. Third, our study included a convenience sample of
unvaccinated nursing home residents, which may have biased
our population to include those more likely to be tested and
may reduce generalizability to other populations. Fourth, the study
was completed prior to the emergence of SARS-CoV-2 Delta and
Omicron variants, which may have affected the infectiousness of
individuals with repeated positivity.”

Determining infectivity of individuals with repeated positive
SARS-CoV-2 tests by viral culture or viral sequencing is not prac-
tical in most clinical settings. However, clinical and testing infor-
mation that were available to providers were not sufficient to
distinguish the potential infectiousness of nursing home residents
and HCP with repeated positive SARS-CoV-2 tests. Further devel-
opment of readily available laboratory methods associated with
infectivity may greatly aid the clinical assessment of individuals
with repeated positive tests.
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