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Positive RT-PCR detected in patients recovered from COVID-19

Dear Editor,

Positive real-time reverse transcription-polymerase
chain reaction (RT-PCR) for SARS-CoV-2 nucleic acid
following 2 consecutive negative RT-PCR tests have
been reported in China'? and Korea.* This has led
to speculation regarding “persistent carrier states”,
“re-infections” or “re-activations” and raises questions
about using negative RT-PCR as part of de-isolation
criteria. We report a series of 5 such patients in
Singapore with confirmed COVID-19 caused by
SARS-CoV-2, and evaluated them further with viral
culture and serological analysis. We include a discussion
on the clinical implications.

All 5 patients had confirmed COVID-19 by positive
RT-PCR tests from respiratory tract samples.
Nasopharyngeal swabs were collected using a flexible
minitip flocked swab (220252, Copan Diagnostics,
Brescia, Italy), inserted half the distance from the nares
to the base of the ear, or to a depth of approximately
Scm, done bilaterally. The laboratory used the
NucliSens EasyMAG (BioMérieux, Marcy-1"Etoile,
France) instrument to extract viral nucleic acids, with
an input of 500uL and an elution volume of 55uL, and
the Agency for Science, Technology and Research
(A*STAR) Fortitude Kit (Accelerate Technologies,
Singapore) to test for SARS-CoV-2, both according
to the manufacturers’ instructions.

The clinical features of each case are shown in
Table 1. The patients’ ages range from 23 to 44. Four
patients had mild upper respiratory tract illness and
one had radiographic evidence of pneumonia requiring
supplemental oxygen during initial hospitalisation
and received treatment with lopinavir-ritonavir. All 5
patients were immunocompetent and had no history of
steroid use, use of traditional medicine or
immunomodulating treatment. All patients clinically
recovered from the acute illness and were discharged
from either the acute hospital or a community isolation
facility, after negative RT-PCR tests were performed on
nasopharyngeal swabs twice, 24 hours apart. The mean
duration from onset of illness to discharge was 21 days
(range 18-23 days).

The patients subsequently sought medical attention
post-discharge after an average of 9.6 days (range 1-24
days) with mild symptoms unrelated to COVID-19 or
post-infectious cough, and had RT-PCR tests performed

on nasopharyngeal swabs repeated, which returned
positive. Notably for 4 of the patients, repeat testing was
performed using the same A*STAR Fortitude Kit assay
as described earlier. In Patient 4, the Cobas 6800/8800
(Roche Molecular Systems, Branchburg, US) test was
used, which returned as a presumptive positive, being
positive for the E gene target and negative for ORF-
la/b gene target. All patients were then re-admitted for
isolation as a precautionary measure. A repeat chest
radiograph was performed for all patients, which were
unremarkable. The previously noted pulmonary infiltrates
for Patient 4 had completely resolved at the time of
second presentation.

All repeat positive RT-PCR tests had cycle-threshold
(Ct) values above 30. All patients had repeat
nasopharyngeal swabs performed on day of re-admission
and once every few days until their tests returned
negative. The mean duration between the repeated
positive RT-PCR result and subsequent negative
RT-PCR result was 4.8 days (range 1-10). Viral culture
was performed for all patients at the point of repeated
positive RT-PCR. Isolation of SARS-CoV-2 viruses
was attempted in African green monkey kidney cells
(Vero E6; ATCC CRL-1586), which were cultured in
Dulbecco’s Modified Eagle’s Medium (Sigma-Aldrich
Corp., Germany) with 10% heat-inactivated fetal
calf serum and buffered with 2g of sodium hydrogen
carbonate. Nasopharyngeal swab specimens were
resuspended in 3ml of Universal Transport Medium
(Copan Diagnostics Inc., US) and stored at -80°C
before use. For all samples, 600uL was passed
through 0.22pm-pore-size Spin-X centrifuge tube filter
(Corning, US), inoculated in VeroE6 cells and incubated
at 37°C. They were observed daily for evidence of
cytopathic effect (CPE) and a further subculture onto
fresh VeroE6 cells was performed after 7 days. After
another 7 days of incubation, with no evidence of
CPE, negative culture results were verified by specific
RT-PCR targeting E and N genes.* Virus culture was
performed in a biosafety level 3 (BSL-3) laboratory.
No viral growth was noted after two serial passages.

Serologic testing for receptor-binding domain (RBD)
targeting neutralising antibodies for all patients were
positive at the time of repeated positive RT-PCR tests,
indicating an antibody response and inferred immunity to
COVID-19. A SARS-CoV-2 surrogate virus neutralisation
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test based on antibody-mediated blockage of ACE2-
spike (RBD) protein-protein interaction was performed
using methodology as described by Tan et al.’ A binding
enzyme-linked immunosorbent assay was also performed
in capture format for the detection of immunoglobulin M
and indirect format for the detection of immunoglobulin
G antibodies against RBD protein in patient sera using a
method described by Chia et al.®

No secondary transmission from time of discharge to
re-admission was noted in these 5 patients and they were
all discharged well after the second presentation.

A separate analysis of a cohort of 73 patients admitted
to the National Centre for Infectious Diseases, Singapore
demonstrated that SARS-CoV-2 could not be cultured
when the Ct value was >30, or after day 11 of'illness.” Since
the initial 5 patients, we further evaluated 30 similar cases
for possible COVID-19 re-infection. The mean duration
from initial infection to suspected re-infection was 113
days (range 86—135), and all Ct values of repeat positive
RT-PCR were above 35. The high Ct values in our
patients who had repeated positive RT-PCR with a mean
of 34.7 (range 32.95-37.29) and transient re-positivity
are reassuring for non-viable virus. Unfortunately for our
initial 5 cases, we were unable to sequence the detected
virus from both episodes to compare for phylogenetic
similarity. In February 2021, the Ministry of Health,
Singapore confirmed the first case of likely COVID-19
reinfection in Singapore.® In addition to a repeat
positive RT-PCR result, the patient was symptomatic
and had a rise in neutralising antibodies compared to the
period prior to the likely reinfection, suggesting exposure
to a new infection.

The RT-PCR test may detect fragments of viral
ribonucleic acid (RNA) in respiratory mucosal cells lining
that shed intermittently over weeks or months. This could
explain the “flip-flop” nature of RT-PCR testing from
respiratory samples. We acknowledge that there may also
be slight variation in various laboratory test methods and
kits, as well as time or site of sampling, or degradation of
viral RNA during transport and storage which may give
rise to false negative results.’

Based on the high Ct values from repeated positive
RT-PCR tests, negative viral cultures and presence of
antibodies in these 5 patients, we surmise that the repeated
positive RT-PCR samples likely contained non-viable
virus, and that the patients were non-infectious. Our
findings are consistent with those of the Korea Centers
for Disease Control and Prevention, where patients
who recovered from COVID-19 may continue to have
detectable viral nucleic acid though not equated with

infectivity or viable virus.'” Currently transmission-based
precautions for patients with COVID-19 have been
recommended to be discontinued after 20-21 days from
onset of illness”!! and if patients have clinically recovered.
The World Health Organization recommends at least 10
days from symptom onset (or test-positivity) with at least
3 additional days without symptoms (for symptomatic
cases) before de-isolation, and microbiological testing
(2 sequential negative RT-PCR tests, 24 hours apart),
which may also be considered as part of discharge
criteria.””> Our data are in-line with these recommendations,
and indicate that while recovered patients may continue
to shed viral fragments in the immediate post-recovery
period, they do not pose a significant public health risk
to the community. They may be safely discharged after
2 sequential negative RT-PCR test results if they have
clinically recovered, or after the requisite period of
isolation for time-based de-isolation strategies. Prolonged
and intermittent detection of SARS-CoV-2 viral RNA
in respiratory specimens may occur, and there have
been a few documented true cases of COVID-19
re-infection.!* While the majority of cases to date seems
to reflect non-viable viral RNA, true COVID-19
reinfection is possible but seems relatively uncommon,
in comparison to the total global case counts.
Certainly, with the emergence of variants of concern, and
waning immunity after natural infection or vaccination,
this is a phenomenon which needs to be paid attention
to. Careful clinical interpretation of Ct values and
further testing with viral culture, genetic sequencing and
quantitative evaluation of neutralising antibody titres are
necessary to distinguish these.
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