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SARS-CoV-2 RNA Is Readily Detectable at Least 8 Months after
Shedding in an Isolation Facility
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cDepartment of Medical Microbiology and Immunology, School of Medicine, University of California, Davis, Davis, California, USA
dDepartment of Evolution and Ecology, University of California, Davis, Davis, California, USA
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ABSTRACT Environmental monitoring of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) for research and public health purposes has grown exponentially through-
out the coronavirus disease 2019 (COVID-19) pandemic. Monitoring wastewater for SARS-
CoV-2 provides early warning signals of virus spread and information on trends in infec-
tions at a community scale. Indoor environmental monitoring (e.g., swabbing of surfaces
and air filters) to identify potential outbreaks is less common, and the evidence for its util-
ity is mixed. A significant challenge with surface and air filter monitoring in this context is
the concern of “relic RNA,” noninfectious RNA found in the environment that is not from
recently deposited virus. Here, we report detection of SARS-CoV-2 RNA on surfaces in an
isolation unit (a university dorm room) for up to 8 months after a COVID-19-positive indi-
vidual vacated the space. Comparison of sequencing results from the same location over
two time points indicated the presence of the entire viral genome, and sequence similar-
ity confirmed a single source of the virus. Our findings highlight the need to develop
approaches that account for relic RNA in environmental monitoring.

IMPORTANCE Environmental monitoring of SARS-CoV-2 is rapidly becoming a key tool in
infectious disease research and public health surveillance. Such monitoring offers a com-
plementary and sometimes novel perspective on population-level incidence dynamics rel-
ative to that of clinical studies by potentially allowing earlier, broader, more affordable,
less biased, and less invasive identification. Environmental monitoring can assist public
health officials and others when deploying resources to areas of need and provides infor-
mation on changes in the pandemic over time. Environmental surveillance of the genetic
material of infectious agents (RNA and DNA) in wastewater became widely applied during
the COVID-19 pandemic. There has been less research on other types of environmental
samples, such as surfaces, which could be used to indicate that someone in a particular
space was shedding virus. One challenge with surface surveillance is that the noninfec-
tious genetic material from a pathogen (e.g., RNA from SARS-CoV-2) may be detected in
the environment long after an infected individual has left the space. This study aimed to
determine how long SARS-CoV-2 RNA could be detected in a room after a COVID-positive
person had been housed there.

KEYWORDS COVID-19, RNA, relic RNA, SARS-CoV-2, genome sequencing, surface
samples, virus

The ability to detect severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
in the environment has proven useful in a number of settings during the coronavirus

disease 2019 (COVID-19) pandemic. Most well-known is the potential early detection of viral
RNA in wastewater relative to that from clinical testing (1–4). Other work has focused on
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surface and/or air filter sampling (5, 6). Interpretation of results from surface and/or air filter
samples is challenging due to the presence of “relic RNA,” i.e., RNA present in the environment
long after shedding has occurred (7, 8). SARS-CoV-2 RNA has been detected in the environ-
ment for up to 2 months after shedding (9). In this study, we sampled a university dormitory
room that had been used for isolation of a patient following a positive SARS-CoV-2 test. We
systematically tested surfaces for SARS-CoV-2 for 8 months after this room was vacated. SARS-
CoV-2 RNA was quantified through reverse transcription-quantitative PCR (RT-qPCR), and a
subset of positive samples was sequenced.

Results and discussion. SARS-CoV-2 RNA was detectable on surfaces and air filters for
8 months after the room had been occupied (Fig. 1). The frequency of positive samples per
sampling episode declined over time, from 70% in the first sampling event to 0% in the last
sampling event. The average threshold cycle (CT) per sampling session increased from just
over 35 at the start to 38 over this period. While these data indicate that the RNA does de-
grade through time, detection remained possible for much longer than we expected.

To obtain additional insights into RNA degradation, we examined the depth of sequencing
coverage across the SARS-CoV-2 genome (Fig. 2). Since many factors can cause variation in
sequencing runs, depth of coverage was normalized within each sample. As seen with fresh
SARS-CoV-2 samples, there was variation in depth of coverage across the genome (10, 11).
Overall, the depths of coverage for the samples paralleled each other and demonstrated that
complete SARS-CoV-2 genomes could be assembled from surface samples collected at least
74 days after the room had been occupied. There were some differences in genome coverage
that could be indicative of degradation over time. For example, there were regions of the ge-
nome where the normalized coverage differed between samples and was higher for day 1
samples than day 19 samples. We consider that further evaluation of genome coverage is
worth pursuing as a potential way to estimate the age of RNA in a sample.

In a study of SARS-CoV-2 RNA on high-touch outdoor surfaces, weekly sample positive rates
most closely corresponded with COVID-19 cases and offered an early warning of community
transmission (12). Our results from an indoor, quiescent setting showed that there is poten-
tial for a long time lag between RNA deposition and detection. Previous related work found

FIG 1 Cycle threshold (CT) values for positive samples over time. Each dot represents a unique sample. Sampling was also
conducted on 8 December 2021 (day 178), but no positives were detected at that time. The colored dots represent samples for
which a genome sequence was generated (see the key in Fig. 2).
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that detection of relic RNA is dependent on the surface type and highlighted the impor-
tance of cleaning surfaces between collections in order to understand the dynamics of
deposition (13).

Our results highlight the importance of considering the stability of SARS-CoV-2 RNA
over time in the context of surface-based virus surveillance. New methods to bracket
the “age” of RNA in the environment would provide immense value in assessing whether
detected RNA is from recent deposition or represents relic RNA. Based on the lack of demon-
strated fomite transmission of SARS-CoV-2 to date, it is unlikely any detectable RNA in
the environment is infectious. However, the ability to take action in response to environ-
mental data depends on the time since the viable virus was shed by infected individuals
in a defined space.

Materials and methods: study location. All sampling took place in a single isola-
tion unit at UC Davis that was occupied from 18 to 20 April 2021 by a COVID-19-positive
student. Sampling began 55 days after the room had been last occupied and the room was
not used for anything else. Sampling took place approximately every 2 weeks until mid-
December 2021. A total of 264 surface samples were collected during the study duration. For
each sampling episode, 14 to 30 samples were collected from a variety of surfaces. After col-
lection of surface samples on each the first six sampling episodes, vigorous shuffling on the
carpet and movement of numerous surfaces was performed throughout the unit. A portable
HEPA air filtration unit was then operated for 1 h. The HEPA unit (mesh) was sampled
before and after operation.

Sample collection. Environmental sampling was conducted as previously described (7).
Briefly, samples were collected using nylon fiber oral swabs with an ABS handle (Miraclean
Technology Co. Ltd., China) that were premoistened in DNA/RNA Shield (Zymo Research, USA).
An area of 10 cm by 10 cm (or equivalent) was swabbed for surface samples, and a similar pro-
cess was used to swab the exterior surface of the HEPA filter (;823 cm2) in a portable filtration
unit. The same 10-cm by 10-cm area was swabbed at every sampling time point until day 37.
Afterwards, a different 10-cm by 10-cm area was swabbed every time for most locations.

RNA extraction and RT-qPCR. RNA extraction and RT-qPCR were performed as previ-
ously described (7). Samples were extracted using the MagMAX Microbiome Ultra nucleic
acid isolation kit (Applied Biosystems, USA) with a KingFisher Flex automated purification
system (Thermo Fisher Scientific, USA). The MagMAX_Microbiome_Stool_Flex.bdz nucleic
acid isolation protocol (Applied Biosystems, USA) was utilized, with modifications. In brief,
the sample lysis step was not conducted, as lysis was achieved through the use of DNA/
RNA Shield and vortexing. All extracts were analyzed by RT-qPCR targeting the spike glyco-
protein (S) gene of SARS-CoV-2 (14) using the Luna universal probe one-step RT-qPCR kit
(New England Biolabs Inc., USA).

FIG 2 Normalized base-pair depth of coverage along the SARS-CoV-2 genome for six high-quality samples from two time points and four sampling surface types.
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Sequencing. Eight samples from the room were chosen for sequencing alongside
other samples from related projects. The samples across projects were chosen to repre-
sent a variety of CT values and surface types to calibrate future sequencing efforts. Ten
microliters of extracted nucleic acid from each sample was converted to cDNA by using
the LunaScript RT SuperMix kit (New England Biolabs, Ipswich, MA) in a 20-mL reaction mix,
which was incubated at 25°C for 2 min followed by 55°C for 10 min and heat inactivated at
95°C for 1 min. Subsequently, 10mL of this first-strand cDNA was used as input for amplifica-
tion of the SARS-CoV-2 viral genome, using the xGen SARS-CoV-2 amplicon panel (IDT,
Coralville, IA), which consisted of 345 amplicons covering 99.7% of the SARS-CoV-2 Wuhan-
Hu-1 strain (NC_045512.2). The workflow uses a single tube of tiled primer pairs that result
in an average amplicon size of 150 bp. The amplicon libraries were generated using the low
viral load workflow (CT . 20), which involves two PCR rounds, a multiplex PCR (4 1 24
cycles) and the indexing PCR (5 cycles) to generate sequence-ready libraries. Libraries were
barcoded with 8-bp unique dual indices during the indexing PCR. Equimolar libraries were
pooled and quantified by qPCR with the KAPA library quantification kit (Roche, Basel,
Switzerland). The pooled library was sequenced on one lane of an Illumina Mid Output
NextSeq 500 system (Illumina, San Diego, CA) with paired-end 150-bp reads. Two of the
eight samples from the room did not generate sufficient library material for sequencing.

Bioinformatics. Sequence reads for the remaining 6 samples were aligned to the SARS-
CoV-2 reference genome, NCBI accession number NC_045512, by using bowtie2 v2.4.5 (15).
Samtools v1.3.1 (16) was used to index, sort, and filter by quality (alignments with MAPQ of
,20 were skipped) and to quantify unique reads for each genome position. Reads were used
to generate a consensus sequence from all 6 samples. Base-pair depth per each genome posi-
tion was normalized to the mean and visualized with ggplot2 v3.3.4 (17) and Preview.app.

Data availability. Raw and processed sequence data from this study have been
uploaded onto Dryad and are publicly accessible and available for research use at:
http://doi.org/10.25338/B8GP94.
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