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ARTICLE INFO ABSTRACT

Keywords: Background: As the COVID-19 pandemic persists, infections continue to surge globally. Presently,
SARS-CoV-2 the most effective strategies to curb the disease and prevent outbreaks involve fostering immu-
Viral persistence nity, promptly identifying positive cases, and ensuring their timely isolation. Notably, there are
Health care worker instances where the SARS-CoV-2 virus remains infectious even after patients have completed their
Phylogenetic analysis quarantine.
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Pandemic

Chile Objective: Understanding viral persistence post-quarantine is crucial as it could account for

localized infection outbreaks. Therefore, studying and documenting such instances is vital for
shaping future public health policies.

Design: This study delves into a unique case of SARS-CoV-2 persistence in a 60-year-old female
healthcare worker with a medical history of hypertension and hypothyroidism. The research
spans 55 days, marking the duration between her initial and subsequent diagnosis during Chile’s
first COVID-19 wave, with the analysis conducted using RT-qPCR.

Results: Genomic sequencing-based phylogenetic analysis revealed that the SARS-CoV-2 detected
in both Nasopharyngeal swab samples (NPSs) was consistent with the 20B clade of the Nextstrain
classification, even after a 55-day interval.

Conclusion: This research underscores the need for heightened vigilance concerning cases of viral
persistence. Such instances, albeit rare, might be pivotal in understanding sporadic infection
outbreaks that occur post-quarantine.

1. Introduction

The COVID-19 pandemic has resulted in approximately 6 million death and has infected 445 million individuals globally [1]. This
crisis has profoundly impacted the economic, social, and infrastructural systems of nations [2-4]. Notably, some individuals who
recovered from the virus have reported enduring health complications post-SARS-CoV-2 infection [5]. Amidst this backdrop, the most
potent defense against the pandemic is the immunity conferred by vaccines [6]. Additionally, large-scale proactive testing for
COVID-19 and meticulous tracking of positive cases emerge as indispensable strategies. These methods facilitate the prompt identi-
fication of infections and monitor the persistence of the SARS-CoV-2 virus [7]. The persistence of SARS-CoV-2 after quarantine is
currently related to the presence of viral RNA with no infection capacity [8]. However, there is evidence that viral persistence is even
associated with an infective virus after more than 30 days [9], especially in patients with immune disorders [10]. Therefore, it is
critical to design prevention policies to avoid viral outbreaks in the community, particularly concerning situations of persistence after
completing the quarantine period. In this line, in a Qatari study, constant testing allowed the detection of six cases of COVID-19 that
had persistently tested positive SARS-CoV-2 up to 9 weeks [11] or a continuous infection for up to 70 days after initial diagnosis [12].
These effects often are related to immunosuppressed patient’s reduced antiviral response, evidenced by a decrease in antibody titers
near 60 days of infection by SARS-CoV-2 [13,14]. The comorbidities are reducing the normal function of the immune system [15].
Furthemore, the evidence suggests that the persistence of infective SARS-CoV-2 could increase the probability of spread and contagion
outbreaks. Thus, its study and evidence are of significant public interest. This retrospective study is the first report of a supposed case of
SARS-CoV-2 persistence, identified in a health worker for 55 days undergoing mild symptomatology during Chile’s first wave of
COVID-19. This report seeks to increase the evidence of persistent cases of SARS-CoV-2 for further consideration in public health
policies by the health authorities. These cases are often underestimated and, on occasion, could explain local outbreaks of infection,
even after the end of the quarantine.

2. Methods

Study description. A 60-year-old female healthcare worker with a history of hypertension and hypothyroidism was admitted to
Centro de Salud Familiar San José de Chuchunco, Santiago, Chile, on May 13th, 2020. The patient registered a persistent headache
lasting for two days. The patient tested positive for SARS-CoV-2 by RT-qPCR in a nasopharyngeal swab sample (NPSs). The patient
declared no close contact with COVID-19-positive individuals. The patient was quarantined for 14 days and remotely checked for
disease progression. The patient announced no symptomatology during the quarantine and was discharged on June 18th without RT-
gPCR on exit. Then, she returned to her usual activities. On July 7th, she tested positive for COVID-19 again, according to a routine RT-
gqPCR diagnosis. She was quarantined again and remotely checked, and she declared no symptoms during the second quarantine
period. It is unknown if she caused any contagion through close contact during this period. She was discharged on July 21st.

Sample and RT-qPCR assay. NPSs were obtained from the patient according to the guide for handling and taking samples for
COVID-19 described by the Center for Disease Control and Prevention [16]. Samples were transported to a diagnostic laboratory in a
viral transport medium (VTM); Genosur (catalog number: DM0001VR; Genosur LLC, NW). Total RNA was extracted as previously
described [17]. The viral detection of SARS-CoV-2 was carried out using the ORFlab gene probe (TagMan™ 2019 nCoV Assay Kit v1
(Thermo Fisher Scientific, Reference code. A47532) as previously reported [18].

Viral load determination. Using the positive control TagMan 2019-nCoV Control Kit v1 (10* copies/uL, Thermo Fisher Scientific,
Cat. No. A47533), we created a standard curve to determine the viral load of the samples. The viral load was determined using the
antilogarithm of the following equation of the line (y = —3.07*X+40.2)/2. "X" substituted the Cq that was obtained from the NPSs. 2 pl
of total RNA was used in the PCR reaction in the same way as previously reported [19].

Sample sequencing and analysis. The original virus sequence used to compare both samples was as follows: severe acute res-
piratory syndrome coronavirus 2 isolated Wuhan-Hu-1, ACCESSION MN908947, March 2020, from GeneBank database. cDNA syn-
thesis was performed from the two-positive NPSs using the High-Capacity RNA-to-cDNA kit (Applied Biosystems) and amplified by
ARTIC v3 protocol [20] using the 98-primer set with the GoTaq Green Master Mix enzyme (Promega). The genomic library was
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constructed using the Ligation Sequencing Kit SQK-LSK109 (Oxford Nanopore) and processed and sequenced independently (without
barcodes) to increase and determine the exact number of readings per sample. Sequencing reached 1 Gigabase (Gb) (approximately 3 h
of sequencing) without base-calling process. The Nanopore sequencing was transformed to fastq format using the ONT Guppy-base
caller [Guppy] https://nanoporetech.com (CPU mode). All reads were quality checked and assembled using [ARTICMINION]
https://artic.network/ncov-2019. The Trimmomatic [21] tool was used to filter poor quality reads and trim poor-quality bases from
these samples. The quality analyses were created with the MultiQC software. The consensus assembly genomes were aligned to the
reference SARS-CoV-2 genome using Nucmer [MUMmer], and SNPs were predicted using Nucmer tool show-snps [22]. Then, SNPs
were annotated using SnpEff [SNPEFF] within the SARS-CoV-2 database [23]. All computations were run at the National Laboratory
for High-Performance Computing (www.nlhpc.cl) [24]. Sequence pairs were aligned to the SARS-CoV-2 reference genome using
Bowtie 2 version 2.3. In addition, a clade assignment was performed using NextClade version 1.9.0 to compare and visualize the NPSs
Clade [25]. Data are available in the NCBI BioSample database under accession numbers SAMN22047844 (for sample 1405-124) and
SAMN22047845 (for sample 0807-052).

Evolutionary analysis by Maximum Likelihood method. The evolutionary history was inferred by using the Maximum Like-
lihood method and JTT matrix-based model [26]. The bootstrap consensus tree inferred from 1000 replicates was taken to represent
the evolutionary history of the taxa analyzed [27]. Branches corresponding to partitions reproduced in less than 50% bootstrap
replicates are collapsed. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test were
shown next to the branches [27]. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and
BioNJ algorithms to a matrix of pairwise distances estimated using the JTT model, and then selecting the topology with superior log
likelihood value. This analysis involved 8 amino acid sequences. There was a total of 29,998 positions in the final dataset. Evolutionary
analyses were conducted in MEGA X [28,29].

Ethics statement. This study was authorized by the Ethical Committee of the University of Santiago of Chile (No. 226,/2021) and
the Scientific Ethical Committee of the Central Metropolitan Health Service, Ministry of Health, Government of Chile (No. 370/2021),
and following the Chilean law in force.

3. Results

The patient tested positive for COVID-19 in the first instance on May 14th, 2020 (1405-124) (Fig. 1A). The RT-qPCR analyses
yielded a Cq for ORFlab = 17.45, indicating a viral load of 9 x 10° copies/pl. The internal control RNase P was Cq = 16.44 (Table 1).
Then, 55 days later (on July 8th, 2020, sample ID 0807-052), the patient was diagnosed for a second time with COVID-19 (Fig. 1A),
with a Cq for ORFlab = 33.79 (viral load 6 x 10%) and RNase P was Cq = 16.58 (Table 1). These Cq for ORF1ab indicate both positive
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Fig. 1. Genomic classification of the first and second samples from a 60-year-old health worker. A. Chronology of both positive diagnoses with their
respective Nextstrain classification. B. Phylogenetic location of samples 1405-124 and 0807-052 in the Nextstrain clade classification (of the
Nextclade v1.14.0 software) concerning the rest of the SARS-CoV-2 clades and variants. C) Phylogenetic analysis for samples 0807-052 and
1405-124. Four NPSs were added, all belonging to the same Clade 20B (2807-250; 0606-280; 3005-312; 2508-035). This set of sequenced samples
belong to the Biobank of samples at the Universidad de Santiago de Chile. The NPSs analyzed in this study are highlighted with a red box. Fig. 1B
was built with NextClade version 1.9.0 enabled by GISAID data, filtering/country/Chile. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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Table 1

RT-qPCR parameters from patient samples with viral persistence.
Sample Rnase P (Cq) ORF1lab (Cq) Viral load (copies/pl)
1405-124 16.44 17.45 9 x 10°
0807-052 16.58 33.79 6 x 10!

results for SARS-CoV-2 according to the previously reported limit of detection [18]. The full sequence of 1405-124 and 0807-052
aligned against the SARS-CoV-2 reference sequence. They showed 99.55% and 87.31% identity, respectively, using the multiple
sequence alignment tool Clustal Omega for genomic sequence alignment [30]. Sequence analysis by NextClade software indicated that
1405-124 and 0807-052 samples were members of the same 20B Nextstrain classification (Fig. 1B). However, some mutations were
identified in the second sample (0807-052) regarding the first infection (1405-124). The sequencing quality of both NPSs is shown in
Supplementary Fig. 1. Fig. 1C shows a phylogenetic analysis of the samples analyzed in this study and four other NPSs belonging to the
same Clade 20B (2807-250, 0606-280, 3005-312, and 2508-035), diagnosed as COVID-19 positive in different dates. NPSs 1405-125
and 0807-052 (highlighted in the red box) are shown to be part of the same group and show slight divergence between them. The
closest sample to the samples analyzed (0807-052 and 1405-124) is 2807-250, a sample from July 2020; however, sample 2508-035,
despite belonging to the same Clade 20B, is the most distant phylogenetically. The Bootstrap Consensus was performed in a similar way
to what was previously reported [31,32].

Genomic sequence analysis for both samples identified divergences located in the genes ORFla, ORF1b, S, ORF3a, ORF6, ORF8,
and N regarding the reference gene of SARS-CoV-2 (Table 2). The mutations detected and not detected in the first (1405-124) and
second (0807-052) samples are shown in Table 2. The mutations N:1292T, ORF1b:R2308C, and ORF8:1121L, which were found in
1405-124 sample but not in 0807-052 sample, were indicated as undetermined, because these mutations coincided with a low-quality
sequencing zone in unknown amino acid in sample 0807-052 (Supplementary Fig. 2). The second sample (0807-052) shared five
Single-Nucleotide Variants (SNVs) (N: R203K, N: G204R, ORFla: K737R, ORF6: I33T and S: D614G) with 1405-124 sample. By
contrast, the second sample (0807-052) had seven SNVs (ORFla: C341R, ORFla: 13587V, ORF1la: I13663T, ORF1b:P314L, ORF1b:
R2676S, ORF3a:S40L and S: F562L) that were absent in the first positive sample (1405-124). The SNVs were identified according to
reference SARS-CoV-2 genome.

4. Discussion

This retrospective case study provides genomic evidence highlighting the persistence of SARS-CoV-2 for 55 days in a 60-year-old
female health worker from Santiago, Chile. The findings lean towards a scenario of viral persistence rather than a reinfection event
with the same variant, specifically the 20B Clade. For a case to be considered a reinfection, the second positive test must occur at least
90 days after the first positive diagnosis, criteria set by both the Pan American Health Organization (PAHO) and the Centers for Disease
Control and Prevention (CDC) in 2023 [33,34]. Numerous studies have assessed the immunity a natural SARS-CoV-2 infection granted
in the months following the illness. For instance, De Giorgi et al., 2021 found that 91.4% of 116 donors retained detectable IgG levels
up to 11 months post-symptom recovery [35]. Other studies reported antibody levels for at least 90 days [36] and up to 8 months [37].
However, these levels can fluctuate based on factors like age, underlying health conditions, and individual genotypes. Natural viral
infection typically offers temporary protection against reinfection. A study by Spicer et al., 2021, conducted in Kentucky, USA,
revealed that innate immunity to SARS-CoV-2 reduced reinfection by 80% within 30-270 days for individuals aged 20 to 59. The
protection rate for those aged 60 and above stood at 67% during the same timeframe [38]. Conversely, a Danish report showed 80%
protection for patients under 65 years of age within 3-6 months [39]. In England, a comprehensive study involving over 25,000 health

Table 2
Detected, undetected, and undetermined mutations in the first (1405-124) and second
(0807-052) samples relative to the SARS-CoV-2 reference genome.

MUTATIONS 1405-124 0807-052
N:R203K Detected Detected
N:G204R Detected Detected
N:1292T Detected Undetermined
ORFla:C341R Undetected Detected
ORFla:K737R Detected Detected
ORF1a:I3587V Undetected Detected
ORF1a:13663T Undetected Detected
ORF1b:P314L Undetected Detected
ORF1b:R2308C Detected Undetermined
ORF1b:R2676S Undetected Detected
ORF3a:S40L Detected Undetected
ORF6:133T Detected Detected
ORF8:1121L Detected Undetermined
S:D614G Detected Detected
S:F562L Undetected Detected
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workers observed an 83% decrease in SARS-CoV-2 reinfections for at least five months post the initial infection [40]. Another study in
Qatar, with a cohort of 43,000 patients, indicated a minimum of 7 months of protection against reinfection for 95% of those infected
with SARS-CoV-2 [41]. While the protective capacity of natural immunity against reinfection remains a focal point of ongoing
research, the existing studies on immunity duration against SARS-CoV-2 bolster the argument for viral persistence over reinfection in
this study, especially since the second positive diagnosis transpired in under two months. In this context, a third positive RT-PCR test
between the two samples would have been instrumental in confirming a persistence scenario.

Furthermore, several studies have documented the lingering presence of viral RNA post-SARS-CoV-2 infection. Li et al., 2020, for
example, noted a 30-day persistence of viral RNA in the respiratory systems of certain Chinese patients [42]. Another study highlighted
the continuous shedding of viral RNA in nasopharyngeal swabs for up to 46 days [43]. In the USA, it is posited that patients who remain
positive ten days post-symptom onset due to SARS-CoV-2 infection are no longer contagious [44]. A striking report even cited a
386-day persistence in a health worker, although the patient’s infectivity was not assessed [45]. However, evidence of SARS-CoV-2
infectivity after 30 days [9], 37 days [46], and 144 days [47] from the first infection has been reported. Regrettably, this study did
not undertake such infectivity analyses.

Her existing health conditions might influence the patient’s viral persistence. Thyroid hormones play a pivotal role in the pro-
liferation and migration of immune cells, cytokine release, and antibody production [48,49]. Hypothyroidism could potentially disrupt
this immune response. Additionally, hypertension has been linked to immune system deregulation and chronic inflammation, which
might impact the initial defense against SARS-CoV-2 [50]. A study from Peru by Chambergo-Michilot et al., 2021 drew a connection
between hypertension and immunosuppression [51].

The hypothesis of viral persistence is supported by the genomic identification of both samples in the same Nextstrain clade 20B
classification. Although the sequencing quality of both samples is reasonable but not excellent, five identical mutations were identified
in both NPSs, and seven new mutations in the sample 0807-052. It should be noted that the mutations present in NPSs 1405-124 that
do not appear in sample 0807-052 may be because the low-sequencing quality of NPSs 0807-052 (Figure supplementary 2). However,
at least five new mutations can be observed in 0807-052, which are not in the first positive sample (1405-124). The mutation rate of
the SARS-CoV-2 genome reported previously was two SNPs per month in the population [52,53]. This aligns with the viral-genetic
alterations observed in this patient, which averaged around three per month. Even though the analyses indicated the same clade,
the samples were phylogenetically more similar than others from clade 20B. The 20B clade variant of SARS-CoV-2 was first identified
in Chile in May 2020 and was reported until April 2021. Different variants like Eta, Mu, Alpha, and Gamma emerged during this period.
As of 2023, the Omicron variant is predominant in Chile and globally. Notably, viral persistence of up to 14 days post Omicron
infection has been observed in US children, with positive viral cultures [54].

The majority of mutations detected in the second sample (0807-052) that were absent in the first (1405-124) were located in the
Open Reading Frame 1 (ORF1) gene. Research has identified mutations in the SARS-CoV-2 ORF1 gene, with some linked to enhanced
transmissibility. For instance, the ORFla: P314L mutation, exclusive to the second sample, is believed to augment the virus’s infec-
tivity and replication capabilities. This mutation, in conjunction with the S: D614G mutation, appears in over 70% of more evasive
SARS-CoV-2 variants in European patients [55,56]. Other mutations in the second sample, like ORF8: 11211, are associated with
reduced MHC-I expression in cells, complicating their recognition by T lymphocytes [57]. However, the precise consequences of ORF
mutations in SARS-CoV-2 are complicated and depend on the Single-Nucleotide Variants (SNVs) and the environment in which they
arise (reviewed in ([58]). While some ORF1 amino acid substitutions might have a negligible effect on the virus, others could alter its
replication efficiency, pathogenicity, or immune evasion capabilities. Comprehensive studies are essential to grasp the impact of ORF1
mutations on SARS-CoV-2 and its potential to propagate the disease.

The patient’s low viral load during the second infection is noteworthy, especially given her asymptomatic presentation. This
diminished viral load might also correlate with the sequencing quality of the analyzed NPSs. In this study, unlike others, the patient’s
viral load or infective potential post-quarantine was not assessed. Hence, it remains uncertain if the patient could have been a viral
carrier upon resuming work, posing a transmission risk. This underscores the importance of RT-qPCR tests post-quarantine to confirm
the cessation of viral infection, especially in regions with a significant unvaccinated populace. While SARS-CoV-2 persistence is
atypical [59], it should be widely considered because the RO factor (number of average infections per person in a COVID-19 positive
patient) of SARS-CoV-2 reaches 5.8 at least in EE. UU and 6.1 in other countries [60]. An asymptomatic individual with viral
persistence could inadvertently cause infections and local SARS-CoV-2 outbreaks, potentially undermining current public health
strategies. Given the current pandemic landscape dominated by highly evasive variants like Omicron, increasing evidence of viral
persistence should prompt health authorities to reconsider and adapt public health policies.
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