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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused a

pandemic, threatening global public health. Several cases of persistent infection have

been described, but there are few reports that compared the genetic variability among

samples collected from the patient during infection. In the current study, we reported a

viral genetic analysis of a diabetic male patient with Non-Hodgkin Lymphoma affected by

persistent SARS-CoV-2 infection. We sequenced the patient-derived viral isolated both

from oro/nasopharyngeal swab and VeroE6 cell line, collected from the same patient

at different points of the infection. Due to the insufficient material of the second swab

received, in order to obtain a complete coverage of the viral genome, it was convenient

to perform a virus isolation after cell culture. Both genomes belonged to Pangolin Lineage

B.1, Nextstrain clade 20A and GISAID clade G. The mutation spectrum predicted for the

two viral genomes reveal three additionally mutations in the sequence of second sample

when compared with mutations set identified in the first sample. Our findings show the

evolution of the intra-host variability during the course of a long-lasting infection.
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INTRODUCTION

The novel coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has caused a pandemic, threatening global public health.
SARS-CoV-2 is the seventh member of the Coronaviridae family known to infect humans and it
is responsible for respiratory illness of varying severity (1). Among the clinical symptoms, the most
common are fever and cough (2). The mean duration of the virus infection has been estimated
to be about 14 days (3). However, the persistence of the virus for more than 30 days has been
described (4). Previous studies have found correlation between infection duration and presence
of pre-existing diseases (3) or with severe COVID-19 illness (5); conversely, individuals that can
remain positive to virus also after symptom resolution were described (6–8). Thus, the factors that
impact the persistence of the virus are still uncertain. This report describes the case of a diabetic
man affected by Non-Hodgkin Lymphoma with persistent SARS-CoV-2 infection. Whole genome
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sequence of SARS-CoV-2 was performed on the first
oro/nasopharyngeal swab and on a later one collected after
more than 1-month, following isolation from VeroE6 cell
cultures. The intra-host variability of the viral genome was
also assessed.

MATERIALS AND METHODS

Case Report
On 7 April 2020, a man was admitted to hospital of
Lecce, in Apulia Region, with diagnosis of acute respiratory
failure and bilateral pneumonia caused by SARS-CoV-2 virus
infection. The patient was also affected by hypertension, obesity,
diabetic and follicular Non-Hodgkin Lymphoma (NHL). During
hospitalization, he showed fever and he needed moderate
support of oxygen. No additional complain of any significant
disorders was referred. After about 5 weeks, the patient did not
show fever and after 11 weeks he became asymptomatic. One
oro/nasopharyngeal swab every week from April to July 2020, for
a total of 13 samples, was performed and processed in hospital
laboratory. SARS-CoV-2 biomolecular tests performed on the
oro/nasopharyngeal swabs always showed a positive outcome,
while the specific serological tests (IgG and IgM) were negative.
The first positive oro/nasopharyngeal swab performed on April
7th 2020 (named IZSPB_141) was sent to Istituto Zooprofilattico
of Puglia and Basilicata to perform whole genome sequencing
(Figure 1). During hospitalization the patient received infusion
therapy with (High-dose Intravenous Immunoglobulin) IVIg
(two administrations: June 22nd and 29th 2020). Outpatient
nasopharyngeal RT-PCR SARS-CoV-2 amplification testing was
persistently positive and on June 30th 2020 a new positive
oro/nasopharyngeal swab (named IZSPB_123), was sent to
our institute to understand the infectivity potential of this
asymptomatic patient, in order to perform the viral isolation in
cell culture. No direct sequencing of the virus was performed
on the last swab specimen due to insufficient material. On July
2nd, the asymptomatic patient was dismissed. On July 20th 2020
the patient tested negative to the virus and, following another
negative test, he was declared healed.

Diagnostic Testing for SARS-CoV-2
Samples IZSPB_141 and IZSPB_123 were collected from
the patient to detect SARS-CoV-2 by real-time reverse
transcriptase rtPCR. RNA was extracted from clinical samples
with QIAamp viral RNA mini kit (Qiagen, Germany) following
the manufacturer’s instructions. The specimen was handled in
a biosafety level 3 laboratory at the Istituto Zooprofilattico of
Puglia and Basilicata (Italy), under a class II type A 2 biosafety
cabinet. The SARS-CoV-2 RNA was detected by a One-step
real-time reverse transcription (RT-PCR) multiplex assay
(DIATHEVA, Italy) by amplification of RdRp and E genes. The
assay also included the amplification of RNase P gene as internal
positive control. PCR amplification was performed at 48 ◦C for
30min for reverse transcription, followed by 95 ◦C for 10min
and then 50 cycles of 95 ◦C for 15 s, 58 ◦C for 30 s, using CFX
Connect Real-Time PCR Detection System (Biorad).

Virus Isolation
For SARS-CoV-2 isolation, the Vero E6 cell line (African green
monkey kidney cells) was used as previously described (9).

For virus isolation from swab, cells were plated into a 25
cm2 cell culture flasks (Corning, CLS430168) at a confluency of
70–80% in 6mL EMEM medium with 6% fetal bovine serum
(FBS) and incubated overnight at 37◦C. The following day,
1,500µL of the swab medium was incubated with 500 µL of an
antibiotic solution (2,000 U/mL of penicillin/streptomycin) for
1 h at room temperature. Two mL of suspension was inoculated
on the monolayer of the VeroE6 cells and incubated at 37◦C for
1 h. Then, 4mL of EMEMwith 6% FBS was added and incubated
at 37◦C for 72 h. Virus replication and isolation were confirmed
through cytopathic effect and gene detection.

Next Generation Sequencing of Viral
Genome
Total RNA was used to perform cDNA synthesis by LunaScript
RT SuperMix Kit (New England Biolabs) and then amplified
with SARS-CoV-2 primers panel ARTIC nCOV-2019 V3 (© 2021
Integrated DNA Technologies, Inc.). The library preparation was
performed according to Illumina Illumina DNAPrep kit protocol
(Illumina) and sequenced on MiSeq Sequencing Platform
(Illumina). For each sample, the sequence analysis was performed
as previously described (10). Specifically, the paired-end raw
reads were quality-filtered and trimmed using Trimmomatic
v0.38 (11). De novo genome assembly and scaffolding were
executed with SPAdes v. 3.12 (12). Bowtie2 v2.3.4 software (13)
was used to performed the quality check of genome assemblies by
aligning the filtered reads to the SARS-CoV-2 reference genome
NC_045512.2. Sequence alignments were converted to binary
alignments (BAM format) and sorted using SAM-tools version
1.3.1. Read alignments were evaluated with QualiMap (14).
Two hundred and ninety-eight consensus genome sequences
passed the quality control assessment by Nextclade (https://
clades.nextstrain.org/), whose parameters include missing data,
mixed sites, private mutations, and mutation clusters, and were
deposited in the GISAID database (https://www.gisaid.org/)
with the following accession ID: EPI_ISL_525555 (IZSPB_141);
EPI_ISL_525554 (IZSPB_123). Additionally, single nucleotide
variant (SNVs) and insertions/deletions (InDels) with minor
allelic frequencies (MAF) were identified using LoFreq (Version
2.1.3.1) (15) with default parameters.

RESULTS

RT-PCR performed on the two oro/nasopharyngeal swabs
confirmed the presence of SARS-CoV-2: IZSPB_141 showed the
amplification of E gene with a Ct value of 23.2 and RdRp gene
with a ct value of 21.8; IZSPB_123 showed the amplification
of E gene with a Ct value of 30.21 and RdRp gene with a Ct
value of 26.4. The sample oro/nasopharyngeal swab collected
on June 30th 2020 (IZSPB_123) was inoculated in VeroE6
cells, and then incubation was observed at 24 h intervals. The
cytopathic effects were observed 72 h after inoculation. Virus
replication was confirmed using real-time RT-PCR with RNA

Frontiers in Virology | www.frontiersin.org 2 February 2022 | Volume 2 | Article 758191

https://clades.nextstrain.org/
https://clades.nextstrain.org/
https://www.gisaid.org/
https://www.frontiersin.org/journals/virology
https://www.frontiersin.org
https://www.frontiersin.org/journals/virology#articles


Bianco et al. Genome Characterization in Persistent SARS-CoV-2 Infection

FIGURE 1 | Timeline of symptom onset, molecular diagnosis, and sequencing of specimens.

FIGURE 2 | Mutations identified in two specimens analyzed. The mutations identified with a frequency >61.9% in IZSPB_141 (A) and in IZSPB_123 (B) were reported

in the figure. The characteristic mutations of B.1 (identified in at least 75% sequences) were marked with asterisk.

extracted from the cell culture medium. To assess the variational
spectrum of the oro/nasopharyngeal swab specimen (IZSPB_141)
and viral isolates by VeroE6 cell culture (IZSPB_123), whole
genome sequencing of the SARS-CoV-2 samples was performed,
generating 887.638 and 881.046 number of reads, respectively,
of which more than 99% resulted as mapped reads. We
obtain the mean coverage of 5.763x for IZSPB_141 sample and
5.807x for IZSP_123 (Supplementary Table 1). Both SARS-CoV-
2 sequences belonged to Nextstrain clade 20A, GISAID clade G
and Pangolin lineage B.1 (Supplementary Table 2). We detected
a total of nine mutations, of which six were shared between
the two reconstructed viral sequences (Figure 2). Among the
six mutations, two did not result in any amino acid change,
while the remainingmutations were non-synonymous variations.
Interestingly, the sequence of SARS-CoV-2 isolated from VeroE6
cells harbored three additional mutations, namely C24117T –
Spike (S) A852V; C17326T – ORF1b P1287S; C27710T - ORF7a
A106V. In particular, mutation (S A852V) was detected in
other 84 SARS-CoV-2 sequences available in GISAID database,
as per July 28th 2021. Additionally, searching among available
sequencing in GISAID database we detected four additional

amino acid changes in the same protein position (i.e. A852G;
A852S; A852T; A852E). All the nucleotide variants described
were predicted by Nextclade tool, thus present in the consensus
sequence of the viral genome analyzed and were detected with
a frequency >61.9% by LoFreq. When we considered all the
variants predicted with a lower frequency than 61.9%, we
detected a total of 46 additional variants in IZSPB_141 and
32 additional variants in IZSPB_123 (Supplementary Table 3).
Among these, only 8 variants were common in the two sampling;
six variants were reported in Figure 2, while two variants were
detected with very low frequency between 1.4 and 0.7%.

DISCUSSION

We reported the case of long persistent SARS-CoV-2 infection in
a diabetic patient affected by NHL. The patient initially showed
modest typical COVID19 symptoms (i.e., acute respiratory
failure) and later became asymptomatic and finally his swab
resulted negative after 3 months of infection. Although, the
serological assay resulted negative, the clinical condition of the
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patient was not severe. This finding disagreed with previous
studies that reported an increased severity and mortality SARS-
CoV-2 infection in adult immunosuppressed patients compared
with immunocompetent adults (16, 17). Two infusions of IVIg
were administered 2 months after the start of infection. SARS-
CoV-2 genome analysis showed that the virus isolated from the
oro/nasopharyngeal swab specimen and viral cell line isolates,
collected in different times, belong both to pangolin lineage B.1.
The two genomes analyzed shared six mutations compared to
the reference genome NC_045512.2; however the strain isolated
from cell culture harbored three additional mutations. Among
these, we noticed a non-synonymous mutation (S A852V) in the
gene encoding the Spike protein (S gene), that mediates receptor
binding and fusion of the viral and cellular membrane (18),
thus determining the ability of the virus to infect the cells and
its transmissibility in the host (19). To date, several mutations
in the S gene were reported, but it is still unclear whether
these variations could influence viral infectivity, transmissibility
or immune response (20). The mutation described here (S
A852V) was searched in all SARS-CoV-2 genomes available in
GISAID database. We detected the same amino acid change in
a total of 84 strains. Interestingly, this locus is a polymorphic
site, since we found other four additional amino acid changes:
hcov S A852G (13 strains); hcov S A852S (186 strains); hcov
S A852T (13 strains); hcov S A852E (5 strains). Other two
mutations in the same strain, isolated from cell culture were
found in genomes already collected in GISAID: specifically,
ORF1b P1287S was identified in 83 samples, while ORFa
A106V was identified in 21 samples. Nevertheless, the co-
segregation of the three variations was found for the first time
in our sample. The investigation of the occurrence of these
mutations among our two oro/nasopharyngeal samples was not
straightforward, since the cultured strain (IZSPB_123) derived
from a different oro/nasopharyngeal swab and was sampled
about 2 months after the first one (IZSPB_141). Thus, we
cannot assess whether these mutation events occurred before
or after cell culture, but certainly following the first sequenced
virus sample. Viral population diversity was influenced by
several factors, e.g., replication fidelity (21, 22). The mutation
frequency in SARS-CoV-2 populations is strongly influenced by
negative and positive selection pressures (23). Virus replication
rates directly impact the accumulation of mutations in the
viral genome, enabling the existence of a viral quasispecies (a
swarm of different, yet highly related, viral entities) within an
infected host (24–26). Thereby, a single swab obtained from
an individual or patient can contain different molecules of
viral RNA, thus a different level of diversity. This scenario
can exert a range of effects on viral fitness (27, 28). Based
on this concept, we investigated the presence of mutations
with a low frequency in our strains. The aim of this analysis
was to determine whether the additional variants identified
in sample IZSPB_123 were already present in the previously
sequenced genome IZSPB_141 with a frequency <2%. Among
the tally of identified mutations, only two were carried in
both strains with an allele frequency <1.5%. However, we
could not detect in IZSPB_141 the three variations identified
in the IZSPB_123 strain. This result suggests two hypotheses:

a) the three mutations identified in IZSPB_123 but not in
IZSPB_141, may have arisen as a consequence of the in vitro
growth of the virus; b) the mutations identified in IZSPB_123
may have arisen de novo after the first diagnosis of SARS-
CoV-2 infection. According to the first hypothesis there is
evidence to indicate the occurrence of new variations during
virus passage in VeroE6 cells (29). The three mutations identified
in IZSPB_123 could not be found in any viral genome from
Apulia or Basilicata available in the GISAID database, whose
sequencing was carried out in our Laboratory following the
isolation in VeroE6 cells. Conversely, the latter hypothesis
is supported by the finding of the same mutations in other
viral samples (none isolated from cells), suggesting that these
variations did not are due to amplification errors in sequencing.
Thus, these mutations may be the expected result of the constant
mutation of SARS-CoV-2, which might be more noticeable in
cases of persistent infection. Further studies are required to
understand the role of these mutations in COVID-19 ethology
and spread.

In conclusion, our findings support the concept that intra-
host genetic variations occurs in SARS-CoV-2, especially
when the infection is persistent, suggesting that these
mutations, in combination with the clinical phenotype of
the host, can potentially influence the natural history of the
viral infection.
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