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Letter

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection is usually self-limiting. How-
ever, several evidences suggest the possibility of pro-
longed viral shedding and re-infection, giving rise to
doubt on transmission potential and immunity pro-
tection [1,2]. Here we report the case of SARS-CoV-
2 evolution and re-emergence three months after
recovery presenting prolonged absence of humoral
response and high production of virus-induced IFN-γ.

In March 2020 a woman whit history of follicular
lymphoma successfully treated with obinutuzumab
plus cyclophosphamide, doxorubicin, vincristine,
and prednisone (G-CHOP), was hospitalized with
pneumonia: the Real-Time PCR (Allplex™ 2019-
nCoV Assay; Table S1) performed on nasopharyngeal
swab (NPS) revealed SARS-CoV-2 infection. Given
persistence of fever, headache, cough and bilateral
bronchial thickening, the subject was moved to
Sacco Hospital Infectious Disease ward and then dis-
charged on April 28th, after two negative NPSs and
conditions amelioration (Figure S1).

However, due to fever reappearance, the patient
required a new hospitalization on May 6th. The
chest x-ray showed interstitial inflammation and
Computer Tomography (CT) scan with contrast high-
lighted ground glass opacities in chest and hilar and
mesenteric adenopathy, compatible with the previous
lymphoma, while NPSs resulted negative for SARS-
CoV-2 RNA. A ciprofloxacin 250 mg bis in die treat-
ment was administrated due to urinary tract infection,
switched to amoxicillin/clavulanic acid considering
E. feacalis isolation and antibiotic sensitivity test.
Moreover, bronchoalveolar lavage fluid (BALF) was
positive for both Aspergillus antigen and SARS-

CoV-2 RNA and a voriconazole plus piperacillin/tazo-
bactam regimen was started. Since chest CT showed
COVID-19 pulmonary picture, IL-6 concentration
and SARS-CoV-2 RNA in plasma were evaluated, as
indicators of negative prognosis: viral RNA was not
present, while a high IL-6 concentration was found
(56 ng/L, reference value <7 ng/L); in addition, both
anti-SARS-CoV-2 IgG and IgM tested negative
(iFlash-SARS-COV-2 IgM/IgG Antibody Test; Table
S1), also considering a B cells count of 0.001 103

cells/µL (Table S2). After improvement of clinical con-
ditions and two negative NPSs the patient was dis-
charged on 11th June.

In September the woman had another ER access,
with fever and cough and chest x-ray showing right
lung upper lobe involvement and lobular thickening,
requiring hospitalization. The new NPS resulted posi-
tive for SARS-CoV-2 RNA, while no seroconversion
was found (IgG <3.8 AU/mL, LIAISON® SARS-CoV-
2 S1/S2; Table S1), even in December and January
(Figure S1).

Given the possibility of re-infection, further inves-
tigations were conducted. Viral isolation in Vero E6
cells was attempted: after 72 h of cultivation, three
out of five samples showed a cytopathic effect (CPE)
and a diminution in Ct values was observed perform-
ing the Real-time PCR on cell culture supernatants
(Table S3). The March (T1-NPS) and September
(T3-NPS) NPSs, BALF (T2-BALF) and viral super-
natants (T1-CS and T3-CS) were used for Whole Gen-
ome Sequencing (WGS) with CleanPlex® SARS-CoV-2
Panel (Paragon Genomics, Inc. USA), mapping reads
against theWuhan reference genome (GenBank acces-
sion number: NC_045512.2) and assigning lineages
with Pangolin COVID-19 Lineage Assigner software
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(https://cov-lineages.org/pangolin.html): T1-NPS and
T2-BALF isolates were attributed to B.1 lineage,
while T3-NPS to B.1.235 one. Comparing T1, T2,
and T3 sequences, accumulation and parallel loss of
mutations were detected, as exemplified by S-gene:
D614G was conserved among all viruses, I1179 T
and I1210 T were present in T2-NPS only, while
A222 V in T3-NPS (Table S4). Occurrence of re-infec-
tion was thus supposed and a phylogenetic analysis
was performed: an alignment was created including
patient’s sequences, isolates of first and second epi-
demic waves, two B.1.235 and SARS-CoV-2 reference
(Table S5); genetic correlation was inferred in MEGA
X (statistical method: Maximum Likelihood, model:
Hasegawa-Kishino-Yano, Bootstrap replicates: 1000),
returning a patient’s sequences self-standing clade
with no other sequence, neither B.1.235 ones supposed
to cluster with T3-NPS (Figure 1).

Phylogenetic and mutational data suggested that
the first infection virus persisted and gradually
evolved, probably favoured by long-lasting

immunodepression, even after vaccination. In fact,
on February 2021 the patient received BNT162b2
(Comirnaty) and vaccine response was evaluated
measuring serum anti-S1/S2 antibodies (Abs) on
March 12th, April 30th and June 23rd, and anti-
RBD Abs (LIAISON® SARS-CoV-2 TrimericS IgG;
Table S1) on November 5th. Specific CD4+ and
CD4+/CD8+ T-cell mediated response was evaluated
too, quantifying IFN-γ release (Quanti-FERON
SARs-CoV-2; Table S1), after in-vitro T-cell stimu-
lation with viral peptide pools. Absence of anti-S1/S2
and anti-RBD Abs was detected, while strong specific
T-cells mediated response was present: IFN-γ values
were Ag1 = 2.32 IU/mL, Ag2 = 2.76 IU/mL and Ag3
= 4.6 IU/mL (Figure S1) [3–5].

Discussion

Here we presented the case of a patient experien-
cing a second SARS-CoV-2 infection, after complete
remission and virus undetectability, suggesting

Figure 1. Phylogenetic tree showing relationship between patient’s sequences and other viral isolates. Phylogenetic analysis
revealed a close relationship between patient’s viral sequences (green circles), forming a small cluster with no further sequence:
purple circles refer to first epidemic wave isolates, as T1-NPS and T2-BALF, while orange to the second one as T3-NPS. No corre-
lation was found with B.1.235 virus (green triangles), SARS-CoV-2 reference sequence, nor German and Italian patients 1 (light-
blue circles).
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possible reinfection favoured by protective Abs
absence. Such hypothesis was supported by the
detection of different lineages and quite divergent
mutational patterns between the viruses sustaining
the two infections. However, the phylogenetic
analysis revealed that viral sequences clustered
together excluding any other one, even those
belonging to the B.1.235 lineage, suggesting viral
persistence and intra-host evolution. Such phenom-
enon had been already described for well-studied
pathogens, such as HIV, HCV, HCMV [6–8] and
viral quasi-species production and compartmentali-
zation had been described for SARS-CoV, MERS-
CoV, and SARS-CoV-2 [9,10]. The wide expression
in many tissues of SARS-CoV-2 receptor Angioten-
sin-Converting Enzyme 2 (ACE-2) would allow the
virus to potentially replicate, hide, and persist in
multiple organs, especially if lack of immune
response occurs. Obinutuzumab, used for follicular
lymphoma treatment, induces a B cell depletion,
that could last for several months even after discon-
tinuation, preventing antibodies production and
allowing virus replication, as also demonstrated by
CPE in September cell culture [11]. The effects of
persistence and evolution can be multiple. The con-
tinuous stimulation of CD4 and CD8 cells could
have induced sustained anti-SARS-CoV-2 IFN-γ
production: the values here reported were consider-
ably elevated when compared to those obtained in
infection-naive subjects 90 days after second vaccine
dose administration; however, the T-cells response
seemed inadequate for virus clearance in neutraliz-
ing Abs absence [5]. Viral replication under multi-
factorial stimulation (i.e.: concomitant infections,
comorbidities therapy), could lead to intra-host
evolution and emergence of new virus, impairing
antibodies neutralization, as evidenced in HIV vire-
mic patients [12,13]; moreover, some researchers
speculated that this mechanism could drive SARS-
CoV-2 variants generation, given that Omicron
one emerged in a population with a high pro-
portion of untreated HIV patients [14].

In conclusion, the present case underlines how
immune-depressed patients can experience long-lasting
SARS-CoV-2 infections, that could result in the emer-
gence of viruses with new and potentially challenging
characteristics, as exemplified by the so-called Variants
of Concern; moreover, joint evaluation of antibodies
and specific T-cell responses is fundamental to study
and manage infection in this setting of patients: persist-
ent absence of neutralizing Abs is likely and it may be
not balanced out by T-cells response.
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