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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is caused
by a respiratory virus with a wide range of manifestations, varying from asymptomatic
to fatal cases, with a generally short outcome. However, some individuals present
long-term viral shedding. We monitored 38 individuals who were mildly affected by
the SARS-CoV-2 infection. Out of the total studied population, three (7.9%) showed
atypical events regarding the duration of positivity for viral RNA detection. In one of
these atypical cases, a previously HIV-positive male patient presented a SARS-CoV-2
RNA shedding and subgenomic RNA (sgRNA) detected from the upper respiratory tract,
respectively, for 232 and 224 days after the onset of the symptoms. The SARS-CoV-2
B.1.1.28 lineage, one of the most prevalent in Brazil in 2020, was identified in this patient
in three serial samples. Interestingly, the genomic analyses performed throughout the
infectious process showed an increase in the genetic diversity of the B.1.1.28 lineage
within the host itself, with viral clearance occurring naturally, without any intervention
measures to control the infection. Contrasting widely spread current knowledge, our
results indicate that potentially infectious SARS-CoV-2 virus might be shed by much
longer periods by some infected patients. This data call attention to better adapted
non-pharmacological measures and clinical discharge of patients aiming at preventing
the spread of SARS-CoV-2 to the population.
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INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in Wuhan, Hubei
province, China, in late December 2019 (1-3) causing highly transmissible respiratory infection and
acute disease in humans. The SARS-CoV-2 (family Coronaviridae, genus Betacoronavirus) quickly
spread over a large geographical area (4), impacting a global scale in terms of morbidity, mortality,
and economic impact. The first diagnosed SARS-CoV-2 patient in Brazil occurred on February 26,
2020 (5). The virus rapidly started its community circulation process caused by multiple lineages in
a short period in all Brazilian states (6), and distinct viral lineages were identified (6-8).

Frontiers in Medicine | www.frontiersin.org

1 November 2021 | Volume 8 | Article 760170


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2021.760170
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2021.760170&domain=pdf&date_stamp=2021-11-26
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:marieltondospassos@gmail.com
mailto:paola.minoprio@pasteur.fr
https://doi.org/10.3389/fmed.2021.760170
https://www.frontiersin.org/articles/10.3389/fmed.2021.760170/full










Cunha et al.

Atypical Prolonged SARS-CoV-2 Shedding

FIGURE 2 | Frequency of each symptom of the Coronavirus Disease 2019 in the 38 SARS-CoV-2 positive patients. Normalized frequency considering the presence
of the symptom with the lowest (n = 1) and highest (n = 26) value, to values between 0 and 1. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

around 85% of inhibition persisted during the sampling period
(Figure 3D). In accordance, a perfect correlation was observed
between the peaks of serum neutralizing antibodies and the
decrease of the viral charge at the beginning of the asymptomatic
period and the negative amplification of the envelope gene by
RT-qPCR every since.

Among all NP-OP positive samples, the genomic monitoring
was performed in three positive samples of this patient to
perform genomic sequencing, one at the beginning (collection
date = 27-Apr-2020), one at the middle (collection date =
August 18, 2020), and one at the end (collection date =
December 1, 2020) of the positivity period, all of them been
chosen based on the combination of Ct values and period of
infection (Figure 4). We obtained a complete genome for the
first one, and for the other two samples only partial genomes.
All sequences were characterized as lineage B.1.1.28. The last

sequenced sample (collection date = December 1, 2020) had
low coverage and was discarded from the phylogenetic analysis.
The two sequences included in the phylogenetic studies were
grouped in a monophyletic group when compared to other
sequences isolated in Sao Paulo, Brazil for the same lineage
and diversified between the first and the last atypical patient’s
harvestings, suggesting a within-host evolution of the SARS-
CoV-2 (Figure 4).

DISCUSSION

The clinical manifestations induced by SARS-CoV-2 vary from
a broad spectrum of symptoms, ranging from asymptomatic
or mild-to-severe cases of COVID-19 (28-31). In autopsy
investigations, the SARS-CoV-2 was identified in several organs,
such as the lung, heart, and kidney (31). The viral infection
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FIGURE 3 | Timeline infection of the atypical studied patient with prolonged detection of viral RNA. (A) Schematic figure containing the diagnostic points, harvesting,
and symptoms over time. (B) Cycle threshold to the Envelope gene of the SARS-CoV-2 according to the timeline of infection, as determined by RT-gPCR. The NP-OP
swabs positive to the detection of subgenomic RNA are indicated by the dashed circle. (C) ELISA data showing the detection of IgA and IgG specific anti-
SARS-CoV-2 nucleocapsid according to the timeline of infection. (D) Inhibition of the SARS-CoV-2/ACE2 ligation mediated by receptor-binding domain by neutralizing
antibodies, according to the timeline of infection. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; NP-OP, nasopharyngeal-oropharyngeal; ELISA,
enzyme-linked immunosorbent assay.
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FIGURE 4 | Maximum likelihood phylogenetic tree for SARS-CoV-2 lineage B.1.1.28 based on full-length genome sequences (1 = 56). The sequence NC_045512.2
was used as an outgroup to reroot the tree and the nodes are labeled with bootstrap support values higher than 50. The two sequences obtained from the atypical
patient are highlighted in yellow. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

has been associated with respiratory, gastrointestinal, hepatic,  distress syndrome, multiple organ failure, and death in severe
cardiac, renal, and neurological dysfunctions (30, 32), which  cases (30, 32, 33). The dysfunctions induced by COVID-19 are
leads to a multisystem inflammatory disease, acute respiratory =~ manifested by signs and symptoms, which when well elucidated
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can be crucial to the clinical diagnosis and treatment (34). Initial
descriptions of the average period of vRNA presence in samples
of the patients who survived the infection are around 20 days,
although other studies have identified atypical cases that can last
up to 154 days (11, 12).

In the present study, the duration of positivity to SARS-
CoV-2 by RT-qPCR was not statistically significantly different
comparing biological sexes, with an average of 33.34 days for
males and 22.67 days for females. However, one outlier was noted
within the female group and two males. One male outlier patient
remained detectable for SARS-CoV-2 for 232 days from the onset
of symptoms. It is worth noting that a suggestive replicative viral
activity observed in this particular patient was detectable at least
until 224 days after the beginning of the infection, with lower
Ct values even in advanced phases of the COVID-19 what may
be of epidemiological significance in terms of transmission. This
was clearly shown by the correlation between the detection of
both sgRNA and the genomic envelope gene of SARS-CoV-2
(Supplementary Figure 2). Although the clinical and molecular
conditions caused by viruses characterized as acute infections are
generally quickly resolved, some of them can cause a long-lasting
infection in mild (35) or severe conditions (36), and the impact
in transmissibility and pathology still needs to be understood.
Thus, it is very important to clarify whether a prolonged vRNA
shedding is correlated to the clinical outcome of the infection, or
yet to the condition of the patients, such as immunosuppressive
states or occurrence of comorbidities.

The serological data of the atypical individual analyzed here
above indicated that during the period of molecular vVRNA
detection, it was possible to detect specific IgA and IgG antibodies
against SARS-CoV-2 Nc antigen. These data are compatible with
the development of a humoral immune response raised against
the virus very early after infection. Our results showed that both
IgA and IgG anti-SARS-CoV-2 were already present in the first
collected serum sample, 20 days after the onset of the symptoms.
As with other viral infections (37, 38), the detection of serum
IgA antibodies was limited in time, while the presence of IgG
antibodies could be identified in the serum for long periods
and present during the entire period of the study. Additionally,
from the beginning of the sera collection, we identified the
presence of total neutralizing antibodies (which can be of all
immunoglobulin classes), with fluctuations during sampling.
Despite an unrestrained innate immunity that can account for
virus clearance at the beginning of acute infections (39), the
specific responses observed here may reflect an early attempt of
the immune system to control the viral infection by the induction
of a robust neutralizing humoral immune response.

On top of the development of humoral and cellular immune
responses, viruses escape from other immunological barriers
imposed to clear the infection. Usually, to avoid an immune-
mediated viral clearance, viruses frequently use a combination of
several different strategies to subvert recognition by the immune
system, such as (i) settling latent infections, (ii) replicating in
immune-privileged sites, (iii) downregulating the expression of
immune recognition signals on the surface of infected cells,
or (iv) undergoing antigenic variation or else mechanisms
for suppressing the immunological response (40). Possibly, a

combination of one or more of these mechanisms could explain
the prolonged viral shedding in the studied patient.

Nevertheless, the integration of the reverse-transcribed RNA
into the genome of cultured human cells with the possibility of
being expressed in tissue cells derived from humans seems to be
an explanation, contradictorily proposed to clarify the persistent
detection of SARS-CoV-2 RNA after COVID-19 recovery (41).
This hypothesis does not seem to be the case of the outlier
male patient studied here, since (i) we showed that sgRNA, a
molecular marker for active SARS-CoV-2 replication (42, 43)
was found during the long-term infection, (ii) there was a
fluctuation in the levels of virus neutralization over time possibly
characterizing the dynamics of the humoral immune response
directed to the RBD antigen that binds to the human ACE2
receptor and yet, and (iii) the genetic divergence accumulated
throughout the viral infection process (Figure 4) indicating an
intra-host evolution over time. In addition, although the viral
shedding was prolonged, the elimination of the viral infection
was ultimately observed.

Conversely, since the outlier male patient studied here is
seropositive for HIV since 2018, it could be hypothesized that
this comorbidity would be impacting an appropriate immune
response against SARS-CoV-2 through possible mechanisms of
immunosuppression. It is worth noting that the differential
lymphocytic markers to monitor HIV infection of this patient
were consistently normal since the beginning of the antiretroviral
therapy in 2019. Still, in-depth implications of HIV infection
on the overall functioning of the immune system, even in
treated individuals, are not fully comprehended (44), and data
published elsewhere show that during the acute phase of HIV,
there is a critical loss of memory CD4" lymphocytes mainly
in lymphoid tissues (45), which are critical to the maintenance
of a fully competent immune system. The post-effects of this
massive CD4™" loss may range to increased cell turnover and
disrupted activation/differentiation and maturation of immune
system cells, possibly due to indirect effects of the HIV replication
(44, 46). Also, post-acute phase HIV causes a dramatic skewing
of the lymphocyte population that is not fully recovered
after effective antiretroviral treatment (47), possibly due to a
decreased thymic functioning and HIV-induced lymph nodes
architecture changes (48) that may impact innate and adaptive
immune responses.

Thus, it remains to be concluded how the effects of
HIV infection could be impacting positively or negatively the
clearance of the SARS-CoV-2. In this sense, it is well recognized
that an appropriate cell-mediated immune response mediated
by the activation of CD4" and CD8" T cells producing class I
interferon, i.e., interferon (IFN)-a and IFN-B, and the activation
of B cells producing neutralizing antibodies are associated with
a favorable clinical outcome of COVID-19 (49-52). However,
other data have correlated HIV treatments to the increased
incidence of diabetes mellitus, hyperglycemia, and drug-altered
metabolism (53), known as rather enhancing the SARS-CoV-
2 replication (54). Altogether, our data suggest that if the
previously existing HIV-positive status is somehow related to a
prolonged infection, it may instead be favoring the emergence of
new variants.
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Finally, since the severity of the clinical condition of
patients with COVID-19 or the resistance status to the
infection is previously shown to be associated with a genetic
background of the host (55, 56), it could also be hypothesized
that the prolonged viral shedding is related to the host
genetic environment. Still, genetic factors associated with the
SARS-CoV-2 viruses or specific for certain viral lineages
could certainly influence viral shedding. Other linked factors
to the host, such as age, other comorbidities association,
nutritional state, and previous exposure to different pathogens,
could interfere with such a differential behavior of the
SARS-CoV-2 during the infectious process and affect healing
and transmission.
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