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Abstract: Clinical or microbiological factors potentially associated with prolonged COVID-19 PCR
positivity are still poorly underexplored, but they could be of importance for public-health and clinical
reasons. The objective of our analysis is to explore demographic, clinical, and microbiological factors
potentially associated with a prolonged positivity to SARS-CoV-2 among 222 hospitalized patients.
Prolonged detection positivity for SARS-CoV-2 RNA in swap samples, defined as positivity more
than 21 days, was the outcome of interest. The 56 cases with a prolonged positivity to SARS-CoV-2
were matched for age and sex with 156 controls. The cases reported a significantly higher presence
of diabetes mellitus, autoimmune diseases, chronic kidney diseases, and acute coronary syndrome.
Moreover, the viral load was significantly higher in a period of prolonged positivity compared to
a normal period. In the multivariable analysis, the presence of autoimmune diseases and chronic
kidney disease were significantly associated with an increased risk of prolonged positivity as well
as medium viral load or high viral load, i.e., low Ct value < 30 indicating high viral load. The
results of this study confirmed that in a large population of hospitalized patients with COVID-19
manifestations, the prolonged positivity of SARS-CoV-2 detection with nasopharyngeal swab was
mainly related to autoimmune diseases, chronic kidney disease, and to baseline viral load.

Keywords: COVID-19; prolonged positivity; viral load; autoimmune disease; chronic kidney disease

1. Introduction

The COVID-19 epidemic started from Wuhan city in China toward the end of Decem-
ber 2019, and it was caused by a newly emerging virus [1]. Genetic studies have revealed
that the novel coronavirus, known as SARS-CoV-2, belongs to the Coronaviridae subfamily.
This family also includes other viruses, like severe acute respiratory syndrome coron-
avirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV) [2,3].
SARS-CoV-2 causes coronavirus disease 2019 (COVID-19), a respiratory disease, that WHO
declared a public health emergency in January 2020 and later recognized as a global pan-
demic in March 2020 [4]. The COVID-19 has upended the daily life of individuals around
the world, with historic numbers of cases and deaths, between patients and healthcare
personnel, due to its high virulence and contagiousness [5]. COVID-19, by its nature, often
leads to complications such as pneumonia, multiple organ dysfunction, renal failure, and
acute respiratory distress syndrome [6].

By the end of December 2020, the COVID-19 pandemic had caused more than
67.8 million confirmed cases across 215 countries, leading to over 1.5 million fatalities.
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The global impact of the virus was profound, affecting public health systems and commu-
nities worldwide [7].

An infected person can generate droplets that are smaller than or equal to 10 pm.
These smaller droplets have the potential to travel more than one meter; in contrast, larger
droplets, produced during activities like coughing or speaking, do not typically spread
beyond approximately one meter, due to gravity. In the first case the route is airborne
transmission by aerosol, and research has shown that SARS-CoV-2 can remain viable in
aerosols for extended periods, allowing it to spread rapidly across significant distances.
Additionally, person-to-person transmission occurs through respiratory droplets containing
virus particles during close contact, and via contact with contaminated surfaces. COVID-19
transmission can occur from both symptomatic patients and asymptomatic carriers [8,9].
In the older population and immunocompromised patients, SARS-CoV-2 often infects the
lower respiratory tract and, in some cases, it can cause fatal pneumonia with symptoms
such as cough, fever, dyspnea, myalgia, and sometimes with diarrhea [10]. The gold
standard diagnostic test for SARS-CoV-2 since the start of the pandemic has been the
Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR), which detects viral RNA. The
adoption of nasopharyngeal swabs for SARS-CoV-2 testing has undeniably contributed to
more effective control of COVID-19 transmission [11]. During the COVID-19 pandemic, we
observed that certain clinical conditions result not only in a poor prognosis but also lead to
an extended disease course [12]. The persistence of a positive PCR test in patients does not
definitively indicate the presence of live virus—maybe it could reflect residual viral RNA
from inactive or dead virus particles [10].

The literature shows that there are various risk factors for long-term positive SARS-
CoV-2 infection, such as age over 70, hypertension, the presence of type 2 diabetes mellitus
(T2D), obesity, ischemic heart disease, chronic renal insufficiency, hematologic diseases,
autoimmune diseases, immunosuppression, and chronic liver and neurological condi-
tions [13-19]. Hypertension delays SARS-CoV-2 viral clearance and exacerbates airway
hyperinflammation in the respiratory tract [1]. Immunosuppressed conditions include
cancer, HIV, and patients with solid organ transplants (SOT) [17,20]. Patients with cancer
are highly vulnerable to COVID-19 and its most harmful effects, due to the immunosup-
pression from their disease and treatments [21]. Age is a significant risk factor for a longer
duration of positivity to COVID-19 [14]. Older individuals, especially those above 70 years
of age, have been consistently shown to experience more severe illness and prolonged viral
shedding compared to younger individuals [14]. Several factors contribute to this increased
susceptibility and prolonged positivity among older adults: a weakened immune response:
underlying health conditions, reduced lung function, and delayed immune response [14].
As people age, their immune systems tend to weaken, making it harder for their bodies to
fight off infections effectively [14]. This can result in a longer duration of viral shedding
and a prolonged illness course. Older adults are more likely to have underlying health
conditions, such as heart disease, diabetes, and respiratory issues, which can exacerbate the
COVID-19 symptoms and prolong recovery. Age-related changes in lung function, such as
decreased elasticity and reduced efficiency of gas exchange, can make older individuals
more vulnerable to respiratory infections like COVID-19 [14]. Prolonged viral shedding
may occur due to the slower clearance of the virus from the respiratory tract [14]. Older
adults may have a higher initial viral load upon infection, which can lead to a more severe
illness and a longer duration of viral shedding [14]. Aging can also result in a slower
immune response to viral infections, prolonging the time it takes for the body to clear the
virus [14].

These patients, as well as being at increased risk of having a protracted COVID-19
infection, are also more likely to have more severe disease consequences than people with-
out the same comorbidities [22-24]. The introduction of vaccines represents a significant
milestone in managing SARS-CoV-2 infection. Vaccination has led to decreased disease
severity and better outcomes [25]. This impact is particularly crucial for immunosuppressed
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patients, who often face a more challenging prognosis and limited response to conventional
treatments [25].

However, the literature available so far, was made up of studies with a limited
sample size.

Given this background, our analysis aims to assess the impact of several clinical and
microbiological risk factors on COVID-19 PCR positivity in a large cohort of hospital-
ized patients in the “COVID Internal Medicine Department of University Hospital Paolo
Giaccone” in Palermo, Italy from September 2020 to September 2022.

2. Materials and Methods
2.1. Study Population

All patients aged >18 years and hospitalized in the University Hospital (Policlinico)
‘P. Giaccone’ in Palermo, Sicily, Italy were enrolled from September 2020 to September
2022 [26]. The study was approved by the Local Ethical Committee during the session of
the 28 April 2021 (number 04/2021).

2.2. Virological Investigation: Detection of SARS-CoV-2 Genome and Variants

All nasopharyngeal or oropharyngeal samples were analyzed for SARS-CoV-2 RNA
using the available commercial multiplex real-time PCR assay as part of routine diagnostic.
Virological investigation was conducted in accordance with the manufacturer’s instructions
as follows: Seegene Allplex SARS-CoV-2 Assay, four-target assay for E, N, and S/RpRd
genes (Seegene Allplex, Seoul, Republic of Korea); Roche Cobas, SARS-CoV-2 test, dual-
target assay for ORFla/b and E genes (Roche Cobas, Monza, Italy); DiaSorin Simplexa,
dual-target assay for S and ORFla/b genes (DiaSorin, Saluggia, Italy); SARS-CoV-2 ELITe
MGB® Kit dual-target assay for RNA-dependent RNA polymerase (RdRp) (ELITech, Torino,
Italy) and ORF8 genes and Xpert® Xpress SARS-CoV-2 three-target assay for E, N and
RARP genes (Cepheid, Milan, Italy). The Ct value of real-time PCR assays was used as a
proxy measure of viral load (low Ct value < 30 indicating high viral load).

2.3. Outcome: Prolonged Positivity to SARS-CoV-2

The outcome of interest was the prolonged detection of SARS-CoV-2 RNA in swap
samples, defined as positivity, independently from severity, more than 21 days [12]. Partici-
pants having a positivity less than 21 days were used as controls.

2.4. Factors Potentially Associated with Prolonged Positivity to SARS-CoV-2

Other than demographic characteristics, such as age and sex, based on the previous
literature we included as clinical factors the presence of pneumonia (defined using radiolog-
ical and clinical information) and the presence of relevant chronic medical conditions [12].
In particular, the literature has suggested that diabetes mellitus, cancer (solid), autoimmune
diseases, chronic kidney disease, coronary acute syndrome, and leukemias/lymphomas are
the most relevant factors [14-18]. Even if we thought to include AIDS as potential factor,
no one of the participants included suffered from this condition. HIV antibodies, when
assessed in cases and controls, were negative in all the patients.

2.5. Statistical Analysis

Before conducting the analysis, all patient records and information were anonymized
and de-identified. Continuous variables were assessed for normal distribution using the
Kolmogorov-Smirnov test. Subsequently, we reported means and standard deviation (SD)
values for quantitative measures, while categorical variables were expressed as percentages.
This analysis was stratified based on prolonged positivity or lack thereof for SARS-CoV-2.
When dealing with non-normally distributed data, we reported the median along with the
interquartile range (IQR). To assess homoscedasticity of variances, we employed Levene’s
test. If the assumption of homoscedasticity was violated, we utilized Welch’s ANOVA. For
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continuous variables, p-values were calculated using Student’s t-test, while for categorical
variables, the Mantel-Haenszel Chi-square test was applied.

The relationship between the factors mentioned before and a prolonged positivity to
SARS-CoV-2 was analyzed using an adjusted logistic regression and reported as odds ratios
(ORs) with their 95%CI (confidence intervals). We assessed collinearity among factors using
the variance inflation factor (VIF), with a threshold of two. However, none of the factors
were excluded based on this criterion. All analyses were conducted using the SPSS 26.0 for
Windows (SPSS Inc., Chicago, IL, USA). In our analysis, all statistical tests were two-tailed,
and we considered statistical significance based on the p-value < 0.05.

3. Results

The 56 cases with a prolonged positivity to SARS-CoV-2 were matched for age
(p = 0.58) and sex (p = 0.24) with 156 controls. The mean age of the patients was 63.9 years
(SD = 16.9, range: 18-96), and mainly females (57.0%). The mean positivity duration to
SARS-CoV-2 in cases was 33 days, versus a mean length of positivity of 10 days in the
control group.

Table 1 shows the main descriptive characteristics, by presence or not of prolonged
positivity to SARS-CoV-2. Among the characteristics explored, the cases did not show
any significant differences in the presence of pneumonia due to COVID-19 (p = 0.30) or
cancer (p = 0.28), but a significantly higher presence of diabetes mellitus (40.0% vs. 25.0%,
p = 0.03), autoimmune diseases (12.3% vs. 4.5%, p = 0.04), and chronic kidney diseases
(21.5% vs. 6.4%, p = 0.001) (Table 1). Moreover, patients with prolonged positivity showed
a significantly higher prevalence of acute coronary syndrome (p = 0.02). Finally, patients
reporting a prolonged positivity reported a higher viral load than the controls (p = 0.02)
(Table 1).

Table 1. Descriptive characteristics by presence or not of prolonged positivity to SARS-CoV-2. The
data were summarized as means and standard deviation (SD) for quantitative measures, while
percentages were used for categorical variables. We calculated the p-values using the Student’s t-test
for continuous variables and the Mantel-Haenszel Chi-square test for categorical variables.

Factor Cases (n = 65) Control (n = 156) p-Value
Age 65.0 (16.1) 63.5 (17.2) 0.58
Female sex 63.1 545 0.24
Pneumonia 72.3 78.8 0.30
Diabetes mellitus 40.0 25.0 0.03
Cancer 13.8 9.0 0.28
Autoimmune diseases 12.3 4.5 0.04
Chronic kidney disease 21.5 6.4 0.001
Coronary acute syndrome 26.2 13.5 0.02
Leukemias/lymphomas 3.1 2.6 0.83
Medium viral load 28.6 214 0.02
High viral load 46.4 31.1 <0.0001

Table 2 shows the multivariate analysis taking as a prolonged positivity to SARS-CoV-
2 as outcome, defined as a positivity over 21 days. Among the factors investigated, the
presence of autoimmune diseases (OR = 3.802; 95%CI: 1.218-11.870; p = 0.022) and chronic
kidney disease (OR = 3.138; 95%CI: 1.231-7.997; p = 0.017) were significantly associated
with an increased risk of a prolonged positivity. At the same time, medium viral load (OR
= 3.280; 95%CI: 1.184-9.089; p = 0.022) and high viral load (OR = 3.631; 95%CI: 1.451-9.087;
p = 0.006) are predictors of prolonged positivity to SARS-CoV-2. On the contrary, the other
factors investigated were not associated with any increased risk of this outcome (Table 2).
Briefly, 16 patients were affected by autoimmune diseases, mainly rheumatoid arthritis
(n = 8), type 1 diabetes (n = 3), and Hashimoto’s disease (n = 5).
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Table 2. Predictors of prolonged positivity to SARS-CoV-2 in hospitalized patients.

Factor Odds Ratio 95%CI Lower  95%CI Higher p-Value
Age 1.000 0.980 1.020 0.972
Female sex 1.752 0.908 3.378 0.094
Pneumonia 0.727 0.357 1.481 0.379
Diabetes mellitus 1.540 0.770 3.077 0.222
Cancer 1.375 0.493 3.836 0.543
Autoimmune diseases 3.802 1.218 11.870 0.022
Chronic kidney disease 3.138 1.231 7.997 0.017
Coronary acute syndrome 1.704 0.750 3.870 0.203
Leukemias/lymphomas 1.347 0.203 8.912 0.758
Medium viral load 3.280 1.184 9.089 0.022
High viral load 3.631 1.451 9.087 0.006

4. Discussion

Persistent positivity detection for SARS-CoV-2 RNA in swap samples has been de-
scribed in patients with a broad spectrum of comorbidities. However, the clinical signifi-
cance of this continuous positivity is not yet clear and thus requires further investigation.
Individual detection of persistently positive PCR tests may not be diagnostically useful or
practical: indeed, it is not possible to establish whether this condition is associated with a
real risk of transmission, since standard lab tests are unable to differentiate between viable
viruses and inactive virus residues within samples collected from a molecular swab. This
could potentially cause confusion among medical professionals for the interpretation of re-
sults, the behaviors to adopt, and the precautions to take. The slow elimination of the virus
is probably due to the inefficacy of the designated mechanisms which can be compromised
in patients suffering from numerous comorbidities, according to the literature available
thus far.

Research efforts should focus on unraveling the mechanisms of viral persistence,
clarifying clinical implications, and developing guidelines for managing patients with
prolonged RNA detection [27]. Collaborative studies can help address the uncertainties
surrounding this phenomenon [27].

Persistent SARS-CoV-2 infections may act as viral reservoirs that could seed future
outbreaks [28], give rise to highly divergent lineages [29], and contribute to cases with
post-acute COVID-19 sequelae (long COVID) [30]. However, the population prevalence
of persistent infections, and their viral load kinetics and evolutionary dynamics over the
course of infections, remain largely unknown [31].

In this observational study involving 221 patients diagnosed with SARS-CoV-2 in-
fection, we identified chronic kidney disease, autoimmune diseases, and viral load as the
primary risk factors associated with persistent infection. Chronic SARS-CoV-2 infections
not only have serious clinical implications for the individuals affected, but also pose a
potential public health risk. Persistently infected hosts can serve as breeding grounds for
new viral variants that may transmit more effectively and evade immunity, complicating
infection control efforts [25]. Aldhaeeifi et al., showed that individuals over 70 years old,
or those with hypertension, hyperlipidemia, obesity, coronary artery disease, or chronic
kidney disease, are more likely to take longer to test negative for COVID-19 after an initial
positive result [6]. Elderly patients and those with coronary artery disease or hypertension
exhibited delayed clearance of SARS-CoV-2 RNA [14]. Going into more detail, Aldhaeefi
et al., suggest that being over 70 years old decreased the likelihood of having a negative
PCR result within four weeks, and Voinsky et al., demonstrated that patients over 30 years
old require significantly more time to achieve their first negative PCR result compared
to those under 30 years old [15]. The study underscores the influence of demographics
and comorbidities on the duration of PCR positivity for COVID-19 in nasopharyngeal
swabs among hospitalized patients; this insight can inform clinical practice and guide
patient management during the pandemic [13,32]. Patients with coronary heart disease
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(CHD), decreased albumin levels, and delayed antiviral therapy experienced delays in
clearing SARS-CoV-2 RNA [33]. Despite many reports of more severe COVID-19 illness in
individuals with diabetes or obesity, there are limited data on whether people with T2D or
obesity take longer to clear the virus, as shown by the persistent SARS-CoV-2 positivity
in respiratory secretions [14]. Obesity could exacerbate the severity of the disease, due
to the increased vulnerability of the population and the well-documented mechanical
restrictions imposed by high body weight on the dynamics of the respiratory system [14].
The expiratory reserve volume is one of the earliest parameters affected [14]. Moreover,
obesity is associated with decreased airflow, increased airway hyperresponsiveness, and
a higher likelihood of developing conditions like pulmonary hypertension, pulmonary
embolism, respiratory tract infections, obstructive sleep apnea, and obesity hypoventilation
syndrome [14,34]. Ultimately, the physiological changes caused by obesity can lead to
either hypoxic or hypercapnic respiratory failure [35]. Moriconi et al., conducted a study on
the duration of viral shedding among 100 consecutive COVID-19 patients (29 of whom had
obesity) admitted to Cisanello Hospital in Pisa, Italy, from 16 March to 15 April 2020 [15].
Patients with obesity showed elevated levels of circulating ferritin, C-reactive protein
(CRP), and tumor necrosis factor-a (TNF-a) upon admission. They also experienced longer
hospital stays and required more time, compared to non-obese subjects, to test negative
for SARS-CoV-2 by PCR in nasal/oropharyngeal swabs (19 & 8 days versus 13 £ 7 days,
respectively) [15]. The pathogenetic mechanisms associated with these conditions seem to
be linked, at least partially, to chronic, low-level inflammatory exposure, commonly associ-
ated with adipose tissue accumulation. This inflammatory environment often contributes
to the development of metabolic and cardiovascular complications [15]. Patients with
chronic kidney disease (CKD) are recognized to possess an altered immune environment,
potentially leading to delayed viral clearance [35]. Among several predisposing factors,
individuals with CKD may exhibit compromised immune systems and other underlying
health conditions, such as hypertension and diabetes, known to elevate the risk of severe
illness from COVID-19 [35].

People with diabetes who contract SARS-CoV-2 face higher risks of hospitalization,
severe pneumonia, and mortality compared to those without diabetes [36,37]. Persistent
high blood sugar levels can weaken both innate and humoral immunity [38,39]. Addition-
ally, diabetes is linked to a low-grade chronic inflammatory state, which can lead to an
exaggerated inflammatory response and increase the risk of developing acute respiratory
distress syndrome [38,39]. Recent evidence indicates that SARS-CoV-2 can directly dam-
age the pancreas, potentially worsening hyperglycemia and even triggering the onset of
diabetes in individuals who were not previously diabetic [38,39].

A cross-sectional observational study involving 138 patients admitted with SARS-
CoV-2 infection at two major regional hospitals in Scotland, UK, investigated the median
time until two consecutive negative nasopharyngeal swabs for SARS-CoV-2 in an inpatient
population [16].

Patients with chronic kidney disease (CKD) hospitalized with SARS-CoV-2 take longer
to achieve consecutive negative results on nasopharyngeal swab reverse transcription-
polymerase chain reaction (RT-PCR) tests compared to those without CKD [8]. Several
studies have identified CKD as a risk factor for severe outcomes following SARS-CoV2
infection [16]. Recent studies have shown that individuals with chronic kidney disease
(CKD) who contract COVID-19 face a higher risk of cardiovascular complications, including
pericarditis, myocarditis, thromboembolic events, acute coronary syndrome events, and
hypertensive emergencies [35]. For what concerns kidney injury, autopsy tissue samples
suggest that SARS-CoV-2 can bind to, replicate in, and cause cellular damage to podocytes
and proximal convoluted tubules, areas where ACE2 is highly expressed [22,38]. Recent
data have described the mechanisms behind SARS-CoV-2 replication and kidney damage,
highlighting the roles of innate immunity and coagulation pathways [23,39]. Indeed,
SARS-CoV-2 binding to ACE2 induces depletion of CD4+ and CD8+ lymphocytes [40].
Additionally, the presence of splenic marginal zone lymphoma (SMZL) comorbidity in these
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patients may have exacerbated lymphocyte depletion [40]. For what concerns heart damage,
in vitro models using human pluripotent stem cell-derived cardiomyocytes demonstrate
that SARS-CoV-2 spreads within myocardial cells through the interaction of the activated
SARS-CoV-2 spike protein and the ACE2 receptor, which is highly expressed by human
cardiomyocytes [41,42]. This process involves the assembly of the virus into intracellular
lysosome-like vesicles, integration of viral transcripts with cellular mRNA, disruption of
cellular metabolism and genomic machinery, and ultimately leads to cardiomyocyte fusion
and cell death [41,42]. Furthermore, microvascular thrombosis and subsequent myocardial
cell death are the most prominent findings, primarily attributed to endothelial damage and
a pro-thrombotic state [43,44].

Several reports now describe a prolonged course of COVID-19 in immunocompro-
mised patients, primarily those with primary or acquired antibody deficiencies [45]. It
is becoming clear that patients with primary or secondary humoral immunity defects
exhibit suboptimal responses to natural infection or vaccination and are susceptible to
persistent or chronic SARS-CoV-2 infection, highlighting the crucial role of antibodies in
resolving COVID-19 [45]. Many case reports of immunocompromised patients with persis-
tent COVID-19 have suggested that patients with hematologic malignancy and treatment
with B-cell depleting therapy complicated by hypogammaglobulinemia are at particular
risk for persistent viral shedding and severe COVID-19 disease [18]. Taha et al., describe
two cases where persistent SARS-CoV-2 infections, specifically with the Alpha or Delta
variants, were successfully cleared after treatment with the monoclonal antibody combi-
nation casirivimab and imdevimab (REGN-COV2, Ronapreve) [20]. A 55-year-old male
with follicular lymphoma, who had been undergoing B-cell depleting therapy, contracted
a SARS-CoV-2 infection in September 2020 that persisted for more than 200 days [18].
The second case involved a 68-year-old female with chronic lymphocytic leukemia who
was on ibrutinib treatment and developed a persistent SARS-CoV-2 infection (over 290
days) [18]. Niyokuru et al., presented two cases of immunocompromised patients—one
a liver transplant recipient and the other a bone marrow transplant recipient—who con-
tracted SARS-CoV-2, showing evidence of weakened humoral immunity [46]. Both cases
highlighted the crucial role of humoral immunity in resolving SARS-CoV-2 infections [46].

Most immunocompromised children with SARS-CoV-2 infection had mild disease,
with prolonged viral persistence >6 weeks and moderate to high viral load [47]. Immune
responses in autoimmune inflammatory rheumatic disease (AIRD) patients may be attenu-
ated and affected by immunosuppressive treatments [48]. Choi et al., presented the case of
a patient with antiphospholipid syndrome undergoing rituximab treatment who, despite
completing three courses of remdesivir, intravenous immunoglobulin, and later a SARS-
CoV-2 antibody cocktail, experienced a prolonged SARS-CoV-2 infection that ultimately
proved fatal [49].

While prolonged viral shedding during COVID-19 has been documented in immuno-
suppressed patients, there are few studies specifically examining the duration of symptoms
in individuals with systemic autoimmune rheumatic diseases (SARDs). An interesting
study published in 2022 by Michael Dilorio et al., has studied the extended duration of
COVID-19 symptoms, defined as lasting 28 days or more, in individuals with systemic
autoimmune rheumatic diseases (SARDs) [50]

They analyzed data from the COVID-19 Global Rheumatology Alliance Vaccine Sur-
vey (2 April 2021-15 October 2021) to identify individuals with SARDs who reported test-
confirmed COVID-19. Participants provided information on COVID-19 severity and symp-
tom duration, along with sociodemographic and clinical characteristics. Four-hundred-
and-forty-one participants with both SARDs and COVID-19 were pinpointed, averaging
48.2 years of age. Among them, 83.7% were female, with rheumatoid arthritis accounting
for 39.5% of the cases. The middle point for COVID-19 symptom duration stood at 15 days,
with a range of 7 to 25 days. Notably, 24.2% of participants experienced prolonged symp-
toms, lasting 28 days or more. Among the respondents, 9.8% reported symptoms persisting
for 90 days or longer, with 42 out of 429 individuals falling into this category.



Diseases 2024, 12, 138

8 of 12

Factors linked to an increased likelihood of prolonged symptom duration encom-
passed were: Hospitalization for COVID-19 compared to those who were not hospital-
ized and experienced mild acute symptoms, comorbidity count and osteoarthritis [51,52].
Individuals with systemic autoimmune rheumatic diseases (SARDs) have experienced
notable impact, potentially facing heightened susceptibility to contracting COVID-19 and
encountering severe acute outcomes, including hospitalization, mechanical ventilation, and
mortality [51,52].

Individuals with SARDs may be prone to experiencing prolonged COVID-19 symp-
toms due to various factors. These may entail an extended period of viral infection,
alterations in immunity, the administration of immunosuppressive medications, or the
possibility of SARD flare symptoms overlapping with those of COVID-19 [53].

Anyway, further research is warranted to explore potential correlations among im-
munomodulating medications, types or flare-ups of SARDs, vaccine dosages, emerging
viral variants, and the persistence of COVID-19 symptoms alongside other post-acute
sequelae among individuals with SARDs.

At the current state of knowledge, it can be said that there is a correlation between viral
load and COVID-19. Fajnzylber et al., demonstrated that higher SARS-CoV-2 plasma viral
load correlates with more severe respiratory illness, reduced absolute lymphocyte counts,
elevated markers of inflammation such as C-reactive protein and IL-6, and an augmented
risk of mortality [24]. Viral load significantly influenced human-to-human transmission,
where a higher viral load presented an increased risk for spreading the virus to others [54].
Sokolovska et al., suggest that exceptionally high viral loads found in nasopharyngeal
swabs and fecal samples could stem from the severity of COVID-19, challenges in viral
clearance, and compromised immune responses attributed to advanced age, underlying
health conditions, such as non-Hodgkin’s lymphoma, and the immunosuppressive treat-
ments associated with it. This underscores the heightened risks of COVID-19 in these
individuals [55].

Lee et al, in a retrospective analysis shown that prolonged RT-PCR positivity for
SARS-CoV-2 is independently associated with the presence of symptoms, but not with age
and co-morbidity [56].

Our work presents the main strength in the breadth and variability of the sample. In
the literature, there are several case reports [57-59] on patients with long-term SARS-CoV-2
positivity, and few studies conducted on large samples like ours [14]. Limits of the work are:
the non-discrimination between vaccinated and unvaccinated; the lack of differentiation
between the variants of SARS-CoV-2; and the lack of data relating to the drug therapy of the
patients. Harvey et al., show in their cohort study that patients with positive antibody test
results were initially more likely to have positive NAAT results, consistent with prolonged
RNA shedding, but became markedly less likely to have positive NAAT results over time,
suggesting that seropositivity is associated with protection from infection [60]. The duration
of protection is unknown, and protection may wane over time [60].

Indeed, conducting a study during the period between the absence of COVID-19
vaccines and their eventual introduction presents certain limitations and considerations,
particularly when analyzing data from patients with comorbidities such as autoimmune
diseases or chronic renal failure. During this intermediate period, the absence of vaccination
among your study participants adds another layer of complexity to the analysis. It becomes
challenging to attribute the prolonged positivity to COVID-19 solely to the presence of
comorbidities, as the lack of vaccination could also be a contributing factor. This highlights
the importance of developing a more complete understanding of the dynamics between
COVID-19 infection, comorbidities and vaccination status. As vaccination status can
significantly impact the severity and duration of COVID-19 infection, failing to differentiate
between vaccinated and unvaccinated patients may obscure important nuances in your
findings. Future studies could benefit from stratifying participants based on vaccination
status to better understand how immunization influences disease outcomes, particularly in
individuals with comorbidities.
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Additionally, the absence of differentiation between SARS-CoV-2 variants represents
another limitation. Given the emergence of new variants with potentially distinct transmis-
sion dynamics and clinical impacts, understanding their prevalence among study partici-
pants could provide valuable insights into disease progression and treatment responses.

Moreover, the lack of data relating to patient drug therapy poses challenges in inter-
preting the observed outcomes. Similarly, we were not able to capture information about
some conditions, such as hypertension since the data about comorbidities were assessed
using discharge medical records that, for administrative reasons, did not include this con-
dition. Similarly, the study was made in a period in which vaccination against COVID-19
was poorly available and mainly in nursing homes. Finally, details about medications were
overall missing.

Patients with severe comorbidities such as autoimmune diseases or chronic renal fail-
ure are often subjected to complex treatment regimens that can influence their susceptibility
to infections and their subsequent response to treatment.

By capturing more detailed information on medication use, including immunosup-
pressive agents or therapies targeting specific disease pathways, it will be possible to better
clarify the interaction between underlying conditions, pharmacological interventions and
outcomes of COVID-19.

While prolonged SARS-CoV-2 detection remains a complex phenomenon, this study
confirms that prolonged SARS-CoV-2 detection is more common in patients with autoim-
mune diseases; these autoimmune conditions may include rheumatoid arthritis, lupus, or
other immune-related disorders. Furthermore, patients with autoimmune diseases often
receive immunosuppressive treatments to manage their condition, and these treatments
can affect the immune response, potentially leading to prolonged viral shedding. In addi-
tion, chronic kidney disease, which is prevalent in some autoimmune patients, may also
contribute to prolonged positivity. For what concerns the baseline viral load, the amount
of virus present at the start of infection plays a crucial role—in fact, patients with higher
baseline viral loads are more likely to experience prolonged positivity. Understanding
viral dynamics and individual variations is essential for predicting outcomes. In summary,
understanding the association between SARS-CoV2 and autoimmune diseases, chronic
kidney disease, and baseline viral load is crucial. By combining these perspectives, col-
laborative efforts among researchers and clinicians will provide valuable insights into
managing patients effectively.

5. Conclusions

The results of this study confirmed that among hospitalized patients with COVID-19
manifestations of variable severity and different comorbidities, the prolonged positivity
of SARS-CoV-2 detection in nasopharyngeal swab was mainly related to autoimmune
diseases, probably for immunosuppressive treatments and chronic kidney disease. More-
over, the baseline viral load was another important determinant of a prolonged positivity.
Further studies are needed to better understand the mechanisms that prolong SARS-CoV-
2 positivity in patients with autoimmune disease, specifying whether this condition is
made possible by immunosuppressive therapies or by pathogenic mechanisms related to
the disease.

Author Contributions: Writing the first draft of the manuscript S.D.G. and N.V.; data analysis N.V,;
data collection EP,, C.G., CM.E,, EC. and G.L.S,; critical revision of the manuscript G.M.G. and M.B.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the Local Ethical Committee
during the session of the 28 April 2021 (number 04/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request to the Corresponding author.



Diseases 2024, 12, 138 10 of 12

Acknowledgments: COMEPA Study Authors: Marco Affronti, Simona Amodio, Mario Barbagallo,
Vincenza Maria Brigano, Federica Cacioppo, Walter Maria Capitano, Luca Carruba, Francesco Cava-
leri, Giuseppina Catanese, Roberto Citarrella, Giovanna Di Bella, Giuseppina Di Franco, Agnese Di
Piazza, Ligia Juliana Dominguez, Lydia Giannitrapani, Anna Licata, Anna La Carrubba, Pasquale
Mansueto, Luigi Mirarchi, Maria Chiara Morgante, Alessandra Parrinello, Emanuela Pecoraro, Marco
Peralta, Ercole Piccione, Carla Polizzotto, Francesco Pollicino, Federico Quartetti, Giusi Randazzo,
Angelo Rizzo, Giuseppina Rizzo, Valeria Sanfilippo, Maurizio Soresi, Valentina Malerba, Laura
Vernuccio, Nicola Veronese, Maddalena Zerbo.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Wu, E; Zhao, S.; Yu, B.; Chen, YM.; Wang, W.; Song, Z.G.; Hu, Y.; Tao, ZW.; Tian, ].H.; Pei, Y.Y.; et al. A new coronavirus
associated with human respiratory disease in China. Nature 2020, 579, 265-269. [CrossRef] [PubMed]

Zhu, N.; Zhang, D.; Wang, W.; Li, X; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; et al. A novel coronavirus from
patients with pneumonia in China, 2019. N. Engl. ]. Med. 2020, 382, 727-733. [CrossRef] [PubMed]

Coronaviridae Study Group of the International Committee on Taxonomy of Viruses. The species severe acute respiratory syndrome-
related coronavirus: Classifying 2019-nCoV and naming it SARS-CoV-2. Nat. Microbiol. 2020, 5, 536-544. [CrossRef] [PubMed]
Sung, A.; Bailey, A.L.; Stewart, H.B.; McDonald, D.; Wallace, M.A.; Peacock, K.; Miller, C.; Reske, K.A.; O’'Neil, C.A ; Fraser, V.J.;
et al. Isolation of SARS-CoV-2 in Viral Cell Culture in Inmunocompromised Patients with Persistently Positive RT-PCR Results.
Front. Cell Infect. Microbiol. 2022, 12, 804175. [CrossRef] [PubMed]

COVID-19 Excess Mortality Collaborators. Estimating excess mortality due to the COVID-19 pandemic: A systematic analysis of
COVID-19-related mortality, 2020-2021. Lancet 2022, 399, 1513-1536. [CrossRef] [PubMed]

Mohammed, A.H.; Blebil, A.; Dujaili, ].; Rasool-Hassan, B.A. The Risk and Impact of COVID-19 Pandemic on Immunosuppressed
Patients: Cancer, HIV, and Solid Organ Transplant Recipients. AIDS Rev. 2020, 22, 151-157. [CrossRef] [PubMed]
Worldometers.info. COVID-19 Coronavirus Pandemic. 2020. Available online: https:/ /www.worldometers.info/coronavirus/
(accessed on 6 September 2020).

Van der Valk, ].PM.; Johannes, C.C.M. SARS-CoV-2: The Relevance and Prevention of Aerosol Transmission. J. Occup. Environ.
Med. 2021, 63, €395-e401. [CrossRef] [PubMed] [PubMed Central]

Bai, Y.; Yao, L.; Wei, T.; Tian, E; Jin, D.Y.; Chen, L.; Wang, M. Presumed asymptomatic carrier transmission of COVID-19. JAMA
2020, 323, 1406-1407. [CrossRef] [PubMed]

Liu, K; Chen, Y,; Lin, R.; Han, K. Clinical features of COVID-19 in elderly patients: A comparison with young and middle-aged
patients. J. Infect. 2020, 80, e14—e18. [CrossRef] [PubMed]

Hung, K.F; Sun, Y.C; Chen, B.H,; Lo, J.F; Cheng, C.M.; Chen, C.Y.; Wu, C.H.; Kao, S.Y. New COVID-19 saliva-based test: How
good is it compared with the current nasopharyngeal or throat swab test? |. Chin. Med. Assoc. 2020, 83, 891-894. [CrossRef]
[PubMed]

Izzy, S.; Tahir, Z.; Cote, D.J.; Al Jarrah, A.; Roberts, M.B.; Turbett, S.; Kadar, A.; Smirnakis, S.M.; Feske, S.K.; Zafonte, R.; et al.
Characteristics and Outcomes of Latinx Patients with COVID-19 in Comparison with Other Ethnic and Racial Groups. Open
Forum Infect. Dis. 2020, 7, ofaa401. [CrossRef] [PubMed]

Chu, C.; Schénbrunn, A.; Klemm, K.; von Baehr, V.; Kramer, B.K.; Elitok, S.; Hocher, B. Impact of hypertension on long-term
humoral and cellular response to SARS-CoV-2 infection. Front. Immunol. 2022, 13, 915001. [CrossRef] [PubMed] [PubMed Central]
Aldhaeefi, M.; Tahir, Z.; Cote, D.].; Izzy, S.; El Khoury, ]. Comorbidities and Age Are Associated with Persistent COVID-19 PCR
Positivity. Front. Cell Infect. Microbiol. 2021, 11, 650753. [CrossRef] [PubMed]

Moriconi, D.; Masi, S.; Rebelos, E.; Virdis, A.; Manca, M.L.; De Marco, S.; Taddei, S.; Nannipieri, M. Obesity prolongs the hospital
stay in patients affected by COVID-19, and may impact on SARS-COV-2 shedding. Obes. Res. Clin. Pract. 2020, 14, 205-209.
[CrossRef] [PubMed]

O’Sullivan, E.D.; Lees, ].S.; Howie, K.L.; Pugh, D.; Gillis, K.A ; Traynor, ].P.; Macintyre, I.; Mark, P.B. Prolonged SARS-CoV-2 viral
shedding in patients with chronic kidney disease. Nephrology 2021, 26, 328-332. [CrossRef] [PubMed]

Shields, A.M.; Burns, S.0.; Savic, S.; Richter, A.G.; UK PIN COVID-19 Consortium. COVID-19 in patients with primary and
secondary immunodeficiency: The United Kingdom experience. J. Allergy Clin. Immunol. 2021, 147, 870-875.el. [CrossRef]
[PubMed]

Avanzato, V.A.; Matson, M.].; Seifert, S.N.; Pryce, R.; Williamson, B.N.; Anzick, S.L.; Barbian, K.; Judson, S.D.; Fischer, ER;
Martens, C.; et al. Case Study: Prolonged Infectious SARS-CoV-2 Shedding from an Asymptomatic Inmunocompromised
Individual with Cancer. Cell 2020, 183, 1901-1912.€9. [CrossRef] [PubMed]

Motoc, N.S.; Ruta, V.M.; Man, M. A ; Ungur, R.A.; Ciortea, V.M.; Irsay, L.; Nicola, A.; Valean, D.; Usatiuc, L.O.; Matei, L.R.; et al.
Factors Associated with Prolonged RT-PCR SARS-CoV-2 Positive Testing in Patients with Mild and Moderate Forms of COVID-19:
A Retrospective Study. Medicina 2022, 58, 707. [CrossRef] [PubMed] [PubMed Central]

Giubelan, L.; Stanciu, I; Ilie, C.; Padureanu, V. Persistent RNA SARS-CoV-2 Detection in a HIV-Infected Patient. Healthcare 2022,
10, 982. [CrossRef] [PubMed]


https://doi.org/10.1038/s41586-020-2008-3
https://www.ncbi.nlm.nih.gov/pubmed/32015508
https://doi.org/10.1056/NEJMoa2001017
https://www.ncbi.nlm.nih.gov/pubmed/31978945
https://doi.org/10.1038/s41564-020-0695-z
https://www.ncbi.nlm.nih.gov/pubmed/32123347
https://doi.org/10.3389/fcimb.2022.804175
https://www.ncbi.nlm.nih.gov/pubmed/35186791
https://doi.org/10.1016/S0140-6736(21)02796-3
https://www.ncbi.nlm.nih.gov/pubmed/35279232
https://doi.org/10.24875/AIDSRev.20000052
https://www.ncbi.nlm.nih.gov/pubmed/33118527
https://www.worldometers.info/coronavirus/
https://doi.org/10.1097/JOM.0000000000002193
https://www.ncbi.nlm.nih.gov/pubmed/33871953
https://www.ncbi.nlm.nih.gov/pmc/PMC8168703
https://doi.org/10.1001/jama.2020.2565
https://www.ncbi.nlm.nih.gov/pubmed/32083643
https://doi.org/10.1016/j.jinf.2020.03.005
https://www.ncbi.nlm.nih.gov/pubmed/32171866
https://doi.org/10.1097/JCMA.0000000000000396
https://www.ncbi.nlm.nih.gov/pubmed/32773584
https://doi.org/10.1093/ofid/ofaa401
https://www.ncbi.nlm.nih.gov/pubmed/33088846
https://doi.org/10.3389/fimmu.2022.915001
https://www.ncbi.nlm.nih.gov/pubmed/36119050
https://www.ncbi.nlm.nih.gov/pmc/PMC9478933
https://doi.org/10.3389/fcimb.2021.650753
https://www.ncbi.nlm.nih.gov/pubmed/33889551
https://doi.org/10.1016/j.orcp.2020.05.009
https://www.ncbi.nlm.nih.gov/pubmed/32534848
https://doi.org/10.1111/nep.13844
https://www.ncbi.nlm.nih.gov/pubmed/33368892
https://doi.org/10.1016/j.jaci.2020.12.620
https://www.ncbi.nlm.nih.gov/pubmed/33338534
https://doi.org/10.1016/j.cell.2020.10.049
https://www.ncbi.nlm.nih.gov/pubmed/33248470
https://doi.org/10.3390/medicina58060707
https://www.ncbi.nlm.nih.gov/pubmed/35743970
https://www.ncbi.nlm.nih.gov/pmc/PMC9230767
https://doi.org/10.3390/healthcare10060982
https://www.ncbi.nlm.nih.gov/pubmed/35742034

Diseases 2024, 12, 138 11 of 12

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Cazeau, N.; Palazzo, M.; Savani, M.; Shroff, R. COVID-19 Vaccines and Immunosuppressed Patients with Cancer: Critical
Considerations. Clin. . Oncol. Nurs. 2022, 26, 367.

Henry, B.M.; Lippi, G. Chronic kidney disease is associated with severe coronavirus disease 2019 (COVID-19) infection. Int. Urol.
Nephrol. 2020, 52, 1193-1194. [CrossRef] [PubMed]

Chen, G.; Wu, D.; Guo, W,; Cao, Y.; Huang, D.; Wang, H.; Wang, T.; Zhang, X.; Chen, H.; Yu, H.; et al. Clinical and immunological
features of severe and moderate coronavirus disease 2019. J. Clin. Investig. 2020, 130, 2620-2629. [CrossRef] [PubMed]
Fajnzylber, J.; Regan, J.; Coxen, K.; Corry, H.; Wong, C.; Rosenthal, A.; Worrall, D.; Giguel, F.; Piechocka-Trocha, A.; Atyeo, C.;
et al. SARS-CoV-2 viral load is associated with increased disease severity and mortality. Nat. Commun. 2020, 11, 5493. [CrossRef]
[PubMed]

Martin-Diaz, R.M.; Cabrejas-Ugartondo, J.; Iglesias-Lopez, M.; Chulvi-Calvo, B.; Vélez-Rodriguez, D. Persistently positive PCR
SARS-CoV-2 at low cycle threshold in an immunosuppressed patient. Braz. J. Infect. Dis. 2022, 26, 102696. [CrossRef] [PubMed]
Barbagallo, M.; Citarrella, R.; Dominguez, L.; Giannitrapani, L.; Licata, A.; Mansueto, P.; Soresi, M.; Veronese, N. COMEPA
(COVID-19 MedicinaPoliclinico Palermo): A study in hospitalized patients. Geriatric Care 2021, 7, 9895.

Chen, B; Julg, B.; Mohandas, S.; Bradfute, S.B.; RECOVER Mechanistic Pathways Task Force. Viral persistence, reactivation, and
mechanisms of long COVID. eLife 2023, 12, e86015. [CrossRef] [PubMed]

Dennehy, ].J.; Gupta, R.K.; Hanage, W.P; Johnson, M.C.; Peacock, T.P. Where is the next SARS-CoV-2 variant of concern? Lancet
2022, 399, 1938-1939. [CrossRef] [PubMed] [PubMed Central]

Kemp, S.A,; Collier, D.A.; Datir, R.P; Ferreira, I.A.; Gayed, S.; Jahun, A.; Hosmillo, M.; Rees-Spear, C.; Mlcochova, P.; Lumb, 1.U;
et al. SARS-CoV-2 evolution during treatment of chronic infection. Nature 2021, 592, 277-282, Erratum in Nature 2022, 608, E23.
[CrossRef] [PubMed] [PubMed Central]

Davis, H.E.; McCorkell, L.; Vogel, ].M.; Topol, E.J. Long COVID: Major findings, mechanisms and recommendations. Nat. Rev.
Microbiol. 2023, 21, 133-146, Erratum in Nat. Rev. Microbiol. 2023, 21, 408. [CrossRef] [PubMed] [PubMed Central]

Ghafari, M.; Hall, M.; Golubchik, T.; Ayoubkhani, D.; House, T.; MacIntyre-Cockett, G.; Fryer, H.R.; Thomson, L.; Nurtay, A.;
Kemp, S.A; et al. Prevalence of persistent SARS-CoV-2 in a large community surveillance study. Nature 2024, 626, 1094-1101.
[CrossRef] [PubMed] [PubMed Central]

Voinsky, I.; Baristaite, G.; Gurwitz, D. Effects of age and sex on recovery from COVID-19: Analysis of 5769 Israeli patients. J.
Infect. 2020, 81, €102—-e103. [CrossRef] [PubMed]

Fu, Y; Han, P; Zhu, R.; Bai, T,; Yi, ].; Zhao, X.; Tao, M.; Quan, R.; Chen, C.; Zhang, Y.; et al. Risk factors for viral RNA shedding in
COVID-19 patients. Eur. Respir. J. 2020, 56, 2001190. [CrossRef] [PubMed]

Shah, N.M,; Kaltsakas, G. Respiratory complications of obesity: From early changes to respiratory failure. Breathe 2023, 19, 220263.
[CrossRef] [PubMed]

Del Vecchio, L.; Balafa, O.; Dounousi, E.; Ekart, R.; Fernandez, B.F.; Mark, P.B.; Sarafidis, P.; Valdivielso, ].M.; Ferro, C.]J.; Mallamaci,
F. COVID-19 and cardiovascular disease in patients with chronic kidney disease. Nephrol. Dial. Transplant. 2024, 39, 177-189.
[CrossRef] [PubMed] [PubMed Central]

Yang, X.; Yu, Y.; Xu, J.; Shu, H.; Liu, H.; Wu, Y; Zhang, L.; Yu, Z.; Fang, M,; Yu, T,; et al. Clinical course and outcomes of critically
ill patients with SARS-CoV-2 pneumonia in Wuhan. Chi-na: A single-centered, retrospective, observational study. Lancet Respir.
Med. 2020, 8, 475-481. [CrossRef] [PubMed]

Guan, WJ,; Ni, Z.Y;; Hu, Y,; Liang, WH.; Ou, C.Q.; He, ].X; Liu, L.; Shan, H.; Lei, C.L.; Hui, D.S,; et al. Clinical characteristics of
coronavirus disease 2019 in China. N. Engl. ]. Med. 2020, 382, 1708-1720. [CrossRef] [PubMed]

Puelles, V.G.; Liitgehetmann, M.; Lindenmeyer, M.T.; Sperhake, ].P.; Wong, M.N.; Allweiss, L.; Chilla, S.; Heinemann, A.; Wanner,
N.; Liu, S.; et al. Multiorgan and Renal Tropism of SARS-CoV-2. N. Engl. |. Med. 2020, 383, 590-592. [CrossRef] [PubMed]

Su, H.; Yang, M.; Wan, C.; Yi, LX,; Tang, F; Zhu, H.Y,; Yi, F; Yang, H.C.; Fogo, A.B.; Nie, X,; et al. Renal histopathological analysis
of 26 postmortem findings of patients with COVID-19 in China. Kidney Int. 2020, 98, 219-227. [CrossRef] [PubMed]

Giannis, D.; Ziogas, I.A.; Gianni, P. Coagulation disorders in coronavirus infected patients: COVID-19, SARS-CoV-1, MERS-CoV
and lessons from the past. J. Clin. Virol. 2020, 127, 104362. [CrossRef] [PubMed]

Bojkova, D.; Wagner, ].U.; Shumliakivska, M.; Aslan, G.S.; Saleem, U.; Hansen, A.; Luxan, G.; Giinther, S.; Pham, M.D.; Krishnan,
J.; et al. SARS-CoV-2 infects and induces cytotoxic effects in human cardiomyocytes. Cardiovasc. Res. 2020, 116, 2207-2215.
[CrossRef] [PubMed]

Marchiano, S.; Hsiang, T.Y.; Khanna, A.; Higashi, T.; Whitmore, L.S.; Bargehr, J.; Davaapil, H.; Chang, J.; Smith, E.; Ong, L.P; et al.
SARS-CoV-2 infects human pluripotent stem cell-derived cardiomyocytes, impairing electrical and mechanical function. Stem
Cell Rep. 2021, 16, 478-492. [CrossRef] [PubMed]

Bois, M.C.; Boire, N.A.; Layman, A.].; Aubry, M.-C.; Alexander, M.P; Roden, A.C.; Hagen, C.E.; Quinton, R.A ; Larsen, C.; Erben,
Y.; et al. COVID-19-associated nonocclusive fibrin microthrombi in the heart. Circulation 2021, 143, 230-243. [CrossRef] [PubMed]
Pellegrini, D.; Kawakami, R.; Guagliumi, G.; Sakamoto, A.; Kawai, K.; Gianatti, A.; Nasr, A.; Kutys, R.; Guo, L.; Cornelissen,
A.; et al. Microthrombi as a major cause of cardiac injury in COVID-19: A pathologic study. Circulation 2021, 143, 1031-1042.
[CrossRef] [PubMed]

Arcaini, L.; Rossi, D.; Paulli, M. Splenic marginal zone lymphoma: From genetics to management. Blood 2016, 127, 2072-2081.
[CrossRef] [PubMed]


https://doi.org/10.1007/s11255-020-02451-9
https://www.ncbi.nlm.nih.gov/pubmed/32222883
https://doi.org/10.1172/JCI137244
https://www.ncbi.nlm.nih.gov/pubmed/32217835
https://doi.org/10.1038/s41467-020-19057-5
https://www.ncbi.nlm.nih.gov/pubmed/33127906
https://doi.org/10.1016/j.bjid.2022.102696
https://www.ncbi.nlm.nih.gov/pubmed/36037848
https://doi.org/10.7554/eLife.86015
https://www.ncbi.nlm.nih.gov/pubmed/37140960
https://doi.org/10.1016/S0140-6736(22)00743-7
https://www.ncbi.nlm.nih.gov/pubmed/35598619
https://www.ncbi.nlm.nih.gov/pmc/PMC9119661
https://doi.org/10.1038/s41586-021-03291-y
https://www.ncbi.nlm.nih.gov/pubmed/33545711
https://www.ncbi.nlm.nih.gov/pmc/PMC7610568
https://doi.org/10.1038/s41579-022-00846-2
https://www.ncbi.nlm.nih.gov/pubmed/36639608
https://www.ncbi.nlm.nih.gov/pmc/PMC9839201
https://doi.org/10.1038/s41586-024-07029-4
https://www.ncbi.nlm.nih.gov/pubmed/38383783
https://www.ncbi.nlm.nih.gov/pmc/PMC10901734
https://doi.org/10.1016/j.jinf.2020.05.026
https://www.ncbi.nlm.nih.gov/pubmed/32425274
https://doi.org/10.1183/13993003.01190-2020
https://www.ncbi.nlm.nih.gov/pubmed/32398298
https://doi.org/10.1183/20734735.0263-2022
https://www.ncbi.nlm.nih.gov/pubmed/37378063
https://doi.org/10.1093/ndt/gfad170
https://www.ncbi.nlm.nih.gov/pubmed/37771078
https://www.ncbi.nlm.nih.gov/pmc/PMC10828215
https://doi.org/10.1016/S2213-2600(20)30079-5
https://www.ncbi.nlm.nih.gov/pubmed/32105632
https://doi.org/10.1056/NEJMoa2002032
https://www.ncbi.nlm.nih.gov/pubmed/32109013
https://doi.org/10.1056/NEJMc2011400
https://www.ncbi.nlm.nih.gov/pubmed/32402155
https://doi.org/10.1016/j.kint.2020.04.003
https://www.ncbi.nlm.nih.gov/pubmed/32327202
https://doi.org/10.1016/j.jcv.2020.104362
https://www.ncbi.nlm.nih.gov/pubmed/32305883
https://doi.org/10.1093/cvr/cvaa267
https://www.ncbi.nlm.nih.gov/pubmed/32966582
https://doi.org/10.1016/j.stemcr.2021.02.008
https://www.ncbi.nlm.nih.gov/pubmed/33657418
https://doi.org/10.1161/CIRCULATIONAHA.120.050754
https://www.ncbi.nlm.nih.gov/pubmed/33197204
https://doi.org/10.1161/CIRCULATIONAHA.120.051828
https://www.ncbi.nlm.nih.gov/pubmed/33480806
https://doi.org/10.1182/blood-2015-11-624312
https://www.ncbi.nlm.nih.gov/pubmed/26989207

Diseases 2024, 12, 138 12 of 12

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Niyonkuru, M.; Pedersen, R.M.; Assing, K.; Andersen, T.E.; Skov, M.N.; Johansen, 1.S.; Madsen, L.W. Prolonged viral shedding
of SARS-CoV-2 in two immunocompromised patients, a case report. BMC Infect. Dis. 2021, 21, 743. [CrossRef] [PubMed]
[PubMed Central]

Dolan, S.A.; Mulcahy Levy, J.; Moss, A.; Pearce, K.; Butler, M.; Jung, S.; Dominguez, S.R.; Mwangi, E.; Maloney, K.; Rao, S.
SARS-CoV-2 persistence in immunocompromised children. Pediatr. Blood Cancer 2021, 68, €29277. [CrossRef] [PubMed] [PubMed
Central]

Heil, E.L.; Kottilil, S. The Goldilocks Time for Remdesivir—Is Any Indication Just Right? N. Engl. . Med. 2022, 386, 385-387.
[CrossRef] [PubMed]

Rondaan, C.; Furer, V.; Heijstek, M.W.; Agmon-Levin, N.; Bijl, M.; Breedveld, F.C.; D’Amelio, R.; Dougados, M.; Kapetanovic,
M.C,; van Laar, ].M,; et al. Efficacy, immunogenicity and safety of vaccination in adult patients with autoimmune inflammatory
rheumatic diseases: A systematic literature review for the 2019 update of EULAR recommendations. RMD Open 2019, 5, €001035.
[CrossRef] [PubMed]

Dilorio, M.; Kennedy, K.; Liew, ].W.; Putman, M.S.; Sirotich, E.; Sattui, S.E.; Foster, G.; Harrison, C.; Larché, M.].; Levine, M.; et al.
Prolonged COVID-19 symptom duration in people with systemic autoimmune rheumatic diseases: Results from the COVID-19
Global Rheumatology Alliance Vaccine Survey. RMD Open 2022, 8, €002587. [CrossRef] [PubMed]

Conway, R.; Grimshaw, A.A.; Konig, M.F,; Putman, M.; Duarte—Garcia, A.; Tseng, L.Y.; Cabrera, D.M.; Chock, Y.P.E.; Degirmenci,
H.B.; Duff, E,; et al. SARS-CoV-2 infection and COVID-19 out-comes in rheumatic diseases: A systematic literature review and
meta-analysis. Arthritis Rheumatol. 2022, 74, 766-775. [CrossRef] [PubMed]

Hausmann, J.S.; Kennedy, K.; Simard, J.E; Liew, ].W.; Sparks, J.A.; Moni, T.T.; Harrison, C.; Larché, M.].; Levine, M.; Sattui,
S.E.; et al. Immediate effect of the COVID-19 pandemic on patient health, health-care use, and behaviours: Results from an
international survey of people with rheumatic diseases. Lancet Rheumatol. 2021, 3, e707—714. [CrossRef] [PubMed]

Grainger, R.; Kim, A.H.; Conway, R.; Yazdany, J.; Robinson, P.C. COVID-19 in people with rheumatic diseases: Risks, outcomes,
treatment considerations. Nat. Rev. Rheumatol. 2022, 18, 191-204. [CrossRef] [PubMed]

Puhach, O.; Meyer, B.; Eckerle, I. SARS-CoV-2 viral load and shedding kinetics. Nat. Rev. Microbiol. 2023, 21, 147-161. [CrossRef]
[PubMed]

Sokolovska, L.; Terentjeva-Decuka, A.; Cistjakovs, M.; Nora-Krukle, Z.; Gravelsina, S.; Vilmane, A.; Vecvagare, K.; Murovska, M.
The presence of SARS-CoV-2 in multiple clinical specimens of a fatal case of COVID-19: A case report. |. Med. Case Rep. 2022,
16, 484. [CrossRef] [PubMed]

Lee, Y.H.; Hong, C.M,; Lee, TH.; Hwang, Y.J.; Kim, D.H.; Lee, ]. Factors associated with prolonged viral detection in asymptomatic
and mildly symptomatic patients with SARS-CoV-2 infection. J. Infect. Dev. Ctries. 2022, 16, 291-297. [CrossRef] [PubMed]
Taha, Y.; Wardle, H.; Evans, A.B.; Hunter, E.R.; Marr, H.; Osborne, W.; Bashton, M.; Smith, D.; Burton-Fanning, S.; Schmid,
M.L,; et al. Persistent SARS-CoV-2 infection in patients with secondary antibody deficiency: Successful clearance following
combination casirivimab and imdevimab (REGN-COV2) monoclonal antibody therapy. Ann. Clin. Microbiol. Antimicrob. 2021, 20,
85. [CrossRef]

Ertesvag, N.U.; Sakkestad, S.T.; Zhou, E; Hoff, I.; Kristiansen, T.; Jonassen, T.M.; Follesg, E.; Brokstad, K.A.; Dyrhovden, R;;
Mohn, K.G. Persistent Fever and Positive PCR 90 Days Post-SARS-CoV-2 Infection in a Rituximab-Treated Patient: A Case of Late
Antiviral Treatment. Viruses 2022, 14, 1757. [CrossRef] [PubMed]

Sepulcri, C.; Dentone, C.; Mikulska, M.; Bruzzone, B.; Lai, A.; Fenoglio, D.; Bozzano, F.; Bergna, A.; Parodi, A.; Altosole, T.;
et al. The Longest Persistence of Viable SARS-CoV-2 with Recurrence of Viremia and Relapsing Symptomatic COVID-19 in an
Immunocompromised Patient-A Case Study. Open Forum Infect. Dis. 2021, 8, ofab217. [CrossRef] [PubMed]

Harvey, R.A.; Rassen, J.A.; Kabelac, C.A.; Turenne, W.; Leonard, S.; Klesh, R.; Meyer, W.A., 3rd; Kaufman, H.W.; Anderson, S.;
Cohen, O; et al. Association of SARS-CoV-2 Seropositive Antibody Test with Risk of Future Infection. JAMA Intern. Med. 2021,
181, 672-679. [CrossRef] [PubMed] [PubMed Central]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s12879-021-06429-5
https://www.ncbi.nlm.nih.gov/pubmed/34344321
https://www.ncbi.nlm.nih.gov/pmc/PMC8330202
https://doi.org/10.1002/pbc.29277
https://www.ncbi.nlm.nih.gov/pubmed/34453477
https://www.ncbi.nlm.nih.gov/pmc/PMC8661864
https://www.ncbi.nlm.nih.gov/pmc/PMC8661864
https://doi.org/10.1056/NEJMe2118579
https://www.ncbi.nlm.nih.gov/pubmed/34936760
https://doi.org/10.1136/rmdopen-2019-001035
https://www.ncbi.nlm.nih.gov/pubmed/31565247
https://doi.org/10.1136/rmdopen-2022-002587
https://www.ncbi.nlm.nih.gov/pubmed/36104117
https://doi.org/10.1002/art.42030
https://www.ncbi.nlm.nih.gov/pubmed/34807517
https://doi.org/10.1016/S2665-9913(21)00175-2
https://www.ncbi.nlm.nih.gov/pubmed/34316727
https://doi.org/10.1038/s41584-022-00755-x
https://www.ncbi.nlm.nih.gov/pubmed/35217850
https://doi.org/10.1038/s41579-022-00822-w
https://www.ncbi.nlm.nih.gov/pubmed/36460930
https://doi.org/10.1186/s13256-022-03706-y
https://www.ncbi.nlm.nih.gov/pubmed/36550575
https://doi.org/10.3855/jidc.15072
https://www.ncbi.nlm.nih.gov/pubmed/35298424
https://doi.org/10.1186/s12941-021-00491-2
https://doi.org/10.3390/v14081757
https://www.ncbi.nlm.nih.gov/pubmed/36016378
https://doi.org/10.1093/ofid/ofab217
https://www.ncbi.nlm.nih.gov/pubmed/34796242
https://doi.org/10.1001/jamainternmed.2021.0366
https://www.ncbi.nlm.nih.gov/pubmed/33625463
https://www.ncbi.nlm.nih.gov/pmc/PMC7905701

	Introduction 
	Materials and Methods 
	Study Population 
	Virological Investigation: Detection of SARS-CoV-2 Genome and Variants 
	Outcome: Prolonged Positivity to SARS-CoV-2 
	Factors Potentially Associated with Prolonged Positivity to SARS-CoV-2 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

