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Objective: We aimed to study the relationship between age and time to negative
conversion of SARS-CoV-2 in patients with asymptomatic and mild forms of
COVID-19.

Methods: We conducted a cohort study including all patients diagnosed with
COVID-19 from the national COVID-19 containment center of Tunisia. Patients
were subdivided into two cohorts: (under 60 years) and (over 60 years) and were
followed up until PCR negativization. Log rank test and Cox regression were
applied to compare time to negative conversion between the old group and the
young group.

Results: The study included 289 patients with non-severe forms of COVID-19.
Age over 60 was significantly associated with delayed negative conversion in
male sex (Hazard ratio (HR): 1.9; 95% CI: 1.2-3.07) and among patients with
morbid conditions (HR:1.68; 95% Cl: 1.02-2.75) especially diabetics (HR: 2.06;
95% Cl: 1.01-4.21). This association increased to (HR:2.3; 95% Cl: 1.13-4.66)
when male sex and comorbidities were concomitantly present and rose to
(HR: 2.63; 95% CI: 1.02-6.80) for men with diabetes. Cox regression analysis
revealed a significantly delayed negative conversion in symptomatic patients.
Significant interaction was observed between gender and age and between age
and chronic conditions.
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Conclusion: Age is associated with delayed negative conversion of viral RNA in
certain subgroups. ldentifying these subgroups is crucial to know how prioritize
preventive strategies in elderly.
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Introduction

Coronavirus disease 2019 was first reported in Wuhan, China in
December 2019 (1). It spread rapidly to more than 216 countries and
it was declared to be pandemic by The World Health Organization
(WHO) on March 11, 2020 (2). Until April 26, 2023, 764,312,098 cases
of COVID-19 and 6,931,726 related deaths have been recorded
worldwide (3).

The disease has drastically expanded in Tunisia. Until the 26™ of
April 2023, 1,152,483 COVID-19 have been reported in Tunisia, and
29,378 have died (4). COVID-19 symptoms range from mild (fever
and respiratory symptoms) to severe (pneumonia, severe acute
respiratory syndrome, kidney failure and thrombotic complications)
with a mortality rate of 3.4% globally at the beginning of the
pandemic (5).

Several studies had demonstrated that old age is a potential
predictor of mortality and severe forms of COVID-19 (6, 7).
Age-related immune system defects resulting in a weak immunity
response support this higher severity in elderly (8).

However, as regards viral clearance, the relationship between age
and time to negative conversion remains controversial. The
relationship was established in hospitalized patients and severe forms
of COVID-19 (8, 9). Whereas, among patients with mild forms of
COVID-19, age was not independently associated with prolonged
time to viral conversion according to several studies (10-14). However,
identifying subgroups at risk of delayed RNA negative conversion
among elderly with mild forms of COVID-19 is crucial to establish
preventive strategies among them (15).

To the best of our knowledge, there are no studies that have
identified individuals at risk of prolonged time to viral conversion
among elderly with non-severe forms of COVID-19.

Studying the relationship between age and SARS-CoV-2 viral
clearance duration among non-severe COVID-19 patients is of a great
importance and can have significant public health implications. It
might influence clinical decisions on isolation, surveillance strategies
and vaccination priority.

The aim of this study was to investigate the relationship between
age and time to negative conversion of SARS-CoV-2 in patients with
asymptomatic and mild forms of COVID-19.

Methods
Study design

This is a retrospective cohort study that included all patients with
non-severe forms of COVID-19 in the national containment center of
Monastir from March 2020 to July 29, 2020.
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Setting

The national containment center was dedicated for asymptomatic
and mild COVID-19 cases. The government had allocated this center,
during the first wave of COVID-19, for cases who were unable to
be self-isolated at home in order to avoid the spread of the epidemic.
During the study period, this center was the unique containment
center in Tunisia and received asymptomatic and mild COVID-19
cases from all Tunisian governorates.

Case definition

A confirmed COVID-19 case was defined as any individual,
symptomatic or not, with laboratory confirmation of SARS-CoV-2
infection using real-time reverse transcriptase—polymerase chain
reaction (RT-PCR) (16).

Viral clearance monitoring and criteria

Enrollment process

All patients diagnosed with asymptomatic or mild forms of
COVID-19 at the time of admission to the national containment
center were initially included in the study. Patients with secondary
aggravation to moderate or severe forms were then excluded.

Exclusion criteria were moderate and severe cases. Moderate
COVID-19 cases are patients who presented with lower respiratory
tract disease on clinical assessment or imaging and had an oxygen
saturation measured by pulse oximetry (SpO2) >94%. Severe cases
requiring hospitalization or intensive care unit (ICU) admission for
COVID-19 complications such as respiratory failure, septic shock
and/or multi-organ dysfunction were also excluded from the study
(17). Thus, 289 patients were included for analysis.

Exposure

Patients included in the study were subdivided into two cohorts:
(under 60years) and (over 60years) and were followed up to viral
clearance. Both groups received only symptomatic treatment
when indicated.

Follow up

The follow-up involved a weekly RT-PCR testing for SARS-CoV-2
to check for viral clearance. If the first SARS-CoV-2 test was still
positive, then the second test was done 7 days later. Those individuals
with two consecutive negative RT-PCR test results within 24 h were
then considered virus-free and were discharged from the
containment center.
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Data collection and definitions

Time to viral clearance was defined by the number of days from
the first positive SARS-CoV-2 RT-PCR test results to the persistent
first negative of two consecutive negative RT-PCR findings (8, 12,
18, 19).

Explanatory variables were collected from medical records and
through phone calls during the containment period. The following
data were extracted: Gender, past medical history, body mass index
(BMI), symptoms, respect of isolation measures during the
containment period and complications.

Past medical history was defined as having one or more of the
following diseases (diabetes, hypertension, cardiovascular disease,
dyslipidemia, respiratory disease, cancer, ...).

Symptomatic forms were defined as positive cases with one or
more known symptoms of COVID-19, including but not limited to
cough, fever, headache, muscle pain, shortness of breath, anosmia
and ageusia. Mild cases included positive patients for SARS-CoV-2
who have one or more of the known symptoms of COVID-19 but
without a shortness of breath, dyspnea or abnormalities on chest
imaging (17).

Laboratory confirmation of SARS-CoV-2
infection

Detection of SARS-CoV-2 in nasopharyngeal (NP) specimens was
performed at a reference laboratory. RNA was extracted from NP
swabs using the GXT NA extraction kit (HainlifescienceGmbh,
Nehren, Germany) or the QIAamp Viral RNA Mini kit (Qiagen®,
Courtaboeuf, France) following the manufacturers’ instructions. With
this assay, a positive COVID-19 result is determined when both
targets (N and Orflab) reach a defined cycle threshold (Ct) of less
than 40 (20). PCR testing was performed for patients with clinical
symptoms and for asymptomatic ones identified through contact
tracing tested within 24-48h.

During our study, SARS-CoV-2 infection was only confirmed by
testing respiratory specimens based on RT-PCR assays from different
agreed institutions, including the University of Monastir laboratory.

Statistical analysis

Data were entered and analyzed using IBM SPSS Statistics version
21.0 software. Continuous variables were expressed as median values
with interquartile intervals. The categorical data were described in
terms of percentages and frequencies.

Kaplan—Meier curves were used to estimate the cumulative RNA
negativity rate and to compare time to negative conversion between
elderly and young people in different strata. Cox regression analyses
were applied to analyze the relationship between age and time to
negative conversion. The Cox proportional hazards assumption was
assessed graphically using Kaplan-Meier curves which revealed no
violations of the proportional hazards assumption.

Model 1 examined the association without adjusting for
confounding variables. Model 2 adjusted to take into account the most
common confounding biases, which include gender, comorbidities,
and symptoms. Cox regression was then performed with interaction
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terms: (between age and gender) and (between age and comorbidities)
in models 3, 4, and 5.

Subgroup analysis of Cox regression was conducted to assess the
relationship between age and time to negative conversion by, gender,
comorbidities, symptoms ... p values of <0.05 or interaction p values
of <0.10 were considered statistically significant.

Ethical considerations

The study was conducted in accordance with the ethical principles
of the Declaration of Helsinki. The school of medicine of Monastir
approved the study protocol.

Results
Clinical features of the study population

The study included 289 patients with positive RT-PCR for SARS-
Cov2 (Median age 40years (IQR; 28-54 years), with a sex ratio of
1.02). The young group included 245 individuals (Median age 35 years
(IQR; 27-48years), with a sex ratio of 0.99) whereas the elderly group
(> 60years) included 44 individuals (Median age 64years (IQR;
61-72years), with a sex ratio of 1.2).

There was no statistically significant difference between the two
groups according to the gender, BMI, smoking status, symptoms and
respect of isolation measures. However, patients in the elderly group
were more likely to have past medical history especially hypertension
and diabetes. The clinical features of the two groups were described in
Table 1.

TABLE 1 General characteristics of 289 patients with confirmed SARS-
Cov-2 infection.

Young group Elderly
(n=245) group
(n = 44)

Age, years, median 35 [27-48] 64 [61-72] <107
[1QR]
Gender, male, n (%) 122 (49.8) 24 (54.4) 0.56
Current smoker, n 21(10.4) 1(3.4) 0.23
(%)
Past medical history 50 (22.8) 27 (62.8) <107
Hypertension, n (%) 19 (8.6) 19 (44.2) <107
Diabetes, n (%) 27 (12.2) 15 (34.1) <107
Respiratory disease, n 12 (5.4) 3(7.1) 0.66
(%)
BMI, kg/m?, median 25.9 [22.8-28.3] 27.9 [24.1-29.4] 0.49
[IQR]
Symptomatic 66 (32.0) 13 (37.1) 0.55
patients, 1 (%)
Respect of isolation 168 (91.3) 18 (81.8) 0.15
measures, 1 (%)

IQR, iner-quartile range. Bold values means p < 0.05.
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TABLE 2 Comparison of time to viral clearance in days according to general characteristics among young and elderly group.

Young group Elderly group HR 95%ClI
(n = 245) Median (n = 44) Median
[IQR] [IQR]
Crude analysis
20 [16-32] 21 [17-33] 0.057 1.38 [0.99-1.93]
Stratified analysis
One factor
Gender Female (146) 24 [17-36] 20 [17-29] 0.34 0.79 [0.49-1.28]
Male (143) 19 [16-28] 28 [17.5-43.5] 0.004 1.90 [1.20-3.07]
Current smoker No (209) 21 [16-34] 20 [17-32.75] 0.70 1.08 [0.72-1.62]
Yes (22) 20 [17-26.5] 42 0.25 3.24 [0.42-25.02]
Chronic condition No (185) 21[17-33.5] 24 [16.25-37.5] 0.67 1.11 [0.66-1.86]
Yes (77) 18 [15-29.25] 22 [17-33] 0.02 1.68 [1.02-2.75]
Hypertension No (227) 21[17-33] 20 [16-32.75] 0.45 1.18 [0.76-1.82]
Yes (38) 16 [15-28] 22 [17-33] 0.11 1.70 [0.88-3.30]
Diabetes No (224) 21 [17-34] 20 [17-33] 0.43 1.17 [0.78-1.74]
Yes (42) 18 [15-24] 22 [16-44] 0.03 2.06 [1.01-4.21]
Respiratory disease No (248) 21 [16-32.5] 20 [17-33] 0.10 1.32[0.92-1.89]
Yes (15) 17.5 [15-33.75] 25 [22.5-31.5] 0.12 1.32 [0.40-5.42]
Overweight No (65) 21 [17-36] 26.5 [18.5-43] 0.60 1.24 [0.53-2.90]
Yes (85) 21 [17-34] 20 [15.75-28] 0.25 0.69 [0.37-1.30]
Symptomatic patients No (162) 21 [16-31.5] 21 [16.75-31.25] 0.39 1.22 [0.77-1.94]
Yes (79) 23.5[18-36] 20 [17.5-36] 0.79 1.08 [0.58-2.01]
Associated factors
Male sex and chronic condition No (232) 21 [17-33.5] 20 [17-31] 0.82 0.95 [0.63-1.43]
Yes (42) 17.5 [15-33.25] 28.5 [19.25-47.75] 0.01 2.30 [1.13-4.66]
Male sex and diabetes No (231) 21 [16-33] 20 [17-32] 0.55 1.11 [0.78-1.58]
Yes (22) 17.5 [15-31] 27 [18.25-51] 0.03 2.63 [1.02-6.80]

IQR, iner-quartile range, HR, hazard ratio, 95%CI: 95% confidence interval. Bold values means p < 0.05.

Median time to viral clearance was not statistically different
between the two groups 20 [16-32] Vs 21 [17-33] (p=0.057) among
young and elderly, respectively.

Subgroup analyses of time to viral
clearance according to age (Young group
vs. older group)

Table 2 shows that Age > 60 was an associated factor to prolonged
negative conversion of viral RNA for male sex (HR:1.9; 95% CI:
1.2-3.03) and patients with chronic conditions (HR:1.68; 95% CI:
1.02-2.75) especially diabetics (HR:2.06; 95% CI: 1.01-4.21). This
association increased to (HR:2.30; 95% CI: 1.13-4.66) when male sex
and comorbidities were concomitantly present and rose to (HR: 2.63;
95% CI: 1.02-6.80) for men with diabetes.

Figures 1, 2 shows the Comparison of time to negative conversion
between young and elderly by subgroup.
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Multivariate analysis

After adjusting for gender, comorbidities and symptoms and
testing for interaction, cox regression analysis revealed a significantly
delayed negative conversion in the group of symptomatic patients
(Models 4 and 5). Significant interaction was observed between
gender and age (Models 3 and 5) and between age and chronic
conditions (Model 4) (Table 3).

Discussion

To the best of our knowledge, there has been little investigations
focusing on SARS-CoV-2 negative conversion duration among
elderly compared with young. According to the findings of our study:
Age was not found to be an independent predictor of delayed viral
clearance but stratified analysis showed that age > 60 was significantly
associated with longer viral clearance duration for male-sex and for
patients with comorbidities. This association was stronger when there
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TABLE 3 Factors associated with delayed negative conversion of viral RNA (Multivariate analysis).

Model 1 Model 2 Model 3 Model 4 Model 5
fo) HR 95% ClI P HR 95% CI fo) HR  95% ClI HR 95% ClI p HR 95% ClI
Age>60 0.057 1.38 [0.99-1.93] 0.21 1.30 | [0.85-1.99] 0.28 0.73 [0.41-1.29] | 0.40 @ 0.76 | [0.41-1.42] 0.06 0.51 | [0.25-1.02]
Male gender - 0.56 | 1.08 | [0.82-142] 0.74 095 | [0.71-127]  0.61 | 1.07  [0.81-140] 077 | 095 [0.72-1.28]
Chronic
- 0.24 0.82 | [0.59-1.40] 0.17 0.80 [0.58-1.10] | 0.05 = 0.71 | [0.50-1.01] 0.06 0.72 | [0.51-1.01]
condition
Symptoms - 0.08 | 127 | [0.96-1.69] 0.08 128 | [0.96-1.70] | 0.04 | 1.34 | [1.01-1.79] | 0.04 @ 1.33 [1.01-1.77]
(Age >60)
- - 0.01 0.37 [0.17-0.80] - 0.02 0.42  [0.19-0.91]
*Male gender
(Age >60)
*Chronic - - - 0.04 | 0.43 | [0.19-0.98] 0.12 0.52 | [0.22-1.20]
condition

Model 1: without adjusting for confounding variables. Model 2: adjusted to take into account the most common confounding biases, which include gender, comorbidities, and symptoms.

Model 3: adjusted for gender, comorbidities, and symptoms and tested for interaction between age and gender. Model 4: adjusted for gender, comorbidities, and symptoms and tested for

interaction between age and chronic conditions. Model 5: adjusted for gender, comorbidities, and symptoms and tested for interaction (age*gender) and (age*chronic conditions). Bold values

means p < 0.05.

Subgroup Forest plot HR C195% p - value *
Overall —— 1.38[0.99 -1.93]
Gender
Female L 0.79[0.49 -1.28] 0.006
Male 1.90[1.20-3.07]
e |
Chronic conditions
No L 1.11 (0.66 - 1.86] 0.06
Yes 1.68 [1.02-2.75]
——
Hypertension
No e 1.18[0.76 - 1.82] 0.22
Yes 1.70[0.88 - 3.30]
Diabetes
No ———— 1.17[0.78 - 1.74] 0.08
Yes - 2.06[1.01-4.21
Respiratory diseases
No H—— 1.32[0.92-1.89] 0.76
Yes 1.32[0.40-5.42]
Overweight
No - 1.24[0.53 - 2.90] 0.20
Yes —— 0.69[0.37 - 1.30]
Symptoms
No U S — 1.22 [0.77 -1.94] 0.48
Yes —_— 1.08 [0.58 -2.01]
0 100 2,00 3,00 4,00 500 6,00
Faster negative conversion € > Later negative conversion
among elderly among elderly
*p for interaction
FIGURE 1
Comparison of time to negative conversion between young and elderly by subgroup.

was a concomitant presence of these two factors. Cox regression
analysis revealed significant interactions between (gender and age)
and between (age and chronic conditions). Thus, we can conclude
from these results that sex and comorbidities would be effect
modifiers of the relationship between age and time to SARS-CoV-2
negative conversion.

Our two groups were comparable according to the main
demographic and clinical features: gender, BMI, smoking status,
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respect of isolation measures and the proportion of symptomatic
patients. In line with our findings, no statistically significant
difference was found between the proportion of symptomatic patients
in the two groups according Sherwal et al. (21). Whereas, Mori et al.
(1) reported a significantly higher proportion of symptomatic cases
among elderly.

Regarding comorbidities, patients in the elderly group were more
likely to have past medical history especially hypertension and
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, Chronic conditions include one or more of the following diseases: hypertension, diabetes, dyslipidemia, cancer, cardiovascular disease, respiratory disease...

Stratified cumulative percentage of patients with positive SARS-CoV-2 RNA by time after illness onset.

diabetes which was a common finding in most studies dealing with
the same topic (1, 22).

The median time to viral clearance observed in our study was
20days [IQR: 16-33days, similar to a previous study (6)]. It was
20days (IQR; 16-32days) for patients under 60years, and 21days
(IQR; 17-33 days) for patients >60 years. Another study demonstrated
a shorter median duration of time to negative conversion of 16.5
(IQR:11.8-20) days in elderly (1). However, a Japanese study reported
a longer median duration of 26 +13.5 days (23).

Several reports have shown that the older age was associated to
delayed RT-PCR conversion (1, 8, 9) and higher viral load (16, 17).
These findings were explained by the fact that due to
immunosenescence and inflammation in some older adults, the
SARS-CoV-2 escape the immune surveillance and leads to prolonged
viral shedding (24). Immunosenescence is associated with the
incapacity to provide protective humoral and cellular immune
responses against a pathogen (25). As for inflammation aging play a
role in increasing systemic inflammation leading to hyperactive but
less protective immune system (26).

However, similar to our study, age was not found to be an
independent predictor of delayed viral clearance (15, 18). The
discrepancy between studies might be attributed to the differences in
disease severity of the study population. Our results could
be attributed to the fact that we focused only on patient with
non-severe forms of COVID-19. Old age incrimination in prolonged
time to negative conversion was demonstrated for specific subgroups
in our study: The finding of delayed viral clearance in the elderly
group with comorbidities comparatively to the young group with
comorbidities (HR 1.68) could be explained by a synergy between age
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and co-morbidities especially diabetes in prolonging the duration of
the disease. It was found, according Tadic et al., that serum levels of
inflammation biomarkers were significantly higher in patients with
diabetes compared with those without, indicating that these patients
are predisposed to an hyper-inflammatory state (27). This hyper-
inflammatory state, which is more common among elderly, might
increase susceptibility for prolonged negative conversion in aged
COVID-19 patients. That is why; special consideration should
be given to elderly with underlying disease especially those
with diabetes.

This study also suggests that for men, compared to young group,
those with an age above 60years have a prolonged time to negative
conversion (HR 1.91). In addition to age related changes, past studies
have shown that sex has an effect on infections outcome and has been
associated with differences in immune responses (28). Males appear
to be more susceptible to viral infections and develop lower responses
to various types of vaccination than females (29). This might explain
SARS-CoV-2 delayed viral clearance among males and more
significantly among elderly men.

The concomitant presence of male sex and comorbidities
increased the association between old age and delayed viral clearance
(HR 2.30). The implication of comorbidities and male sex in viral
clearance delay was reported in many studies (18). Cox regression
analysis showed that being symptomatic was a determinant factor of
prolonged negative RNA conversion similar to a previous study (30).
Indeed, symptomatology such as fever might be a response to the
release of inflammatory mediators such as cytokine (31). These
inflammatory mediators are responsible of tissue damaging and organ
dysfunction suggesting that SARS-CoV-2 RNA negative conversion
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could be prolonged in symptomatic patients (32). Therefore,
COVID-19 patients with symptoms should seek special medical care
to avoid delayed negativation and extend treatment time.

Some limitations should be considered in our study. First,
we detected the existence of viral SARS-CoV-2 RNA only in nasal
swabs and not patients’ excretions like urine and fecal specimens.
Second, we had only qualitative results of RNA detection and not viral
loads dynamic profiles. Third, our study did not include all variants of
SARS-COV-2 that is why further studies targeting Delta an Omicron
variant should be recommended.

To the best of our knowledge, this is the first study that focuses on
risk levels of prolonged time to negative conversion in elderly people
comparatively to young people. Our results have relevant public health
implications and would help guide prevention strategies for old people.

Conclusion

Our study highlighted that old age is associated with prolonged
negative conversion of viral RNA in specific subgroup patients. The
identification of these subgroups is crucial to knowing how to
prioritize preventive strategies in elderly. It may help establishing risk
levels of prolonged viral clearance for aged patients with COVID-19 in
order to guide decisions on isolation, surveillance strategies and
vaccination among this vulnerable category. These findings would
be very useful even in future epidemics as emerging viral diseases have
become increasingly common.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the ethics
committee of Faculty of medicine of Monastir. The studies were
conducted in accordance with the local legislation and institutional

References

1. Mori H, Obinata H, Murakami W, Tatsuya K, Sasaki H, Miyake Y, et al. Comparison
of COVID-19 disease between young and elderly patients: hidden viral shedding of
COVID-19. ] Infect Chemother. (2020) 27:70-5. doi: 10.1016/j.jiac.2020.09.003

2. Countries where Coronavirus has spread - Worldometer. Available at: https://www.
worldometers.info/coronavirus/countries-where-coronavirus-has-spread/

3. CSR. World Health Organization-regional Office for the Eastern Mediterranean.
COVID-19 situation updates for week 16 (2023). Available at: http://www.emro.who.
int/pandemic-epidemic-diseases/covid-19/covid-19-situation-updates-for-
week-16-1622-april-2023.html

4. Tunisia: WHO coronavirus disease (COVID-19) dashboard. Available at: https://
covid19.who.int

5. Coronavirus Death Rate (COVID-19) - Worldometer. Available at: https://www.
worldometers.info/coronavirus/coronavirus-death-rate/

6. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet. (2020) 395:1054-62. doi: 10.1016/50140-6736(20)30566-3

Frontiers in Medicine

10.3389/fmed.2024.1217849

requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

1Z: Conceptualization, Formal analysis, Methodology, Writing —
original draft. AB, IB, RK, CL, SM, and MM: Formal analysis, Writing
- review & editing. CB, IC, WD, MK, ME HA, and IJ: Formal analysis,
Writing - original draft. AM and DH: Data collection and Writing -
original draft. All authors contributed to the article and approved the
submitted version.

Acknowledgments

The authors wish to thank the following members and all the staff
of the national COVID-19 containment center for their help in data
collection: (Manel ben belgacem, Mondher Rebhi, Kmar Mrad; Manel
Mantassar, Mohamed Hammadi, Karawen sakka, Aymen Nasri).
We would like also to thank all the team of the Microbiology
Laboratory in Fattouma Bourguiba University hospital for their
tremendous effort during this pandemic. And we take this opportunity
to extend our gratitude to all the team of the Department of
Epidemiology and Preventive Medicine at Monastir University.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

7. Shahid Z, Kalayanamitra R, McClafferty B, Kepko D, Ramgobin D, Patel R, et al.
COVID-19 and older adults: what we know. ] Am Geriatr Soc. (2020) 68:926-9. doi:
10.1111/jgs.16472

8. Hu X, Xing Y, Jia J, Ni W, Liang J, Zhao D, et al. Factors associated with negative
conversion of viral RNA in patients hospitalized with COVID-19. Sci Total Environ.
(2020) 728:138812. doi: 10.1016/j.scitotenv.2020.138812

9. Hafez W. COVID-19 patient characteristics and time to viral clearance: a
retrospective observational study in a multiethnic population (United Arab Emirates).
J Clin Virol. (2022) 157:105297. doi: 10.1016/}.jcv.2022.105297

10. Hafez W, Saleh H, Al Baha Z, Tariq M, Hamdan S, Ahmed S. Antiviral used among
non-severe COVID-19 cases in relation to time till viral clearance: a retrospective cohort
study. Antibiot Basel Switz. (2022) 11:498. doi: 10.3390/antibiotics11040498

11. Kumar N, AbdulRahman A, AlAli S, Otoom S, Atkin SL, AlQahtani M. Time till
viral clearance of severe acute respiratory syndrome coronavirus 2 is similar for
asymptomatic and non-critically symptomatic individuals. Front Med. (2021) 8:6927.
doi: 10.3389/fmed.2021.616927

frontiersin.org


https://doi.org/10.3389/fmed.2024.1217849
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.jiac.2020.09.003
https://www.worldometers.info/coronavirus/countries-where-coronavirus-has-spread/
https://www.worldometers.info/coronavirus/countries-where-coronavirus-has-spread/
http://www.emro.who.int/pandemic-epidemic-diseases/covid-19/covid-19-situation-updates-for-week-16-1622-april-2023.html
http://www.emro.who.int/pandemic-epidemic-diseases/covid-19/covid-19-situation-updates-for-week-16-1622-april-2023.html
http://www.emro.who.int/pandemic-epidemic-diseases/covid-19/covid-19-situation-updates-for-week-16-1622-april-2023.html
https://covid19.who.int
https://covid19.who.int
https://www.worldometers.info/coronavirus/coronavirus-death-rate/
https://www.worldometers.info/coronavirus/coronavirus-death-rate/
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1111/jgs.16472
https://doi.org/10.1016/j.scitotenv.2020.138812
https://doi.org/10.1016/j.jcv.2022.105297
https://doi.org/10.3390/antibiotics11040498
https://doi.org/10.3389/fmed.2021.616927

Zemni et al.

12. Bennasrallah C, Zemni I, Dhouib W, Sriha H, Mezhoud N, Bouslama S, et al.
Factors associated with a prolonged negative conversion of viral RNA in patients with
COVID-19. Int ] Infect Dis IJID Off Publ Int Soc Infect Dis. (2021) 105:463-9. doi:
10.1016/4.1jid.2021.02.089

13. Aljunaid MA, Albeshry AM, Alshahrani NZ, Barabie SS. Estimate and
determinants of SARS-CoV-2 RNA clearance time among non-severe COVID-19
patients. ] Fam Med Prim Care. (2022) 11:1890-7. doi: 10.4103/jfmpc.jfmpc_1841_21

14. Hoffman EN, Kawachi H, Hirayama A, Zhang J, Murayama A, Masui J, et al.
Factors associated with prolonged duration of viral clearance in non-severe SARS-
CoV-2 patients in Osaka, Japan. Environ Health Prev Med. (2021) 26:115. doi: 10.1186/
$12199-021-01035-y

15.Li TZ, Cao ZH, Chen Y, Cai MT, Zhang LY, Xu H, et al. Duration of SARS-CoV-2
RNA shedding and factors associated with prolonged viral shedding in patients with
COVID-19. ] Med Virol. 93, 506-512. doi: 10.1002/jmv.26280

16. Harizi C, Cherif I, Najar N, Osman M, Mallekh R, Ayed OB, et al. Characteristics
and prognostic factors of COVID-19 among infected cases: a nationwide Tunisian
analysis. BMC Infect Dis. (2021) 21:140. doi: 10.1186/s12879-021-05844-y

17. COVID-19 Treatment Guidelines. Clinical Spectrum. Available at: https://www.
covidl9treatmentguidelines.nih.gov/overview/clinical-spectrum/

18. Abrahim SA, Tessema M, Defar A, Hussen A, Ejeta E, Demoz G, et al. Time to recovery
and its predictors among adults hospitalized with COVID-19: a prospective cohort study in
Ethiopia. PLoS One. (2020) 15:¢0244269. doi: 10.1371/journal.pone.0244269

19. D’ascanio M, Innammorato M, Pasquariello L, Pizzirusso D, Guerrieri G, Castelli
S, et al. Age is not the only risk factor in COVID-19: the role of comorbidities and of
long staying in residential care homes. BMC Geriatr. (2021) 21:63. doi: 10.1186/
s12877-021-02013-3

20. WHO-COVID-19-laboratory-2020.4-eng. pdf. Available at: https://apps.who.int/
iris/bitstream/handle/10665/331329/WHO-COVID-19-laboratory-2020.4-eng.pdf

21. Sherwal BL, Makkar N, Jain A, Dogra V, Prasad S, Sachan A, et al. Trends and
clinico-epidemiological profile of COVID-19 patients at a designated COVID-19
hospital in Delhi, North India. ] Fam Med Prim Care. (2020) 9:6261. doi: 10.4103/jfmpc.
jfmpc_1267_20

22. Chenchula S, Vidyasagar K, Pathan S, Sharma S, Chavan MR, Bhagavathula AS,
et al. Global prevalence and effect of comorbidities and smoking status on severity and
mortality of COVID-19 in association with age and gender: a systematic review, meta-
analysis and meta-regression. Sci Rep. (2023) 13:6415. doi: 10.1038/541598-023-33314-9

Frontiers in Medicine

08

10.3389/fmed.2024.1217849

23. Hirai N, Nishioka Y, Sekine T, Nishihara Y, Okuda N, Nishimura T, et al. Factors
associated with viral clearance periods from patients with COVID-19: a retrospective
observational cohort study. J Infect Chemother. (2021) 27:864-8. doi: 10.1016/j.
jiac.2021.02.015

24. Perrotta E, Corbi G, Mazzeo G, Boccia M, Aronne L, D’Agnano V, et al. COVID-19
and the elderly: insights into pathogenesis and clinical decision-making. Aging Clin Exp
Res. (2020) 32:1599-608. doi: 10.1007/s40520-020-01631-y

25. Crooke SN, Ovsyannikova IG, Kennedy RB, Poland GA. Immunosenescence: a
systems-level overview of immune cell biology and strategies for improving vaccine
responses. Exp Gerontol. (2019) 124:110632. doi: 10.1016/j.exger.2019.110632

26. Serrano-Lépez ], Martin-Antonio B. Inflammaging, an imbalanced immune
response that needs to be restored for Cancer prevention and treatment in the elderly.
Cell. (2021) 10:2562. doi: 10.3390/cells10102562

27. Tadic M, Cuspidi C, Sala C. COVID-19 and diabetes: is there enough evidence? J
Clin Hypertens Greenwich Conn [Internet]. (2020) 22:943-8. doi: 10.1111/jch.13912

28. Takahashi T, Ellingson MK, Wong P, Israelow B, Lucas C, Klein J, et al. Sex
differences in immune responses that underlie COVID-19 disease outcomes. Nature
(2020); 1-6. doi: 10.1038/s41586-020-2700-3

29. Giefing-Kroll C, Berger P, Lepperdinger G, Grubeck-Loebenstein B. How sex and
age affect immune responses, susceptibility to infections, and response to vaccination.
Aging Cell. (2015) 14:309-21. doi: 10.1111/acel.12326

30.Yang Y, Hu X, Xiong L, Fu P, Feng W, Li W, et al. Clinical characteristics of
hospitalized mild/moderate COVID-19 patients with a prolonged negative conversion
time of SARS-CoV-2 nucleic acid detection. BMC Infect Dis. (2021) 21:141. doi: 10.1186/
512879-021-05851-z

31.Chen H, Lin C, Fan Z, Yu W, Cao M, Ke C, et al. Serum cytokines and clinical
features in patients with fever and thrombocytopenia syndrome. Clin Chim Acta. (2019)
494:22-30. doi: 10.1016/j.cca.2019.02.034

32. Korish AA, Arafa MM. Propolis derivatives inhibit the systemic inflammatory
response and protect hepatic and neuronal cells in acute septic shock. Braz ] Infect Dis.
(2011) 15:332-8. doi: 10.1016/51413-8670(11)70201-X

33. To KKW, Tsang OTY, Leung WS, Tam AR, Wu TC, Lung DC, et al. Temporal
profiles of viral load in posterior oropharyngeal saliva samples and serum antibody
responses during infection by SARS-CoV-2: an observational cohort study. Lancet Infect
Dis. (2020) 20:565-74. doi: 10.1016/S1473-3099(20)30196-1

frontiersin.org


https://doi.org/10.3389/fmed.2024.1217849
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.ijid.2021.02.089
https://doi.org/10.4103/jfmpc.jfmpc_1841_21
https://doi.org/10.1186/s12199-021-01035-y
https://doi.org/10.1186/s12199-021-01035-y
https://doi.org/10.1002/jmv.26280
https://doi.org/10.1186/s12879-021-05844-y
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://doi.org/10.1371/journal.pone.0244269
https://doi.org/10.1186/s12877-021-02013-3
https://doi.org/10.1186/s12877-021-02013-3
https://apps.who.int/iris/bitstream/handle/10665/331329/WHO-COVID-19-laboratory-2020.4-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/331329/WHO-COVID-19-laboratory-2020.4-eng.pdf
https://doi.org/10.4103/jfmpc.jfmpc_1267_20
https://doi.org/10.4103/jfmpc.jfmpc_1267_20
https://doi.org/10.1038/s41598-023-33314-9
https://doi.org/10.1016/j.jiac.2021.02.015
https://doi.org/10.1016/j.jiac.2021.02.015
https://doi.org/10.1007/s40520-020-01631-y
https://doi.org/10.1016/j.exger.2019.110632
https://doi.org/10.3390/cells10102562
https://doi.org/10.1111/jch.13912
https://doi.org/10.1038/s41586-020-2700-3
https://doi.org/10.1111/acel.12326
https://doi.org/10.1186/s12879-021-05851-z
https://doi.org/10.1186/s12879-021-05851-z
https://doi.org/10.1016/j.cca.2019.02.034
https://doi.org/10.1016/S1413-8670(11)70201-X
https://doi.org/10.1016/S1473-3099(20)30196-1

	Comparison of time to negative conversion of SARS-CoV-2 between young and elderly among asymptomatic and mild COVID-19 patients: a cohort study from a national containment center
	Introduction
	Methods
	Study design
	Setting
	Case definition
	Viral clearance monitoring and criteria
	Enrollment process
	Exposure
	Follow up

	Data collection and definitions
	Laboratory confirmation of SARS-CoV-2 infection
	Statistical analysis
	Ethical considerations

	Results
	Clinical features of the study population
	Subgroup analyses of time to viral clearance according to age (Young group vs. older group)
	Multivariate analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

