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Background: Coronavirus disease 2019 (COVID-19) viral course and behavior remain 
unpredictable. This study describes incubation time and viral clearance of COVID-19 
hospitalized cases in Northern Jordan.
Methods: All COVID-19 confirmed cases hospitalized from March 15 to June 09, 2020, 
were included. Nasopharyngeal swabs were collected, and COVID-19 reverse transcription- 
polymerase chain reaction (RT-PCR) was performed every two days in all cases. The viral 
cure was defined when two negative RT-PCR tests were obtained ≥ 24 hours apart. Viral 
clearance time (VCT) reflects the time from the first positive nasopharyngeal swab to the first 
of two consecutive negative tests.
Results: In this cohort, a total of 157 patients were included. Most cases resulted from two 
major outbreaks. The median incubation period was 6 days (IQR, 3–10) and ranged from 1 to 
17 days. The median VCT was 13 days (IQR, 7–2) and ranged from 1 to 40 days. 
Symptomatic presentation and abnormal chest radiograph were predictors for a prolonged 
VCT (p=0.015 and p=0.014, respectively). The median time of resolution of symptoms was 7 
days (IQR, 3–10 days). Most symptomatic cases (91.7%) remained RT-PCR positive for up 
to 20 days after symptoms resolution, with a median of 13.5 days. VCT significantly 
correlated with the incubation period (p=0.013).
Conclusion: Viral cure lagged for as long as 20 days after resolution of symptoms. 
Continuing with social-distancing, frequent hand hygiene, and wearing facial mask remains 
essential and is recommended even after clinical resolution of symptoms.
Keywords: viral clearance, viral shedding, incubation period, COVID-19, coronavirus, 
pandemic, CDC

Introduction
Learning the pattern and duration of coronavirus disease 2019 (COVID-19) viral 
clearance and recovery influencing factors is vital in understanding the disease 
pathogenesis, its natural course, and treatment effects for severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection. Such information is helpful in 
eliminating unnecessary testing and utilizing hospital resources. This will also help 
optimize laboratory and human resources and hospital beds utilization. Data regard
ing viral shedding, incubation period and possible predictors of negative conversion 
among COVID-19 patients are scarce, particularly in asymptomatic or mildly 
affected cases, which constitute the vast majority of COVID-19 presentation; 
as few studies conducted frequent testing and close monitoring to COVID-19 
cases.1–4 Furthermore, asymptomatic and mild cases are usually quarantined with
out conducting sequential surveillance of virology profiles. During the early phase 
of fighting the COVID-19 pandemic in Jordan, the ministry of health initially 
launched a series of aggressive measures to contain the disease spread by isolating 

Correspondence: Shaher M Samrah  
Faculty of Medicine, Jordan University of 
Science and Technology, P.O.Box: 630001, 
Irbid, 22110, Jordan  
Email samrah@just.edu.jo   

Abdel-Hameed Al-Mistarehi  
Department of Public Health and Family 
Medicine, Faculty of Medicine, Jordan 
University of Science and Technology, 
P.O.Box: 630001, Irbid, 22110, Jordan  
Email awalmistarehi18@med.just.edu.jo

submit your manuscript | www.dovepress.com Journal of Multidisciplinary Healthcare 2021:14 555–565                                                    555

http://doi.org/10.2147/JMDH.S302891 

DovePress © 2021 Samrah et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Multidisciplinary Healthcare                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Jo
ur

na
l o

f M
ul

tid
is

ci
pl

in
ar

y 
H

ea
lth

ca
re

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-8811-3741
http://orcid.org/0000-0003-4713-8536
http://orcid.org/0000-0003-1754-6993
http://orcid.org/0000-0002-5933-9426
http://orcid.org/0000-0003-2160-4498
mailto:samrah@just.edu.jo
mailto:awalmistarehi18@med.just.edu.jo
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


and forcing a mandatory quarantine of all laboratory- 
confirmed COVID-19 cases, including asymptomatic 
ones, in designated hospitals.1,5,6 King Abdullah 
University Hospital (KAUH) was the designated hospital 
for the Northern Jordan region. The hospital serves 
a population exceeding 2 million. As part of a hospital 
adopted protocol, a serial of nasopharyngeal swabs were 
collected every two days in all cases, and real-time reverse 
transcriptase-polymerase chain reaction assay (RT-PCR) 
was conducted to detect viral negative-conversion (viral 
cure) as early as possible to facilitate early hospital 
discharge.

This study ascertained the incubation period and viral 
clearance among closely monitored asymptomatic and 
mildly affected COVID-19 patients and examined the 
effects of different clinical, laboratory, and radiological 
characteristics on the recovery rate.

Materials and Methods
Participants, Study Design, Specimen, and 
Data Collection
This single-center, retrospective cohort study was con
ducted at KAUH, Irbid, Jordan and included all hospita
lized patients with laboratory-confirmed COVID-19 
infection from March 15 to June 09, 2020. A confirmed 
case of COVID-19 was defined by a positive SARS-CoV-2 
RT-PCR test in specimens collected by nasopharyngeal 
swabs. Patients were divided into non-prolonged and pro
longed shedding groups according to nucleic acid conver
sion time (<14 days vs ≥14 days).7 Electronic medical 
records of all patients with laboratory-confirmed COVID- 
19 infection were reviewed. Demographic, clinical, labora
tory, radiological, treatment, and outcome data were 
extracted from electronic medical records. Data that was 
not available in the medical records were obtained through 
direct communication with patients or their families. 
Written informed consent was obtained from the recruited 
patients prior to study commencement, and this study was 
approved by the institutional review board (IRB) and the 
research and ethics committee at Jordan University of 
Science and Technology.

Clinical Management
According to the protocol adopted by the hospital in con
cordance with the national infectious disease committee 
recommendations at the time of the study, unless contra
indicated, all adult symptomatic and asymptomatic 

patients who had confirmed COVID-19 by RT-PCR 
received a 10-day course of hydroxychloroquine (HCQ) 
regardless of the severity of their illness. HCQ was given 
400 mg twice daily on the first day, followed by 200 mg 
twice daily for the following nine days. Additionally, 
appropriate empiric broad-spectrum antibiotics were admi
nistered to patients with suspected community-acquired 
pneumonia. Unless clinically contraindicated, all patients 
received a prophylactic dose of low molecular weight 
heparin and stress ulcer prophylaxis with a proton pump 
inhibitor during their hospital stay. Systemic corticoster
oids were avoided unless clinically indicated.

Specimen Collection and Testing and 
Definitive Variables
Clinical Specimens for COVID-19 diagnostic testing were 
collected and analyzed according to the Centers for 
Disease Control and Prevention (CDC) guidelines.8 

Nasopharyngeal swabs were collected by trained medical 
staff (physicians and nurses) and tested for SARS-CoV-2 
detection. The first viral detection test was performed upon 
admission of the patient. After that, the nasopharyngeal 
swabs and viral detection tests were repeated every 
other day in the early morning before toothbrushing and 
breakfast until the patient had a negative test result. The 
initial negative test result was then confirmed the 
following day again. Patients were discharged home fol
lowing “test-based” strategy suggested by the CDC at the 
time of conducting this study, which includes; resolution 
of fever without the use of fever-reducing medication, 
improvement in respiratory symptoms, and negative 
results of at least two consecutive nasopharyngeal swab 
specimens collected ≥ 24 hours apart.9 The period from 
the date of the first positive result to the date of the first 
two consecutive negative RT-PCR test results was defined 
as a viral cure/viral clearance time (VCT). The incubation 
period was estimated as the days elapsed between the 
dates of travel or contact exposure and the onset of symp
toms for the symptomatic patients.10

SARS-CoV-2 Detection Test
SARS-CoV-2 detection in nasopharyngeal specimens was 
conducted by SARS-CoV-2 Nucleic Acid Detection Kit 
(PCR-Fluorescent Probe Method) manufactured by Zybio 
Inc. with a product code of 1.10.11.09.nc.02. This kit 
qualitatively detects the RNA of SARS-CoV-2 in the spe
cimen through a one-step real-time RT-PCR method 
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targeting Open Reading Frame 1ab (ORF1ab), and 
Nucleocapsid protein (N) genes. Specimens were collected 
in the biosafety cabinet of the BSL-2 laboratory after 
sampling and stored in freezing-resistant tubes. 
Specimens were tested immediately or stored at 2–8 
C for no more than 24 hours or −20±5 C for no more 
than three months. RNA was extracted from the samples 
and then underwent real-time RT-PCR with SARS-CoV 
-2-specific primers and probes designed according to the 
conserved sequences of ORF1ab and N genes. Qualitative 
detection of SARS-CoV-2 was released by monitoring the 
change of fluorescence signal intensity during RT-PCR 
amplification. Cycle threshold (Ct) values and amplifica
tion curves of FAM (N gene) and ROX (ORF1ab result) 
fluorescence channels were used to approximately reflect 
the viral loads (inversely related to Ct-values) in the 
respiratory tract. The typical S-shaped amplification 
curves of FAM and ROX fluorescence channels and Ct 
values below 40 was defined as a positive test, while not 
detected FAM and ROX fluorescence channels or Ct 
values of 45 or more with VIC channel Ct <40 was 
considered as a negative test. A gray zone result required 
confirmation by re-testing, defined as Ct values between 
40 and 45, and VIC channel Ct <40. If the repeated test 
showed the same results, but with typical S-shaped curves, 
the result was deemed positive. Ct values of 45 or no value 
in FAM and ROX fluorescence channels, and Ct ≥ 40 or 
no value in VIC channel indicating that the result was 
invalid, and a re-test was needed.

Statistical Analysis
The IBM Statistical Package for Social Sciences Software 
(SPSS) for Windows, version 25.0, was used for data 
processing and analysis. Patients’ characteristics were 
described using frequencies and percentages for categori
cal variables. Continuous variables were presented as med
ians with interquartile ranges (IQRs) as they were not 
normally distributed. Bivariate correlation using the 
Pearson correlation coefficient (r) was conducted to test 
the relationships between two-time pertinent findings of 
COVID-19 patients. Using the measured median VCT in 
our study of 13 days, univariate and multivariate analyses 
were performed to detect the predictors of prolonged VCT 
as defined by a duration of equal or more than 14 days. 
A chi-square test or Fisher’s exact test was used to assess 
the categorical variables, whereas continuous variables 
were analyzed by the nonparametric Mann–Whitney 
U-test and Kaplan–Meier test. After that, a binary logistic 

regression analysis test was conducted with adjusting for 
the significant factors selected by univariate analysis to 
tease out the independent predictors for prolonged VCT. 
Odds ratio (OR) and their 95% confidence intervals (95% 
CI) were reported. A p-value of less than 0.05 was con
sidered statistically significant.

Results
A total of 158 COVID-19 patients were admitted to 
KAUH during the study period as a result of two main 
outbreaks in the Northern Jordan region. With one mortal
ity out of 158 admitted cases, a total of 157 COVID-19 
patients were included in this study. The median 
(Interquartile Range, IQR) age was 30.0 (20–47) and ran
ged from 3 to 79. More than half of the patients (57.3%) 
were females. Tables 1 and 2 describe the demographic, 
clinical, laboratory, and radiological characteristics of the 
study cohort at the time of admission. About half of our 
patients (46.5%) were asymptomatic. In the symptomatic 
group, the most common presenting symptoms were 
Upper Respiratory Tract infection symptoms (URTs), man
ifested as sore throat or/and nasal congestion, followed by 
cough, fatigue, and headache. The least common present
ing symptoms were chest tightness and diarrhea.

The first outbreak occurred after an indoor 2-hour 
wedding party on March 13, 2020, resulting in a total 
of 76 admitted COVID-19 infected cases out of about 
360 attendees. The presumed index case was the bride’s 
father.11 The second major outbreak started on May 7, 
2020, as a result of a large family launch gathering with 
a common exposure to an index case, a truck driver who 
crossed land borders from a neighboring country. This 
outbreak resulted in a total of 62 COVID-19 cases. In 
between these two outbreaks, two minor outbreaks took 
place and resulted in a total of 20 confirmed COVID-19 
cases after exposure to recent travelers from endemic 
areas, which occurred despite the strict measures applied 
by the government towards incoming travelers from out
side Jordan, which included mandatory home quarantine 
for up to 14 days to travelers coming from countries with 
a high incidence of new COVID-19 cases.6 The number 
of COVID-19 hospitalized patients from the first major 
outbreak increased gradually from March 16, 2020, and 
peaked with a total of 81 patients on April 2, 2020 (18 
days after the starting of the outbreak). While it took 10 
days to discharge the first admitted case of this outbreak, 
it took nearly 28 days from the peak to discharge the last 
case of this outbreak on April 30, 2020. The second 
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major outbreak started on May 7, 2020, with a peak of 
54 patients on May 15, 2020, nine days after the occur
rence of the outbreak. Similar to the first outbreak, it took 
as long as 26 days from the date of the peak to discharge 
the last case of this outbreak (June 9, 2020). Figure 1 
shows the chronicle of the number of hospitalized and 
discharged COVID-19 patients as a result of these 
outbreaks.

Table 3 summarizes the time kinetics of viral clear
ance, hospital stay, symptoms onset, and resolution. Our 
study’s measured median VCT was 13 days (IQR, 7-2) and 
ranged from as short as one day to as long as 40 days. The 
median incubation period from estimated exposure to 
onset of symptoms was 6 days (IQR of 3–10) and ranged 
from 1 day up to 17 days. Interestingly, four out of the 84 
(4.8%) symptomatic patients had an incubation period 

Table 1 Demographics and Clinical Characteristics of COVID-19 Patients at the Time of Admission

All Patients (n=157) Negative Conversion Rate (VCT) p-value*

< 14 Days (n=89) ≥ 14 Days (n=68)

Age (years), median (IQR) 30.0 (20–47) 30.0 (23.5–46.5) 27.0 (19.0–47.8) 0.893

Female gender 90 (57.3%) 45 (50.6%) 45 (66.2%) 0.050

BMI (Kg/m2), median (IQR) (n=132) 25.6 (22.9–29.1) 25.3 (23.2–29.0) 26.0 (22.7–29.2) 0.597

Obesity (≥ 30 Kg/m2) 29 (22%) 16 (21.1%) 13 (23.2%) 0.767

Cigarette smoking 0.457

Non-smoker 125 (79.6%) 69 (77.5%) 56 (82.4%)

Current smoker 32 (20.4%) 20 (22.5%) 12 (17.6%)

Any Comorbidity 33 (21%) 22 (24.7%) 11 (16.2%) 0.193

HTN 20 (12.7%) 12 (13.5%) 8 (11.8%) 0.749
DM 11 (7%) 7 (7.9%) 4 (5.9%) 0.630

Dyslipidemia 8 (5.1%) 5 (5.6%) 3 (4.4%) 0.733

IHD 5 (3.2%) 4 (4.5%) 1 (1.5%) 0.285
Pregnant females 6 (6.7%) 3 (6.7%) 3 (6.7%) 1.000

Symptomatic 84 (53.5%) 33 (37.1%) 51 (75%) < 0.001

Presenting symptoms
URTs 62 (39.5%) 24 (27%) 38 (55.9%) <0.001
Cough 56 (35.7%) 24 (27%) 32 (47.1%) 0.009
SOB 13 (8.3%) 4 (4.5%) 9 (13.2%) 0.049
Chest tightness 12 (7.6%) 5 (5.6%) 7 (10.3%) 0.275
Fever 13 (8.3%) 5 (5.6%) 8 (11.8%) 0.166

Chills 20 (12.7%) 7 (7.9%) 13 (19.1%) 0.036
Fatigue 25 (15.9%) 13 (14.6%) 12 (17.6%) 0.606
Diarrhea 8 (5.1%) 4 (4.5%) 4 (5.9%) 0.695

Headache 25 (15.9%) 11 (12.4%) 14 (20.6%) 0.163

Developing new symptoms during admission 26 (16.6%) 15 (16.9%) 11 (16.2%) 0.910

Vital signs, median (IQR)

Temperature (°C) 37.0 (36.8–37.2) 37.0 (36.8–37.4) 36.9 (36.7–37.1) 0.526

Pulse oximeter O2 saturation % 96.0 (95.0–97.0) 96.0 (95.0–97.0) 96.0 (95.0–97.0) 0.865
SpO2 ≤ 94% 16 (10.2%) 12 (13.5%) 4 (5.9%) 0.119

HR/min 87 (80–98) 89.0 (80.0–99.0) 85.0 (80.0–96.5) 0.118

RR/min 20 (18–20) 20 (18–20) 20 (18–20) 0.840
Systolic BP (mmHg) 120 (110.8–130) 120 (110–130) 118 (112–130) 0.498

Diastolic BP (mmHg) 74.0 (69.0–80.0) 75.5 (69.0–80.8) 73.0 (68.8–80.0) 0.389

Note: *A p-value of less than 0.05 was considered statistically significant as indicated in bold. 
Abbreviations: BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; IHD, ischemic heart disease; URTs, upper respiratory tract infection symptoms 
manifested by sore throat, or/and nasal congestion; SOB, shortness of breath; SpO2, pulse oximeter oxygen saturation.
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longer than 14 days. The median duration from onset to 
the resolution of symptoms was 7 days (IQR, 3–10 days). 
Most symptomatic cases (77/84, 91.7%) remained RT- 
PCR positive for up to 20 days after resolving symptoms, 
with a median of 13.5 days. VCT correlated with the 
incubation period (Pearson Correlation (r) = −0.284, 
p=0.013). Shorter lapse-time from the time of estimated 

exposure to positive RT-PCR was associated with longer 
VCT. On the other hand, there was no correlation between 
VCT and duration from onset of symptoms to hospital 
admission or the resolution of symptoms (p>0.05). More 
than half of COVID-19 patients from these outbreaks 
(56.7%) achieved viral cure within the first two weeks of 
admission, but noticeably 7% of the patients remained RT- 

Table 2 Laboratory and Radiographic Findings on the Day of Admission to the Hospital and Hydroxychloroquine Treatment

All Patients (n = 157) Negative Conversion Rate p-value*

< 14 Days (n = 89) ≥ 14 Days (n = 68)

Laboratory findings

WBC x 103/mm3, median 6.60 7.10 6.40 0.155

WBC < 4 x 103/mm3 19 (12.1%) 10 (11.2%) 9 (13.2%) 0.703
WBC > 11 x 103/mm3 10 (6.4%) 6 (6.7%) 4 (5.9%) 0.827

Neutrophils x 103/mm3, median 3.63 4.14 3.38 0.043
Neutrophils <1500/mm3 8 (5.1%) 4 (4.5%) 4 (5.9%) 0.695

Neutrophils >7000/mm3 15 (9.6%) 14 (15.7%) 4 (5.9%) 0.047

Lymphocytes x 103/mm3, median 1.98 2.05 1.82 0.168

Lymphocytes <1000/mm3 8 (5.1%) 7 (7.9%) 1 (1.5%) 0.071

Lymphocytes >3000/mm3 28 (17.8%) 17 (19.1%) 11 (16.2%) 0.635

Hemoglobin g/dl, median 13.70 13.80 13.45 0.358

Low Hb < 13g/dl 55 (35%) 28 (31.5%) 27 (39.7%) 0.283
Platelets x 103/mm3, median 213.00 218.00 210.50 0.551

Serum creatinine µmol/l, median 62.00 62.00 58.50 0.807

ALT u/l, median 15.20 16.50 15.00 0.872
AST u/l, median 20.00 20.00 20.10 0.904

Serum albumin g/l, median 46.00 46.00 46.25 0.794

CRP mg/l, median (n = 148) 2.45 1.85 2.93 0.021

High CRP (>4 mg/l) 53 (35.8%) 23 (28.4%) 30 (44.8%) 0.039

ESR mm/h, median (n = 142) 15.00 15.00 16.00 0.623

High ESR (>20 mm/h) 55 (38.7%) 29 (37.7%) 26 (40%) 0.776

D-dimer µg/mL, median (n = 146) 0.98 1.00 0.95 0.867

Positive D-dimer (≥ 1 µg/mL) 72 (49.3%) 43 (51.2%) 29 (46.8%) 0.598

LDH U/L, median (n = 122) 434.00 437.00 431.00 1.000

High LDH (> 280 U/L) 117 (95.9%) 75 (97.4%) 42 (93.3%) 0.274

Radiological findings (n = 122)

Abnormal chest radiograph 38/122 (31.1%) 12/70 (17.1%) 26/52 (50%) <0.001
Unilateral patchy infiltrates 15 (39.5%) 7 (58.3%) 8 (30.8%) 0.106

Bilateral patchy infiltrates 23 (60.5%) 5 (41.7%) 18 (69.2%)

Treatment (hydroxychloroquine) 0.749

Yes 137 (87.3%) 77 (86.5%) 60 (88.2%)

No 20 (12.7%) 12 (13.5%) 8 (11.8%)

Note: *A p-value of less than 0.05 was considered statistically significant as indicated in bold. 
Abbreviations: WBC, white blood cells count; Hb, hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate; LDH, lactate dehydrogenase.
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PCR positive four weeks after their first positive test 
(Figure 2).

Using the measured median VCT in our study of 13 
days, the study sample was divided into two groups, non- 
prolonged (less than 14 days) and prolonged (14 days or 
more), in order to investigate the effect of multiple vari
ables on VCT.7 The majority of patients (75%) who had 
prolonged VCT had COVID-19 symptoms upon admis
sion. The presence of symptoms upon admission was the 
most noticeable difference between the two groups 
(p<0.001). The median VCT among the symptomatic 
group was 16.5 days, compared to 7.0 days among the 

asymptomatic group (p<0.001) (Figure 3). Among the 
symptoms, patients who presented with URTs had 
a prolonged VCT of 16 days, in comparison to 10 days 
without URTs (p=0.002), and VCT was longer among 
patients who presented with cough (16 days vs 10 days, 
p=0.013); dyspnea (16 days vs 12 days, p=0.045); or chills 
(12 days vs 21 days, p=0.044). On the other hand, there 
was no difference in VCT between patients who had 
a fever, fatigue, chest tightness, diarrhea, or headache 
and patients without these symptoms (p>0.05). Although 
not statistically significant, more COVID-19 patients with 
prolonged VCT were females (66.2%, p=0.050). There 
was no difference between the two groups in regards to 
age, obesity, cigarette smoking, comorbidities, or present
ing vital signs or oxygenation.

With the exception of a lower neutrophil count, and 
elevated C-Reactive Protein (CRP) in the prolonged 
group (p=0.043 and p=0.021, respectively), there were 
no differences in the laboratory findings at the time of 
admission between the two groups. On the other hand, 
50% of the COVID-19 patients in the prolonged group 
had an abnormal X-ray compared to the non-prolonged 
group (17%) (p<0.001) (Table 2). The median VCT was 
prolonged of 17.5 days in COVID-19 patients with 
abnormal radiological findings, compared to 10 days in 
patients with normal chest X-rays at the time of pre
sentation (p=0.001) (Figure 4). Of all 157 COVID-19 
cases included in the study, 20 (12.7%) patients did not 
receive HCQ. There was no difference in VCT between 
patients who received HCQ treatment (13 days) and 
those who did not receive HCQ (11.5 days) (p=0.923).

Figure 1 Daily number of patients’ hospitalization, discharge, and death.

Table 3 Two-Time Pertinent Findings of COVID-19 Patients

Days Median 
(IQR)

VCT (first positive to first negative RT-PCR test) 13 (7–21)

IP (Time of exposure to symptoms onset) 6 (3–10)

CCT (symptoms onset to symptoms resolution) 7 (3–10)

Time from symptoms onset to viral clearance 22 (14–28)

Time from Clinical Cure to Viral Cure 13.5 (8–20)

Time from symptoms onset to hospital admission/ 

virus positivity

3 (2–5)

Time from hospital admission to symptoms 

resolution

3 (1–6)

Duration of hospitalization 16 (10–23)

Abbreviations: VCT, viral clearance time; IP, incubation period; CCT, clinical cure 
time; IQR, interquartile range.
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Using binary logistic regression to detect the indepen
dent predictors of prolonged VCT while adjusting for 
confounding factors including gender, presence of symp
toms at admission, neutrophilia, CRP, and chest radiograph 
findings. Symptomatic presentation upon admission and 
abnormal chest radiograph were independently associated 
with prolonged VCT beyond 14 days with an adjusted 
odds ratio (OR) of 3.03 (95% CI 1.25–7.37, p=0.015) 
and an adjusted OR of 3.05 (95% CI 1.25–7.45, 
p=0.014), respectively, (Table 4).

Discussion
This study explains different aspects of the SARS CoV-2 
infection course, from incubation time to viral clearance 
and correlation with host-related aspects. It describes var
ious time frames of the natural clinical course of closely 
monitored laboratory-confirmed COVID-19 patients, up 
until clinical and viral cure. The study followed two 

main outbreaks in Northern Jordan and revealed that it 
took about four weeks from the time of each outbreak’s 
peak to the time of hospital discharge of all affected 
patients. Such a prolonged hospital-stay length had cer
tainly placed a burden on the health care system from 
relatively mild outbreaks. Although most symptomatic 
patients had symptoms resolution after an average of 7 
days from onset of symptoms, most of the symptomatic 
cases (91.7%) continued to have positive nasopharyngeal 
RT-PCR tests after symptoms resolution, with a median 
VCT of 13.5 days. Symptomatic COVID-19 patients or/ 
and those with abnormal chest x-ray had prolonged viral 
clearance beyond 14 days, regardless of their age, gender, 
or presence of comorbidities.

The incubation period is epidemiologically critical dur
ing the COVID-19 pandemic as there is some evidence 
that asymptomatic and presymptomatic COVID-19 cases 
can spread the virus to close contacts.12–15 COVID-19 

Figure 4 Kaplan–Meier curves for negative viral conversion ratio in COVID-19 
patients according to radiological findings upon admission.

Figure 2 Duration to viral clearance in weeks.

Figure 3 Kaplan–Meier curves for negative viral conversion ratio between asymp
tomatic and symptomatic COVID-19 patients.
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generally had a longer incubation period than SARS and 
Middle East Respiratory Syndrome.16 The median (IQR) 
incubation period found in our study was 6 (3–10) days, 
but it extended to as long as 17 days in some cases. The 
first estimation of the COVID-19 infection incubation 
period was conducted by a study from Wuhan, which 
reported a mean incubation period of 5.2 days with the 
95th percentile of the distribution at 12.5 days.17 Later 
studies described a mean incubation period of 5–6.5 
days.18,19 However, a recent study on 2907 cases in 
China found that the incubation period may be prolonged 
to 24.0 days.20 A case with an incubation period of 19 
days was observed in a previous study of 5 cases.21

Multiple factors were described to play a role in pre
dicting the disease’s course and prognosis, including male 
sex, obesity, presence of comorbidities, high levels of 
D-dimer, low albumin, high CRP and ferritin levels, and 
presence of hypoxemia at the time of presentation.22–26 

The median VCT in our cohort was 13 days and was 
prolonged in symptomatic patients. Young et al reported 
a median viral shedding of 12 days, with a majority of 
patients (83%) had viral shedding from the nasopharynx 
detected for seven days or longer.27 Another study was 
conducted on 193 symptomatic and 110 asymptomatic 
patients and found that the median duration of viral shed
ding was shorter in asymptomatic patients.28 A recent 
study on a total of 396 non-severe COVID-19 patients 
found that the VCT was significantly shorter in the asymp
tomatic group with a median (IQR) of 14.5 days (11.0–
21.0) than in the symptomatic group with a median (IQR) 
of 18.0 days (15.0–22.0), (p=0.001).29 Another study 
found that unlike severe cases that remained test-positive 
after ten days, most of the mild cases had a viral cure 
by day-ten from the onset of symptoms.30 Data coming 
from china usually include younger populations in 

comparison to the European studies. Most European 
cohorts were found to have a slower recovery with more 
prolonged viral shedding.31,32 Bongiovanni et al reported 
a mean time for viral clearance of 31.8 days in a total of 
142 healthcare workers, with a maximum of 55 days and 
prolonged in symptomatic cases compared to asympto
matic (34.2 versus 22 days, p<0.0001); however, no sta
tistical correlation was observed for gender, age or severity 
of the disease.31

Most symptomatic COVID-19 patients in our study 
continued to have viral positivity after the resolution of 
symptoms for up to 20 days, with a median of 13.5 days. 
Chang et al reported a median viral shedding of 5.5 days, 
with up to half of the patients remained virus-positive for 
up to 8 days after resolving symptoms.33 However, in 
another study of 56 patients with mild to moderate illness, 
viral RNA shedding from pharyngeal specimens lasted for 
as long as 42 days after the onset of symptoms with 
a reported median duration of 24 days, and patients with 
prolonged viral shedding of more than 24 days tend to be 
older and more likely to have comorbidities such as dia
betes mellitus, and hypertension.34 Bongiovanni et al col
lected data from 1146 patients with COVID-19 infection 
and followed them after hospital discharge with periodic 
nasopharyngeal swabs and reported a mean time for viral 
shedding of 27.7 days.35 Interestingly, 125 patients 
(10.9%) were tested positive 19.9 days after tested- 
negative, raising the possibility of false-negative results 
due to technical errors in sampling the specimens or the 
sensitivity/specificity of the test kit versus intermittent 
shedding of RNA fragments or a true recurrence of 
COVID-19 infection.35

Liao et al indicated that advanced age, having severe 
chronic diseases, and severe illness were independent risk 
factors for higher viral RNA shedding. Patients with 
severe disease symptoms had prolonged viral shedding 
compared to those with mild symptoms (p=0.01).36 

Recent studies found that male sex, APACH II score, 
disease severity, lymphopenia, diarrhea, and delayed hos
pital admission after illness onset were all associated with 
prolonged SARS-CoV-2 RNA clearance time.37–39 Shi 
et al reported a median time of persistent viral shedding 
of 16 days, with a small subset of patients who had 
detectable levels of the virus up to 30 days from symptoms 
onset.37 A smaller retrospective study by Fang et al also 
found that the time of viral shedding was longer in patients 
admitted to ICU (15.67+6.68 days) compared to others 
(22.25+3.62 days) (p=0.02).40 The authors suggested that 

Table 4 Predictors of Prolonged Viral Clearance (≥14 Days)

Variable Odds Ratio (95% CI) p-value*

Female gender 1.103 (0.469–2.592) 0.823

Symptomatic presentation 3.030 (1.245–7.373) 0.015

Neutrophils >7000/mm3 0.408 (0.108–1.550) 0.188

High CRP (>4 mg/l) 1.256 (0.535–2.949) 0.601

Abnormal chest radiograph 3.053 (1.251–7.450) 0.014

Note: *A p-value of less than 0.05 was considered statistically significant as 
indicated in bold. 
Abbreviations: CRP, C-reactive protein; CI, confidence interval.
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higher viral load might be related to the disease’s severity 
and, consequently, to a prolonged viral shedding to 
recovery.40 The largest study from Europe to date was 
done by Bongiovanni et al included 681 patients with 
COVID-19 infection diagnosed by a nasopharyngeal 
swab.32 Patients were categorized into three groups 
according to the time needed to “swab negativization”, 
included: “Early-negativization” group (<3 weeks) com
posed of 284 patients, “medium-negativization” group 
(3–6 weeks) composed of 225 patients, and “late- 
negativization” group (>6 weeks) consisted of 172 
patients. Although male sex was significantly associated 
with a prolonged viral shedding at univariant analysis, 
only older age was found to be the strongest predictor of 
prolonged viral shedding after stepwise multiple regres
sion analysis.32

Our study did not find any association between dura
tion of viral shedding and age or presence of comorbid
ities. This could be attributed to our cohort’s nature as it 
consisted of young, healthy patients with a median (IQR) 
age of 30.0 (20–47), with a fewer number of patients had 
hypertension, diabetes mellitus, or other comorbidities. No 
gender effect on the viral shedding was seen in our cohort 
population, which is concordant with other studies’ 
findings,7,29,36 including a study from the Republic of 
Korea by Noh et al in which 199 patients with COVID- 
19 with a mean age of 38.0 years, were found to have 
a mean duration of viral shedding of 24.5 days and was 
longer in symptomatic patients compared to asymptomatic 
ones (25.2 days versus 22.6 days, p < 0.01).41

With the emergence of data indicating that although 
clinically recovered COVID-19 patients may continue to 
shed detectable-RNA in upper respiratory specimens for up 
to 3 months after illness onset, they are unlikely infectious 
to others; CDC released a new “symptoms-based” strategy 
for the completion and ending of quarantine or isolation for 
persons with COVID-19 in place of previously adopted 
“test-based” strategy.42–44 CDC suggests that COVID-19 
cases with mild-to-moderate illness can discontinue their 
isolation ten days from onset of symptoms, ten days after 
the date of their first positive RT-PCR test in asymptomatic 
patients, and 20 days if severely immunocompromised or 
suffered a severe illness; with at least 24 hours since last 
fever has passed in both groups.43 Our study is one of few in 
the literature to indicate prolonged viral shedding after 
symptom resolution. Therefore, enforcing further social 
distancing and facemask-wearing should be encouraged 
even after the assumed symptomatic period has ended.

Most patients from the outbreaks described in this 
study had mild or no symptoms, which might be 
a limitation of this study. However, including closely 
monitored asymptomatic patients with serial RT-PCR 
tests throughout the disease course allowed a better under
standing of the clinical pattern of COVID-19 infection. 
The study measured the clinical and viral cure durations 
based on the first positive and suspected exposure times.

This study has a few other limitations; first, the study 
described the outbreaks in Northern Jordan, with 
a relatively small sample that mainly consisted of rela
tively young and healthy subjects, which limited the gen
eralization of our findings outside the regional interest. 
Second, some COVID-19 cases had intermittent inconclu
sive or negative test results during serial RT-PCR testing; 
therefore, the test needed to be repeated the next day, 
which may have resulted in a longer hospital stay. Third, 
we did not detect the presence of viral RNA in patients’ 
excretions other than respiratory secretions, such as urine 
and fecal specimens. Previous studies indicated that viral 
load in the stool might be more significant and continue 
for a longer time than that in the respiratory secretions, 
and the existence of viral RNA in blood could be a strong 
indicator of clinical severity.45–47 It should be noted that 
this study did not provide evidence for the infectiousness 
of the patients who tested positive.

Conclusion
Two major outbreaks of COVID-19 in the Northern region 
of Jordan took up to four weeks from the date of each 
outbreak’s peak to finally clear with a median viral shedding 
duration of 13 days. Having symptoms or/and the presence 
of abnormal radiological findings were associated with 
delayed viral clearance. The incubation period may prolong 
beyond 14 days, and symptomatic COVID-19 patients may 
still have respiratory viral shedding for up to 20 days after 
clinical cure. Although infectivity duration is yet to be 
determined, having such prolonged periods of viral shedding 
and incubation reveals the importance of supporting and 
following social distancing and applying simple protective 
procedures such as facemask-wearing and regular hand 
hygiene long after the resolution of symptoms.
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