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Purpose: At present, it has been found that managing patients with a redetected positive RNA test after recovery from foreign-
imported coronavirus disease 2019 (COVID-19) cases in China is challenging. The purpose of the current study was to describe the
clinical characteristics of these patients.
Methods: This retrospective cohort study included 137 COVID-19 patients who were discharged from the Xi’an Public Health Center
from 28 July 2020 to 31 December 2021. We compared the clinical characteristics between positive retest patients and non-positive
retest patients.
Results: 137 COVID-19 patients entered our study, 27 (19.7%) cases of COVID-19 with a redetected positive RNA test by the end of
the follow-up period. Fever [(n = 31 (22.6%)], cough [n = 26 (18.9%)] and sore throat [n = 20 (14.5%)] were the most common initial
symptoms among the foreign-imported COVID-19 patients, and there were almost no significant differences in initial symptoms
between positive retest patients and non-positive retest patients. The positive retest patients had a higher lymphocyte count (p = 0.031)
and lymphocyte percentage (p = 0.007) during readmission. There were generally no significant differences in other routine blood test
findings, IgG and IgM antibody responses, between positive retest patients and non-positive retest patients, or in positive retest patients
over time (before, during, or after positive patient detection). After readmission, positive retest patients displayed fewer symptoms or
no obvious disease progression and more sustained remission by CT imaging.
Conclusion: Our findings revealed that the clinical characteristics at the time of initial diagnosis were not closely related to redetected
positive RNA tests after recovery from foreign-imported COVID-19 cases. Positive retest patients had virtually no symptoms and
displayed no obvious disease progression during readmission. These findings provide important information and clinical evidence for
the effective management of foreign-imported COVID-19 patients during their convalescent phase.
Keywords: SARS-CoV-2, COVID-19, clinical characteristics, foreign-imported cases, redetected positive RNA test

Introduction
Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). At
present, COVID-19 has spread globally, which has resulted in the present worldwide pandemic.1 As of March 5, 2022,
more than 450 million suffered from this disease, and deaths exceeded 6 million worldwide,2 posing huge challenges for
medical institutions and public health.3 Owing to the efficient prevention and control measures carried out by the
government, to some extent, the COVID-19 epidemic in mainland China has been well controlled since March 2020.4
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However, COVID-19 still transmits rapidly and is much more devastating than expected, showing no signs of slowing
down due to the continued uncontrolled mutations of SARS-CoV-2 and the complexity and high volume of international
flights.5–7 With the surge of returnees from foreign cases, our task has become extremely arduous. At the current stage,
the main task of epidemic prevention and control is to prevent and manage imported cases from abroad. Transmission
from a asymptomatic carrier has been reported, and it is very important to screen and quarantine both infected patients
and potential asymptomatic carriers,8 which challenges symptom-based screening that may potentially miss travellers
concealing symptoms or travellers with asymptomatic viral carriers during travel and contribute to foreign-imported
COVID-19 cases. Currently, real-time (RT)-PCR for the detection of SARS-CoV-2 RNA in nasal swab and pharyngeal
swab samples is a reliable test for detecting both symptomatic and asymptomatic COVID-19.8,9 When we treated patients
with COVID-19 in Xi’an Public Health Center, we found an increasing number of patients with redetected positive RNA
tests after recovery being discharged from the hospital. This is in line with the results reported by Lan.10 The redetected
positive RNA test aroused our interest. The management of repositive patients is challenging because of the mechanism
of repositive SARS-CoV-2, and its infectivity is still unclear, but this condition results in a longer hospitalization and
isolation time. Meanwhile, patients with positive retest SARS-CoV-2 account for approximately 11.0%–20.4% of
infectious patients, bringing mounting pressure to the medical and health organization and patients’ psychological
condition.11–13 An et al14 indicated that the recurrent positive patients were characterized by a younger age and milder
symptoms during hospitalization. However, the former reported focus on positive retest patients domestically, and there
have been few reports of positive retest patients from abroad.

We conducted a retrospective study of 137 overseas-imported COVID-19 cases that recovered from COVID-19.
Among these patients, 27 recurrent positive cases were identified, and 3 cases were multiple recurrent positions.
Compared with the nonrecurrent positive patients, we detailed the clinical characteristics of positive retest patients,
clarifying the characteristics of positive retest patients is urgent for appropriately managing these patients. To provide
empirical information and evidence-based support for the management of cases with a redetectable positive RNA test
after recovery.

Materials and Methods
Patients
For this retrospective analysis, clinical data records were collected from the Xi’an Public Health Center, which was the
officially designated hospital to quarantine and treat foreign-imported COVID-19 cases in Shaanxi Province. The patient
had a history of travel or residence in a foreign country or region within 14 days before the onset of the disease were
defined as foreign-imported cases. All COVID-19 patients were selected as the study population in Xi’an Public Health
Centre, and their clinical data were extracted from 28 July 2020 to 31 December 2021. All COVID-19 case diagnoses,
clinical classifications, treatment and discharge criteria were determined by the Diagnosis and Treatment Protocol of
Coronavirus Diseases 2019,15 National Health Commission (NHC) of the People’s Republic of China. The confirmed
cases were admitted to the COVID-19 confirmed ward for further treatment. The COVID-19 patient’s discharge criteria
were to meet the following 4 conditions at the same time: (1) normal temperature for ≥3 days, (2) significant
improvement in respiratory symptoms, (3) significant absorption of acute lesions in chest CT images, and (4) negative
results for SARS CoV-2 RNA from two consecutive respiratory sample swabs obtained at least 24 h apart. All discharged
patients continued to be quarantined and were observed for 14 days in centralized facilities. At the end of the quarantine
period, both nasopharyngeal and oropharyngeal swabs were collected from each patient for SARS-CoV-2 RNA detection
by RT-PCR. In addition, each patient underwent physical examination, routine laboratory tests and chest CT examination
at this time. The flowchart of management for foreign-imported COVID-19 patients is shown in Figure 1.

Data Collection
General information, including demographic data [ie, sex, age, body mass index (BMI), country of departure], medical
comorbidities, clinical symptoms, clinical severity information, laboratory results and chest computed tomography imaging
(CT) features as well as treatment details and clinical endpoints, especially the RNA test of SARS-CoV-2, was obtained using
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a standardized data collection form from electronic hospital medical records and attending doctors. Clinical severity on first
admission was classified as asymptomatic, mild, moderate, or critical based on Chinese Guidelines for Diagnosis and Treatment
for Novel Coronavirus Pneumonia.15 The countries in which imported cases had a history of travel or residence in a foreign
country or region within 14 days before the onset of the disease were defined as the source of their infection. The date of onset of
the disease was defined as the first RT–PCR positive result for the virus for asymptomatic patients or the date of the onset of
symptoms for symptomatic patients. The protocol of this study was approved by the Ethics Committee of Honghui Hospital,
Xi’an Jiaotong University (approval number: 202203017). Written patient consent was waived by the Ethics Commission
because the study was a retrospective analysis and only involved the extraction of medical records. The information from the
patients we studied was anonymized. All methods were carried out in accordance with relevant guidelines and regulations of
declaration of Helsinki.

Strategy for Nucleic Acid Tests
The open reading frame 1ab (ORF1ab) and nucleocapsid protein (N) were the two target genes of SARS-CoV-2 using
a 2019-nCoV nucleic acid detection reagent and a commercial kit (Bio-germ, Shanghai, China) recommend by the
Chinese Center for Disease Control and Prevention (CCDC). In this study, although both the ORF1b gene and N gene of
SARS-CoV-2 were detected in specimens with cycle threshold (Ct) values of ≤40 for both tested genes that were
considered positive, single-gene-positive specimens were retested old specimen to perform extraction again to perform
RT-PCR and considered positive if the Ct values from the repeat tests were ≤40.

Statistical Analysis
Continuous variables are expressed as the means ± standard deviations (SDs) for data with a normal distribution.
Otherwise, they are expressed as medians with interquartile ranges (25% and 75%), and comparisons between groups

Figure 1 A flow chart of management for foreign-imported COVID-19 patients.
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were analysed with Student’s t test or the Mann-Whitney U-test. Categorical variables are described as counts with
percentages (%), and differences between groups were analysed with the χ2 test or Fisher’s exact test. All statistical
analyses were performed using SPSS software (version 19.0; SPSS Inc., Chicago, IL, USA) in this study. P < 0.05
denoted statistical significance for all two-tailed tests.

Results
Demographic and Clinical Characteristics of All Included Patients
A total of 213 COVID-19 patients were selected as the initial study population from 28 July 2020 to 31 December 2021 in the
Xi’an Public Health Centre. Six patients who lacked complete data were excluded. Seventy patients who had a history of
COVID-19 infection were excluded. Finally, 137 patients entered our study. Twenty-seven cases of COVID-19 were redetected
with positive SARS-CoV-2 RNA as a positive retest group, including 3 patients with twice recurrent-positive results post
discharge, and 110 patients who did not show positive RT–PCR results again by the end of the follow-up period were included as
a nonpositive retest group. The 137 foreign-imported patients were from 22 countries, one-fifth of them were from Uzbekistan.
Majority of the patients (89.8%) were male while over half of the patients (68.6%) were aged 25–49 years. All of the patients
recovered and discharged. The demographic characteristics of the patients are shown in Table 1.

Clinical Characteristics on the First Admission
A total of 89.8% of patients were male, and 10.2% of patients were female, but no significant difference in sex was
found between positive retest patients and non-positive retest patients. There were also no significant differences in
BMI or sex distribution between positive retest patients and non-positive retest patients. Hypertension [n = 10
(7.3%)] and hepatic adipose infiltration (n = 4 (2.9%)] were the most common comorbidities among the COVID-19
patients. Additionally, a few patients had diabetes mellitus, respiratory system diseases, and coronary heart disease,
but there were no significant differences between the 2 groups. Asymptomatic [n=67 (48.9%)] was the most common
disease severity classification among the COVID-19 patients. Mild and moderate cases accounted for 23.3% (n=32)
and 27.0% (n=37), respectively, in this study population. There was only 1 severe case in this study cohort, and there
were no critically ill patients. However, there were no significant differences in distribution between the 2 groups.
Fever [n = 31 (22.6%)], cough [(n = 26 (18.9%)] and sore throat [n = 20 (14.5%)] were the most common initial
symptoms among the COVID-19 patients. Additionally, a few patients had diarrhoea, stuffy nose, shortness of breath,
rhinorrhea, fatigue, chest pain, headache, mental disorder, and muscle ache. Notably, the incidence rate of rhinorrhoea
[2 (7.4%) vs 1 (0.9%); p = 0.039] as part of the initial symptoms was higher in positive retest patients than in non-
positive retest patients. However, other symptoms were not significantly different between the two groups. The days
from the onset of symptoms to admission were also not significantly different between the two groups. During the
diagnostic procedure, 18 patients (13.1%) tested positive for the first nucleic acid test, 75 patients (54.78%) tested
positive for the second nucleic acid test, and 44 patients (32.1%) tested positive for the third or above nucleic acid
test, but there were no significant differences between positive retest patients and non-positive retest patients. Of the
imported cases, 93 (67.8%) cases were diagnosed within 3 days, and another 44 (32.2%) were diagnosed 3 days later.
Notably, the incidence of diagnosis within 3 days [23 (85.1%) vs 70 (63.6%); p=0.032] was higher in positive retest
patients than in non-positive retest patients. In the treatment of patients, 81 patients (59.1%) received antiviral
treatment, and 106 patients (77.4%) were taking Chinese medicine treatments. Moreover, no significant difference
was observed between positive retest patients and non-positive retest patients in terms of treatment status or hospital
stay during their first hospitalization. A comparison of clinical characteristics on the first admission between the
COVID-19 patients who were virus non-positive and positive after discharge is shown in Table 2.

Laboratory and Chest CT Findings on the First Admission
Among laboratory indicators tested at admission, data revealed that positive retest patients had significantly lower percentages of
neutrophils (54.1±5.6% vs 59.1±10.3%; p = 0.018), with significantly higher percentages of lymphocytes (34.25% ± 5.36% vs
30.2%± 9.72%; p = 0.039) than non-positive retest patients. However, the neutrophil count (3.5×109/L ± 0.93 ×109/L vs 4.1×109/
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L ± 1.4×109/L; p = 0.06) and lymphocyte count (2.16×109/L ± 0.45 ×109/L vs 2.18×109/L ± 1.79×109/L; p = 0.963) were not
significantly different between the 2 groups. Notably, other routine blood test findingswere not significantly different between the
two groups. Furthermore, no significant difference was observed for IgG and IgM antibody response in COVID-19 on the day of
admission between the two groups. Initial lesion analysis of the chest by CT scan showed no difference in the extent of lesions
between positive retest patients and non-positive retest patients. However, notably, the incidence of pure ground-glass opacities
(GGOs) [5 (18.5%) vs 7 (6.3%); p = 0.045] was higher in positive retest patients than in non-positive retest patients. However, the

Table 1 Demographic Characteristics of the Imported COVID-19
Cases

Variables Patients (N=137)

Age (years)

Mean (SD) 37.8±11.4

IQR 38 (29–46)
Range, n (%) 8–68

<18 2 (1.4%)

18–24 17 (12.4%)
25–49 94 (68.6%)

50–64 23 (16.7%)
≥65 1 (0.7%)

Sex, n (%)

Female 14 (10.2%)
Male 123 (89.8%)

From countries, n (%)

Uzbekistan 28 (20.4%)
Singapore 17 (12.4%)

Germany 15 (10.9%)

United Arab Emirates 14 (10.2%)
Kazakhstan 12 (8.7%)

Pakistan 12 (8.7%)

Belgium 6 (4.3%)
Spain 5 (3.6%)

Azerbaijan 4 (2.9%)

Japan 4 (2.9%)
Portuguesa 4 (2.9%)

United States of America 3 (2.1%)

Russia 3 (2.1%)
Sudan 2 (1.4%)

United Kingdom 1 (0.7%)

Cambodia 1 (0.7%)
Sweden 1 (0.7%)

France 1 (0.7%)

Nigeria 1 (0.7%)
Canada 1 (0.7%)

Philippines 1 (0.7%)

Bolivia 1 (0.7%)
Clinical outcome, n (%)

Discharged 137 (100%)

Died 0
Repositive patients after discharge, n (%) 27 (19.7%)

Abbreviation: IQR, interquartile range.
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incidence of GGOs with reticular and/or interlobular septal thickening and GGOs with consolidation or consolidation was not
significantly different between the two groups. (Table 3).

COVID-19 patients who met all of the hospital discharge criteria were recommended to stay in a medical centre with
strict medical isolation for an additional 14 days. At the end of the quarantine, all patients were reviewed for routine

Table 2 Comparison of Clinical Characteristics on the First Admission Between COVID-19 Patients with Non-Positive and Positive
Retest Results After Discharge

Variables Total (N = 137) Non-Positive
Retest (n= 110)

Positive
Retest (n= 27)

χ2 or t value P value

Age (year) 38 (29–46) 40 (30–47) 32 (24–42) 2.016 0.052

Gender, n (%) 0.029 0.864
Male 123 (89.8%) 99 (90%) 24 (88.8%)

Female 14 (10.2%) 11 (10.0%) 3 (11.1%)

BMI (kg/m2) 2.38±0.33 2.38±0.33 2.34±0.34 0.594 0.554
Comorbidities, n (%) 21 (15.3%) 16 (14.5%) 5 (18.5%) 0.264 0.608

Hypertension 10 (7.3%) 8 (7.3%) 2 (7.4%) 0.001 0.981
Hepatic adipose infiltration 4 (2.9%) 2 (1.8%) 2 (7.4%) 2.389 0.122

Diabetes 3 (2.2%) 3 (2.7%) 0 (0%) 0.753 0.386

Respiratory system diseases 3 (2.2%) 2 (1.8%) 1 (3.7%) 0.360 0.549
Coronary heart disease 1 (0.7%) 1 (0.9%) 0 0.360 0.549

Classification on admission, n (%)

Asymptomatic 67 (48.9%) 57 (51.8%) 10 (37%) 1.895 0.169
Mild 32 (23.3%) 23 (20.9%) 9 (33.1%) 1.869 0.172

Moderate 37 (27.0%) 29 (26.4%) 8 (29.6%) 0.117 0.732

Severe 1 (0.7%) 1 (0.9%) 0 0.247 0.619
Critical 0 0 NA NA

Initial symptoms, n (%)

Cough 26 (18.9%) 19 (17.3%) 7 (25.9%) 1.056 0.304
Fever 31 (22.6%) 24 (21.8%) 7 (25.9%) 0.209 0.648

Sore throat 20 (14.5%) 15 (13.6%) 5 (18.5%) 0.414 0.520

Diarrhoea 6 (4.3%) 5 (4.5%) 1 (3.7%) 0.037 0.848
Stuffy nose 8 (5.8%) 5 (4.5%) 3 (11.1%) 1.700 0.192

Shortness of breath 4 (2.9%) 4 (3.6%) 0 1.011 0.315

Rhinorrhoea 3 (2.2%) 1 (0.9%) 2 (7.4%) 4.274 0.039
Fatigue 10 (7.3%) 9 (8.1%) 1 (3.7%) 0.642 0.423

Chest pain 2 (1.5%) 2 (1.8%) 0 (0%) 0.498 0.480

Headache and mental disorder 4 (2.9%) 4 (3.6%) 0 1.011 0.315
Muscle ache 2 (1.5%) 2 (1.8%) 0 (0%) 0.498 0.48

Days from onset of symptoms

to admission (days)

1.8±0.56 1.9±6.7 1.6±5.7 0.204 0.839

Number of nucleic acid tests, n (%) 2.564 0.277

1 18 (13.1%) 12 (10.9%) 6 (22.2%) 2.431 0.119

2 75 (54.7%) 61 (55.4%) 14 (51.8%) 0.114 0.736
≥3 44 (32.1%) 37 (33.6%) 7 (25.9%) 0.591 0.442

Time from hospitalization to

confirmation (days)

4.617 0.032

≤3 93 (67.8%) 70 (63.6%) 23 (85.1%)

>3 44 (32.2%) 40 (36.3%) 4 (14.9%)

Hospital stay (days) 16.1±8.9 16.3±9.1 15.2±7.8 0.576 0.566
Treatment in hospital, n (%)

Antiviral drugs 81 (59.1%) 67 (60.9%) 14 (51.8%) 0.736 0.391

Taking Chinese medicine 106 (77.4%) 88 (80%) 18 (66.6%) 2.201 0.138

Abbreviation: BMI, body mass index.
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blood test, IgG and IgM antibody responses in COVID-19, and chest CT. Notably, various indicators in routine blood test
findings were not significantly different between positive retest patients and non-positive retest patients. Furthermore, no
significant difference was observed for IgG and IgM antibody response in COVID-19 on the day of end of the quarantine
between the two groups. There was also no significant difference in the changes in chest CT between the two groups.
(Table 4).

Laboratory Findings of Positive Retest Patients at First Hospitalization and
Readmission
To describe the clinical laboratory findings of positive retest cases at different stages, we analysed the routine blood, IgG
and IgM antibody responses in positive retest COVID-19 patients. On the day of readmission, data revealed that
readmission COVID-19 patients with SARS-CoV-2 repositivity had significantly lower percentages of neutrophils
(54.1±5.6% vs 59.9±9.2%; p = 0.008) on readmission than on first hospitalization. However, neutrophil count
(3.51×109/L ±0.94 ×109/L vs 4.08×109/L ±1.58×109/L; p = 0.109) was not significantly different between the 2 groups.
Positive retest patients had significantly higher percentages of lymphocytes (34.25% ±5.36% vs 29.31% ±7.32%; p =
0.007) and higher lymphocyte counts (2.17×109/L ± 0.453 ×109/L vs 1.88×109/L ± 0.49×109/L; p = 0.031) on read-
mission than they had on first hospitalization. Notably, other routine blood test findings were not significantly different
between the first hospitalization and readmission. Furthermore, no significant difference was observed for IgG and IgM
antibody response in COVID-19 between the first hospitalization and readmission. (Table 5).

Table 3 Comparison of Laboratory Findings and Chest CT Findings on the First Admission Between the COVID-19
Patients with Non-Positive and Positive Retest Results After Discharge

Variables Non-Positive
Retest (n = 110)

Positive Retest
(n= 27)

χ2 or t value P value

Routine blood test

White blood cell count (× 109/L) 6.7±1.8 6.4±1.39 0.993 0.148
Neutrophil count (×109/L) 4.1±1.4 3.5±0.93 1.895 0.06

Neutrophil percentage (%) 59.1±10.3 54.1±5.6 2.394 0.018

Lymphocyte count (× 109/L) 2.18±1.79 2.16±0.45 0.046 0.963
Lymphocyte percentage (%) 30.2±9.72 34.25±5.36 2.086 0.039

Monocyte count (× 109/L) 0.548±0.193 0.545±0.153 0.085 0.932
Monocyte percentage (%) 8.04±2.41 8.48±2.4 0.86 0.391

Haemoglobin (g/L) 149.8±16.4 151±24.7 0.489 0.626

Platelet (× 109/L) 231.2±65.7 240±60.7 0.684 0.495
COVID-19-specific antibody, n (%)

IgM (+) 10 (9.1%) 3 (11.1%) 0.103 0.748

IgG (+) 35 (31.8%) 9 (33.3%) 0.023 0.880
IgM (+) and IgG (+) 29 (26.3%) 8 (29.6%) 0.117 0.732

IgM (-) and IgG (-) 36 (32.7%) 7 (25.9%) 0.466 0.495

Chest CT finding, n (%)
The lesion range of chest CT

Bilateral lung 20 (18.2%) 6 (22.2%) 0.230 0.631

Unilateral pneumonia 19 (17.3%) 6 (22.2%) 0.356 0.551
Normal 71 (64.5%) 15 (55.5%) 0.750 0.387

Type of lesion

Pure GGO 7 (6.3%) 5 (18.5%) 4.008 0.045
GGO with reticular and/or interlobular

septal thickening

5 (4.5%) 2 (7.4%) 0.366 0.545

GGO with consolidation 11 (10%) 1 (3.7%) 1.075 0.300
Consolidation 3 (2.7%) 1 (3.7%) 0.073 0.787

Abbreviations: CT, computed tomography; GGO, ground-glass opacity.
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Clinical Characteristics of Positive Retest Patients Upon Readmission
Considering the potential infectious risks of positive retest patients, all 27 positive retest patients were readmitted to the
hospital for observation and treatment. Two patients (7.4%) complained of sore throat, and one patient complained

Table 4 Comparison of Laboratory Data and Chest CT Findings Between Non-Positive and Positive Retest
COVID-19 Patients When Quarantine Ended

Variables Non-Positive Retest
(n = 110)

Positive Retest
(n = 27)

χ2 or t value P value

Routine blood test

White blood cell count (× 109/L) 6.46±1.86 6.42±1.39 0.113 0.910
Neutrophil count (× 109/L) 3.68±1.40 3.51±0.93 0.601 0.450

Neutrophil percentage (%) 55.10±8.96 54.13±5.63 0.536 0.593

Lymphocyte count (× 109/L) 2.15±0.733 2.16±0.453 0.079 0.918
Lymphocyte percentage (%) 33.88±8.78 34.25±5.36 0.212 0.779

Monocyte count (× 109/L) 0.496 0.521 0.768 0.424
Monocyte percentage (%) 8.01±2.81 8.488 0.811 0.419

Haemoglobin (g/L) 151±17.5 149±15.5 0.722 0.472

Platelet (× 109/L) 238.8±63.4 244.6±55.8 0.433 0.642
COVID-19-specific antibody

IgM (+) 9 (8.1%) 3 (11.1%) 0.233 0.629

IgG (+) 34 (30.9%) 9 (33.3%) 0.059 0.808
IgM (+) and IgG (+) 39 (35.5%) 8 (29.6%) 0.326 0.568

IgM (-) and IgG (-) 28 (25.5%) 7 (25.9%) 0.003 0.960

Chest CT imaging, n (%)
Transient progression 2 (1.8%) 2 (7.4%) 2.389 0.112

Sustained remission 19 (17.2%) 2 (7.4%) 1.626 0.202

No change 27 (24.5%) 9 (33.3%) 0.864 0.353
Normal 62 (55.5%) 14 (51.8%) 0.179 0.673

Abbreviation: CT, computed tomography.

Table 5 Baseline Characteristics of Positive Retest Patients at First Hospitalization and Readmission

Features First Hospitalization
(n = 27)

Readmission
(n = 27)

χ2 or t value P value

Routine blood test

White blood cell count (×109/L) 6.65±1.84 6.42±1.39 0.523 0.604

Neutrophil count (× 109/L) 4.08±1.58 3.51±0.94 1.632 0.109

Neutrophil percentage (%) 59.9±9.2 54.1±5.6 2.78 0.008

Lymphocyte count (× 109/L) 1.88±0.49 2.17±0.453 2.216 0.031

Lymphocyte percentage (%) 29.31±7.32 34.25±5.36 2.834 0.007

Monocyte count (× 109/L) 0.544±0.152 0.521±0.143 0.570 0.571

Monocyte percentage (%) 8.75±3.49 8.48±2.41 0.318 0.752

Haemoglobin (g/L) 151.7±24.7 149.1±15.5 0.475 0.637

Platelet (× 109/L) 240.7±60.7 144.5±55.8 0.245 0.807

COVID-19 specific antibody, n (%)

IgM (+) 3 (11.1%) 2 (7.4%) 0.220 0.639

IgG (+) 9 (33.3%) 12 (44.4%) 0.701 0.402

IgM (+) and IgG (+) 8 (29.6%) 6 (22.2%) 0.386 0.535

IgM (-) and IgG (-) 7 (25.9%) 7 (25.9%) 0 1

Treatment in hospital, n (%)

Antiviral drugs 14 (51.9%) 13 (48.1%) 0.074 0.785

Taking Chinese medicine 18 (66.7%) 18 (66.7%) 0 1
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(3.7%) of chest tightness. Another patient (3.7%) reported a slight stuffy nose on the second admission, which was
previously observed and did not increase in severity. Twelve (44.5%) patients had asymptomatic infections. Two
radiologists independently assessed the chest CT images of the positive retest patients. The images taken at readmission
were compared to those taken at the first admission. Fourteen patients showed normal lung images with no signs of
inflammation, 9 (33.3%) patients had no obvious changes in the lungs, 2 (7.2%) had sustained remission, and 2 (7.4%)
patients had transient progression. No patient showed aggravated lung images. The clinical characteristics of positive
retest patients upon readmission are shown in Table 6.

Discussion
This retrospective cohort study identified the clinical characteristics of positive retest COVID-19 patients in Xi’an Public
Health Center Hospital. By systematically analysing the 137 foreign imported patients during hospitalization, quarantine
and follow-up, we noticed that positive retest SARS-CoV-2 RNA detection accounted for 19.7% of recovered patients,
which is close to most previous reports (15%–21%).16,17 Zou et al18 demonstrated that 20.6% of 257 individuals suffered
from positive retest SARS-CoV-2 RNA detection after two consecutive negative RNA tests, and 5.4% of patients were
identified after three negative detections. This is similar to recent studies on positive SARS-CoV-2 RNA detection.

In this study, we determined that the 137 imported COVID-19 patients were generally young, asymptomatic, and had
no disease progression. We found that on the first admission, there was no significant difference in age, disease severity
classification or initial symptoms (such as fever, cough and sore throat) between the repositive patients and the non-
repositive patients. A recent study by Hong et al19 showed that the rate of rhinorrhoea was not significantly different
between the positive retest and non-positive retest groups. Another study by Yi et al20 reported that there were only 2
COVID-19 patients with rhinorrhoea among the 184 patients, which was close to our study. In this study, although the
rate of rhinorrhoea was higher in positive retest patients than in non-positive retest patients [2 (7.4%) vs 1 (0.9%);

Table 6 Clinical Characteristics of Positive Retest Patients on
Readmission

Variables Patients (n=27)

Age (years) 32 (24–42)

Sex, n (%)

Female 3 (11.1%)
Male 24 (88.9%)

Symptoms, n (%)

Cough 0
Fever 0

Sore throat 2 (7.4%)
Diarrhoea 0

Stuffy nose 1 (3.7%)

Chest tightness 1 (3.7%)
Shortness of breath 0

Rhinorrhoea 0

Fatigue 0
Chest pain 0

Headache and mental disorder symptoms 0

Muscle ache 0
Chest CT imaging, n (%)

Transient progression 2 (7.4%)

Sustained remission 2 (7.4%)
No change 9 (33.3%)

Normal 14 (51.9%)

Abbreviation: CT, computed tomography.
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p = 0.039], few enrolled patients suffered from this initial symptom. Moreover, the study by Wong et al21 showed that
patients who were positive for SARS-CoV-2 RNA did not show COVID-19 symptoms after discharge from the hospital.
Meanwhile, in another study involving 123 patients who were positive again for SARS-CoV-2 RNA, there were virtually
no related clinical symptoms after recovery, which may be related to the higher proportion of mild symptoms or
asymptomatic patients at the initial episode.22 Consistent with previous findings, we also comprehensively characterized
the clinical symptoms of redetectable positive RNA test patients when they were readmitted to the hospital. None of the
positive patients had cough or fever on readmission. Only two patients complained of sore throat, and one patient
complained of chest tightness. Another patient reported a slight stuffy nose on readmission, which was observed and did
not increase in severity. These data indicated that although there was positive RNA detection for SARS-CoV-2, there was
no obvious disease progression during readmission. In our study, continuous observations over time (before, during, or
after positive retest patient detection) revealed improvements in imaging features in all positive patients and non-positive
patients. The lung imaging reports for positive retest and non-positive retest patients showed no significant differences,
which showed that sustained remission or no lesions in the lungs occurred between positive and non-positive retest
patients. In addition, studies have also shown that upon readmission, positive retest patients’ chest CT findings showed
no signs of deterioration compared with the previous scans.23 This indicates no obvious disease progression during
readmission.

COVID-19 is a systemic infection with the characteristics of haematopoietic system changes, and the laboratory data
of imported patients were retrospectively analysed in our study. Lymphocytes are thought to be associated with viral
infection. Previous studies suggested that decreased lymphocyte count was one of the most common laboratory
abnormalities in COVID-19, and it was a predictive factor of severity and mortality.24–27 We found that there were
significant differences in the neutrophil percentage and lymphocyte percentage between the positive retest patients and
the non-positive retest patients on the first admission. Meanwhile, at the first hospitalization, the lymphocyte count and
lymphocyte percentage of the positive retest patients were lower than those at readmission. We inferred that the
difference in lymphocyte count between the first hospitalization and readmission may predict the decrease in severity
among positive retest patients who recovered from COVID-19. However, our study differs from a previous study of 7
positive retest patients, which Yang et al28 revealed that there was no difference in lymphocyte count between the first
hospitalization and readmission. Changes in the lymphocyte count are mainly observed in patients with virus infection,
haemopathy and glucocorticoid therapy, and lymphocyte count is easily affected by factors such as the temperature of the
environment and detection instrument. The limited sample size suggests that further validation is needed.

COVID-19 patients have comorbidities, including hypertension, diabetes, and cardiovascular disease, and are more
likely to be transferred to the ICU.29 In our research, a majority of COVID-19 patients had hypertension and hepatic
adipose infiltration, and a small proportion had diabetes mellitus, respiratory system diseases, and coronary heart disease.
However, there was no significant difference in patients with regard to comorbidity between positive retest patients and
non-positive retest patients. This result suggests that comorbidities such as hypertension, hepatic adipose infiltration, and
diabetes may be related to the patient’s disease severity or prognosis but have little to do with the positive retest for
SARS-CoV-2. In another study,30 it was also found no significant differences between positive retest patients and non-
positive retest patients with regard to comorbidities, including hypertension, diabetes, and cardiovascular disease.

Although positive retest patients have been noticed and reported by multiple independent researchers10,31 and
government authorities, including the Korean Centers for Disease Control and Prevention (CDC),32 there is a large
controversy regarding the cause of returning positive episodes and the infectivity of positive retest patients. Because the
positive retest patients were strictly quarantined at the medical centre in our study before readmission, we excluded
positive retest patients reinfected with SARS-CoV-2. Therefore, we suspect that there are other reasons for the positive
retest results. To the best of our knowledge, an accurate explanation for positive retests is lacking. In Singapore, the
median duration of the loss of SARS-CoV-2 from nasopharyngeal aspirates was 24 days (median duration 12 days; range
from 1 day to 24 days) after symptom onset, which may be related to the intermittent release of the virus from the
respiratory tract leading to intermittently detected positive nucleic acid detection results.33 SARS-CoV-2 clearance
characteristics in the bodies of patients are still not fully understood. There are several possible mechanisms, such as
intermittent loss of SARS-CoV-2, viral distribution, intermittent dormancy period, residual viral presence, and false
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negatives during the initial discharge, to explain the existence of positive retest patients.31,33–35 However, in a study
conducted in Hong Kong, researchers could not amplify active SARS-CoV-2 from samples of positive retest patients.36

Thus, it is also possible that the presence of positive retest cases was caused by broken SARS-CoV-2 fragments or dead
SARS-CoV-2 particles that were not completely cleared in the body. Another study found that an intermittent, nonstable
excretion of low-level viral RNA may result in positive retest occurrence rather than reinfection.31 A study in South
Korea states that a repositive RNA test result for SARS-CoV-2 can only indicate that viral nucleic acid has been detected
again but not that SARS-CoV-2 has caused reinfection or is reactivated.37 At the same time, some researchers believe
that the low efficiency of throat swab and nasopharyngeal swab detection might result in the appearance of retest
positivity.38 Positive retest results may be due to false-negative SARS-CoV-2 RNA test results at discharge.

Our study has some limitations. First, this study was a single-centre medical retrospective study based on a rather small
cohort. The bias of the trial cannot be completely controlled, due to differences in SARS-CoV-2 RNA testing methods and the
discharge criteria among different counties and cities. Larger samples and multicentre studies are necessary to further verify
the findings in the present study. Second, respiratory specimens were collected from the patients in this study for nucleic acid
detection according to the time period. The nucleic acid collection time points were the end of hospitalization, the end of
isolation, and the end of follow-up. Nucleic acid was not collected every day. It is impossible to determine the specific viral
shedding time and virus detection recovery time. The dynamics of SARS-CoV-2 RNA in COVID-19 patients need to be
monitored and evaluated for positive retest. Last but not least, because our research is retrospective, we have not been able to
detect the complete information of the virus whole genome sequencing and virus culture to verify the presence/absence of live
virus and clarify the viral genome characteristics of positive retest patients. When the nucleic acid test is positive, it is
impossible to determine whether there is an active virus in the respiratory tract and is unable to judge the infectivity of
repositive patients. In future studies, we can use viral culture and rapid antigen test to assess the infectivity. Finally, due to the
strict management of recovered patients after discharge, most recovered patients were identified as positive again during
quarantine; consequently, they had few close contacts. Epidemiologic studies are needed to further confirm the transmission
risk posed by positive retest patients.

Conclusions
In this study, it was found that demographic characteristics, medical comorbidities, initial symptoms, laboratory results,
chest CT images and severity of the disease of patients at the time of initial diagnosis were not closely related to
redetected positive RNA tests after recovery from foreign-imported COVID-19 cases. Positive retest patients had
virtually no symptoms and displayed no obvious disease progression during readmission. These findings provide
important information and clinical evidence for the effective management of foreign-imported COVID-19 patients
during their convalescent phase.
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