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Abstract

At present, it has been noticed that some patients recovered from COVID-19 present a recurrent positive RNA test of SARS-
CoV-2 (severe acute respiratory syndrome coronavirus 2) after being discharged from hospitals. The purpose of the current study
was to characterize the clinical features of re-hospitalized patients with recurrent SARS-CoV-2 positive results. From January 12
to April 1 of 2020, our retrospective study was conducted in China. The exposure history, baseline data, laboratory findings,
therapeutic schedule, and clinical endpoints of the patients were collected. All the patients were followed until April 10, 2020.
Among all COVID-19 patients included in the current study, there were 14 re-hospitalized patients due to recurrent positive tests
of SARS-CoV-2 RNA. Fever (11 [78.6%]), cough (10 [71.4%]), and fatigue (7 [50.0%]) were the most common symptoms on
the patient’s first admission, and less symptoms were found on their second admission. The average duration from the onset of
symptoms to admission to hospital was found to be 8.4 days for the first admission and 2.6 days for the second admission (P =
0.002). The average time from the detection of RNA (+) to hospitalization was 1.9 days for the first admission and 2.6 days for the
second admission (P = 0.479), and the average time from RNA (+) to RNA (—) was 11.1 days for the first admission and 6.3 days
for the second admission (P = 0.030). Moreover, the total time in hospital was 18.6 days for the first admission and 8.0 days for
the second admission (P = 0.000). It may be necessary to increase the isolation observation time and RT-PCR tests should be
timely performed on multiple samples as soon as possible.
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Introduction the World Health Organization (WHO) that induced coronavi-

rus disease 2019 (COVID-19), which resulted in the present
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genome sequencing to show that one patient could be infected
by SARS-CoV-2 in two different occasions and found that the
second infection of this patient had more severe symptoms than
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with positive SARS-CoV-2 RNA even after discharging [7, 9,
18, 19]. A meta-analysis of 17 studies with 5182 COVID-19
patients reported a recurrence positive SARS-CoV-2 RNA rate
of 12%. They believed that the respiratory tract samples should
be repeated nucleic acid tests in both the first and second months
after recovery from COVID-19 [13]. Follow-up observation of
the baseline characteristics of these patients and whether family
members are infected with SARS-CoV-2 may help to develop
management strategies in targeting these groups. Here, we re-
ported 14 re-hospitalized patients due to a recurrent positive re-
sult of SARS-CoV-2 RNA. Further investigations of the clinical
characteristics of such patients may contribute to the improve-
ment of current criteria for release and reduction of recurrence
rate.

Materials and methods
Study design

The study was performed in China from January 12 to April 1,
2020 and had been approved by the Ethics Committees of
Huanggang Central Hospital (No. HGYY-2020-005) and
Wuhan Union Hospital (No. 2020-0077-1). In total, 1350 pa-
tients with COVID-19 from the general wards and intensive
care units (ICU) were initially enrolled in the current study.

The inclusion criteria were (1) diagnosis of COVID-19 was
all confirmed by positive test of SARS-CoV-2 RNA from the
throat swab or sputum samples according to WHO interim guid-
ance; (2) criteria for all COVID-19 patients discharging from
hospitals were based on the guidelines by National Health
Commission of China: (i) normal temperature for at least 3 days,
(ii) no obvious respiratory symptoms, (iii) significant absorption
of lesions in chest computerized tomography (CT) scans, (iv)
double check of negative SARS-CoV-2 RNA tests (sampling
interval over 24h); (3) the patients were hospitalized no less than
2 times due to re-detectable positive SARS-CoV-2 RNA; (4)
chest CT scans and blood tests were performed. Those patients
who did not meet all of the criteria listed above were excluded
from the current study.

Data collection

Each COVID-19 case report was carefully reviewed from elec-
tronic medical records. All the data were collected by two differ-
ent co-authors independently. The exposure history, demograph-
ic data, baseline characteristics, laboratory data, therapeutic pro-
grams, and clinical endpoints, especially the RNA test of SARS-
CoV-2, were extracted. The results of viral RNA were based on
the first positive and the first valid negative data (i.e., the first
negative result before reaching the discharge standard). In the
present study, samples by throat swabs were obtained from the
patients at the time of admission, and during the time of home or
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hotel quarantine were tested by real-time reverse transcription
PCR [4].

Statistical analysis

Continuous data were shown as means (+ standard deviation
[SD]) or medians with interquartile range (IQR). Categorical
data were described as percentages. All laboratory results
were assessed if the measurements exceeded the normal level.
A paired ¢ test was used for continuous data and chi-squared
test was applied to compare count data. A two-tailed P value
less than 0.05 was selected as the cutoff value for statistical
significance. SPSS version 20 (SPSS, Chicago, IL, USA) was
used to conduct statistical analyses in the current study.

Results
Baseline characteristics

A total of 1350 COVID-19 patients were selected as the initial
study population from January 12 to April 1, 2020. Only 20
cases of COVID-19 were re-detected with positive SARS-
CoV-2 RNA. Six patients who lack complete data were ex-
cluded. Finally, 14 cases met the inclusion criteria. The final
follow-up was April 10, 2020.

Baseline characteristics of 14 patients on two admissions are
summarized in Tables 1, 2, and Fig. 1. The average age of the
patients was 44.4 years old (SD + 15.0), with 10 males and 4
females. According to the epidemiological history, 7 (50.0%)
patients remembered clearly about their history of exposure in
the first admission and 14 (100.0%) patients in the second ad-
mission. Fever (11 [78.6%]), cough (10 [71.4%]), and fatigue (7
[50.0%]) were the most common symptoms, and digestive
symptoms such as lack of appetite (4 [28.6%]) and diarrhea (1
[7.1%]) were reported on the first admission. However, except
for one patient who had a cough, the remaining 13 patients had
no symptoms on the second admission. Additionally, new le-
sions were not found in all patients undergoing chest CT on
second admission. Meanwhile, most patients rarely had underly-
ing comorbidities. On the first admission, there were 14
(100.0%) patients receiving antiviral drugs including lopinavir/
ritonavir or arbidol, 11 (78.57%) receiving Lianhua Qingwen,
and 8 (57.1%) receiving nebulized «-interferon treatment.
Similarly, 10 (71.43%) patients on second hospitalization re-
ceived antiviral treatment.

RNA test outcomes of SARS-CoV-2

The results of SARS-CoV-2 RNA are shown in Table 2 and
Fig. 1. In detail, the average time from detection of RNA (+) to
hospital admission was 1.9 days (SD + 1.6) for the first ad-
mission and 2.6 days (SD =+ 2.2) for the second admission (P =
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Table 2 Clinical outcomes of

COVID-19 patients between two Characteristics All patients (n = 14) P value
admissions
First admission (n = 14)  Second admission (n = 14)
Age, years [mean (SD)] 444 +£15.0 /
Sex (M/F) (10/4)
Respiratory rate 209+14 204 +£2.1 0.530
Days from onset of symptoms to admission ~ 8.4 +5.5 26+22 0.002
Days from onset of RNA (+) to admission 19+1.6 26+22 0.479
Days from onset of RNA (+) to RNA (-) 11.1+7.7 6.3+4.0 0.030
Days from onset of RNA (—) to RNA (+) 20.8 +8.7 /
Days from discharge to RNA (+) 122+49 /
Total days in hospital 18.6 £8.3 8.0+49 0.000
Common symptoms
Fever 11 (78.6%) 0 (0.0%) 0.003
Cough 10 (71.4%) 1(7.1%) 0.008
Short of breath 1(7.1%) 0 (0.0%) 0.999
Diarrhea 1(7.1%) 0 (0.0%) 0.999
Lack of appetite 4 (28.6%) 0 (0.0%) 0.134
Fatigue 7 (50.0%) 0 (0.0%) 0.023
Muscle pain 3 (21.4%) 0 (0.0%) 0.249
Epidemiological history
Clear contact history 7 (50.0%) 14 (100.0%) 0.023
Unclear contact history 7 (50.0%) 0 (0.0%) 0.023
Medical treatment after admission
Antibiotic treatment 5 (35.7%) 1(7.1%) 0.221
Antifungal treatment 0 (0.0%) 0 (0.0%)
Antiviral treatment 14 (100.0%) 10 (71.4%) 0.134
Glucocorticoids 4 (28.6%) 0 (0.0%) 0.134
Nebulized o-interferon treatment 8 (57.1%) 4 (28.6%) 0.134
Intravenous immunoglobulin therapy 2 (14.3%) 0 (0.0%) 0.480
Lianhua Qingwen 11 (78.6%) 3 (21.4%) 0.013

0.479). The average time from RNA (+) to RNA (-) was 11.1
days (SD + 7.7) for the first admission and 6.3 days (SD +4.0)
for the second admission (P = 0.030). The average time from
onset of RNA (—) to RNA (+) was 20.8 days (SD + 8.7) and
the range of days from onset of RNA (—) to RNA (+) were 7 to
40 days for these patients. The average time from discharge to
RNA (+) was 12.2 days (SD £ 4.9) and the days ranged from 1
to 21 days. Of the 14 cases, 4 (28.6%) patients had more than
14 days from discharge until recurrent positive SARS-CoV-2
RNA. Moreover, the average time from onset of symptoms to
admission was 8.4 days (SD + 5.5) for the first admission and
2.6 days (SD =+ 2.2) for the second admission (P = 0.002).
Additionally, the total time in hospital was 18.6 days (SD =+
8.3) for the first admission and 8.0 days (SD + 4.9) for the
second admission (P = 0.000).

Laboratory findings

Table 3 shows the details of laboratory data for two admitted
in patients with COVID-19. White blood cell counts were 4.4
x 10%/L (SD = 1.8) on the first admission and 5.8 x 10°/L (SD
+ 1.4) on the second admission (P = 0.013), which may be a
result of the increased lymphocyte and monocyte on the sec-
ond admission (P = 0.000, 0.014). Platelet counts were 175.4
x 10°/L (SD = 42.6) on the first admission and 207.6 x 10°/L
(SD £ 46.7) on the second admission (P = 0.016). Moreover,
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several endpoints including prothrombin time, activated par-
tial thromboplastin time, aspartate aminotransferase, and cre-
atinine were significantly lower on the second admission than
on the first admission (all P < 0.05). However, the significance
of these changes is still unclear. There were no significant
differences in other lab data for the second admissions.

Discussion

Fourteen COVID-19 patients with recurrent positive test of
viral RNA after hospital discharging or termination of quar-
antine in Hubei, China (without clinical symptoms and radio-
logical abnormalities and with two consecutive negative viral
RNA test results over 24 h interval), were characterized in the
present study. All these patients had positive test in 740 days
since RNA (—), without any aggravation on symptoms and
chest CT. Despite the fact that the incidence of recurrent
SARS-CoV-2 positive results in recovered patients is low, this
group of patients should be tested timely for many times.
Till now, the asymptomatic patients with SARS-CoV-2
infection could be a new source of transmission, which would
bring some new infectious disease prevention and control is-
sues [11, 14]. In general, these recurrent cases are character-
ized as asymptomatic viral carriers, but they are different from
the “true” first diagnostic asymptomatic patient. These
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Fig. 1 The admission and discharge history of 14 re-hospitalized COVID-19 patients after recurrent positive SARS-CoV-2 RNA

Table 3 Laboratory findings of
patients with COVID-19 between Characteristics All patients (n = 14) P value

two admissions

First admission (n = 14) Second admission (n = 14)

White blood cell count, x 10°/L 44+1.8 58+1.4 0.013
Neutrophil count, x 10°/L 29+13 36+1.0 0.119
Red blood cell count, x 10°/L 4.6 +£0.5 43+0.7 0.103
Hemoglobin, g/L 1379 £ 16.1 134.1 £22.3 0318
Neutrophil ratio, % 65.1+£9.8 61.2+6.0 0214
Lymphocyte count, x 10°/L 1.1£0.5 1.6+04 0.000
Lymphocyte ratio, % 263 +83 285+5.1 0.353
Monocyte count, x 10°/L 03+0.1 04+0.2 0.014
Platelet count, x 10°/L 175.4 £42.6 207.6 +46.7 0.016
Prothrombin time, s 121+1.0 112+1.2 0.003
Prothrombin activity, % 109.3 +£22.2 1094 £ 18.1 0.653
Activated partial thromboplastin time, s~ 32.8 +4.7 31.0+2.8 0.049
Fibrinogen, g/L 41+13 35+0.8 0.098
Alanine aminotransferase, U/L 258 +£22.7 33.79 £25.6 0.162
Aspartate aminotransferase, U/L 257+9.7 21.8+9.6 0.029
Total bilirubin, mmol/L 143+9.1 162 +9.4 0.352
Albumin, g/L 41.1+£57 414+£38 0.930
Blood nitrogen, mmol/L 44+1.6 46+09 0.626
Creatinine, pmol/L 83.2+19.8 68.6 +13.3 0.014
Fasting blood glucose, mmol/L 52+09 52+0.6 0.946
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patients were previously diagnosed with COVID-19 and were
discharged after standard treatment to meet the criteria for
discharging. Moreover, it is important to note that people
who had close contact with these recurrent cases were not
found to have signs of COVID-19 infection. From this point
of view, the management strategy for these recurrence cases is
mainly isolation and observation. Our results suggested that
antiviral therapy may not be a necessary treatment and that
personalized treatment should be adopted for COVID-19 pa-
tients with recurrent positive SARS-CoV-2 RNA.

The underlying mechanisms of fluctuated SARS-CoV-2
RNA results are worth investigating. According to our results,
all the 14 COVID-19 patients reported here with recurrent
positive test of SARS-CoV-2 RNA had very clear history of
a known exposure before their second admission and were
related to the re-infection [21], which may explain the recur-
rence. Besides, real time-PCR assays with respiratory samples
are considered as the reference standard for the diagnosis of
COVID-19 [2]. As angiotensin converting enzyme-2 (ACE-2)
is the host cell receptor for SARS-CoV-2 and is more easily
spread in the lungs, the SARS-CoV-2 results may be false
negative in nose or throat swab samples [3, 17], due to the
lower viral load in these sites. Therefore, point-of-care tech-
nologies and serologic immunoassays may be a useful detec-
tion method [2]. Moreover, the proficiency of the operators
and the accuracy of the kits are also important factors affecting
the SARS-CoV-2 RNA results and can result in a false-
negative RT-PCR result for detection of the virus [16]. What
is more, the interval between two negative RT-PCR tests may
not be sufficient to evaluate the degree of virus clearance.
Before the second infection, further investigation is necessary
to clarify pre-existing immune responses and viral load [6].
Viral load should be given more consideration as it is the most
reliable method in determining whether it is safe for the patient
to return to society [1].

In view of the possibility that the RT-PCR test results of the
patients under the current criteria for hospital release from
quarantine may convert to positive, some measures can be
put in place to improve the current criteria and reduce the
recurrence rate. Firstly, all the discharged patients are current-
ly suggested to self-quarantine in their houses for 14 days
according to China’s National Health Commission.
However, our results indicated that the range of days from
discharge to RNA (+) were 1 to 21 days, and 4 (28.6%) pa-
tients had more than 14 days from discharge to recurrent pos-
itive SARS-CoV-2 RNA. Mao et al. found that after a 14-day
isolation, asymptomatic COVID-19 patients could be a source
of viral transmission and proposes a challenge to self-
quarantine [12]. Therefore, we believe that it may be more
appropriate to recommend 3 weeks of self-quarantine for
COVID-19 patients after discharge, who were performed
RT-PCR test as soon as possible. Secondly, a longer interval,
such as 48 h, between two consecutive negative results in the
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criteria for discharging from hospitals or the termination of the
quarantine may be feasible to ensure that the patients to be
discharged are not contagious and are less likely to have a
recurrent positive SARS-CoV-2 RNA. Additionally, some
laboratory examinations such as the absolute white blood cell
as well as lymphocyte counts could be combined with the RT-
PCR results as the criteria for hospital discharge to assure that
the patients have completely recovered. Moreover, as SARS-
CoV-2 RNA could be detected from sputum, throat swab,
blood, or stool swab samples, multiple tests of different sam-
ples can be helpful in improving sensitivity. The test from
bronchoalveolar lavage fluid specimen could be more reliable;
however, a higher risk of exposure might occur. Finally, there
is still no strong evidence of the contagious period of SARS-
CoV-2 and the sample size was limited, and further studies
will be needed to reduce the recurrence rate.

Limitations in the current study should be noted. Firstly,
several missing data or even failure to follow-up can affect the
accuracy of a patient’s identification. Therefore, selection bias
is hard to avoid and might occur for the retrospective study,
and further prospective studies are needed. Second, our results
were mainly based on two hospitals, and a large-scale multi-
center study will be needed to pay more attention to the inter-
esting topic in future. Last but not least, because of the lack of
genome sequencing, we are unable to confirm that the positive
test results in the re-hospitalized patients were due to the re-
lapse of the same viral strain or reinfection with a new strain.
In future research, we will try genome sequencing to help us
identify whether the disease is due to reinfection or a relapse.

Conclusion

In conclusion, the incidence of recurrent positive SARS-
CoV-2 RNA test in the patients with COVID-19 after
discharge is relatively low and these patients have virtu-
ally no symptoms. However, considering the possible po-
tential infectivity, we believe that the current national
guidelines may need to be further revised, especially those
with recurrent positive results of SARS-CoV-2 RNA test.
Furthermore, it could be particularly necessary to increase
the isolation observation time and RT-PCR tests should
be timely performed on multiple samples as soon as pos-
sible. Additionally, we should pay more attention to ge-
nome sequencing in order to identify whether the patient
is reinfected or relapsed. Considering the patients’ under-
lying disease, personalized treatment should be taken to
treat recurrent positive patients with COVID-19.
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