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Abstract

:

This study investigated the infectivity of severe acute respiratory syndrome (SARS-CoV-2) in individuals who re-tested positive for SARS-CoV-2 RNA after recovering from their primary illness. We investigated 295 individuals with re-positive SARS-CoV-2 polymerase chain reaction (PCR) test results and 836 of their close contacts. We attempted virus isolation in individuals with re-positive SARS-CoV-2 PCR test results using cell culture and confirmed the presence of neutralizing antibodies using serological tests. Viral culture was negative in all 108 individuals with re-positive SARS-CoV-2 PCR test results in whom viral culture was performed. Three new cases of SARS-CoV-2 infection were identified among household contacts using PCR. Two of the three new cases had had contact with the index patient during their primary illness, and all three had antibody evidence of past infection. Thus, there was no laboratory evidence of viral shedding and no epidemiological evidence of transmission among individuals with re-positive SARS-CoV-2 PCR test results.
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1. Introduction


The coronavirus disease (COVID-19) pandemic is causing high morbidity and mortality worldwide. As of 24 June 2021, 178,837,204 confirmed cases and 3,880,450 deaths had been reported in 224 countries, areas, and territories [1]. During the same period, 153,155 cases were confirmed with 2008 deaths and 151,147 cases were discharged from isolation in Republic of Korea [2].



Although most COVID-19 patients recover with few complications after hospital discharge, some are recurrently positive on re-testing, leading to their re-isolation. If the SARS-CoV-2 in re-positive COVID-19 patients is not infectious, placing them in quarantine could divert essential healthcare resources away from other patients. In this context, we investigated the infectivity of SARS-CoV-2 in COVID-19 patients who were re-tested and found to be positive for sudden acute respiratory syndrome coronavirus 2 (SARS-CoV-2) after they had recovered from their primary illness.




2. Materials and Methods


2.1. Ethics Approval and Informed Consent


The study was approved by the KDCA Institutional Review Board (2020-03-01-P-A). The board waived the requirement for written informed consent.




2.2. Setting and Data Source


We analyzed data from patients who were reported to be recurrently positive between 10 April and 3 May 2020. From 10 April 2020, the Korea Disease Control and Prevention Agency (KDCA) started mandatory daily reporting of re-positive cases by e-mail. A re-positive case was defined as an individual with confirmed COVID-19 who was re-tested for SARS-CoV-2 after isolation was lifted, using a polymerase chain reaction (PCR), and tested positive. A confirmed COVID-19 patient was defined as an individual who had been confirmed to be infected with SARS-CoV-2 using PCR, and/or virus isolation, regardless of the clinical manifestations. The methods used for laboratory confirmation of SARS-CoV-2 complied with the World Health Organization guidelines [1]. All patients with confirmed COVID-19 were kept in mandatory isolation and were required to test negative twice on PCR from samples collected at least 24 h apart. To identify the infectivity of SARS-CoV-2 in re-positive individuals, we monitored the occurrence of secondary infection among the contacts of re-positive cases and conducted laboratory testing to determine the presence of SARS-CoV-2.




2.3. Re-Positive Case Management and Contact Tracing


Considering the uncertainty regarding the infectivity, the management of re-positive cases was the same as that of newly confirmed cases regarding isolation and contact tracing. Epidemiological investigation of re-positive cases was conducted in a community health center by interview. General characteristics, presence of symptoms in re-positive individuals, and the reason for testing were investigated. In addition, family members and other contacts who had contact with re-positive individuals within two days before the diagnosis among asymptomatic cases, or within two days before the recurrence of symptoms among the symptomatic cases, were investigated, and the occurrence of symptoms and the results of the confirmatory tests were monitored for at least 14 days. Most community health centers conducted laboratory tests to screen family contacts of re-positive individuals at the time of the re-positive test result and all community health centers conducted laboratory screening of family contacts before the end of the quarantine period. If a contact was confirmed positive on SARS-CoV-2 PCR testing, their history of exposure to risk factors and past symptoms were investigated by interview and hospital visit history, and virus culture and plaque reduction neutralization tests (PRNTs) were performed on the positive specimens from the contacts and the re-positive individuals.




2.4. Specimen Collection


Respiratory specimens, such as nasopharyngeal and oropharyngeal swabs, were collected from 108 re-positive individuals at the time of the re-positive test from 27 March 2020 to 3 May 2020. All 108 specimens were confirmed positive by quantitative real-time reverse transcription PCR (rRT-PCR) performed at the Institute of Health and Environment and private testing institutions and sent to KDCA to investigate viral infectivity by cell culture. All specimens were tested in a Class 2 or higher biosafety cabinet according to the KDCA COVID-19 guidelines.




2.5. RNA Extraction and Quantitative Real-Time Reverse Transcription Polymerase Chain Reaction


RNA extraction from nasopharyngeal and oropharyngeal swabs and sputum specimens and quantitative rRT-PCR were performed as described by Kim et al. [3]. RNA was extracted from 140 µL of the sample using a Qiagen Viral RNA Mini kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The cycle threshold (Ct) value of the extracted RNA was determined by performing rRT-PCR using primers and probes specific for target genes of COVID-19 RNA-dependent RNA polymerase and envelope.




2.6. Virus Isolation


The isolation of SARS-CoV-2 was performed using specimens of re-positive individuals who had been confirmed positive by rRT-PCR. For pretreatment, the specimens were mixed 4:1 with a 1:1 mixture of nystatin (10,000 units/mL) and penicillin-streptomycin (10,000 U/mL) and reacted for 1 h at 4 °C. Subsequently, the mixture was centrifuged, and the supernatant was used for inoculation. The monkey kidney-derived cell line Vero E6 and the human intestinal Caco-2 cell line were used and cultured in Dulbecco’s modified Eagle’s medium supplemented with 10 or 20% fetal bovine serum, respectively, and 1% penicillin at 37 °C in a 5% CO2 atmosphere. Each cell was seeded in a 12-well plate with 2 × 105 cells/well one day before inoculation. On the day of inoculation, 100 μL pretreated primary culture specimen were inoculated in a well with 900 µL 2% fetal bovine serum–Dulbecco’s modified Eagle’s medium, harvested after culturing for five days, and centrifuged at 3000 rpm for 10 min. The supernatant was retrieved after centrifugation. Secondary culture was performed in the same manner by inoculating wells with the supernatant of the primary culture, harvesting it after five days, and centrifuging the culture specimen at 3000 rpm for 10 min to retrieve the supernatant. Virus proliferation was confirmed by the observation of cytopathic effects and the result of SARS-CoV-2 rRT-PCR using RNA extracted from cell culture media. Virus isolation was performed in a Biosafety Level 3 laboratory.





3. Results


We retrospectively reviewed 295 cases reported as re-positive for SARS-CoV-2 and 836 of the close contacts of the case patients. The characteristics of the cases are shown in Table 1. Their average age was 45.2 years and 64.1% were female. At the time of the re-positive test, 55.6% were asymptomatic. The most common reasons for re-testing were either as a screening measure or because of persistent symptoms. Of the 234 individuals who were symptomatic at the time of their original diagnosis, the median time from symptom onset to the re-positive test was 45.2 days (range: 8–82 days) (Figure 1).



Virus isolation was attempted in 108 of the individuals with re-positive SARS-CoV-2 on PCR testing. All were culture-negative, and 79 (89%) had a quantitative rRT PCR Ct >30. Of the 105 individuals tested for respiratory viruses, four tested positive for adenovirus, and one tested positive for bocavirus (Table 2).



Among 836 close contacts of the individuals with re-positive SARS-CoV-2 positivity, three secondary cases were identified, resulting in a secondary attack rate of 0.4% (Table 3). All three cases were household contacts, and two had had contact with the index patient during their initial illness.



Figure 2 shows a case summary of the three sets of re-positive cases with secondary positive contacts. Positive Contact 1 (of Set 1) was tested because she had been exposed to Re-positive Case 1; however, she had prior symptoms and had a history of exposure to clusters of COVID-19 at a religious gathering in February and to another COVID-19 patient. The PRNTs of this pair decreased from 1:123 to 1:17 and from 1:34 to <1:10 over a two-week period in the index patient and the positive contact, respectively.



Positive Contact 2 had a history of exposure to two of the re-positive cases. The PRNTs of this set were high at 1:297, 1:123, and 1:158 for the two re-positive cases and the contact, respectively. Positive Contact 3 had exposure to Re-positive Case 3, but also had exposure to other individuals with confirmed COVID-19. Positive Contact 3 had equivocal PCR results on two separate sets of nasopharyngeal and oropharyngeal swab specimens. The PRNTs of this pair were low, at 1:40 and 1:26 for Re-positive Case 3 and Positive Contact 3, respectively. Viral culture was attempted for the first two sets of re-positive cases and positive contacts, but all cultures were negative.




4. Discussion


Generally, acute viral respiratory infections do not relapse in immunocompetent patients. However, the COVID-19 pandemic has created heightened awareness and raised concerns about the possibility of a relapse in individuals who have recovered from COVID-19. In 2003, during the severe acute respiratory syndrome outbreak in Hong Kong, there was a report of a 60-year-old woman who was discharged after a three-week hospital admission for pneumonia of unknown etiology, and was readmitted with respiratory symptoms and increased coronavirus antibody titer [4]. With SARS-CoV-2, a 46-year-old woman in China was reported as a “recurrent case” after having a positive test result on day 8 and day 17 [5]. Among 172 COVID-19 patients who were discharged after meeting the discharge criteria in China (improved clinical and laboratory values with at least two consecutive negative RT-PCR results on samples collected at least at 24 h apart), 25 (14.5%) were readmitted to hospital because of a reverted positive rRT-PCR result [6]. Most of these patients were asymptomatic, and only eight (32%) had mild cough.



SARS-CoV-2 may be shed from mucosal surfaces, particularly in the respiratory and gastrointestinal systems. A study of 191 COVID-19 patients (median age: 56 years) in China showed that the duration of viral shedding was 20 days (interquartile range: 17–24 days), with the longest observed duration of viral shedding in survivors to be 37 days [7]. A study in Taiwan detected virus on day 63 with virus isolation in the first 18 days after symptom onset [8]. SARS-CoV-2 was detectable until death in non-survivors, suggesting possible correlation between prolonged shedding and disease severity. The persistence of SARS-CoV-2 shedding suggests that there is a risk of transmitting infection to others after the end of quarantine. However, epidemiological studies have not shown evidence of infection among the contacts of individuals with persistent SARS-CoV-2 PCR positivity who were only exposed to a patient during the re-positive period. The recent advent of molecular diagnostic techniques commonly demonstrates prolonged shedding of the virus, even with clinical improvement. According to laboratory test results, the virus can be continuously detected through PCR tests even after antibodies are detected and virus isolation is impossible [8,9]. Indeed, PCR, the most widely used molecular method, does not differentiate between viable and non-viable viruses, thereby overestimating the persistence of viral shedding. Notwithstanding, a positive PCR test may or may not indicate the presence of viable virus, and only a positive virus culture confirms the potential for transmission. Based on the results of this study, we changed the management of re-positive cases and no longer conduct isolation and contact tracing of patients with re-positive SARS-CoV-2 reverse transcription PCR results or recommend quarantine for two weeks after discharge. By changing these measures, the responders reduced the burden of managing re-positive cases and could concentrate on preventing further spread in the community through newly confirmed patients of COVID-19. However, as the COVID-19 pandemic continues with increasing risk of re-infection due to emerging new variants, epidemiological factors and laboratory test results of re-positive cases are monitored to evaluate if there are cases of re-infection, not recurrence.



Rigorous mass testing likely has contributed to the success in flattening the curve of the COVID-19 epidemic in Korea, as of mid-April 2020. The goal of mass testing is to detect SARS-CoV-2 with high sensitivity to avoid missing any cases; however, diagnostic advances alone cannot achieve this goal. Despite its obvious public health importance, there has been little discussion on the importance of diagnostic stewardship during the COVID-19 pandemic. Informed decisions must be made about the conditions under which PCR re-testing is required, how the test results will be used, and whether re-testing is indicated. Epidemiological factors and symptoms could be considered with proper public health management.



In conclusion, we found that most patients with re-positive SARS-COV-2 after discharge were mild or asymptomatic and did not find epidemiological evidence of transmission by individuals after a re-positive test. We recommend diagnostic stewardship before performing re-testing of COVID-19 patients who have experienced a clinical recovery. Additionally, rapid assessment whether re-positive and re-infection for cases who tested positive after recovery of primary infection will be needed to determine the initiatives of respond properly.
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Figure 1. Time to confirmation of re-positive SARS-CoV-2 from initial symptom onset in Republic of Korea, 2020 (n = 234). 
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Figure 2. Case summary of secondary cases of SARS-CoV-2 positivity among contacts of patients with re-positive SARS-CoV-2. Abbreviations: Adm, admission; PCR, polymerase chain reaction; PRNT, plaque reduction neutralization test. 
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Table 1. Clinical characteristics of individuals with confirmed re SARS-CoV-2 positivity on PCR testing after recovery from COVID-19, Republic of Korea, 2020 (n = 295).
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	Characteristic
	No.
	(%)





	Age group
	
	



	0–19 y
	22
	(7.5)



	20–29 y
	72
	(24.4)



	30–39 y
	38
	(12.9)



	40–49 y
	36
	(12.2)



	50–59 y
	52
	(17.6)



	60–69 y
	31
	(10.5)



	≥70 y
	44
	(14.9)



	Sex
	
	



	Female
	189
	(64.1)



	Male
	106
	(35.9)



	Symptoms at time of re-testing (n = 294) 1
	
	



	Fever
	29
	(9.2)



	Cough
	55
	(18.7)



	Sputum
	36
	(12.2)



	Rhinorrhea
	19
	(6.5)



	Sore throat
	33
	(11.2)



	Myalgia
	25
	(8.5)



	Asymptomatic
	163
	(55.4)



	Reason for re-testing
	
	



	Screening test
	136
	(46.1)



	Persistent symptoms
	111
	(37.6)



	New contact with a confirmed case
	28
	(9.5)



	Hospital visit for another reason
	12
	(4.1)



	Self-request
	8
	(2.7)







1 One individual without information on symptoms at the time of re-testing positive was excluded. Abbreviations: COVID-19, coronavirus disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Table 2. Laboratory results of individuals with confirmed re-positive SARS-CoV-2 on PCR testing after recovery from COVID-19, Republic of Korea, 2020 (n = 108).






Table 2. Laboratory results of individuals with confirmed re-positive SARS-CoV-2 on PCR testing after recovery from COVID-19, Republic of Korea, 2020 (n = 108).










	Test
	No.
	(%)





	Virus culture
	
	



	Negative
	108
	(100.0)



	Ct value (n = 79) 1
	
	



	25–30
	8
	(10.1)



	≥30
	71
	(89.9)



	Respiratory viruses (n = 105) 2
	
	



	Negative
	100
	(95.2)



	Adenovirus
	4
	(3.8)



	Bocavirus
	1
	(1.0)







1 Ct value at the time of the re-positive test; 2 samples were tested for influenza virus (A, B), human respiratory syncytial virus, human metapneumovirus, human parainfluenza virus, human adenovirus, bocavirus, rhinovirus, and human coronavirus. Abbreviations: Ct, cycle threshold; COVID-19, coronavirus disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Table 3. Results of contact monitoring of individuals with confirmed re-positive SARS-CoV-2 on PCR testing after recovery from COVID-19, Republic of Korea, 2020.
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Contacts

	
Secondary Cases




	

	
No. (%)

	
No.

	
Secondary Attack Rate (%)






	
Type of contact

	

	

	




	
Household

	
363 (43.4)

	
3

	
(0.8)




	
Non-household

	
473 (56.6)

	
0

	
(0.0)




	
Symptomatic

	

	

	




	
Yes

	
454 (54.3)

	
2

	
(0.4)




	
No

	
382 (45.7)

	
1

	
(0.3)




	
Total

	
836 (100.0)

	
3

	
(0.4)








A secondary case was defined as a contact who tested positive for SARS-CoV-2 on PCR. Abbreviations: COVID-19, coronavirus disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Family

Cluster 1

Classification

2/15 2/16 2/17 2/18 2/19 2/20 2/21 2/22 2/23 2/24 2/25 2/26 2/27 2/28 2/29 3/1 3/2 3/3 3/4 3/5 3/6 3/7 3/8{3/13 3/14[13/26 3/27 3/28 3/29 3/30 3/31 4/1 4/2 4/3 4/4 4/5 4/6 4/7 I4/17 4/18 4/19 4/20 4/21\4/27 4/28f 5/3 5/4 5/5

5/11 5/12 5/13

Exposure Exposed to clusters |
Index Patient [Symptom Fever, Cough Fever Fever, cough, chill
Virologic test gI:lF’CR (+) Home isolation I:lAdmission Discharge PCR (+}, culture (-} adm :lDischarge
logic test | |_|PRNT 1:123 _lPRNT1:17
Exposure ~ Feb 16: Exposed to clusters, ~ Mar 1: Exposed to confirmed case (Index Patient 1} | | Exposed to Index Patient 1 |
Secondary Symptom _ICommon cold, sore throat Rhinorrhea, nasal congestion No m
Patient 1 Virologic test PCR (-} PCR (-} :IPCR (-) I:IPCR — PCR (4}, culture (-} adm Discharge
logic test I I-L|PRNT 134 I [ Teanr<a:o
Family
Cluster 2 Classification 2/22 2/23 2/24 2/25 2/26 2/27 2/28 2/29 3/1 3/2 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/10 3/11 3/12 3/13 3/14 3/15||3/27 3/28 3/29 4/9 4/10 4/11{14/20 4/21 4/22 4/23 4/24 4/25 4/26 4/27 4/28 4/29 4/30 5/1 5/2 5/3 5/4 5/5 5/6 5/7 5/8 5/9 5/10 5/11

Exposure Unknown exposure histor
Index Patient |Symptom i’Fever, sputum, chill, sore throat, myalgia No symptoms
- Virologic test PCR (+} I:IAdmission :I Discharge |jPCR (+), culture (-} adm |:‘Discharge
logic test PRNT 1:297
Exposure Unknown exposure history
Index Patient [Symptom |:|Rhinorrhea Rhinorrhea
2-B Virologic test I:IPCR (+) I:IAdmission |:|Discharge PCR (+}, culture (-} adm |:|Discharge
logic test [ TJeant1:123
Exposure Exposed to Index Patient 2-A, 2-B, Another confirmed case (Symptom onset : Feb 20) | |E><posed to Index Patient 2-A, 2-B
Secondary Symptom _IFever | |End of Feb - Early March: Fever No symptoms
Patient 2 Virologic test |_|PCR (-} PCR (+}, culture () adm |:|Discharge
logic test [ Jeant1i58
Family
Cluster 3 Classification 2/16 2/17 2/18 2/19 2/20 2/21 2/22 2/23|3/1 3/2 3/3 3/4 3/5 3/6 3/7 13/15 3/16 3/17 3/18 3/19 3/20 3/21||4/15 4/16 4/11 4/12 4/13 4/20 4/21 4/22 4/23 4/24 4/25 4/26 4/27 4/28 4/29 4/30 5/1 5/2 5/3 5/4 5/5 5/6 5/7 |5/17 5/18 5/19 5/20 5/21 5/22

ic test

Exposure Exposed to clusters
Index Patient |Symptom No symptoms No symptoms
3 Virologic test |jPCR (+) :IAdmission |:| Discharge |jPCR (+) adm |:|Discharge
logic test I [ JeanT 120 [ IernT126
Exposure _IExposed to clusters IExposed to 2 confirmed cases (Caring Index Patient 3 and another family member on 1st confirmed and re-positive phase) I
Secondary Symptom No symptoms throughout the period
Patient 3t Virologic test :IPCR (=) |:|PCR equivocal DPCR equivocal |:|Discharge
| PRNT 1:15 l_lPRNT 1:16

tFeb 19- Apr 25: No community exposure; Feb 19- Mar 1: Quarantine due to exposure to clusters; Mar 1- 20: Caring for Confirmed Patient 3; Mar 20- 29: Quarantine due to caring for confirmed case; Mar 29- Apr 7: Caring for confirmed case in another family member; Apr 8- 11:: Quarantine due to caring confirmed case, Apr 12- 25:

Caring for re-positive case (Patient 3}





nav.xhtml


  viruses-13-02089


  
    		
      viruses-13-02089
    


  




  





media/file0.png





media/file2.png
Number of re-positive cases

12

10

1 3 5 7 9111315171921232527293133353739414345474951535557596163656769717375777981
Days from symptom onset to re-positive SARS-CoV-2 confirmation





media/file3.jpg





media/file1.jpg
2

il ”\ ‘h m

13579 11131517192123252729 313335 73941 43 45 474951535557 5961 63,6567 697173 7577 7981
D rows oyoehom ot AD ve-pouRive SARS-CUNES confimtiont






