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According to the Covid-19 discharging guideline in 
China, the patients ready for discharging should meet 
the following criteria: (I) body temperature is normal for 
more than 3 days; (II) obvious alleviation of respiratory 
symptoms; (III) remarkable absorption of lung lesions 
on chest imaging; (IV) two consecutive (with a 24-hour 
interval) negative RT-PCR tests for SARS-CoV-2 (1). In 
February this year it caused a lot of media coverage when 
four discharged Covid-19 patients were RT-PCR retested 
positive (RP) again for SARS-CoV-2 during their follow-
up (FU) (2). However, since RT-PCR testing for SARS-
CoV-2 is known to have certain range of false negative 
rate (3), simple logic would suggest these patients had 
false negative RT-PCR testing before discharging. The 
accuracy and predictive value of RT-PCR SARS-CoV-2 
tests have not been systematically evaluated, while it is 
known that the sensitivity of RT-PCR testing depends on 
a number of factors including the precise RT-PCR assay, 
the type of specimen obtained, the quality of the specimen, 
and duration of illness at the time of testing (3). Simplistic 
statistic would suggest that, if RT-PCR false negative rate 
is 40%, then even if it is tested twice, a false negative rate 
of 16% would remain.

Recently Li et al. (4) reported a study carried out in a 
Chengdu hospital (Sichuan, China) designated for Covid-19 
patient care. During January 17 to March 20, 2020, with 
the 85 patients who were treated, discharged, and had post-

discharge FU. Fifteen RP patients (15/85, 17.6%) were re-
admitted due to RP result. All these cases had CT imaging 
both right before discharging and when ‘re-tested RT-PCR 
positive’. The CT findings suggested there was no lesion 
progression during the interval between discharging and 
readmission, actually most cases showed further lung lesion 
resolvement (4). Li et al. concluded that ‘in our opinion, 
quarantining at home after discharge is still necessary, and a bi-
monthly follow-up is recommended. The specific CT manifestation 
that we observed, that is, the transformation from reticulation 
to GGO, might be a sign of the existence of the virus and the 
patient is not fully recovered; therefore, we should give great 
attention for these circumstances’. However, transformation 
from reticulation to ground-glass opacity (GGO), without 
increase in extent, is likely to suggest lesion resolvement in 
their cases. Similar finding has been illustrated in a recent 
study by Du et al. (5). GGO indicates a partial filling of 
air spaces in the lungs by exudate or transudate, as well as 
interstitial thickening or partial collapse of lung alveoli. 
Lu et al. (6) reported the 12th and 24th month FU CT of 
an avian influenza subtype A H5N1 virus pneumonia case 
demonstrated ground-grass shadows, apparent reticular 
pattern, irregular linear opacities, and interlobular septal 
thickening and intra-lobular lines. Wong et al. (7) reported 
that in their severe acute respiratory syndrome (SARS) 
patients the areas with persistent ground-glass opacification 
after 6 months represented fibrosis. An analysis of Li  
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et al.’s results still suggests their patients had RT-PCR 
false negative testing before the discharging. It is expected 
these patients would return to true negative soon, and 
unlikely they would remain infectious; though continuous 
quarantine for a further period will be a safer measure.

Much have been published on this RP topic. In the 
report from Shenzhen, China, An et al. (8) and Yuan et al. (9)  
reported their RP rate was 14.5% (38/262), similar to Li 
et al.’s rate of 17.6% (4). An et al. (8) and Yuan et al. (9) 
further noted that the RP patients were more likely to be 
younger, had mild and moderate conditions, displayed fewer 
symptoms during the initial disease course. At this time of 
hospital re-admission, 8 RP patients (32%) had mild cough, 
and otherwise the patients showed no obvious clinical 
symptoms or disease progression indicated by normal or 
improving CT imaging and inflammatory cytokine levels. 
CT scan showed 12 patients had improvement of lung 
lesions compared with images before discharging, while 
other patients showed no worsening than previous results. 
The RT-PCR results turned to negative within an average 
of 2.73 days of hospital stay after re-admission. All 21 close 
contacts of RP patients were tested negative for SARS-
CoV-2, and no suspicious clinical symptoms were noted 
(8,9).

Other publications reported very similar findings. Xiao 
et al. (10) reported a study of 70 Covid-19 patients with 15 
(21.4%) patients had RP, and most of RP patients had relief 
in symptoms or imaging features. Tang et al. (11) reported 
among 209 discharged patients, 9 (4.3%) re-tested positive 
in throat swabs only, 13 patients (6.2%) re-tested positive in 
anal swabs only, and 22 (10.5%) re-tested positive in either. 
No infection was discovered among close contacts of these 
RP patients. They suggested the risk of RP testing gradually 
vanishes over time. Zheng et al. (12) reported 3 RP patients 
(3/20, 15%), with 1 tested positive by fecal RNA, while 
2 tested positive by both salivary and fecal RNA tests at  
1 week of FU. During the FU, all three cases had improved 
with no increase in their temperature, and improvement 
in WBC and lymphocyte counts, as well as their CT scans. 
There was no difference in symptoms between those who 
remained negative and those who were positive; all cases 
experienced steady improvement. Moreover, at the week-
2 FU, all 20 patients tested negative for SARS-CoV-2, 
irrespective of sampling route. Zhang et al. (13) reported 
seven RP patients, they were asymptomatic and chest 
CT images showed no change from the last scan before 
discharging. Patients’ RT-PCR re-testing results turned 
negative again in several days. Xing et al. (14) reported two 

RP cases (3.23%) among 62 Covid-19 patients, with none of 
the two cases experienced discomfort and chest CT showed 
no deterioration. Lan et al. (2) reported four RP patients 
with Covid-19 had positive RT-PCR test results 5 to 13 
days after discharging, no family members of these patients 
were infected. The reports above show an average RP rate 
of 15%, which, following simplistic statistics, suggests a 
false negative rate of slightly below 40% for a single test 
(0.386×0.386=0.15). This is in line with the false negative 
rate of RT-PCR in a number of reports from China (3).

A few case reports noted similar findings. Dou et al. (15)  
described two RP cases with their lung lesions further 
resolved during the interval of initial discharging and 
positive RT-PCR re-testing. Li et al. (16) reported a RP 
case, who was asymptomatic at re-admission and his chest 
CT scans showed improvement of original lesions with a 
few ground-glass opacities. Luo (17) also reported a RP case 
showing CT finding improvement during the interval of 
initial discharging and positive RT-PCR re-testing.

Of note, Li et al. (18) reported a case whom, based on 
CT finding of scattered patches and GGO on both lungs, 
the authors described as ‘provides evidence for us to judge the 
reoccurrence of COVID-19’. However, at least based on the 
images they provided in their article, I personally could not 
find evidence of ‘reoccurrence’. Their reading is more likely 
to be an over-interpretation. They also noted this patient’s 
condition was ‘stable’.

There are many additional evidences to show that 
these RP patients unlikely had ‘reinfection’. Most of the 
RP patients had another a period of self-isolation (at least  
2 weeks) after initial discharging, it is quite unlikely that the 
RP patients contacted other infectious Covid-19 patients 
during the period of self-isolation. Virus-specific IgG play 
important roles in virus neutralization and prevention against 
further infection. SARS-CoV-2 is very similar to the virus 
SARS-CoV which caused SARS outbreak in 2002. It has been 
shown that IgG antibodies against SARS-CoV can persist for 
at least 12 years (19). In a study of rhesus macaques infected 
with SARS-CoV-2, the animals did not develop reinfection 
following recovery and re-challenge (20).

Concerning whether RP patients with positive RT-
PCR are able to transmit the infection to other people with 
close contact, as noted above there is till now no evidence 
that any reported RP patients infected others including 
their family members. Note the detection of viral RNA 
does not necessarily indicate the presence of infectious 
virus. There may be a threshold of viral RNA level below 
which infectivity is unlikely. Viral RNA levels from upper 
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respiratory specimens appear to be higher soon after 
symptom onset compared with later in the illness. Patients 
might be more infectious in the earlier stage of infection (21).  
In the study of nine patients with mild Covid-19, infectious 
virus was not detected from respiratory specimens 
when the viral RNA level was <106 copies/mL (22).  
Additionally, infectious virus was isolated from naso/
oropharyngeal and sputum specimens during the first 8 days 
of illness, but not after this interval, despite continued high 
viral RNA levels at these sites (22). According to the United 
States Centers for Disease Control and Prevention, when 
patients continue to have detectable SARS-CoV-2 RNA in 
upper respiratory samples following clinical recovery, by  
3 days after recovery, the RNA concentrations are generally 
at or below the levels at which replication-competent virus 
can be reliably isolated (3,23). Moreover, Hu et al. (24)  
studied 12 RP patients in Guangzhou (RP rate: 10%, 
12/120), they reported that that detectable viral genome 
in RP patients might only mean the presence of viral 
fragments and would not form an infection origin. They 
also noted that more anal samples were positive than throat 
samples.

As noted above, anal samples are more likely to show 
RP than throat samples (11,12,24). A few studies showed 
more rectal swab positives were found in a later stage of 
infection as compared with oral swab positives, suggesting 
viral shedding through oral-fecal route (25-27). Person-to-
person spread of SARS-CoV-2 occur mainly via respiratory 
droplets, resembling the spread of influenza. Although it 
would be difficult to confirm, fecal-oral transmission has not 
been clinically described, does not appear to be a significant 
factor in the spread of infection (3).

In conclusion, many articles reported positive RT-PCR 
test for SARS-CoV-2 in Covid-19 patients following clinical 
improvement and negative results of two consecutive 
tests. These positive re-tests usually occur shortly after the 
negative tests, are not associated with worsening symptoms, 
may not represent infectious virus, and unlikely reflect 
reinfection. For these patients, unless there is a clinical 
symptom worsening, FU CT may not be necessary (28,29).

Acknowledgments

Funding: None.

Footnote

Conflicts of Interest: The author has completed the ICMJE 

uniform disclosure form (available at http://dx.doi.
org/10.21037/qims-2020-19). YXJW serves as an unpaid 
Editor-in-Chief of Quantitative Imaging in Medicine and 
Surgery.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. China National Health Commission. Chinese Clinical 
Guidance For COVID-19 Pneumonia Diagnosis and 
Treatment. 7th ed. 2020. Available online: http://kjfy.
meetingchina.org/msite/news/show/cn/3337.html 
(Accessed on March 22, 2020).

2. Lan L, Xu D, Ye G, Xia C, Wang S, Li Y, Xu H. 
Positive RT-PCR test results in patients recovered from 
COVID-19. JAMA 2020. [Epub ahead of print]. doi: 
10.1001/jama.2020.2783.

3. McIntosh K, Hirsch MS, Bloom A. Coronavirus disease 
2019 COVID-19 Epidemiology, virology, clinical features, 
diagnosis, and prevention. Available online: https://www.
uptodate.com/contents/coronavirus-disease-2019-covid-
19-epidemiology-virology-clinical-features-diagnosis-and-
prevention

4. Li C, Luo F, Xie L, Gao Y, Zhang N, Wu B. Chest CT 
study of fifteen COVID-19 patients with positive RT-PCR 
retest results after discharge. Quant Imaging Med Surg 
2020. doi: 10.21037/qims-20-530.

5. Du S, Gao S, Huang G, Li S, Chong W, Jia Z, Hou 
G, Wáng YXJ, Zhang L. Chest lesion CT radiological 
features and quantitative analysis in RT-PCR turned 
negative and clinical symptoms resolved COVID-19 
patients. Quant Imaging Med Surg 2020;10:1307. 

6. Lu PX, Wang YX, Zhou BP, Ge Y, Zhu WK, Chen XC, 
Ran XG. Radiological features of lung changes caused 
by avian influenza subtype A H5N1 virus: report of two 
severe adult cases with regular follow-up. Chin Med J 
(Engl) 2010;123:100-4.

7. Wong KT, Antonio GE, Hui DS, Ho C, Chan PN, Ng 
WH, Shing KK, Wu A, Lee N, Yap F, Joynt GM, Sung 

http://dx.doi.org/10.21037/qims-2020-19
http://dx.doi.org/10.21037/qims-2020-19
https://creativecommons.org/licenses/by-nc-nd/4.0/


1399Quantitative Imaging in Medicine and Surgery, Vol 10, No 6 June 2020

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(6):1396-1400 | http://dx.doi.org/10.21037/qims-2020-19

JJ, Ahuja AT. Severe acute respiratory syndrome: thin-
section computed tomography features, temporal changes, 
and clinicoradiologic correlation during the convalescent 
period. J Comput Assist Tomogr 2004;28:790-5.

8. An J, Liao X, Xiao T, Qian S, Yuan J, Ye H, Qi F, Shen C, 
Liu Y, Wang L, Cheng X, Na Li N, Cai Q, Wang F, Chen 
J, Liu Y, Wang Y, Zhang F, Fu Y, Tan X, Liu L, Zhang 
Z. Clinical characteristics of the recovered COVID-19 
patients with re-detectable positive RNA test. medRxiv. 
doi: https://doi.org/10.1101/2020.03.26.20044222.

9. Yuan J, Kou S, Liang Y, Zeng J, Pan Y, Liu L. PCR assays 
turned positive in 25 discharged COVID-19 patients. Clin 
Infect Dis 2020. [Epub ahead of print]. doi: 10.1093/cid/
ciaa398.

10. Xiao T, Tong X, Zhang S. False-negative of RT-PCR and 
prolonged nucleic acid conversion in COVID-19: rather 
than recurrence. J Med Vir 2020. [Epub ahead of print]. 
doi: 10.1002/jmv.25855.

11. Tang X, Zhao S, He D, Yang L, Wang MH, Li Y, Mei 
S, Zou X. Positive RT-PCR tests among discharged 
COVID-19 patients in Shenzhen, China. Infect Control 
Hosp Epidemiol 2020. [Epub ahead of print]. doi: 
10.1017/ice.2020.134.

12. Zheng KI, Wang XB, Jin XH, Liu WY, Gao F, Chen YP 
Zheng MH. A case series of recurrent viral RNA positivity 
in recovered COVID-19 Chinese patients. J Gen Intern 
Med 2020. [Epub ahead of print]. doi: 10.1007/s11606-
020-05822-1.

13. Zhang B, Liu S, Dong Y, Zhang L, Zhong Q, Zou Y, 
Zhang S. Positive rectal swabs in young patients recovered 
from coronavirus disease 2019 (COVID-19). J Infect 2020. 
[Epub ahead of print]. doi: 10.1016/j.jinf.2020.04.023.

14. Xing Y, Mo P, Xiao Y, Zhao O, Zhang Y, Wang F. Post-
discharge surveillance and positive virus detection in 
two medical staff recovered from coronavirus disease 
2019 (COVID-19), China, January to February 2020. 
Eurosurveillance 2020. [Epub ahead of print]. doi: 
10.2807/1560-7917.ES.2020.25.10.2000191.

15. Dou P, Zhang S, Wang C, Cai L, Liu Z, Xu Q, Li X, 
Meng Y, Rong Y, Li S, Hu C, Xu K. Serial CT features 
in discharged COVID-19 patients with positive RT-PCR 
re-test. Eur J Radiol 2020. [Epub ahead of print]. doi: 
10.1016/j.ejrad.2020.109010.

16. Li J, Long X, Fang X, Zhang Q, Hu S, Lin Z, Xiong 
N. SARS-CoV-2 positivity in a discharged COVID-19 
patient: a case report. Clin Microbiol Infect 2020. [Epub 
ahead of print]. doi: 10.1016/j.cmi.2020.04.032.

17. Luo A. Positive SARS-Cov-2 test in a woman with 

COVID-19 at 22 days after hospital discharge: a 
case report. Journal of Traditional Chinese Medical 
Sciences 2020. [Epub ahead of print]. doi: 10.1016/
j.jtcms.2020.04.001.

18. Li XJ, Zhang ZW, Zong ZY. A case of a readmitted patient 
who recovered from COVID-19 in Chengdu, China. Crit 
Care 2020;24:152.

19. Guo X, Guo Z, Duan C, Chen Z, Wang G, Lu Y, Li 
M, Lu J. Long-Term Persistence of IgG Antibodies in 
SARS-CoV. Infected Healthcare Workers. medRxiv. doi: 
10.1101/2020.02.12.20021386.

20. Bao L, Deng W, Gao, Xiao C, Liu J, Xue J, Lv Q, Liu 
J, Yu P, Xu Y, Qi F, Qu Y, Li F, Xiang Z, Yu H, Gong S, 
Liu M, Wang G, Wang S, Song Z, Zhao W, Han Y, Zhao 
L, Liu X, Wei Q, Qin C. Reinfection could not occur 
in SARS-CoV-2 infected rhesus macaques. bioRxiv. doi: 
10.1101/2020.03.13.990226.

21. He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, Lau YC, 
Wong JY, Guan Y, Tan X, Mo X, Chen Y, Liao B, Chen 
W, Hu F, Zhang Q, Zhong M, Wu Y, Zhao L, Zhang F, 
Cowling BJ, Li F, Leung GM. Temporal dynamics in viral 
shedding and transmissibility of COVID-19. Nat Med 
2020;26:672-5.

22. Wölfel R, Corman VM, Guggemos W, Seilmaier M, 
Zange S, Müller MA, Niemeyer D, Jones TC, Vollmar P, 
Rothe C, Hoelscher M, Bleicker T, Brünink S, Schneider 
J, Ehmann R, Zwirglmaier K, Drosten C, Wendtner 
C. Virological assessment of hospitalized patients with 
COVID-2019. Nature 2020. [Epub ahead of print]. doi: 
10.1038/s41586-020-2196-x.

23. Centers for Disease Control and Prevention. Symptom-
Based Strategy to Discontinue Isolation for Persons with 
COVID-19: Decision Memo. Available online: https://
www.cdc.gov/coronavirus/2019-ncov/community/
strategy-discontinue-isolation.html (Accessed on May 04, 
2020).

24. Hu F, Chen F, Wang Y, Xu T, Tang X, Li F. Failed 
detection of the full-length genome of SARS-CoV-2 by 
ultra-deep sequencing from the recovered and discharged 
patients retested viral PCR positive. medRxiv. doi: 
10.1101/2020.03.27.20043299.

25. Zhang W, Du RH, Li B, Zheng XS, Yang XL, Hu B, 
Wang YY, Xiao GF, Yan B, Shi ZL, Zhou P. Molecular and 
serological investigation of 2019-nCoV infected patients: 
implication of multiple shedding routes. Emerg Microbes 
Infect 2020;9:386-9.

26. Wu Y, Guo C, Tang L, Hong Z, Zhou J, Dong X, Yin H, 
Xiao Q, Tang Y, Qu X, Kuang L, Fang X, Mishra N, Lu J, 



1400 Wáng. Covid-19 patients false negative discharging RT-PCR tests

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(6):1396-1400 | http://dx.doi.org/10.21037/qims-2020-19

Shan H, Jiang G, Huang X. Prolonged presence of SARS-
CoV-2 viral RNA in faecal samples. Lancet Gastroenterol 
Hepatol 2020;5:434-5.

27. Guo Y, Hu X, Yu F, Chen J, Zheng W, Liu J, Zeng P. 
Abdomen CT findings in a COVID-19 patient with 
intestinal symptoms and possibly false negative RT-
PCR before initial discharge. Quant Imaging Med Surg 
2020;10:1158-61.

28. Rubin GD, Ryerson CJ, Haramati LB, Sverzellati N, 
Kanne JP, Raoof S, Schluger NW, Volpi A, Yim JJ, 
Martin IBK, Anderson DJ, Kong C, Altes T, Bush A, 
Desai SR, Goldin J, Goo JM, Humbert M, Inoue Y, 
Kauczor HU, Luo F, Mazzone PJ, Prokop M, Remy-

Jardin M, Richeldi L, Schaefer-Prokop CM, Tomiyama 
N, Wells AU, Leung AN. The role of chest imaging in 
patient management during the COVID-19 pandemic: 
a multinational consensus statement from the Fleischner 
Society. Radiology 2020:201365. [Epub ahead of print]. 
doi: 10.1148/radiol.2020201365.

29. Dennie C, Hague C, Lim RS, Manos D, Memauri BF, 
Nguyen ET, Taylor J. Canadian Association of Thoracic 
Radiology/Canadian Association of Radiologists 
Consensus Statement regarding chest imaging in 
suspected and confirmed COVID-19. Can Assoc Radiol 
J 2020:846537120924606. [Epub ahead of print]. doi: 
10.1177/0846537120924606.

Cite this article as: Wáng YXJ. CT suggests discharged 
Covid-19 patients who were retested RT-PCR positive again 
for SARS-CoV-2 more likely had false negative RT-PCR tests 
before discharging. Quant Imaging Med Surg 2020;10(6):1396-
1400. doi: 10.21037/qims-2020-19


