
Annals of Medicine and Surgery 59 (2020) 224–228

Available online 6 October 2020
2049-0801/© 2020 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Prolonged nucleic acid conversion and false-negative RT-PCR results in 
patients with COVID-19: A case series 

Ika Trisnawati a,**, Riat El Khair b, Dyah Ayu Puspitarani c, Aditya Rifqi Fauzi c, Gunadi c,* 

a Pulmonology Division, Department of Internal Medicine, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada/Dr. Sardjito Hospital, Yogyakarta, 
55281, Indonesia 
b Department of Clinical Pathology and Laboratory Medicine, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada/Dr. Sardjito Hospital, 
Yogyakarta, 55281, Indonesia 
c Genetics Working Group, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada/Dr. Sardjito Hospital, Yogyakarta, 55281, Indonesia   

A R T I C L E  I N F O   

Keywords: 
COVID-19 
Case series 
False negative of RT-PCR 
Prolonged nucleic acid conversion 
SARS-Cov-2 

A B S T R A C T   

Background: Prolonged nucleic acid conversion and false-negative real-time polymerase chain reaction (RT-PCR) 
results might occur in COVID-19 patients rather than infection recurrence. 
Presentation of cases: We reported four cases who had negative RT-PCR results, in addition to the last two 
consecutive negative results. Patient-1 had negative RT-PCR results twice (the 6th and 8th) from a total of 11 
swabs. Patient-2 had negative RT-PCR results once (the 5th) from a total of 8 swabs. Patient-3 showed negative 
results of RT-PCR twice (the 4th and 6th) from a total of 11 swabs. Patient-4 had negative RT-PCR results twice 
(the 2nd and 10th) from a total of 14 swabs. 
Discussion: The fluctuating trend of our RT-PCR results in our cases might be due to insufficient viral material in 
the specimen, laboratory errors during sampling, restrictions on sample transportation, or mutations in the 
primary and probe target regions in the SARS-CoV-2 genome. Several factors might affect the occurrence of 
prolonged nucleic acid conversion, including older age, comorbidities, such as diabetes and hypertension, and 
impaired immune function. 
Conclusion: Here, we confirmed the occurrence of prolonged nucleic acid conversion and the possibility of false 
negative RT-PCR results in COVID-19 patients.   

1. Introduction 

In December 2019, an outbreak of infection of severe acute respi
ratory syndrome-coronavirus-2 (SARS-CoV-2) was detected in Wuhan, 
China. This virus has the etiology of Coronavirus disease 2019 (COVID- 
19), first announced by the World Health Organization (WHO) on 
January 12, 2020, and now becomes a global pandemic [1,2]. 

The length of the virus incubation period is approximately five days 
[3]. Several studies [4,5] reported a median length of viral shedding 
between 12 and 20 days from the onset of symptoms. Previously, cases 
of prolonged nucleic acid conversion have also been reported, with the 

longest reported being 60 days [6]. Nucleic acid conversion is defined as 
the period from the date of symptom onset to the date of the first 
negative real-time reverse transcription polymerase chain reaction 
(RT-PCR) test result [7]. It has been hypothesized that prolonged nucleic 
acid conversion and false negative results of RT-PCR occur in some 
patients with COVID-19 rather than recurrence of infection [7]. Here, 
we report four cases of COVID-19 with the possibility of prolonged 
nucleic acid conversion and false negative results of RT-PCR in our 
institution, Indonesia. This case series has been reported in line with the 
PROCESS criteria [8]. 
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2. Presentation of cases 

2.1. Case 1 

A 36-year-old male patient complained of coughing up phlegm for 
one week before admission. He had a history of contact with a positive 
confirmed case of COVID-19 on March 13, 2020, and swab tests were 
conducted on March 24 and 25, 2020, with positive results. The physical 
examination recorded a blood pressure of 187/94 mmHg, with normal 
results on his remaining vital signs. Lung auscultation revealed no 
apparent abnormality. Chest X-rays showed the appearance of mild 
pneumonia in the right lung (Fig. 1). Blood tests showed an increase in 
the neutrophil-lymphocyte ratio (NLR) of 2.03 and C-reactive protein 
(CRP) of 10 mg/L. After admission, the patient received antibiotics and 
antiviral therapy based on the COVID-19 Prevention and Control 
guidelines by the Indonesian Ministry of Health, namely, azithromycin, 
hydroxychloroquine, oseltamivir, lopinavir-ritonavir, and umifenovir. 
SARS-CoV-2 retesting with nasopharyngeal and oropharyngeal swabs 
was performed with positive results in the 3rd until 5th test. In the 6th 
swab, the results were negative but were positive in the 7th swab. In the 
8th swab, the results returned negative but were positive in the 9th 
swab. Two consecutive negative results were found on the 10th and 11th 
swabs. The patient was discharged from the hospital on April 25, 2020, 
31 days after the onset of illness (Table 1). 

2.2. Case 2 

A 54-year-old male patient complained of shortness of breath that 
worsened with activity. The patient began experiencing fever nine days 
before admission. Three days before admission, he experienced a cough 
with phlegm. He had a history of contact with a confirmed case of 
COVID-19 two weeks before admission. He had a comorbidity of dia
betes controlled with routine medication. The physical examination 
recorded blood pressure of 131/72 mmHg, pulse of 96 per minute, 
respiratory rate of 24 per minute, body temperature of 38 ◦C, and oxy
gen saturation of 97% with oxygenation of 2 L per minute using nasal 
cannula. Lung auscultation revealed no apparent abnormality. Rapid 
diagnostic tests using SARS-CoV-2 antibody were performed and 
showed non-reactive results. Chest X-rays showed inhomogeneous 

Fig. 1. Chest X-ray indicated mild pneumonia in the right lung.  Ta
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opacity on bilateral paracardial and lateral aspects, typical of viral 
pneumonia caused by COVID-19 infection (Fig. 2). We found increases 
in the NLR and CRP of 2.94 and 107 mg/L, respectively. After admission, 
the patient received antibiotics and antiviral therapy based on the 
COVID-19 Prevention and Control guidelines by the Indonesian Ministry 
of Health, namely, azithromycin, hydroxychloroquine, and lopinavir- 
ritonavir. On the following day, naso/oropharyngeal swabs were per
formed with positive results. On the fifth day of treatment, naso/ 
oropharyngeal swabs were performed again, and the results were still 
positive, even though his symptoms were relieved. Positive PCR results 
were found until the 4th test but were negative on the 5th test, turned 
positive again on the 6th, and then two consecutive results were found to 
be negative on the 7th and 8th tests (Table 1). The patient was un
eventfully discharged after 29 days of treatment. 

2.3. Case 3 

A 47-year-old man presented with complaints of fever, cough, sore 
throat, and diarrhea that were experienced from 10 days before 
admission. The patient has comorbidities of asthma and heart rhythm 
disorders in the form of ventricular extra systole. He had a history of 
penicillin allergy. His vital signs are within normal limits. Lung 
auscultation revealed crackles in both lungs. Rapid diagnostic tests using 
SARS-CoV-2 antibodies were performed and showed reactive results. 
Chest X-rays showed bilateral pneumonia (Fig. 3). We found increases in 
the NLR and CRP of 20.90 and 32 mg/L, respectively. A blood culture 
test was performed and showed negative bacterial growth. After 
admission, the patient received antibiotics and antiviral therapy based 
on the COVID-19 Prevention and Control guidelines by the Indonesian 
Ministry of Health, namely, azithromycin, hydroxychloroquine, umife
novir and lopinavir-ritonavir. On the 15th day of treatment, he felt chest 
throbbing and shortness of breath. During treatment, the patient often 
complained of tightness in the chest and fever that rose suddenly, so we 
suspected pneumonia. The patient received antibiotic escalation therapy 
with meropenem and levofloxacin, but his condition did not improve. 
Naso/oropharyngeal swab tests were performed 11 times during the 
course of the treatment, and positive results of SARS-CoV-2 infection 
were obtained and remained positive, except for the negative results on 
the 4th and 6th tests. Two consecutive negative results were obtained on 
the 10th and 11th swabs (Table 1). The patient was uneventfully dis
charged after 52 days of treatment. 

2.4. Case 4 

A 56-year-old woman came to the emergency department with 
complaints of lethargy that worsened in the last 6 days before admission. 
Her complaints included diarrhea more than 10 times daily, without 
mucus or blood. The patient also experienced fever for 4 days before 
admission. The patient went to a private hospital, was hospitalized for 4 
days, and was referred to our hospital for further tracking related to her 
neutropenia. She has a history of hyperthyroidism that she had suffered 
from for the past 1.5 months and has received 100 mg twice daily PTU 
therapy and thiamazole 5 mg once daily. She had a history of penicillin 
allergy. Her vital signs were within normal limits. Lung auscultation 
revealed no apparent abnormality in either lung. Rapid diagnostic tests 
using SARS-CoV-2 antibody were performed and showed non-reactive 
results. Chest X-rays showed bilateral pneumonia (Fig. 4), while 
routine blood tests revealed pancytopenia. On the ninth day of admis
sion, her husband was known to have flu symptoms, had a rapid diag
nostic test for SARS-CoV-2 antibodies with reactive results, and had been 
examined by naso/oropharyngeal swab test with positive results. The 
patient’s husband is known to have a history of contact with people 
traveling from the local COVID-19 transmission area. After admission, 

Fig. 2. Chest X-ray revealed inhomogeneous opacity on bilateral paracardial 
and lateral aspects. 

Fig. 3. Chest X-ray revealed bilateral pneumonia.  

Fig. 4. Chest X-ray showed bilateral pneumonia.  
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our patient received antibiotics and antiviral therapy based on the 
COVID-19 Prevention and Control guidelines by the Indonesian Ministry 
of Health, namely, azithromycin, hydroxychloroquine, umifenovir and 
lopinavir-ritonavir. Nasal and oropharyngeal swab tests were performed 
14 times during the course of the treatment, and positive results of 
SARS-CoV-2 infection were obtained and remained positive, except for 
the negative results on the 2nd and 10th tests (Table 1). Two consecutive 
negative results were obtained on the 13th and 14th swabs (Table 1). 
The patient was discharged uneventfully after 70 days of treatment. 

3. Discussion 

We report the occurrence of prolonged nucleic acid conversion and 
the possibility of false negative RT-PCR test results of SARS-Cov-2 from 
Indonesian patients with COVID-19. To the best of our knowledge, our 
case is the longest prolonged nucleic acid conversion reported being 70 
days. Prolonged nucleic acid conversion is defined as conversion for 
more than 24 days from the onset of the typical symptoms of COVID-19 
[7]. Interestingly, previous studies have reported that symptomatic and 
asymptomatic patients have the same viral loads, showing that there is a 
potential for transmission from patients without or with mild symptoms 
[9,10]. Our cases recovered from mild symptoms of COVID-19 but 
experienced an extended duration of viral shedding. Moreover, during 
treatment in the hospital, our cases showed negative results between the 
positive results of RT-PCR. This finding is similar to previous reports [7, 
11,12], which reported the high false negative rate of RT-PCR for 
COVID-19 detection. The fluctuating trend of our RT-PCR results in our 
cases might be due to insufficient viral material in the specimen, labo
ratory errors during sampling, restrictions on sample transportation 
[11], or mutations in the primary and probe target regions in the 
SARS-CoV-2 genome [13]. 

RT-PCR is indeed a “gold standard” diagnosis of COVID-19 because it 
detects RNA but not the active infectious virus. A virus culture study by 
Bullard et al. [14] reported that virus infectivity decreased significantly 
when RT-PCR cycle threshold (CT) values were >24. CT values of 
RT-PCR tests are inversely related to viral load. For every 1 unit increase 
in CT, the odds ratio for infectivity decreases by 32%. Some studies also 
reported that viral infectivity in patients with a symptom duration >8 
days may be low [14,15]. Several factors might affect the occurrence of 
prolonged nucleic acid conversion, including older age, comorbidities, 
such as diabetes and hypertension, and impaired immune function [16]. 
Our cases, except patient #1, had comorbidities, such as diabetes, hy
perthyroid, asthma and arrhythmia. 

Previously, on January 12, 2020, the WHO recommended that 
COVID-19 patients be discharged from isolation when the patients are 
clinically recovered and show two negative RT-PCR results on sequential 
samples taken at least 24 h apart [17]. On May 27, 2020, WHO revised 
the recommendation for discharging COVID-19 patients from isolation 
without requiring retesting of RT-PCR: a) for symptomatic patients: 10 
days after symptom onset, plus at least 3 additional days without 
symptoms (including without fever and without respiratory symptoms); 
b) for asymptomatic cases: 10 days after positive test of RT-PCR for 
SARS-CoV-2 [18]. Since August 1, 2020, our government has already 
adopted these recommendations for the management of patients with 
COVID-19 in Indonesia, except for patients with severe and critical 
COVID-19: the criteria for discharging patients from isolation needs a 
negative RT-PCR result [19]. 

Positive RT-PCR results in COVID-19 patients address the detection 
of the presence of SARS-CoV-2 RNA, but, this does not essentially mean 
that a patient is infectious and able to transmit the virus to another 
person [18]. Several studies have shown that SARS-CoV-2 is unable to be 
cultured from the respiratory tract swabs of COVID-19 patients after 7–9 
days of symptom onset [14,20,21]. 

The limitation of our study is the small sample size of COVID-19 
cases with prolonged nucleic acid conversion and the possibility of 
false-negative RT-PCR results. These facts should be considered during 

the interpretation of our case series. 

4. Conclusions 

Our cases further confirmed the occurrence of prolonged nucleic acid 
conversion and the possibility of false negative RT-PCR results in pa
tients with COVID-19 instead of recurrence of infection. 

Consent 

Written informed consent was obtained from the patient for publi
cation of this case series and accompanying images. A copy of the 
written consent forms is available for review by the Editor-in-Chief of 
this journal on reasonable request. 

Provenance and peer review 

Not commissioned, externally peer reviewed. 

Declaration of competing interest 

No potential conflict of interest relevant to this article was reported. 

Acknowledgements 

We thank patient family and the nursing staff who were involved in 
the patient care. This study was funded by Indonesian Ministry of 
Research and Technology/National Agency for Research and 
Innovation. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.amsu.2020.09.040. 

References 

[1] World Health Organization. https://www.who.int/news-room/detail/27-04-2020- 
who-timeline—covid-19. (Accessed 14 June 2020). 

[2] A.L. Phelan, R. Katz, L.O. Gostin, The novel coronavirus originating in Wuhan, 
China: challenges for global Health Governance, J. Am. Med. Assoc. 323 (2020) 
709–710. 

[3] S.A. Lauer, K.H. Grantz, Q. Bi, F.K. Jones, Q. Zheng, H.R. Meredith, A.S. Azman, N. 
G. Reich, J. Lessler, The incubation period of coronavirus disease 2019 (COVID-19) 
from publicly reported confirmed cases: estimation and application, Ann. Intern. 
Med. 172 (2020) 577–582. 

[4] Qian GQ, Chen XQ, Lv DF, Ma AH, Wang LP, Yang NB, Chen XM. Duration of SARS- 
CoV-2 viral shedding during COVID-19 infection. Inf. Disp. 0: 1–2. 

[5] K. Xu, Y. Chen, J. Yuan, P. Yi, C. Ding, W. Wu, Y. Li, Q. Ni, R. Zou, X. Li, M. Xu, 
Factors associated with prolonged viral RNA shedding in patients with COVID-19, 
Clin. Infect. Dis. (2020). 

[6] J. Li, L. Zhang, B. Liu, D. Song, Case report: viral Shedding for 60 Days in a woman 
with COVID-19, Am. J. Trop. Med. Hyg. 102 (2020) 1210–1213. 

[7] A.T. Xiao, Y.X. Tong, S. Zhang, False-negative of RT-PCR and prolonged nucleic 
acid conversion in COVID-19: rather than recurrence, J. Med. Virol. (2020). 

[8] Riaz A. Agha, Mimi R. Borrelli, Reem farwana, kiron koshy, alex fowler, dennis P. 
Orgill, for the PROCESS group. The PROCESS 2018 statement: updating consensus 
preferred reporting of CasE series in Surgery (PROCESS) guidelines, Int. J. Surg. 60 
(2018) 279–282. 

[9] L. Zou, F. Ruan, M. Huang, L. Liang, H. Huang, Z. Hong, J. Yu, M. Kang, Y. Song, 
J. Xia, Q. Guo, SARS-CoV-2 viral load in upper respiratory specimens of infected 
patients, N. Engl. J. Med. 382 (2020) 1177–1179. 

[10] C. Rothe, M. Schunk, P. Sothmann, G. Bretzel, G. Froeschl, C. Wallrauch, 
T. Zimmer, V. Thiel, C. Janke, W. Guggemos, M. Seilmaier, Transmission of 2019- 
nCoV infection from an asymptomatic contact in Germany, N. Engl. J. Med. 382 
(2020) 970–971. 

[11] Y. Li, L. Yao, J. Li, L. Chen, Y. Song, Z. Cai, C. Yang, Stability issues of RT-PCR 
testing of SARS-CoV-2 for hospitalized patients clinically diagnosed with COVID- 
19, J. Med. Virol. (2020). 

[12] L. Lan, D. Xu, G. Ye, C. Xia, S. Wang, Y. Li, H. Xu, Positive RT-PCR test results in 
patients recovered from COVID-19, J. Am. Med. Assoc. 323 (2020) 1502–1503. 

[13] Tahamtan A, Ardebili A. Real-time RT-PCR in COVID-19 detection: issues affecting 
the results. Expert Rev. Mol. Diagn, DOI: 10.1080/14737159.2020.1757437. 

I. Trisnawati et al.                                                                                                                                                                                                                              

https://doi.org/10.1016/j.amsu.2020.09.040
https://doi.org/10.1016/j.amsu.2020.09.040
https://www.who.int/news-room/detail/27-04-2020-who-timeline---covid-19
https://www.who.int/news-room/detail/27-04-2020-who-timeline---covid-19
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref2
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref2
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref2
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref3
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref3
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref3
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref3
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref5
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref5
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref5
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref6
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref6
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref7
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref7
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref8
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref8
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref8
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref8
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref9
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref9
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref9
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref10
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref10
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref10
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref10
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref11
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref11
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref11
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref12
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref12


Annals of Medicine and Surgery 59 (2020) 224–228

228

[14] J. Bullard, K. Dust, D. Funk, J.E. Strong, D. Alexander, L. Garnett, C. Boodman, 
A. Bello, A. Hedley, Z. Schiffman, K. Doan, Predicting infectious SARS-CoV-2 from 
diagnostic samples, Clin. Infect. Dis. (2020). 

[15] X. Hu, Y. Xing, J. Jia, W. Ni, J. Liang, D. Zhao, X. Song, R. Gao, F. Jiang, Factors 
associated with negative conversion of viral RNA in patients hospitalized with 
COVID-19, Sci. Total Environ. (2020) 138812. 

[16] A.T. Xiao, Y.X. Tong, S. Zhang, Profile of RT-PCR for SARS-CoV-2: a preliminary 
study from 56 COVID-19 patients, Clin. Infect. Dis. (2020). 

[17] World Health Organization, Laboratory testing of human suspected cases of novel 
coronavirus (nCOV) infection (Interim Guidance). https://apps.who. 
int/iris/bitstream/h 
andle/10665/330374/WHO-2019-nCoV-laboratory-2020.1-eng.pdf 10. (Accessed 
January 2020). 

[18] World Health Organization, Clinical management of COVID-19 (interim guidance). 
https://www.who.int/publicationsdetail/clinical-management-of-covid-19. 
(Accessed 27 May 2020). 

[19] Indonesian Ministry of Health, Guideline for prevention and management of 
COVID-19 (pedoman pencegahan dan pengendalian coronavirus disease (COVID- 
19) revisi ke-5). file:///Users/drgunadi/ 
Downloads/REV-05_Pedoman_P2_COVID-19_13_Juli_2020%20(1).pdf. (Accessed 
13 July 2020). 

[20] R. Wolfel, V.M. Corman, W. Guggemos, et al., Virological assessment of 
hospitalized patients with COVID-19, Nature 581 (2020) 465–469. 

[21] Centers for Disease Control and Prevention, Coronavirus disease 2019 (COVID-19). 
Symptom-based strategy to discontinue isolation for persons with COVID-19. htt 
ps://www.cdc.gov/coronavirus/2019-ncov/community/strategy-discontinue-iso 
lation.html. (Accessed 16 September 2020). 

I. Trisnawati et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S2049-0801(20)30345-9/sref14
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref14
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref14
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref15
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref15
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref15
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref16
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref16
https://apps.who.int/iris/bitstream/handle/10665/330374/WHO-2019-nCoV-laboratory-2020.1-eng.pdf%2010
https://apps.who.int/iris/bitstream/handle/10665/330374/WHO-2019-nCoV-laboratory-2020.1-eng.pdf%2010
https://apps.who.int/iris/bitstream/handle/10665/330374/WHO-2019-nCoV-laboratory-2020.1-eng.pdf%2010
https://www.who.int/publicationsdetail/clinical-management-of-covid-19
https://file:///Users/drgunadi/Downloads/REV-05_Pedoman_P2_COVID-19_13_Juli_2020%20(1).pdf
https://file:///Users/drgunadi/Downloads/REV-05_Pedoman_P2_COVID-19_13_Juli_2020%20(1).pdf
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref20
http://refhub.elsevier.com/S2049-0801(20)30345-9/sref20
https://www.cdc.gov/coronavirus/2019-ncov/community/strategy-discontinue-isolation.html
https://www.cdc.gov/coronavirus/2019-ncov/community/strategy-discontinue-isolation.html
https://www.cdc.gov/coronavirus/2019-ncov/community/strategy-discontinue-isolation.html

	Prolonged nucleic acid conversion and false-negative RT-PCR results in patients with COVID-19: A case series
	1 Introduction
	2 Presentation of cases
	2.1 Case 1
	2.2 Case 2
	2.3 Case 3
	2.4 Case 4

	3 Discussion
	4 Conclusions
	Consent
	Provenance and peer review
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


