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Case Report 

COVID-19 case presented initially with keratoconjunctivitis: A case report 
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Introduction: Ocular complaints are considered non-classical presentations for COVID-19 infection; the initial 
diagnosis of keratoconjunctivitis is even rarer. Indeed, this puts treating clinicians in danger of getting infected, 
especially when patients present without the classic respiratory symptoms. 
Case: Here we report a case of COVID-19 that was initially presented with keratoconjunctivitis with the 
appearance of respiratory symptoms four days later. The case showed improvement within four days of suc
cessful treatment for both covid pneumonia and ocular disease. 
Discussion: Countable cases reported initial ocular symptoms to co-occur with systemic symptoms or even before. 
Only two cases reported the diagnosis of keratoconjunctivitis in COVID-19. The two cases differ in the proposed 
mechanism of developing such disorder. One by direct invasion of the virus, the other one by cytokines-induced 
epithelial injury. Our case did not show positivity for SARS-CoV 2 in the eye secretion, which aligns with the later 
proposed mechanism of pathology. 
Conclusion: It is crucial to report such cases to increase the awareness of atypical presentation for COVID-19 
infection. This is too important for two reasons: first, to diagnose the disease itself, and second, to take infec
tion control precautions when treating such cases, with unexpected initial presentation.   

1. Introduction and importance 

Keratoconjunctivitis (KC) is an inflammatory condition that involves 
both the conjunctiva and the cornea. It usually occurs in association with 
viral, bacterial, autoimmune, and various allergic conditions. Viral 
infection is the most common etiology of KC, representing up to 75% of 
the cases. Adenovirus is the commonest (around 90% of viral KC cases). 
However, other viruses are also implicated in the pathogenesis of viral 
KC [1]. 

In March 2020, the WHO declared a new coronavirus, called COVID- 
19, a pandemic initially ignited in Wuhan, China. Since then, all reports 
and expert panels depicted the classical presentation of fever, cough, 
and generalized fatigue, which progress to pneumonia, to be the pre
dominant clinical picture of the new virus [2]. 

Angiotensin 2 converting enzyme (ACE-2) receptor, detected in the 
ocular system with trivial amounts, especially in corneal and conjunc
tival tissues, is considered the cellular entry receptor for COVID-19 virus 
[3,4]. A new route of entrance for COVID-19 has been identified by 
using CD147. This transmembrane glycoprotein was also found in the 
conjunctiva and cornea, which signifies that SARS-CoV2 could initially 
affect different eye structures even before involvement of the respiratory 

tract [5,6]. Since the beginning of the COVID-19 pandemic, only a few 
COVID-19 cases presented with ocular manifestations have been re
ported in the literature. 

Here, we present a case of COVID-19 that presented initially with 
isolated ocular symptoms, diagnosed later as keratoconjunctivitis with 
delayed development of Classic respiratory symptoms. In addition, we 
reviewed the literature for the previously reported cases of COVID-19 
who presented with keratoconjunctivitis and summarized the findings 
in Table 1. 

2. Case presentation 

A 43-year-old Asian male presented to the emergency department 
(ED) with left side eye pain and increased lacrimation associated with 
blurred vision for three days. He also reported a subjective fever since 
the onset of eye problems, but he denied any respiratory symptoms. He 
has no significant past medical history, no history of allergy. The patient 
denied any trauma history and no previous history of a similar incident. 

During his stay in the ED, the patient developed one spike of high- 
grade fever (oral temperature = 38.5C). On examination, the left eye 
showed profuse clear fluid lacrimation, and there is hyperemia in the 
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inferior nasal quadrant of the left eye. Examination of other systems was 
unremarkable. 

The ophthalmology team was consulted, and comprehensive eyes 
examination, including slit-lamp and fundoscopy, was performed. 
Corneal examination showed one central and four paracentral pinpoint 
scars in the Oculus Sinister (OS). Intraocular pressure was normal in 
both eyes. Visual acuity was discordant between two eyes with OS 6/18 
and normal acuity of Oculus Dextrus (OD). 

The patient mentioned that three of his roommates have been com
plaining of flu-like illness lately. Initial laboratory results were unre
markable, apart from elevated C-reactive protein (50.5 mg/L) and 
Ferritin (658 μg/L). Given the documented fever and positive history of 
contact with sick people, a Nasopharyngeal swab for COVID-19 poly
merase chain reaction (PCR) was sent, which came positive with (CT 
value of 26.18). 

On day two of the hospital stay, the patient started to complain of a 
productive cough. Chest x-ray was repeated (The first one done in ED 
was normal) and showed new bilateral lower chest zones infiltrate 
(Fig. 1). Accordingly, the patient was transferred to a quarantine facility 
and started on treatment as per national protocol. He was started on an 
antibiotic, hydroxychloroquine, and lopinavir/ritonavir. Three days 
post-admission, the patient started to improve in terms of eye pain and 
secretions. 

A swab was taken from the eyes for COVID-19 PCR which came back 
negative (sample was taken four days after the nasopharyngeal swab). 

The patient was discharged from the quarantine facility on day 10 of 
the hospital stay. 

On day 10, after discharge from the quarantine facility, the patient 
presented to ED due to bilateral orbital pain associated with blurring of 
vision. He was examined by an ophthalmologist, found to have reduced 
vision acuity bilateral. Intraocular pressure was high in both eyes; he 
was diagnosed with closed-angle glaucoma and started on acetazol
amide. Currently, the patient is following in the ophthalmology clinic. 

3. Clinical discussion 

Here, we present a COVID-19 case that initially presented with only 
eyes symptoms. There was around 24 hours lag between the presenting 
the eye symptoms and the onset of respiratory manifestations. Most 
previously reported cases with ocular manifestation were diagnosed as 

conjunctivitis with a delayed ocular manifestation. Although the ocular 
presentation is rare with this virus, association with keratoconjunctivitis 
is even rarer. 

A recent meta-analysis study showed that out of 8,219 patients with 
confirmed COVID-19 diagnosis, only 11.03% reported ocular com
plaints. The most complaint was foreign body sensation which was re
ported in (16%) of the ocular involved cases, followed by redness 
(reported in 13.3%), tearing (reported in 12.8%). Most cases are diag
nosed with conjunctivitis (88.8%), while 4.4% of cases are diagnosed 
with either keratitis or keratoconjunctivitis [7]. 

Seah and colleagues [8] reported that all RT-PCR for tears’ of 14 
COVID-19 patients were reported negative on repeated occasions. 
However, all included cases (except one case) did not develop any ocular 
symptoms during the study timeframe of 14 days. Another prospective 
study included 30 cases; only one case had an ocular symptom; This case 
was the only one reported positive for RT-PCR of the eye secretion. The 
time interval between initial symptoms and positive results was three 
days [9]. 

According to Nasiri et al. [3], it was mentioned that the gap between 
systemic and ocular complaints was 2–21 days (mean 1.5 days), while a 
shorter gap was reported between ocular and systemic manifestations 
with a range of 1–3 days (mean 0.04 days). Valente and colleagues 
showed that the average gap between nasopharyngeal and ocular reso
lution of the viral load using PCR was four days [10]. 

To date, two cases in the literature reported keratoconjunctivitis in 
COVID-19 patients. In one case [11], they did simultaneous RT-PCR of 
NP and conjunctival swabs in which CT value was discordant between 
both (23 and 37 cycles, respectively). In our case, there is a four-day gap 
between taking NP swab and eye swab with PCR results of positive (CT 
value 26) and negative (i.e., CT > 40 cycle), respectively. 

The other case was reported as a relapse case of Keratoconjunctivitis, 
in which the conjunctival sac swab for COVID-19 RT-PCR was negative. 
However, the inflammatory markers were high (especially IL-6) in the 
eye secretions, which could propose another pathophysiology of the 
disease by local cytokine storm rather than a direct invasion of the virus 
[12]. 

There is contradictory data regarding the possibility of viral shed
ding in eye secretions and whether it is correlated to eye symptoms or 
not. In one study, 67 cases were enrolled, of which one had ocular 
symptoms, who tested negative for RT-PCR for COVID-19 taken from 

Table 1 
Reported cases of COVID-19 presented with ocular manifestations.   

Age Gender Ocular symptoms onset Time-lapse Initial NP swab PCR-CT value (if available) Initial conjunctival swab PCR 

[14] 65 F Concurrent with systemic symptoms N/A CT 16.1 (done at PSD 1) CT 21.6 (done at PSD 4) 
[15] 27 M Before systemic symptoms 3 hours N/A N/A 
[16] 65 M Before 4 days N/A (done at PSD 4) Reported negative (done at PSD 4) 
[13] 48 F Concurrent Concurrent N/A Reported negative 

35 M Before Not reported N/A N/A 
30 M Before Not reported N/A N/A 
50 F Before One day N/A N/A 
57 M Before One day N/A N/A 
55 M Before 5 days N/A N/A 
40 F Before 7 days N/A N/A 

[17] 46 F Absent systemic signs N/A CT 16 (PSD 2) CT 21 (PSD 2) 
30 M Absent systemic signs N/A CT 32 (PSD 2) Reported negative (PSD 2) 

[11] 29 F Concurrent N/A CT 23 (PSD 8) CT 37 (PSD 8) 
[18] 65 M Before 3 days N/A Reported positive (PSD 13) 

43 F Before 3 days N/A PSD 9, +/- 
28 M Before 4 days N/A Reported positive (PSD 19) 

[19] 48 M Before 2 days PSD 5, positive N/A 
[20] 41 M Absent systemic signs N/A CT 19 (on Admission) N/A 

43 M Absent systemic signs N/A CT 22 (on Admission) N/A 
37 F Absent systemic signs N/A At admission, CT 21 N/A 
65 M Absent systemic signs N/A At admission, CT 17 N/A 
48 M Absent systemic signs N/A At admission, CT 19 N/A 

[21] 27 M Absent systemic signs N/A N/A Reported positive (PSD 2) 
[22] 32 M Absent systemic signs N/A PSD 4, positive Reported negative (PSD 9) 

M: Male; F: Female; N/A: Not available; CT: Cycle Threshold; PSD: Post initial symptoms per days. 
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eye secretions, while three patients with no eye symptoms tested posi
tive for the virus [13]. On the other hand, in one prospective study, they 
took a conjunctival swab from 49 COVID-19 patients with no ocular 
symptoms and sent it for rt-PCR. Four cases tested positive; however, the 
CT value was high (>30), which means low viral shedding in these 
patients [14]. 

Up to our knowledge and after extensive literature review, we 
summarized the COVID-19 cases that initially presented with ocular 
manifestation in Table 1. 

4. Conclusion 

In this case, we reported a patient who presented to the hospital 
mainly due to eye complain, who was initially diagnosed as a case of 
keratoconjunctivitis. Later during the disease course patient developed 
respiratory complaints and was diagnosed as a case of COVID-19 
infection. This case tells us that the respiratory system is not usually 
the prime site to be involved and to consider the ocular complaint to be 
one of the extra-respiratory presenting manifestations of this infection, 
putting this in the context of pandemic and patient’s history of sick 
contact. This also puts a significant burden on the first responding 
physician when examining patients and considering this source of 
infection to take the necessary precautions when dealing with cases 
analogous to our case. 

Ethical approval 

Ethical approval was taken from Medical Research Center (MRC) 
Qatar before submission of this manuscript. 

Sources of funding 

The publication of this manuscript is supported by Qatar National 
Library (QNL). 

Author contribution 

Mohammed Alnajjar is the corresponding author who identified the 
case, reviewed literature, and wrote the manuscript. Abdulrahman Al- 
Mashdali helped in manuscript writing, doing a review for literature. 
Nedia Nefatti helped in identifying the case, reviewing literature, and 
doing final review and approval for the manuscript. 

Research registration 

N/A. 

Guarantor 

Mohammed Alnajjar E-mail: Malnajjar1@hamad.qa. 

Consent 

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

Provenance and peer review 

Not commissioned, externally peer-reviewed. 

Declaration of competing interest 

All authors involved declared no potential conflicts of interest. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.amsu.2021.102957. 

References 

[1] V. Jhanji, T.C. Chan, E.Y. Li, K. Agarwal, R.B. Vajpayee, Adenoviral 
keratoconjunctivitis, Surv. Ophthalmol. 60 (5) (2015 Sep-Oct) 435–443, https:// 
doi.org/10.1016/j.survophthal.2015.04.001. Epub 2015 May 5. PMID: 26077630. 

[2] C.C. Lai, W.C. Ko, P.I. Lee, S.S. Jean, P.R. Hsueh, Extra-respiratory manifestations 
of COVID-19, Int. J. Antimicrob. Agents 56 (2) (2020 Aug) 106024, https://doi. 
org/10.1016/j.ijantimicag.2020.106024. Epub 2020 May 22. PMID: 32450197; 
PMCID: PMC7243791. 

[3] L. Zhou, Z. Xu, G.M. Castiglione, U.S. Soiberman, C.G. Eberhart, E.J. Duh, ACE2 
and TMPRSS2 are expressed on the human ocular surface, suggesting susceptibility 
to SARS-CoV-2 infection, Ocul. Surf. 18 (4) (2020 Oct) 537–544, https://doi.org/ 
10.1016/j.jtos.2020.06.007. Epub 2020 Jun 13. PMID: 32544566; PMCID: 
PMC7293510. 

[4] N. Erdinest, N. London, Y. Morad, Contact lens wear during the COVID-19 (SARS- 
COV-2) era, Harefuah 160 (2) (2021 Feb) 68–72. Hebrew. PMID: 33760405. 

[5] K. Wang, W. Chen, Z. Zhang, Y. Deng, J.Q. Lian, P. Du, D. Wei, Y. Zhang, X.X. Sun, 
L. Gong, X. Yang, L. He, L. Zhang, Z. Yang, J.J. Geng, R. Chen, H. Zhang, B. Wang, 

Fig. 1. CXR before and after developing respiratory symptoms.  

M. Alnajjar et al.                                                                                                                                                                                                                               

mailto:Malnajjar1@hamad.qa
https://doi.org/10.1016/j.amsu.2021.102957
https://doi.org/10.1016/j.amsu.2021.102957
https://doi.org/10.1016/j.survophthal.2015.04.001
https://doi.org/10.1016/j.survophthal.2015.04.001
https://doi.org/10.1016/j.ijantimicag.2020.106024
https://doi.org/10.1016/j.ijantimicag.2020.106024
https://doi.org/10.1016/j.jtos.2020.06.007
https://doi.org/10.1016/j.jtos.2020.06.007
http://refhub.elsevier.com/S2049-0801(21)00907-9/sref4
http://refhub.elsevier.com/S2049-0801(21)00907-9/sref4


Annals of Medicine and Surgery 71 (2021) 102957

4

Y.M. Zhu, G. Nan, J.L. Jiang, L. Li, J. Wu, P. Lin, W. Huang, L. Xie, Z.H. Zheng, 
K. Zhang, J.L. Miao, H.Y. Cui, M. Huang, J. Zhang, L. Fu, X.M. Yang, Z. Zhao, 
S. Sun, H. Gu, Z. Wang, C.F. Wang, Y. Lu, Y.Y. Liu, Q.Y. Wang, H. Bian, P. Zhu, Z. 
N. Chen, CD147-spike protein is a novel route for SARS-CoV-2 infection to host 
cells, Signal Transduct. Target Ther. 5 (1) (2020 Dec 4) 283, https://doi.org/ 
10.1038/s41392-020-00426-x. PMID: 33277466; PMCID: PMC7714896. 

[6] A. Leonardi, U. Rosani, P. Brun, Ocular surface expression of SARS-CoV-2 
receptors, Ocul. Immunol. Inflamm. 28 (5) (2020 Jul 3) 735–738, https://doi.org/ 
10.1080/09273948.2020.1772314. Epub 2020 Jun 26. PMID: 32589459. 

[7] N. Nasiri, H. Sharifi, A. Bazrafshan, A. Noori, M. Karamouzian, A. Sharifi, Ocular 
manifestations of COVID-19: a systematic review and meta-analysis, J. Ophthalmic 
Vis. Res. 16 (1) (2021 Jan 20) 103–112, https://doi.org/10.18502/jovr. 
v16i1.8256. PMID: 33520133; PMCID: PMC7841281. 

[8] I.Y.J. Seah, D.E. Anderson, A.E.Z. Kang, L. Wang, P. Rao, B.E. Young, D.C. Lye, 
R. Agrawal, Assessing viral shedding and infectivity of tears in coronavirus disease 
2019 (COVID-19) patients, Ophthalmology 127 (7) (2020 Jul) 977–979, https:// 
doi.org/10.1016/j.ophtha.2020.03.026. Epub 2020 Mar 24. PMID: 32291098; 
PMCID: PMC7151491. 

[9] J. Xia, J. Tong, M. Liu, Y. Shen, D. Guo, Evaluation of coronavirus in tears and 
conjunctival secretions of patients with SARS-CoV-2 infection, J. Med. Virol. 92 (6) 
(2020 Jun) 589–594, https://doi.org/10.1002/jmv.25725. Epub 2020 Mar 12. 
PMID: 32100876; PMCID: PMC7228294. 

[10] P. Valente, G. Iarossi, M. Federici, S. Petroni, P. Palma, N. Cotugno, M.A. De Ioris, 
A. Campana, L. Buzzonetti, Ocular manifestations and viral shedding in tears of 
pediatric patients with coronavirus disease 2019: a preliminary report, J AAPOS 24 
(4) (2020 Aug) 212–215, https://doi.org/10.1016/j.jaapos.2020.05.002. Epub 
2020 Jun 9. PMID: 32531341; PMCID: PMC7282793. 

[11] M. Cheema, H. Aghazadeh, S. Nazarali, A. Ting, J. Hodges, A. McFarlane, J. 
N. Kanji, N. Zelyas, K.F. Damji, C. Solarte, Keratoconjunctivitis as the initial 
medical presentation of the novel coronavirus disease 2019 (COVID-19), Can. J. 
Ophthalmol. 55 (4) (2020 Aug) e125–e129, https://doi.org/10.1016/j. 
jcjo.2020.03.003. Epub 2020 Apr 2. PMID: 32284146; PMCID: PMC7124283. 

[12] D. Guo, J. Xia, Y. Wang, X. Zhang, Y. Shen, J.P. Tong, Relapsing viral 
keratoconjunctivitis in COVID-19: a case report, Virol. J. 17 (1) (2020 Jul 8) 97, 
https://doi.org/10.1186/s12985-020-01370-6. PMID: 32641169; PMCID: 
PMC7341713. 

[13] Y. Zhou, Y. Zeng, Y. Tong, C. Chen, Ophthalmologic Evidence against the 
Interpersonal Transmission of 2019 Novel Coronavirus through Conjunctiva 
[Internet]. 2020 Feb [cited 2021 Sep 11] p. 2020.02.11.20021956. Available from: 
https://www.medrxiv.org/content/10.1101/2020.02.11.20021956v1. 

[14] X. Li, J.F. Chan, K.K. Li, E.Y. Tso, C.C. Yip, S. Sridhar, T.W. Chung, K.H. Chiu, D. 
L. Hung, A.K. Wu, S.K. Chau, R. Liu, K.C. Lung, A.R. Tam, V.C. Cheng, K.K. To, K. 
H. Chan, I.F. Hung, K.Y. Yuen, Detection of SARS-CoV-2 in conjunctival secretions 
from patients without ocular symptoms, Infection 49 (2) (2021 Apr) 257–265, 
https://doi.org/10.1007/s15010-020-01524-2. Epub 2020 Sep 17. PMID: 
32944840; PMCID: PMC7497856. 

[15] A. Daruich, D. Martin, D. Bremond-Gignac, Unilateral conjunctivitis as first 
presentation of Coronavirus Disease 2019 (COVID-19): a telemedicine diagnosis, 
J. Fr. Ophtalmol. 43 (5) (2020 May) e167–e168, https://doi.org/10.1016/j. 
jfo.2020.04.001. Epub 2020 Apr 21. PMID: 32327279; PMCID: PMC7170795. 

[16] S. Khavandi, E. Tabibzadeh, M. Naderan, S. Shoar, Corona virus disease-19 
(COVID-19) presenting as conjunctivitis: atypically high-risk during a pandemic, 
Contact Lens Anterior Eye 43 (3) (2020 Jun) 211–212, https://doi.org/10.1016/j. 
clae.2020.04.010. Epub 2020 Apr 27. PMID: 32354654; PMCID: PMC7184016. 

[17] R. Goel, R. Arora, M. Chhabra, S. Kumar, Viral shedding in tears of COVID-19 cases 
presenting as conjunctivitis, Indian J. Ophthalmol. 68 (10) (2020 Oct) 2308, 
https://doi.org/10.4103/ijo.IJO_2567_20. PMID: 32971704; PMCID: 
PMC7728002. 

[18] L. Chen, C. Deng, X. Chen, X. Zhang, B. Chen, H. Yu, Y. Qin, K. Xiao, H. Zhang, 
X. Sun, Ocular manifestations and clinical characteristics of 535 cases of COVID-19 
in Wuhan, China: a cross-sectional study, Acta Ophthalmol. 98 (8) (2020 Dec) 
e951–e959, https://doi.org/10.1111/aos.14472. Epub 2020 May 18. PMID: 
32421258; PMCID: PMC7276826. 

[19] G. Casalino, G. Monaco, P.P. Di Sarro, A. David, A. Scialdone, Coronavirus disease 
2019 presenting with conjunctivitis as the first symptom, Eye 34 (7) (2020 Jul) 
1235–1236, https://doi.org/10.1038/s41433-020-0909-x. Epub 2020 Apr 28. 
PMID: 32346108; PMCID: PMC7186940. 

[20] S.Z. Scalinci, E. Trovato Battagliola, Conjunctivitis can be the only presenting sign 
and symptom of COVID-19, IDCases 20 (2020), e00774, https://doi.org/10.1016/ 
j.idcr.2020.e00774. Epub 2020 Apr 24. PMID: 32373467; PMCID: PMC7195291. 

[21] M.M. Eid, B.N. Al Khalaf, Conjunctivitis as initial presenting symptom in a COVID- 
19 patient, Vis. J. Emerg. Med. 23 (2021 Apr) 100997, https://doi.org/10.1016/j. 
visj.2021.100997. Epub 2021 Mar 18. PMID: 33754132; PMCID: PMC7969967. 

[22] Z.K. Ozturker, Conjunctivitis as sole symptom of COVID-19: a case report and 
review of literature, Eur. J. Ophthalmol. 31 (2) (2021 Mar) NP161–NP166, https:// 
doi.org/10.1177/1120672120946287. Epub 2020 Jul 24. Erratum in: Eur J 
Ophthalmol. 2020 Aug 27;:1120672120956486. PMID: 32703010; PMCID: 
PMC7383095. 

M. Alnajjar et al.                                                                                                                                                                                                                               

https://doi.org/10.1038/s41392-020-00426-x
https://doi.org/10.1038/s41392-020-00426-x
https://doi.org/10.1080/09273948.2020.1772314
https://doi.org/10.1080/09273948.2020.1772314
https://doi.org/10.18502/jovr.v16i1.8256
https://doi.org/10.18502/jovr.v16i1.8256
https://doi.org/10.1016/j.ophtha.2020.03.026
https://doi.org/10.1016/j.ophtha.2020.03.026
https://doi.org/10.1002/jmv.25725
https://doi.org/10.1016/j.jaapos.2020.05.002
https://doi.org/10.1016/j.jcjo.2020.03.003
https://doi.org/10.1016/j.jcjo.2020.03.003
https://doi.org/10.1186/s12985-020-01370-6
https://www.medrxiv.org/content/10.1101/2020.02.11.20021956v1
https://doi.org/10.1007/s15010-020-01524-2
https://doi.org/10.1016/j.jfo.2020.04.001
https://doi.org/10.1016/j.jfo.2020.04.001
https://doi.org/10.1016/j.clae.2020.04.010
https://doi.org/10.1016/j.clae.2020.04.010
https://doi.org/10.4103/ijo.IJO_2567_20
https://doi.org/10.1111/aos.14472
https://doi.org/10.1038/s41433-020-0909-x
https://doi.org/10.1016/j.idcr.2020.e00774
https://doi.org/10.1016/j.idcr.2020.e00774
https://doi.org/10.1016/j.visj.2021.100997
https://doi.org/10.1016/j.visj.2021.100997
https://doi.org/10.1177/1120672120946287
https://doi.org/10.1177/1120672120946287

	COVID-19 case presented initially with keratoconjunctivitis: A case report
	1 Introduction and importance
	2 Case presentation
	3 Clinical discussion
	4 Conclusion
	Ethical approval
	Sources of funding
	Author contribution
	Research registration
	Guarantor
	Consent
	Provenance and peer review
	Declaration of competing interest
	Appendix A Supplementary data
	References


