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eMethods 1: Examination Protocol

EVD survivor status was verified by the production of an Ebola treatment unit discharge certificate.

Clinical history of Ebola virus infection, treatment, and any ongoing symptoms were undertaken in the local language [Krio] by a local ophthalmic nurse acting as interpreter. 

· Autorefraction was performed with a 2WIN autorefractor device (Adaptica S.r.l, Padova Italy). 

· Visual acuity was assessed with a tumbling E-LogMAR chart at 4 meters. Color vision was assessed with a 14 plate Ishihara test book in a well-illuminated room. 

· Intraocular pressure was measured using an icare®TA01i rebound tonometer (Icare, Finland Oy). 

· Visual fields were obtained using a Zeiss Humphrey® Visual Fields (HVF) II 720i, (Carl Zeiss Meditec, Inc., Dublin, CA).  Central visual fields were tested using the 24-2 SITA Fast protocol. Functional peripheral visual assessment of areas of retinal darkening was tested with a combination of 30-2, 60-4, 120-point screen and a specifically developed peripheral nasal 24-2 visual field protocol (eMethods 1 in Supplement 2).

Ocular Imaging 
· UWF scanning laser ophthalmoscope scans together with fundus autofluorescence (FAF) were acquired using an Optos® Daytona fundus camera (Optos, Dunfermline, UK). 30-degree color fundus, near infrared and FAF images, were acquired using a Topcon DRI Triton Plus swept source optical coherence tomography (OCT) device (Topcon Corporation, Japan).

· Qualitative morphological and reflectivity comparison of the 1,050nm wavelength swept source OCT imaging was performed with a Topcon DRI Triton Plus (Topcon Corporation, Japan).  The OCT imaging protocol was dependant on lesion location: 12.0mm single line scan, radial scan or 5-line cross with a resolution of 1024 A- scans and overlapping scan count of 128, 16, and 16 respectively. 

Ebola Virus Retinal Lesion Spatial Analysis
· UWF retinal images (Optomap®) were adjusted by size and orientation to align the central fovea and central optic disc reference points using Affinity Designer 1.4.1 vector graphics editor software. Linear/curvilinear longitudinal orientation lines were overlaid to Ebola virus lesion axes if any axis could be discerned. Where no discernible axis was visible, lesion location was marked by a central dot only. Right, and left eyes were amalgamated separately. 




1

eMethod 2: Humphrey Peripheral Nasal Visual Field Protocol

Left Eye Testing Technique

1. Enter patient details and select 24-2 SITA-Fast visual field test protocol as standard practice

2. Enter the Threshold Parameter Setup and turn “Fixation Monitoring” to the “Off” setting. (Figure 1)

[image: /Users/Steptoe/Dropbox (Ebola Survivor Study)/Paul Steptoe's Drop Box/ - Ophthalmology/Ebola Ophthalmology/*Research/New Visual Fields Technique/Turnign blind spot off.jpg]








3. [image: /Users/Steptoe/Dropbox (Ebola Survivor Study)/Paul Steptoe's Drop Box/ - Ophthalmology/Ebola Ophthalmology/*Research/New Visual Fields Technique/DSC_1807.JPG]Insert new visual fixation mark 19cm horizontally (To the right for left eye testing, and to the left for right eye testing). (Figure 2 and 3)
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[image: /Users/Steptoe/Dropbox (Ebola Survivor Study)/Paul Steptoe's Drop Box/ - Ophthalmology/Ebola Ophthalmology/*Research/New Visual Fields Technique/Face illustration.jpg]4. Place the patient’s chin on the left chin rest with their right eye covered and left eye fixed 
Figure   4

on the new fixation point. (Figure 4)

5. Adjust the chin rest position until the patient’s left eye is aligned with the central on-screen cross.

6. Start the test and instruct the patient to maintain their fixation while keeping the eye fixation cross visible on the screen, centred on the pupil.

The printed test field should now indicate the physiological blind spot towards the nasal aspect of the visual field enabling orientation of the area tested.  (Figure 5)
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eTable 1: Ebola Virus Disease Survivor Cohort Characteristics 


[image: ../Supplemental%20Files%20JAMA/Tables/Table%201.%20Patient%20Chararactistics.pdf]
	Grade
	Colour Fundus
	Fundus Autofluorescence (AF) 
	Optical Coherence Tomography
	Reference image

	Grade independent features
	Perilesional dark-without-pressure (DWP) of variable extent
	Not visible
	Thinned, hyporeflective EZ and loss of IZ.
	Figure 2B

	Grade 1
	Faint light grey lesion +/- perilesional DWP
	Variable AF
	 ‘V’ shaped increased ONL reflectance (of isoreflectance as the OPL) with preservation of the superficial layers +/- Isolated/multi-focal loss of EZ/IZ 
	eFigure 1A

	Grade 2
	Faint light grey lesion +/- perilesional DWP
	Hypo AF spot
	‘Punched out’ appearance involving EZ/IZ + Overlying involvement of all superficial retinal layers
	eFigure 1B

	Grade 3
	Light grey lesion +/- perilesional DWP
	Hyper-AF
	Collapse of all retinal layers. Preservation of the 4th hyperreflective outer retinal band thickness.
	eFigure 1C

	Grade 4
	Light grey lesion with honeycomb interior +/- perilesional DWP
	Hypo-AF honeycomb appearance.
	Thinned 4th hyperreflective outer retinal band with increased choroidal optical transmission + Loss of retinal laminar structure +/- collapse of retinal layers
	eFigure 1D

	Grade 5
	Pigmented Lesion +/- perilesional DWP
	Hypo-AF lesion secondary to pigmentation
	Loss of retinal lamellar structure, 
Choroidal optical shadow +/-  hyper reflective intra retinal speckled appearance
	eFigure 1E


seTable 2: Ebola Retinal Lesion Grading Classification 



[bookmark: _GoBack][image: Joined%20grading%20table.pdf]eTable 3: Ebola Retinal Lesion OCT Grading Results 





























eTable 4: Ebola Retinal Lesion Grading Cohen’s Kappa statistic 


	
	
	Grader 1
	

	
	Grade
	1
	2
	3
	4
	5
	Total

	Grader 2
	1
	14
	0
	0
	0
	0
	14

	
	2
	0
	9
	3
	0
	0
	12

	
	3
	0
	1
	13
	2
	0
	16

	
	4
	0
	0
	8
	24
	0
	32

	
	5
	0
	0
	0
	0
	6
	6

	
	Total
	14
	10
	24
	26
	6
	80

	
	
	
	
	
	
	
	

	
	Agreement
	14
	9
	13
	24
	6
	66

	
	By Chance
	2.45
	1.5
	4.8
	10.4
	0.45
	19.6

	
	
	
	
	
	
	
	

	
	Kappa
	0.77
	
	
	
	
	



[image: Figures/Online%20Figures/Grade%20Reference%20images.jpg]eFigure 1: Grading Classification Reference Images 

A) Grade 1 Ebola retinal lesion. 
White arrows indicate the site of vertical breaks through the ellipsoid zone and interdigitation zone. 





B) Grade 2 Ebola retinal lesion.









C) Grade 3 Ebola retinal lesion.








D) Grade 4 Ebola retinal lesion.








E) Grade 5 Ebola retinal lesion.







Legend: Nerve Fibre Layer; NFL, Ganglion Cell Layer; GCL, Inner Plexiform Layer; IPL, Inner Nuclear Layer; INL, Outer Plexiform Layer; OPL, Outer Nuclear Layer; ONL, External Limiting Membrane; ELM, Myoid zone; MZ, Ellipsoid zone; EZ, Photoreceptor Outer Segment of Photoreceptors; OS, Interdigitation Zone; IZ, Retinal Pigment Epithelium/Bruch’s Membrane Complex; RPE/BM.

eFigure 2. Survivor No 1. Left eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence image. E&F) SLO reference image for adjacent OCT through Ebola retinal lesion. White arrows indicate area of retinal darkening. Black arrows indicate site of Ebola retinal lesions.
[image: ../../../Figures/eFigures%20JPG/eFigure%201.jpg]
 

eFigure 3: Survivor No 2, Right Eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Infrared reference image for the adjacent OCT through the Ebola retinal lesion. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation.

[image: Supplementary%20Fig%202.%20Survivor%20No%202.%20Right%20eye%20(27R).jpg]




























eFigure 4: Survivor No 2. Left eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&G) Infrared reference image for the corresponding OCT through the Ebola retinal lesions. F&H) Infrared reference image for the corresponding OCT through the Ebola retinal lesion. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. 
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eFigure 5: Survivor No.3. Right eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image D) Autofluorescence SLO image. E&F) Color fundus reference image for the adjacent OCT through the Ebola retinal lesion. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. G) Peripheral 60-4 visual field threshold test.
[image: Supplementary%20Fig%204.%20Survivor%20No%203.%20Right%20eye%20(28R).jpg]

































eFigure 6: Survivor No 4. Right Eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Red free reference image for adjacent OCT through the Ebola retinal lesion.  Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. G) Central 24-2 Threshold visual field test.  
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eFigure 7: Survivor No 4. Left eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Color fundus reference image for the adjacent OCT through the Ebola retinal lesion. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. G) Central 24-2 threshold visual field test.
[image: Supplementary%20Fig%206.%20Survivor%20No%204.%20Left%20eye%20(32L)%20revised.jpg]









































eFigure 8: Survivor No 5. Right eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Red free reference image for the adjacent OCT through the Ebola retinal lesion. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. G) Central 24-2 threshold visual field test. 
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eFigure 9: Survivor No 5, Left eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. Black arrows indicate Ebola retinal lesions. E) Central 24-2 visual field threshold test. 
[image: Supplementary%20Fig%208.%20Survivor%20No%205.%20Left%20eye%20(40L).jpg]

































eFigure 10: Survivor No 6. Right eye A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Color fundus reference image for the adjacent OCT through the Ebola retinal lesion below. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. G) Central 24-2 visual field test. H) Peripheral nasal 24-2 visual field test (Protocol available in appendix 1). I) Full field 120-point screen visual field test. 
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[image: ../Amended%20Figures/eFigure%2010.%20Survivor%20No%206.%20Left%20eye%20(97L).jpg]eFigure 11: Survivor No 6. Left eye A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO Image, C) Red SLO Image. D) Autofluorescence SLO image. E) Enlarged lesion view demonstrating sharp angulated lesions F&G) Color fundus reference image for adjacent OCT through Ebola lesion. H&I) Color fundus reference image for the adjacent OCT through the Ebola retinal lesion. Asterisk indicate areas of white-without-pressure. White arrows indicate border of retinal darkening. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. J) Central 24-2 threshold visual field test indicating relative scotoma adjacent to the blind spot corresponding to superior peripapillary Ebola lesion. 

eFigure 12: Survivor No 7. Right eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) SLO reference image for adjacent OCT through Ebola retinal lesion.  Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. White arrow indicates schisis appearance of adjacent nerve fibre layer. G) Central 24-2 threshold visual field test. Note excessive high false positives.
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eFigure 13: Survivor No.7 Left eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO Image. C) Red SLO Image. D) Autofluorescence SLO image. E&F) Infrared reference image for adjacent OCT through Ebola retinal lesion.  G) Central 24-2 threshold visual field test. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. 
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eFigure 14:  Survivor No 8. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO Image. C) Red SLO Image. D) Autofluorescence SLO image. E&F) Color fundus reference image for adjacent OCT images F, G and H indicating multiple closely spaced focal defects within the lesion at the level of the ellipsoid zone. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. 
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eFigure 15: Survivor No 9. Right eye. A) Composite scanning laser ophthalmoscope (SLO) image, white arrows indicate border of retinal darkening. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Infrared reference image for adjacent OCT through Ebola retinal lesion. Image demonstrates ellipsoid zone hyporeflectivity and interdigitation zone loss corresponding to the area of retinal darkening. G&H) Infrared reference image for adjacent OCT through the Ebola retinal lesion. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation.  I) Central 24-2 visual field test. 
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eFigure 16: Survivor No 9. Left eye. A) Composite scanning laser ophthalmoscope (SLO) image, white arrows indicate boundary of retinal darkening. B) Green SLO image C) Red SLO image. D) Autofluorescence SLO image. E&F) SLO reference image for adjacent OCT through Ebola retinal lesion and area of retinal darkening. White arrows indicate area of retinal darkening ellipsoid layer hyporeflectivity and interdigitation zone loss. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. G) Central 24-2 visual field threshold test. 
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eFigure 17: Survivor No.10 Right eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Infrared reference image for adjacent OCT through Ebola retinal lesion. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation.
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eFigure 18: Survivor No.10, Left eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO Image. C) Red SLO Image. D) Autofluorescence SLO image.  Black arrows indicate sites of Ebola retinal lesions. 
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eFigure 19: Survivor No 11. Right Eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Infrared reference image for adjacent OCT through Ebola retinal lesion. G) Central 24-2 threshold visual field test. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation.
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eFigure 20: Survivor No 11. Left eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Color fundus reference image for adjacent OCT through Ebola retina lesion. Enlarged view demonstrates hyper-reflective 'V' appearance overlying zone of retinal darkening. G&H) Color fundus reference image for adjacent OCT through Ebola retina lesion. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. I) Central 24-2 threshold visual field test.
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eFigure 21: Survivor No 12. Right eye. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO image. C) Red SLO image. D) Autofluorescence SLO image. E&F) Color fundus reference image for adjacent OCT through Ebola retinal lesion and demonstrates vertical breaks through the ellipsoid zone and interdigitation zone. Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation. G) Central 24-2 threshold visual field test, note high false positives.
[image: ../eFigures%20JPG/eFigure%2020.jpg]

























eFigure 22: Survivor No 13. A) Composite scanning laser ophthalmoscope (SLO) image. B) Green SLO Image. C) Red SLO Image. D) Autofluorescence SLO image. E&F) Color fundus reference image for adjacent OCT through Ebola retina lesion. G) Central 24-2 threshold visual field test.  Black arrows indicate Ebola retinal lesions; green arrows indicate the corresponding OCT and reference image orientation.
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eFigure 23: Survivor No.14. Right eye. A) Composite scanning laser ophthalmoscope (SLO) image.  B) Green SLO image. C) Red SLO image D) Autofluorescence SLO image. E&F) Color fundus reference image for adjacent OCT through Ebola retinal lesion. G&H) Infrared reference image for adjacent OCT.  Black arrows indicate retinal lesions. White arrows indicate transition to nasal area of retinal darkening. Green arrows indicate the corresponding OCT and reference image orientation
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eFigure 24: Ebola retinal lesion locations of 14 patients. Dots indicate lesion location; lines indicate lesion orientation when present. A) Right eye lesions B) Left eye lesions
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Table 1. Ebola Virus Disease survivor cohort characteristics

Right Eye Left Eye
Survivor| Age / Tifne since Eye . . LogMAR | 0P Ishihara No. Retina.\l Other retinal [Ongoing ocular . LogMAR IOP Ishihara No. Retin.al Other retinal |Ongoing ocular . . L.
No. Sex discharge involvement Right Refraction VA (mmHg) | (13 plate)|Lesions Darkening findings inflammation? Left Refraction VA (mmHg) [ (13 plate) |Lesions Darkening / findings inflammation? Ongoing systemic complications
(days) / Type Type

1 58 F 803 Left +2.50 / 0.00x 0 0.12 |Missing 4 0 No Nil No +2.50 /-1.00 x 024 0.22 Missing 5 3 Yes / PL Nil No Joint pains

2 43 F 758 Bilateral +5.00 / -0.50 x 008 | 0.04 11 13 3 Yes / PL Nil No +5.50 /-1.00 x 081 0.1 15 13 2 No Nil No Fatigue, joint pains, headaches
3 31TM 820 Right missing data 0.00 17 12 3 Yes / Ex WWP No Missing data 0.00 19 12 0 No WWP No Joint pains / Headaches

4 39F 1083 Bilateral +2.00 / -1.00 x 016 0.1 15 13 4 Yes / PL Nil No +2.50 / -1.25 x 169 0.1 14 13 3 Yes / Ex WWP No missing data

5 37 M 815 Bilateral -0.50 / 0.00x 0 -0.1 9 1 1 Yes / PL Nil No -0.25 / -1.00 x 070 0.08 10 12 2 Yes / PL WWP No None

6 41 M 755 Bilateral +2.75 / -0.50 x 098 0.1 10 13 12 Yes / PR WWP No +2.25/-0.25x 138 0.06 9 13 10 Yes / PR WWP No Joint pains / Insomnia

7 38 M 788 Bilateral +2.75/ -0.75x 078 | 0.00 11 12 1 No Nil No +2.75 / -0.75 x 073 0.22 13 13 1 No Nil No Neck pains

8 30F 772 Right +1.25/ -0.50 x 052| 0.06 13 10 24 Yes / PL Nil No +1.25/0.00x 0 0.08 12 10 0 No Nil No None

9 37F 790 Bilateral +1.50 / -1.00 x 089 | 0.08 10 1 1 Yes / Ex Nil No +1.00 / 0.00x 0 0.08 12 1 3 Yes / PR WwP No None

10 32 M 844 Bilateral +2.00 / -1.25x 013| -0.04 16 10 1 Yes / PL WWP No +2.00 / -1.00 x 154 -0.02 14 12 2 Yes / PL WWP No None

11| 44m 908 Bilateral  |+2.50 / -0.75x 116| 0.1 | 16 12 1| Yes/pL Nil No +2.50 / -0.75 x 116 0.1 17 13 2 | Yes/PL Nil No Right Sidedhgfn?:)r;erz’is”ght sided
12 21 M 715 Right missing data 0.18 19 13 1 No Nil No missing data 0.18 14 12 0 No Nil No Fatigue, joint pains, headaches
13 |28 M 709 Right +2.00 /-1.00x 009 | 0.1 11 13 1| Yes/PL Nil No +1.75 / -0.75 x 166 0.06 11 13 0 No Nil No Left leg Weakgg?g; ongoing joint
14 41F 901 Right +2.25/-0.75x012| 0.00 15 13 56 Yes / Ex WWP No No fundal view* NLP 3 0 No view| No view No view No Left sided hearing deficit

Legend: Visual acuity; VA. Intraocular pressure; IOP. Peri-lesional; PL. Pan-retinal; PR. Extensive; Ex.White without pressure; WWP.

*Complicated cataract surgery prior to Ebola infection. Complete pupil closure secondary to previous synechiae











image7.emf
Grader 2

Grader 1

Scan No.

N1

N1

N2

N3

N4
N5

N6

N7
N8

N9

N10
N11

N12
N1

N2

N1

N2

N1

N1

N2

N1

N2

N1

N2

N3

N1

N1

N1

N1

N1

N2

N1

N2

N1

N2

N1

N1

N2

N3

N1

N1

N1

N1

N2

N3

N4
N1

N2

N3

N1

N2

N3

N4
N1

N1

N1

N1

N1

N1

N1

N2

N1

N1

N1

N1

N2

N1

N2

N3

N1

N2

N1

N2

N3

N1

N1

N2

N1

N2

N1

Lesion No.

L1

L1

L2

L1

L1

L1

L1

L1

L1

L2
L3

L4
L5

L1

L2

L3

L4

L5
L6

L7
L1

L1

L1

L1

L2
L3

L4
L1

L2
L3

L4
L5
L6
L1

L1

L2

L1

L1

L1

L1

L2

Survivor No. / Eye

S1L

S2L

S2R

S3R

S4L

S4R

S5R

S6 L

S6 R

S7L

S7R

S8R

S9L

S9R

S10R

S11L

S11R

S12R
S13 R

S14R











image8.jpeg




image9.jpeg




image10.jpeg




image11.jpeg




image12.jpeg
ey

Peripheral 60-4 Threshold Test





image13.jpeg
Central 24-2 Threshold Test





image14.jpeg
A

Central 24-2 Threshold Test





image15.jpeg
Central 24-2 Threshold Test





image16.jpeg
=\
‘\i\‘

N





image17.jpeg
Central 24-2 Threshold Test Nasal 24 - 2 Peripheral Field Full Field 120 Point Screening Test

Blind spot





image18.jpeg
Central 24-2 Visual Field

itary Hosptal





image19.jpeg
Central 24-2 Threshold Test





image20.jpeg
Central 24-2 Threshold Test





image21.jpeg




image22.jpeg
Central 24-2 Threshold Test





image23.jpeg




image24.jpeg




image25.jpeg




image26.jpeg
Central 24-2 Threshold Test





image27.jpeg
Central 24-2 Threshold Test





image28.jpeg
Central 24-2 Threshold Test

Stmus. I

12008
35108 P 1%





image29.jpeg
Central 24-2 Threshold Test





image30.jpeg




image31.jpeg





‘Supplement— Online Content

e e ot ot Ve s

i oo At g oo

gz S Lok
i

g S 2 e

i S 5 R re

e a4 R e

i Sunier o 5 R v

i 0 S Rt ore

i 5 Sorg 7 R oy

Suwort 6 R

Sinvarto s Rt
g S 1 Lo




