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ABSTRACT
Introduction: Fundus pathology in donor eyes was correlated with cross-sectional Optical Coherence 
Tomography (OCT) images and histological assessment was performed to determine the prevalence of 
retinal diseases without the constraints imposed during in vivo clinical imaging.

Material and methods: A fundus camera and OCT imaging system was adapted to enable posterior 
segment imaging of the entire post-mortem human eye. Retinas from 59 donors (57 retina pairs and 
two single globes) were imaged in a seven-field imaging format and cross-sectional analysis was done 
using OCT. To confirm that the signs observed represented true disease incidence analysis of disease 
markers including gliosis (Glial Fibrillary Acidic Protein), hemichannel expression (Connexin43), Müller 
cell activation (vimentin) and choroidal endothelial cells (CD-31) and macrophages (CD-68 marker) was 
performed.

Results: Pathological signs were correlated with clinical diagnoses in eyes from 25 donors (donor ages 
45-87 years) but lesions were also found in 23 eyes (donor ages 39- 83 years) with no previously reported 
clinical diagnosis. Retinas from six donors aged 21-89 years of age were unremarkable. Of all donors, 
five donors had signs of age related macular degeneration (AMD) and 14 had signs of diabetic retinopathy 
(DR). Their lesions correlated with OCT and histopathology showed signs of activated microglia, Müller 
cell hyper-reactivity, increased Cx43 expression and choroidal inflammation. These data indicate that with 
over 8% of donors showing signs of AMD and 24% of donors showing signs of DR the incidence of AMD 
may be 1.7 times higher and DR up to 1.6 times higher than clinically reported.

Conclusions: The detection of pathological signs characteristic of AMD and DR in donors suggests a 
higher prevalence of posterior segment abnormalities amongst New Zealanders donors than previously 
reported. A more detailed evaluation protocol of the posterior segment in patients will aid detection of 
lesions that are none the less pathological signs.
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INTRODUCTION

The census of visual impairment shows 246 
million people across the world are suffering 
with low vision impairment and 39 million 
people are legally blind (Pascolini et al., 2012). 
The most common causes of visual impairments 
are uncorrected refractive errors followed by 
untreated cataracts and glaucoma. In developed 
countries the age-related diseases such as age-
related macular degeneration (AMD) and 
diabetic retinopathy (DR) are the leading causes 
of visual impairment in the geriatric population. 
The lack of awareness of symptoms and signs 
of these diseases and being asymptomatic until 
advanced stages, are the leading causes of 
blindness (Rowe et al., 2004). The treatments 
of these age-related retinal diseases are 
dependent of the stage of the diseases and areas 
of involvement (Bressler, 2004; Congdon et 
al., 2004).Clinical presentation of the diseases 
are the main source for obtaining information 
about the prevalence of these diseases in the 
community (Rydén et al., 2007; Thylefors et al., 
1995). The screening programmes are useful in 
determining the exact numbers of these diseases 
which are supported by the New Zealand 
government by Retinal Screening Programmes 
(Chang et al., 2017; Papali’i-Curtin et al., 2013). 
The lack of presentation of patients with clinical 
signs and symptoms of different diseases into 
clinics cause wrong estimation of prevalence 
in the regions (Hutchins et al., 2012; Lee et al., 
2003). Human donor eyes are the replica of the 
human eyes as they retain the most of the signs 

co-relating to ocular diseases (Kalloniatis et al., 
2013; Too et al., 2017). The donor tissues help 
in estimation of the prevalence of these diseases 
in the community and confirmation of these 
lesions can be done by immunohistochemistry 
(Brown et al., 2009; Green et al., 2016). The 
combined methods help in understanding these 
diseases and their pathophysiology. These 
further attribute to developing guidelines for 
the clinical diagnosis and management of these 
diseases (Curcio et al., 2011). Systemic health 
status in association with ocular conditions 
of human donors are important in research to 
investigate human diseases and for drug testing 
procedures.

This study adapted modified techniques of 
ocular imaging equivalent to the clinical 
standards in the disease assessment. In addition, 
immunohistochemistry analysis was performed 
to support identification of these lesions in 
the donor eyes. The donor tissue assessments 
suggest a higher prevalence of ocular diseases 
in New Zealand in comparison to the results of 
the conventional population-based studies.

MATERIALS AND METHODS

The human donor tissues used in this research 
study were provided from New Zealand 
National Eye Bank, University of Auckland. 
A total of 58 eyes, 2 single globes were used. 
The human donor eyes were handled in 
accordance with the tenets of the Declaration 
of Helsinki and approved by the Institutional 
Review Committee of The University of 
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Auckland and Northern District Human Ethics 
Committee (NTX/06/19/CPD/AM04). The 
globes had corneas explanted prior to be used 
in the research study. The eyes used in the 
study were all fresh and were obtained less than 
8 hours from time of death. The donor tissue 
information sheet revealed eyes had no known 
infection or sepsis at the time of death, age, 
sex, date, cause, and time of death and seldom, 
systemic/ocular history. The imaging process 
started with filling up the eyecups with Tear gel 
(substitute clear fluid) and areas of interest were 
captured using MICRON IV (retinal imaging 
system, Phoenix Research Labs, USA) optical 
coherence tomography (OCT) imager. The areas 
of interest were selected for cryosectioning 
based on OCT images. The eyecups were fixed 
in paraformaldehyde solution and processed 
after being washed with phosphate-buffered 

Figure 1A: Custom-made holder used to 
examine the human donor eyes.

Figure 1B: Fundus imaging system (Phoenix 
Micron IV).

saline. Custom-made eyecup holders were used 
to place the donor eyes in the upright position 
for imaging on MICRON IV (Figure 1). 

MICRON IV fundus camera has 50 degrees 
field of view. These settings allowed us to 
obtain retinal and OCT images of the central 
and peripheral retina of the donor eyes. The 
equipment had spatial resolution of 3 μm for 
retinal imaging; depth of focus was 20 µm 
and consisted of 1024 pixels per A-scan. The 
postmortem retinal images obtained were 
different from those obtained in vivo. The areas 
of lesion and retinal layers assessment was done 
by one ophthalmologist and an optometrist 
independently. The masking of prior clinical 
history of the donor eyes was done before the 
assessment of both clinicians. The histological 
analyses on these eyes were performed only after 
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they met the set grading criterion (as explained 
in Table 1). National Diabetes Retinal Screening 
Grading system, Early Photocoagulation for 
Diabetic Retinopathy Study, The Beaver Dam 
Eye Study, The Age-Related Eye Disease Study, 
and An Online Retinal Fundus Image Database 

for Glaucoma Analysis and Research study 
grading systems were adopted in this study 
for grading the donor images. All the retinal 
images anomalous findings were described and 
recorded in detail.

Table 1: Clinical grading systems adapted for diagnosis of the diseases in donor eyes.

Clinical signs 
Fundus and optical coherence 

tomography imaging signs
Reference

NORMAL No retinal pathology Clear retina, without any signs

AMD

Hard drusen Size of drusen ≤65 µm

(Bird et al., 1995)

Soft drusen Size of drusen: 125 µm
Hyper pigmentation with 
any type of drusen 

Increased pigmentation (brown / 
blackish areas)

Hypo pigmentation with 
any type of drusen

Whitish patchy areas 

Geographic atrophy
Choroidal blood vessels seen at the 
base of the atrophic area 

Advance stage/wet AMD
Macular scarring with haemorrhages 
and laser marks

DR

Mild Diabetic 
Retinopathy 

Microaneurysms 
Dot and blot haemorrhages

Moderate Diabetic 
Retinopathy

Blot haemorrhages, deep 
haemorrhages, pigmented areas with 
haemorrhages (Ministry of Health, 

2016)
Severe Diabetic 
Retinopathy

Laser treatment marks seen in 
different quadrants; Haemorrhages 
and retinal detachment 

Glaucoma

Unilateral cup disc ratio ≥0.6:1
Bilateral: Asymmetry ≥0.2:1 
Loss or thinning of neuroretinal rim 
(nerve fibre layer defect)
Disc haemorrhage Superior/inferior 
notching

(Zhang et al., 2010)
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Preparation of donor tissues for 
immunohistochemical analysis 

The association of retinal lesions (mild or 
moderate) with molecular pathology confirmed 
the diseases. The true disease incidence in these 
donor eyes were evaluated through performing 
Immunohistochemistry. As described in Table 
2; the following markers used in this study 
confirmed the lesions. Astrocyte proliferation 
and hypertrophy (was confirmed by Glial 
Fibrillary Acidic Protein expression), Müller 
cell activation in the retina (was confirmed 
by vimentin labelling), CD31 positive cell 
numbers (was confirmed by monocytes and 
neutrophils) and leukocytes (was confirmed by 
CD45 - common leukocyte antigen positive(Bai, 
Tang, Ma, Luo, & Lin, 2003; HANNE L. 
OSTERGAARD*, November 1989) cells). 
The optic nerve head position was used as the 
primary reference point to match the lesion 
locations in both histological and clinical retinal 
images. At least three sections in each human 
donor eyes were studied and confirmation of 
presence of these lesions was done with clinical 
prospective (examples: drusen in AMD eyes, 
level of haemorrhages in retina of DR cases). 

Immunohistochemical labelling: Both retinal 
and choroidal tissues were collected onto 
Superfrost Plus slides (Labserv, Auckland, New 
Zealand). The slides were stored at −20 °C 
until required for immunolabeling. The process 
of labelling started with defrosting the frozen 
sections at room temperature for 10 minutes. 
Then the slides underwent a wash in 0.1 M 

phosphate-buffered saline. Following the wash, 
the sections were blocked at room temperature 
for 30 minutes with 6 % normal goat serum 
(Sigma-Aldrich Corp., USA), 1% bovine 
serum albumin, and 0.5% Triton X-100 in 0.1 
M phosphate-buffered saline. A solution of 3 % 
normal goat serum, 1 % bovine serum albumin, 
and 0.5 % Triton X-100 in 0.1 M phosphate-
buffered saline was used to prepare the primary 
antibody solution. Table 2 shows the list of 
antibodies used. The slides were incubated in 
the primary antibody solution for overnight. 
Some tissues were used as part of control 
experiments. The control slides underwent an 
incubation process without primary antibody 
included in the blocking solution, followed by 
incubation with secondary antibodies. After 
overnight incubation, these slides were washed 
thrice in 0.1 M phosphate-buffered saline 
every 15 minutes. The secondary antibodies 
used were goat anti-rabbit or goat anti-mouse 
Alexa 488 or Alexa 594 (Life Technologies, 
USA). The secondary antibodies were diluted 
to 1:500 and the tissues were incubated with 
these solutions for 3 hours at room temperature. 
Then the slides were washed thrice with 0.1 M 
phosphate-buffered saline every 15 minutes and 
were incubated with 1 μg/mL 4′, 6-diamidino-
2-phenylindole (Sigma-Aldrich Corp.) in 0.1 
M phosphate-buffered saline for 15 minutes. 
After completion of the incubation process in 
both primary and secondary antibody solutions, 
the sections were washed and mounted in an 
anti-fading medium (Citifluor, UK), and were 
coverslipped. The coverslips were sealed with 
nail polish at the edges of the slides. 
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Image analysis and quantification

Olympus FV1000 confocal laser scanning 
microscope and FV-10 ASW 3.0 Viewer and 
Adobe Photoshop CS6 softwares were used 
to study the Immunohistochemical labelling 
of the sections. Three donors in each group 
were imaged. To quantify the images, Image 
J software (Image J 1.45s software –Wayne 
Rasband, National Institute of Health, USA) 
binary image application was used. Equal 
threshold settings were applied all images. 
Data were plotted as the % area labelled by the 
marker in a 100 µm2 area. For Glial Fibrillary 
Acidic Protein, the data is reported as % 
labelling per image (250 µm x 250 µm area). For 

Table 2: Primary antibodies used in this research study.

Antibody Production Host Working 
dilution

Company Catalogue 
Number

Immunogen Reference

Anti - 
Glial 
Fibrillary 
Acidic 
Protein

Monoclonal, 
clone G-A-5

Ms 1:1000 Sigma-
Aldrich, 
USA

C9205 Purified Glial 
Fibrillary Acidic 
Protein from pig 
spinal cord.

(N. M. 
Kerr et al., 
2010)

Anti 
CD45

Monoclonal, 
clone OX-1

Ms 1:20 BD 
Pharmingen, 
USA

550566 CD45-enriched 
glycoprotein 
fraction from 
Wistar rat 
thymocytes

(Ishida et 
al., 2003)

Anti 
CD31

Polyclonal Rb 1:100 Abcam, 
USA

Ab28364 Synthetic peptide 
corresponding to 
C- terminus of 
mouse CD31

(Dong et 
al., 2012)

Anti-
Vimentin

Monoclonal Ms 1:1000 Sigma C9080 Purified vimentin 
from pig eye lens 

(Shen et 
al., 2010)

vimentin, the data refers to the % area of marker 
expression between the inner plexiform layer 
and retinal pigmented epithelium. The ganglion 
cell layer was not included in the assessment 
in order to avoid inclusion of astrocytes in the 
Müller cell labelling estimate (astrocytes also 
label with vimentin). The lesions which were 
not clearly assigned to any disease (like AMD 
or DR pathology) have confirmed labelling in 
immunohistochemistry. High magnification 
single confocal images of 1024 x1024 pixels 
were used to count the positive cells in Immuno’s. 
Only 4′, 6-diamidino-2-phenylindole stained 
nuclei surrounded by positive CD31 or CD45 
label were counted. Data was plotted as mean ± 
standard error of the mean.
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Statistical Analysis 

One–way analysis of variance followed by a 
Bonferroni post-hoc test was used to perform 
statistical analysis. p < 0.05 was considered to 
indicate statistically significant differences in 
diseased tissues. Graph Pad Prism 7 (Graph Pad 
Software, USA) was used to plot the data.

RESULTS

The donor eyes obtained were aged from 21 
to 89 years old (average 70 ± 13.1 years). The 
ethnicity information sheets of these donors 
revealed 90.5% were Caucasians and 9.5% of 
Indian’s of which 79% were males and 21% 

were females. Six donor eyes of age 21-82yrs 
were categorised as normal as they showed 
no posterior segment pathologies. In (Figure 
2) correspondence is seen through the normal 
retinal images, OCT and immunohistochemical 
labelling. Figure 2A and 2B shows normal 
central and peripheral retinas. Figure 2C shows 
OCT images of normal posterior segment 
layers. Figure 2D -2F shows normal cell type 
marker expressions in a 75-year-old normal 
patient. Retinal layer expression for the markers 
was seen in Figure 2D GFAP (ganglion cells), 
vimentin (Müller cells marker; Figure 2E). In 
choroid, Figure 2F -2G shows CD31 positive 
cells and CD45 labelled leukocytes, respectively.

Figure 2: (Figure 2A, B): Retinal images of central and peripheral fundus seen in (C) OCT 
showing retina and choroidal normal layers. (D) Expression of normal levels in the ganglion 

cell layer (GCL) (GFAP, red). (E) Vimentin labeling (red, arrows) indicating normal 
labelling of Müller cells. (F) CD45 labeling leukocytes and showing no inflammation. (G) 

CD31 (green) labeling endothelial cells in choroidal cells. 
Scale bars = 100 and 50µm. 

GCL = Ganglion cell layer; IPL = Inner plexiform layer; INL = Inner nuclear layer; OPL = Outer 
plexiform layer; ONL = Outer nuclear layer.

C

Retina 
Choroid
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Forty-seven donors eyes with ocular pathology 
is summarised in Table 3, of which only 24 
donors had documentation that verified prior 
diagnosis on donor information sheet. 

Of the confirmed lesions in the donor eyes, 
37% of them had lens related pathology such as 
pseudophakia or cataracts in one or both eyes. 

Of these, nine donors only had lens conditions 
with no other posterior segment diseases. Six 
donor eyes had lesion’s which could not be 
categorised using pathology grading scales. 
Figure 3 shows the grading classification used 
in lens assessments. The grading of the lens 
opacifications was not included in the scope of 
the study.

Table 3: Lesions detected in donor eyes through Ocular imaging (fundus imaging and optical 
coherence tomography).

Lesions Ocular 
disease 

Total 
number 
of eyes 

affected

Previously 
diagnosed

Reported 
disease 

prevalence in 
the population ± 

Disease 
prevalence 

among donors*

Microaneurysms, 
haemorrhages, 
laser treatment 
marks

DR 14 4 19% 24%

Drusen, 
macular scar, 
haemorrhages 

AMD 5 3 7.6% 8.5%

Cataract Intra 
ocular lens

Cataract and 
Pseudophakia 22 13 30% 37%

Cupping > 0.5, 
nerve fibre layer 
defects

Glaucoma 3 1 2% 5%

Others
Corneal 
graft and iris 
abnormalities

3 3 - 5%

Undiagnosed, 
drug deposits 

Unconfirmed 
lesions 6 - 10%

None Normal eyes 6 - 10%

± Epidemiological studies from literature (Danesh-Meyer, April 2014; Ministry of Health, 2013; Pa-

pali'i-Curtin et al., 2013; Worsley et al., 2015).

*Total cumulative prevalence includes two groups of donor tissues in this study.
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An example of drug deposits (donor information 
sheet revealed the cause of death to be pancreatic 
cancer and had undergone cancer treatment) 
seen in fundus images and OCT likewise shows 
confluent white patchy deposits in the vitreous. 
Figure 4 shows eyes with lesions which are 
placed in the undiagnosed category.

Figure 3: Stereoscopic images of human donor lens. 

Figure 3A: Normal; Figure 3B: Hard brown cataract seen; Figure 3C: Intraocular lens.

Eight percent of the donor eyes had age-related 
macular degeneration changes such as Drusen, 
retinal pigment epithelium damage. These 
lesions were histologically confirmed with 
increased expression of the markers. Figure 
5A and 5B are the retinal changes of AMD and 
corresponding OCT images of the AMD donor 

Figure 4: (A) and (B) show drug deposits in central and peripheral retinas corresponding 
(C) OCT images.

A B C

A

C

B
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eyes. Figure 5D shows increased expression 
of GFAP and Vimentin expression was also 
increased in outer retinal layers indicating 
Müller cell activation (Figure 5E). In Figure 
5F and 5G, increased expression of both CD31 
positive monocytes and neutrophils and CD45 
positive leukocytes was noted. 

Diabetic retinopathy was confirmed in 14 
donors and they had signs of cotton wool spots, 
multiple haemorrhages or treatment done with 

Figure 5: (A, B) images show signs of AMD in the central and peripheral retina.  
(C) corresponding drusen changes noted in OCT imaging (arrow). (D, E) shows increased 

expression of GFAP and Vimentin labelling in the retinal layers. (F, G) shows CD45 labelled 
leukocytes and CD31 labelled monocytes and neutrophils (green) labelling in the choroid of 

AMD tissues. Scale bars = 100, 50 and 25 µm. 

laser photocoagulation. Based on the location 
of the haemorrhage in the retinal layers, 
the classification of the diseases was done. 
Example, if the location of the haemorrhage 
is in inner retinal layers then it is suggestive 
of hypertensive retinopathy, and if deep 
haemorrhages were noted then classified as 
diabetic retinopathy (Shechtman et al., 2008). 
Figure 6A, 6B shows DR donor eyes with 
multiple haemorrhages and Laser treated areas 
in the central and peripheral retina. Figure 6C 

Retina 

Choroid
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OCT confirms the presence of haemorrhages in 
the inner retina layers suggestive of DR. Figure 
6D, 6E shows immunolabeling with GFAP and 
Vimentin markers in the retinal layers. Figure 6F 
and 6G, respectively shows increased numbers 
of CD31 and CD45 positive cells in the choroid. 

Donor eyes of glaucomatous changes were 
classified with asymmetrical cup: disc ratio of 
>0.2 in both eyes and/or unilateral cup: disc 
ratio ≥0.6:1; disc haemorrhages, inferior or 

superior notch and/or thinning in neuro retinal 
rim changes of optic nerve head, characteristic 
peripapillary atrophy and/or with generalized, 
or localized retinal nerve fiber thinning or 
defects. Three donor eyes were categorised 
with >0.6 cup disc ratio as glaucomatous 
eyes. Literature suggests increased GFAP and 
connexin 43 labelling was noted in retina and 
optic nerve head areas (Nathan M. Kerr et al., 
2011). Senthilkumari et al worked extensively 
on the histological changes of glaucomatous 

Figure 6: (A, B) DR donor eyes fundus images. (C) OCT corresponds to the retina. GFAP 
expression (D) (red); (E) (red, arrows) indicating increased vimentin labelling. (F, G) CD45 

and CD31 endothelial cell marker expression in the choroid. Scale bars = 50µm. 

Retina 
Choroid
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donor eyes (Senthilkumari et al., 2015). Figure 
7 shows donor eyes with vertical cup: disc ratio 
≤0.6 with no focal retinal rim thinning seen. 

The comparison of expression of inflammatory 
markers is shown in retina and choroids of the 
normal and diseased donor eyes in Figure 8. 
Given that mild clinical signs were noted in the 
human donor eyes they were confirmed as true 

pathology increased GFAP expression (n=5 
AMD lesions, n=5 DR lesions), (p< 0.01 and p< 
0.001) and Vimentin labelling in the AMD donor 
lesion areas (p<0.0001) and DR eyes (p<0.0001). 
In the choroids, there were significantly more 
CD31 and CD45 positive cells in damaged 
areas (p<0.001 for both markers) was noted. 
Inflammation was noted more in choroids than in 
the retina of both diseases. 

Figure 7: (A, B) shows central retinal regions of right and left eyes with cup: disc ratio 0.8:1 
and 0.2:1 cup: disc ratio and no other signs, suggestive of glaucomatous changes in the right 

eye. (C) OCT shows disc haemorrhages corresponding to the right eye retinal images.

Figure 8: Quantitative analysis of Glial Fibrillary Acidic Protein (astrocyte marker, A) and 
for vimentin (Müller cell marker, B). **** = p ≤ 0.0001 and *** = p ≤ 0.01. 
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CD31 Marker Expression in Choroid
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Figure 9: Quantitative counts of immunolabeled positive cells for the leukocytes CD45 marker 
(A) and the monocyte/neutrophil marker CD31 (B). **** = p ≤ 0.0001 and *** = p ≤ 0.001. 

DISCUSSION

To calculate the prevalence of diseases in the 
communities conducting large epidemiological 
studies and screenings are the basic tools 
and methods used (Wong et al., 2008). 
Nevertheless, post-mortem eyes are the replica 
of the clinical signs observed in the diseased 
patient’s eyes. Literature shows evidence on 
the effect of time to surgery, delay in corneal 
tissue samples processing and outcome of 
corneal transplantation surgery (Keane et al., 
2013). The New Zealand Eye Bank, published 
in 2011 shows that these methods are the 
key points to evaluate the outcome of the 
success rate of corneal transplantations (Patel 
et al., 2011). In this study, we have shown 
estimation of prevalence of diseases with a 
combinational method of using clinical and 
immunohistological techniques. We adapted 
modified clinical imaging to obtain retinal 

and OCT images of the donor eyes. We have 
studied a small sample size for analysis and 
noticed a higher prevalence of lens conditions 
(37% of donors) and retinal pathologies (24% 
DR and 8% AMD). Awareness of the diseases 
in the donor families contributes to one of 
the causes of the high prevalence of diseases 
noted (Williams et al., 2013). No skewing of 
the data was noted due to the above reasons 
and no sampling was affected. Wellington 
region study revealed 22% of diabetic patients 
had some form of diabetic retinopathy, and 
the Northland diabetic screening population 
presented had 19% of them (Hutchins et al., 
2012; Lily YL Chang, 2017; Papali’i-Curtin 
et al., 2013). This study concluded, 24% of all 
donors had DR related lesions supporting the 
regional New Zealand study data. Literature 
shows that combined techniques like clinical 
imaging such as OCT and immune histological 
assessments can confirm the presence of ocular 
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diseases (Brown et al., 2009, Curcio, 2005)). 
Modified large view techniques are useful for 
obtaining and confirming the lesions in the 
donor eyes(Bagheri et al., 2012; Ghazi et al., 
2006). Studies done based on histopathological 
analysis of human donor eyes confirmed 
the technique’s usefulness in revealing and 
confirming the glaucoma disease in donor 
eyes (Senthilkumari et al., 2015). In this study, 
using modified fundus imaging with molecular 
marker assessments confirmed the unidentified 
lesions with ocular diseases as supporting the 
literature(Feit-Leichman et al., 2005; Klein et 
al., 2014; Wilding et al., 2015).

The molecular level analysis of these disease 
like AMD and DR shows changes in the cellular 
levels of retina with increased expression of 
GFAP, Vimentin (astrocytes and Muller cells) in 
both the diseases (Abcouwer, 2011, Trivino et al., 
1996, Kaur et al., 2008, Ramirez et al., 2001)). 
Wu et al also showed an increased expression of 
GFAP and Müller cells in early stages of AMD 
disease (Wu et al., 2003). However, increased 
expression of GFAP was noted in donor eyes and 
they were indicative of vascular abnormalities 
in DR eyes (Mizutani et al., 1998, Amin et al., 
1997). Thus, this study concludes similarly that 
histological assessments of the post-mortem 
tissues has been a good indicator corresponding 
with the OCT and fundus lesions in these eyes. 
Unsurprisingly, GFAP and vimentin were higher 
in DR (an inner retina disease) than in AMD 
(primarily an outer retina disease). The first step 
of immune defence in the body is to produce 

leukocytes, this study focused on studying 
these markers in choroids of AMD and DR eyes 
(Chimen et al., 2015). Previous studies show 
evidence of increased glial activity in retina and 
loss of endothelial cells (Mullins et al., 2011) 
increased CD45 labelling in AMD and DR eyes 
((Huang et al., 2013, Colak et al., 2012; Zeng et 
al., 2008, Madigan et al., 2012) 

CD31 is a marker for blood vessel endothelial 
cells (Gariano et al., 1996; Penfold et al., 
1990) and animal studies have shown retinal 
endothelial cell dysfunction (labelled by CD31 
marker) in AMD and DR (Guo et al., 2014; 
Wautier et al., 1996) in this study analyses 
statistically significant distinct CD31 positive 
labelling of monocytes and neutrophils was 
used as an inflammation marker corresponding 
the optical coherence tomography as areas of 
vascular damage indicative of DR and AMD. 
The study has the limitation of a lack of donor 
history sheet for every donor, but combination 
of post-mortem clinical and histological 
assessments provides evidence that can 
overcome this limitation.

CONCLUSION

The findings of this study confirm the presence 
of lens defects and retinal lesions in donor 
eyes and suggest that there may be a greater 
prevalence of ocular disease in the New Zealand 
population than previously reported. Few 
limitations of this study are, small sample size, 
racial representation not necessarily reflective of 
the overall population, analysing the donor eyes 
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retrospectively with no prior ophthalmic history 
available, possible autolysis of the tissues due 
to post-mortem delay and the complexity of 
samples and small numbers of unaffected tissues 
due to the age, the diverse systemic and ocular 
history of the donor population.

Acknowledgements

The author would like to thank the staff of the 
New Zealand National Eye Bank, especially 
Helen Twohill and Louise Moffat, and to the 

donor families who consented to research 
use of donor eyes and also acknowledge the 
help of Professors Colin R Green, Charles NJ 
McGhee, Associate Professor Trevor Sherwin 
(Ophthalmology, University of Auckland) 
and Dr Monica Acosta (Optometry and Vision 
Science, University of Auckland).

NEPJOPH

REFERENCES

Abcouwer, S. F. (2011). Neural inflammation and the microglial response in diabetic retinopathy. J Ocul Biol Dis 
Infor, 4(1-2), 25-33. doi: 10.1007/s12177-012-9086-x

Amin, R. H., Frank, R. N., Kennedy, A., Eliott, D., Puklin, J. E., & Abrams, G. W. (1997). Vascular endothelial 
growth factor is present in glial cells of the retina and optic nerve of human subjects with nonproliferative diabetic 
retinopathy. Investigative Ophthalmology & Visual Science, 38(1), 36-47. 

Bagheri, N., Bell, B. A., Bonilha, V. L., & Hollyfield, J. G. (2012). Imaging human postmortem eyes with SLO and 
OCT. Adv Exp Med Biol, 723, 479-488. doi: 10.1007/978-1-4614-0631-0_60

Bird, A. C., Bressler, N. M., Bressler, S. B., Chisholm, I. H., Coscas, G., Davis, M. D. (1995). An international 
classification and grading system for age-related maculopathy and age-related macular degeneration. The International 
ARM Epidemiological Study Group. Surv Ophthalmol, 39(5), 367-374. 

Bressler, N. M. (2004). Age-related macular degeneration is the leading cause of blindness. JAMA, 291(15), 1900-
1901. doi: 10.1001/jama.291.15.1900

Brown, N. H., Koreishi, A. F., McCall, M., Izatt, J. A., Rickman, C. B., & Toth, C. A. (2009). Developing SDOCT 
to assess donor human eyes prior to tissue sectioning for research. Graefe’s archive for clinical and experimental 
ophthalmology, 247(8), 1069-1080. doi: 10.1007/s00417-009-1044-3

Chang, L. Y. L., Lee, A. C., & Sue, W. (2017). Prevalence of diabetic retinopathy at first presentation to the retinal 
screening service in the greater Wellington region of New Zealand 2006-2015, and implications for models of retinal 
screening. New Zealand Medical Journal, 130(1450), 78-88. 

Chimen, M., McGettrick, H. M., Apta, B., Kuravi, S. J., Yates, C. M., Kennedy, A., Rainger, G. E. (2015). Homeostatic 
regulation of T cell trafficking by a B cell-derived peptide is impaired in autoimmune and chronic inflammatory 
disease. Nat Med, 21(5), 467-475. doi: 10.1038/nm.3842

Colak, E., Majkic-Singh, N., Zoric, L., & et.al. (2012). The role of CRP and inflammation in the pathogenesis of age-
related macular degeneration. Biochem Med (Zagreb), 22(1), 39-48. 

Kanduri S

Prevalence of ocular diseases among donor eyes

Nepal J Ophthalmol 2021; Vol 13 (26): 77-94



92 A biannual peer-reviewed academic journal of Nepal Ophthalmic Society

Congdon, N., O’Colmain, B., Klaver, C. C., Klein, R., Munoz, B., Friedman, D. S., Mitchell, P. (2004). Causes and 
prevalence of visual impairment among adults in the United States. Arch Ophthalmol, 122(4), 477-485. doi: 10.1001/
archopht.122.4.477

Curcio, C. A. (2005). Imaging maculopathy in post-mortem human eyes. Vision Res, 45(28), 3496-3503. doi: 
10.1016/j.visres.2005.07.038

Curcio, C. A., Messinger, J. D., Sloan, K. R., Mitra, A., McGwin, G., & Spaide, R. F. (2011). Human chorioretinal 
layer thicknesses measured in macula-wide, high-resolution histologic sections. Invest Ophthalmol Vis Sci, 52(7), 
3943-3954. doi: 10.1167/iovs.10-6377

Danesh-Meyer, H. (April 2014). The Newsletter of Glaucoma NZ Glaucoma New Zealand To Save Sight [Internet]. 
New Zealand.

Dong, Z., Kase, S., Ando, R., Fukuhara, J., Saito, W., Kanda, A., Ishida, S. (2012). Alphab-crystallin expression 
in epiretinal membrane of human proliferative diabetic retinopathy. Retina, 32(6), 1190-1196. doi: 10.1097/
IAE.0b013e318233ab9c

Feit-Leichman, R. A., Kinouchi, R., Takeda, M., Fan, Z., Mohr, S., Kern, T. S., & Chen, D. F. (2005). Vascular 
damage in a mouse model of diabetic retinopathy: relation to neuronal and glial changes. Investigative ophthalmology 
& visual science, 46(11), 4281-4287.

Gariano, R. F., Iruela-Arispe, M. L., Sage, E. H., & Hendrickson, A. E. (1996). Immunohistochemical characterization 
of developing and mature primate retinal blood vessels. Invest Ophthalmol Vis Sci, 37(1), 93-103. 

Ghazi, N. G., Dibernardo, C., Ying, H. S., Mori, K., & Gehlbach, P. L. (2006). Optical Coherence Tomography of 
Enucleated Human Eye Specimens With Histological Correlation: Origin of the Outer “Red Line”. American Journal 
of Ophthalmology, 141(4), 719-719.e719. doi: 10.1016/j.ajo.2005.10.019

Green, C. R., Kanduri, S., Acosta, M. L., & et, a. (2016). Analysis of Human Donor Retinas Suggests a Greater 
Prevalence of Retinal Disease Than Previously Reported in the New Zealand Population. Paper presented at the 
Annual Meeting of the Association-for-Research-in-Vision-and-Ophthalmology (ARVO), Seattle, WA. 

Guo, C. X., Tran, H., Green, C. R., Danesh-Meyer, H. V., & Acosta, M. L. (2014). Gap junction proteins in the light-
damaged albino rat. Mol Vis, 20, 670-682. 

Huang, H., Parlier, R., Shen, J. K., Lutty, G. A., & Vinores, S. A. (2013). VEGF receptor blockade markedly reduces 
retinal microglia/macrophage infiltration into laser-induced CNV. PLoS One, 8(8), e71808. doi: 10.1371/journal.
pone.0071808

Hutchins, E., Coppell, K. J., Morris, A., & Sanderson, G. (2012). Diabetic retinopathy screening in New Zealand 
requires improvement: results from a multi-centre audit. Aust N Z J Public Health, 36(3), 257-262. doi: 10.1111/j.1753-
6405.2012.00841.x

Ishida, S., Yamashiro, K., Usui, T., Kaji, Y., Ogura, Y., Hida, T., Adamis, A. P. (2003). Leukocytes mediate retinal 
vascular remodeling during development and vaso-obliteration in disease. Nat Med, 9(6), 781-788. doi: 10.1038/
nm877

Kalloniatis, M., Loh, C. S., Acosta, M. L., & et.al. (2013). Retinal amino acid neurochemistry in health and disease. 
Clin Exp Optom, 96(3), 310-332. doi: 10.1111/cxo.12015

Kaur, C., Foulds, W. S., & Ling, E. A. (2008). Blood-retinal barrier in hypoxic ischaemic conditions: basic concepts, 
clinical features and management. Prog Retin Eye Res, 27(6), 622-647. doi: 10.1016/j.preteyeres.2008.09.003

Keane, M. C., Lowe, M. T., Coster, D. J., & et.al. (2013). The influence of Australian eye banking practices on corneal 
graft survival. Med J Aust, 199(4), 275-279. 

Kanduri S

Prevalence of ocular diseases among donor eyes

Nepal J Ophthalmol 2021; Vol 13 (26): 77-94



93Nepalese Journal of Ophthalmology

Kerr, N. M., Johnson, C. S., de Souza, C. F., Chee, K. S., Good, W. R., Green, C. R., & Danesh-Meyer, H. V. 
(2010). Immunolocalization of gap junction protein connexin43 (GJA1) in the human retina and optic nerve. Invest 
Ophthalmol Vis Sci, 51(8), 4028-4034. doi: 10.1167/iovs.09-4847

Kerr, N. M., Johnson, C. S., Green, C. R., & Danesh-Meyer, H. V. (2011). Gap junction protein connexin43 (GJA1) 
in the human glaucomatous optic nerve head and retina. Journal of Clinical Neuroscience, 18(1), 102-108. doi: 
10.1016/j.jocn.2010.06.002

Klein, R., Myers, C. E., Cruickshanks, K. J., Gangnon, R. E., Danforth, L. G., Sivakumaran, T. A., Klein, B. E. 
(2014). Markers of inflammation, oxidative stress, and endothelial dysfunction and the 20-year cumulative incidence 
of early age-related macular degeneration: the Beaver Dam Eye Study. JAMA Ophthalmol, 132(4), 446-455. doi: 
10.1001/jamaophthalmol.2013.7671

Lee, P. P., Feldman, Z. W., Ostermann, J., Brown, D. S., & Sloan, F. A. (2003). Longitudinal prevalence of major eye 
diseases. Archives of Ophthalmology, 121(9), 1303-1310. Lily YL Chang, A. C. L., Wilson Sue. (2017). Prevalence 
of diabetic retinopathy at first presentation to the retinal screening service in the greater Wellington region of New 
Zealand 2006–2015, and implications for models of retinal screening. New Zealand medical journal, 130(1450 ), 
78-88

Madigan, M. C., Van Den Berg, C., Moreland, A., Liang, J., Lord, S., Demir, A., Jager, M. J. (2012). Macrophage 
markers and C3d in the central & peripheral choroid of young, aged and amd eyes. Acta Ophthalmologica, 90, 0. doi: 
10.1111/j.1755-3768.2012.3683.x

Ministry of Health. (2013). New Zealand Health Survey: Annual update of key findings 2012/13. (978-0-478-41572-
8 (online)). Wellington: Ministry of Health. 

Ministry of Health. (2016). Diabetic Retinal Screening, Grading, Monitoring and Referral Guidance. (978-0-947491-
66-6 (online)). Wellington: Ministry of Health Retrieved from health.govt.nz.

Mizutani, M., Gerhardinger, C., & Lorenzi, M. (1998). Müller cell changes in human diabetic retinopathy. Diabetes, 
47(3), 445-449. 

Mullins, R. F., Johnson, M. N., Faidley, E. A., Skeie, J. M., & Huang, J. (2011). Choriocapillaris Vascular Dropout 
Related to Density of Drusen in Human Eyes with Early Age-Related Macular Degeneration. Investigative 
Ophthalmology & Visual Science, 52(3), 1606-1612. doi: 10.1167/iovs.10-6476

Ozaki, E., Campbell, M., Kiang, A. S., Humphries, M., Doyle, S. L., & Humphries, P. (2014). Inflammation in age-
related macular degeneration. Adv Exp Med Biol, 801, 229-235. doi: 10.1007/978-1-4614-3209-8_30

Papali’i-Curtin, A. T., & Dalziel, D. M. (2013). Prevalence of diabetic retinopathy and maculopathy in Northland, 
New Zealand: 2011-2012. N Z Med J, 126(1383), 20-28. 

Pascolini, D., & Mariotti, S. P. (2012). Global estimates of visual impairment: 2010. Br J Ophthalmol, 96(5), 614-618. 
doi: 10.1136/bjophthalmol-2011-300539

Patel, H. Y., Ormonde, S., Brookes, N. H., Moffatt, S. L., Sherwin, T., Pendergrast, D. G., & McGhee, C. N. (2011). 
The New Zealand National Eye Bank: survival and visual outcome 1 year after penetrating keratoplasty. Cornea, 
30(7), 760-764. doi: 10.1097/ICO.0b013e3182014668

Penfold, P. L., Provis, J. M., Madigan, M. C., van Driel, D., & Billson, F. A. (1990). Angiogenesis in normal human 
retinal development the involvement of astrocytes and macrophages. [journal article]. Graefe’s Archive for Clinical 
and Experimental Ophthalmology, 228(3), 255-263. doi: 10.1007/bf00920031

Ramirez, J. M., Ramirez, A. I., Salazar, J. J., de Hoz, R., & Trivino, A. (2001). Changes of astrocytes in retinal ageing 
and age-related macular degeneration. Exp Eye Res, 73(5), 601-615. doi: 10.1006/exer.2001.1061

Kanduri S

Prevalence of ocular diseases among donor eyes

Nepal J Ophthalmol 2021; Vol 13 (26): 77-94



94 A biannual peer-reviewed academic journal of Nepal Ophthalmic Society

Rowe, S., MacLean, C. H., & Shekelle, P. G. (2004). Preventing visual loss from chronic eye disease in primary care: 
Scientific review. JAMA, 291(12), 1487-1495. doi: 10.1001/jama.291.12.1487

Rydén, L., Standl, E., Bartnik, M., Van den Berghe, G., Betteridge, J., de Boer, M.-J., Wood, D. (2007). Guidelines 
on diabetes, pre-diabetes, and cardiovascular diseases: executive summary. The Task Force on Diabetes and 
Cardiovascular Diseases of the European Society of Cardiology (ESC) and of the European Association for the Study 
of Diabetes (EASD), 28(1), 88-136. doi: 10.1093/eurheartj/ehl260

Senthilkumari, S., Neethu, M., Santhi, R., Krishnadas, S. R., & Muthukkaruppan, V. (2015). Identification of 
glaucomatous optic nerve head changes in Indian donor eyes without clinical history. Indian J Ophthalmol, 63(7), 
600-605. doi: 10.4103/0301-4738.167118

Shechtman, D. L., & Kabat, A. G. (2008, [cited January 1, 2008]). The Many Faces of a Retinal Hemorrhage. The 
pathophysiology of the retinal vascular system and the classification of a retinal hemorrhage aids in diagnosis., 
Optometric Management [Internet]. Retrieved from https://www.optometricmanagement.com/issues/2008/
january-2008/the-many-faces-of-a-retinal-hemorrhage

Shen, W., Li, S., Chung, S. H., & Gillies, M. C. (2010). Retinal vascular changes after glial disruption in rats. Journal 
of Neuroscience Research, 88(7), 1485-1499. doi: 10.1002/jnr.22317

Thylefors, B., Negrel, A. D., Pararajasegaram, R., & Dadzie, K. Y. (1995). Global data on blindness. Bulletin of the 
World Health Organization, 73(1), 115. 

Too, L. K., Sarks, J., Sarks, S., & al., e. ( 2017). Prevalence of macroscopic and microscopic pathology in donor eye 
bank tissue. Paper presented at the ASIA ARVO 2017 Brisbane, Australia. 

Trivino, A., Ramirez, J. M., Salazar, J. J., Ramirez, A. I., & Garcia-Sanchez, J. (1996). Immunohistochemical study 
of human optic nerve head astroglia. Vision Res, 36(14), 2015-2028. 

Wautier, J. L., Zoukourian, C., Chappey, O., Wautier, M. P., Guillausseau, P. J., Cao, R., Schmidt, A. M. (1996). 
Receptor-mediated endothelial cell dysfunction in diabetic vasculopathy. Soluble receptor for advanced glycation end 
products blocks hyperpermeability in diabetic rats. J Clin Invest, 97(1), 238-243. doi: 10.1172/jci118397

Wilding, C., Bell, K., Funke, S., Beck, S., Pfeiffer, N., & Grus, F. H. (2015). GFAP antibodies show protective 
effect on oxidatively stressed neuroretinal cells via interaction with ERP57. J Pharmacol Sci, 127(3), 298-304. doi: 
10.1016/j.jphs.2014.12.019

Williams, A. M., Allingham, R. R., Beckwith, H. S., & al., e. (2013). Patient and Family Attitudes about an Eye 
Donation Registry for Research. Current Eye Research, 38(9), 945-951. doi: 10.3109/02713683.2013.800890

Wong, T. Y., & Hyman, L. (2008). Population-Based Studies in Ophthalmology. American Journal of Ophthalmology, 
146(5), 656-663. doi: 10.1016/j.ajo.2008.07.048

Worsley, D., & Worsley, A. (2015). Prevalence predictions for age-related macular degeneration in New Zealand have 
implications for provision of healthcare services. N Z Med J, 128(1409), 44-55. 

Wu, K. H., Madigan, M. C., Billson, F. A., & Penfold, P. L. (2003). Differential expression of GFAP in early v late 
AMD: a quantitative analysis. Br J Ophthalmol, 87(9), 1159-1166. 

Zeng, H. Y., Green, W. R., & Tso, M. O. (2008). Microglial activation in human diabetic retinopathy. Arch Ophthalmol, 
126(2), 227-232. doi: 10.1001/archophthalmol.2007.65

Zhang, Z., Yin, F. S., Liu, J., & et.al. (2010). ORIGA(-light): an online retinal fundus image database for glaucoma 
analysis and research. Conf Proc IEEE Eng Med Biol Soc, 2010, 3065-3068. doi: 10.1109/iembs.2010.5626137

Kanduri S

Prevalence of ocular diseases among donor eyes

Nepal J Ophthalmol 2021; Vol 13 (26): 77-94


