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Abstract: This article highlights main aspects of pathogenesis of age-related macular degeneration (AMD) and the 
connection between SARS-CoV-2 and diseases of the posterior pole of the eyes. Background: A novel coronavirus disease 
COVID-19 is actual nowadays due to its multiple organ damage, including eye tissues. Retina is also a target organ. AMD is 
the most common cause of central vision loss and its development is connected not only with ageing, but also with some other 
factors. Last years ophthalmological community considers virus infection to be a predictor and trigger for developing of AMD. 
Objective: Several theories have been proposed for the development of AMD. The most common theories are vascular due to 
pathogenetically significant decrease in blood flow in the pool of the carotid arteries; metabolic disorders (systemic and local); 
oxidative stress in endothelial cells; hereditary predisposition. Inflammation as a pathogenetic mechanism appeared in a novel 
light of discoveries in developing of not only AMD, but also some other eye diseases. The connection between SARS-CoV-2 
and diseases of the posterior pole known nowadays are conjunctivitis, central retinal vein occlusion, isolated inflammatory 
optic neuritis, acute bilateral demyelinating optic neuritis. Thus, the question is still open. Conclusion: no single theory of the 
development of AMD can absolutely explain the diversity of pathological changes in of the retina and choroid tissues. Further 
study of the role of each factor of pathogenesis– from molecular to tissue will allow the development of fundamentally novel 
and perspective directions of AMD therapy. 
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1. Introduction 

Despite all the advances in modern medicine, pathology of 
the posterior pole of the eye including AMD is the most 
common cause of decrease and loss of central vision [1-6]. 

The fact that a novel coronavirus disease COVID-19 is 
spread around the world is especially actual nowadays. 
Russian ophthalmologists and community of 
ophthalmologists all over the world consider AMD as a 
multifactorial disease and its development is influenced by 
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age, hereditary factors, ethnicity, smoking and other factors 
[7-9]. 

Age-related macular degeneration (AMD) is a disease of 
the macula characterized by presenting of one or more of the 
following changes [1]: 

Presence of at least intermediate-size drusen (>63 µm in 
diameter) 

Retinal pigment epithelium (RPE) abnormalities such as 
hypopigmentation or hyperpigmentation 

Presence of any of the following features: geographic 
atrophy of the RPE, choroidal neovascularization ([CNV] 
exudative, wet), polypoidal choroidal vasculopathy (PCV), 
reticular pseudodrusen, or retinal angiomatous proliferation 

Age-related macular degeneration is a leading cause of 
severe, irreversible vision impairment in developed countries. 
The number of individuals affected by advanced forms of 
AMD in at least one eye will increase to nearly 3 million by 
2020, based on demographical data of the aging population in 
the United States [10]. 

The question of effective, pathogenetically justified 
methods of treatment is still open due to variety of clinical 
manifestations: the development of soft and hard drusen, the 
formation of geographical atrophy, detachment of the 
pigment epithelium and neuroepithelium (both serous and 
hemorrhagic), as well as the lack of consensus on the causes 
and mechanisms of the appearance and development of this 
pathology. 

The aim of the study is to compare the development of 
dystrophic and other diseases in the posterior pole of the eye 
using the example of the carrier of cytomegalovirus virus, 
taking into account the increasing spread of the new 
coronavirus infection and its ophthalmological 
manifestations, insufficiently studied pathogenesis of this 
disease and relying on the clinical manifestations published 
in the existing medical literature. 

2. Literature Review 

Several theories have been proposed for the development 
of AMD. According to one of them, there is a 
pathogenetically significant decrease in blood flow in the 
pool of the carotid arteries predominantly in the elderly 
population. As a result, it affects the reduction of perfusion 
pressure in the arteries of the eye, including those in the 
system of the short posterior ciliary arteries. It should be 
noted that the tropism of the central parts of the macular zone 
(the area between the fovea centralis and foveola) is only 
provided by the nutrients diffusion from the choriocapillary 
layer of the choroid in the absence of retinal vessels (foveolar 
avascular zone). This fact, perhaps, makes this retinal zone 
the most vulnerable to the listed age-related changes [11, 12]. 
Hemodynamic disturbances in the choroidal circulation can 
also be associated with involutional changes: decrease in the 
thickness of the choriocapillary layer (from 200 µm in young 
people to 80 µm by the age of 90 years), an increase in 
intercapillary spaces, a decrease in the lumen of blood 
vessels, a reduction of number of fenestrated capillaries [13-

16]. The consequence of the listed processes is deprivation of 
adequate oxygen supply of RPE and the photoreceptor layer, 
a decrease in passive diffusion of organic substances with a 
predominance of oxidative processes and the induction of 
apoptosis of RPE. Due to these processes a disruption of the 
normal processes of heterophagy and autophagy (absorption, 
processing and excretion of spent fragments of 
photoreceptors) occurs [17]. 

Systemic hemodynamic disorders can play an equally 
important role in the development of AMD. In older patients, 
there is a significant lesion of the vessels supplying the brain 
and heart, which leads to a decrease in blood flow in the 
main arteries of the head and possibly changes regional and 
cerebral hemodynamics in AMD [1]. E. P. Gvarishvili [18] 
observed the presence of a blood flow deficiency in the 
middle cerebral artery in patients with dry AMD. E. A. 
Abdullaeva [19] registered blood circulation changes in the 
pool of the internal carotid artery and vertebral arteries. The 
development of hemodynamic disorders is possible in case of 
arterial hypotension, leading to a significant decrease in 
trophic processes in the retina and choroid [20, 21]. A 
number of researchers note a combination of degenerative 
changes in the macular region with atherosclerotic lesions of 
the cerebral and coronary vessels. Authors indicate the 
similarity of the processes of atherosclerotic plaque 
formation and drusenogenesis [22-24]. 

Another group of factors in the pathogenesis of AMD are 
metabolic disorders (systemic and local), which result in 
oxidative stress of RPE [7, 25-27]. According to a number of 
authors, oxidative stress in endothelial cells is the cause of 
not only aging, but also an important pathogenetic 
component of some serious diseases like arterial 
hypertension, atherosclerosis or diabetes mellitus. Oxidative 
stress is also the cause of AMD [7, 25-29]. The retina suffers 
from the accumulation of oxidation products more than any 
other tissues, being a nervous structure with a high level of 
metabolism [7]. Oxidative stress develops as a result of a 
chronic imbalance between the formation of reactive oxygen 
species as a result of oxidative phosphorylation processes and 
the activity of the antioxidant system (carotenoids, vitamins 
A, C, E, superoxide dismutase, catalase, peroxidase, etc.) 
[30]. By counteracting reactive oxygen species (superoxide 
and peroxide anions) and free radicals (carboxyethylpyrrole, 
malondialdehyde, 4-hydroxynonenal), the antioxidant system 
protects the cell from damage of proteins, lipids, and DNA 
[17, 31, 32]. However, low activity of antioxidants and /or 
excessive formation of free radicals, low-density lipoproteins 
and end products of glycolysis, accumulating in the 
intercellular space and inside the lysosomes of RPE, lead to 
lysosomal dysfunction. With prolonged exposure, they lead 
to apoptosis of RPE cells, damage Bruch's membrane (BM) 
and choriocapillaries. Suppression of the vital activity of 
some RPE cells, in turn, leads to impaired absorption and 
processing by other cells of various kinds of "waste" (mainly 
the outer segments of photoreceptors) and the accumulation 
of unprocessed material in other healthy epithelial cells and 
under the basal lamina of RPE. This circumstance is 
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considered to be a key point in drusen formation. According 
to G. Hageman et al. [33], Bikbov et al. [7], drusen are a 
metabolic product of RPE cells and a biomarker of AMD. 

According to the results of other studies, the composition 
of druses is quite diverse and includes lipid, carbohydrate, 
protein, and cellular components [33-35]. One of the main 
components of drusen is lipofuscin, or "aging pigment", 
which belongs to the group of c. The basis of lipofuscin is 
represented by N-retilidin-N-retinylethanolamine (A2E), 
which can disrupt the functioning of lysosomes and release 
pro-apoptotic proteins from mitochondria, as well as block 
oxidative phosphorylation enzymes. This leads to an increase 
in reactive oxygen species and maintenance of oxidative 
stress [36-39]. In addition, A2E activates the production of 
vascular endothelial growth factor (VEGF) by pigment 
epithelial (PE) cells, which, in turn, leads to the formation of 
choroidal neovascularization and the development of a wet 
form of AMD [36]. Induction of VEGF expression and 
secretion by PE cells due to oxidative stress has been 
demonstrated experimentally [40, 41]. Oxidative stress can 
also cause the secretion of interleukin-6 (IL-6) by PE cells, 
which promotes an increase in VEGF secretion (autocrine 
regulation of VEGF secretion) [42]. 

VEGF is a potent mitogen for PE cells, endothelial cells 
and neuroepithelium in terms of unfavorable conditions. It 
prevents apoptosis in cells, activates survival factors like Bcl-
2, A-1, IAP, Akt, Erk (inhibitors of apoptosis) [43, 44]. Thus, 
oxidative stress induces the expression of VEGF by PE cells, 
which supports them to survive in the attack of stress-
generating agents. However, chronic stress causes an 
inflammatory response and the development of AMD. Thus, 
VEGF is an autocrine survival factor of retinal PE under 
conditions of oxidative stress; however, if PE cells are unable 
to withstand stress, they undergo apoptosis, which leads to 
the development of various diseases [44]. Therefore, anti-
VEGF therapy for AMD can cause the regression of new 
vessels and inhibit the repair of the PE barrier, which limits 
neovascularization, so, prolonged anti-VEGF therapy can 
damage photoreceptors [43, 44]. The studies by S. Byeon et 
al. [45] showed that antiVEGF therapy may have negative 
consequences in some patients. This fact probably indicates 
to the secondary role of VEGF in the pathogenesis of AMD 
and its negative impact on the course of the disease only in 
combination with other pathogenic factors. 

Another factor that has recently been assigned is an 
increasing role of the hereditary predisposition in the 
pathogenesis of AMD. This fact is confirmed by studies of 
families with cases of AMD, as well as by the study of the 
formation and course of macular pathology in twins [44, 46-
48]. In 2005 G. Hageman et al. identified the complement 
factor H (CFH) gene, its mutation is regarded as the main 
risk factor for the development of AMD [49]. The CFH gene 
encodes the complement factor H (known as beta-1H protein) 
- a plasma protein from the complement system that is 
involved in regulating the immune response. The main stage 
of any complement cascade is the splitting of protein C3, the 
most important component of the complement system, by 

C3-convertase into 2 fragments (C3a and C3b). The C3b 
molecule binds to another complement component, factor B. 
Due to this process the C3bBb complex (C3 convertase) is 
synthesized [50]. 

Splitting of C3 is essential for the elimination of pathogens, 
however, under normal conditions, there is a mechanism that 
keeps the process of cleavage of C3 at a "disabled level" in 
order to avoid excessive production of C3 convertase [50]. 
The presence of a deterrent mechanism, in this case CFH, 
means that there is a positive feedback effect, which can 
potentially get out of control. Complement factor H binds to 
protein C3b and, by limiting its function, accelerates the 
breakdown of C3 convertase. This factor also acts as a 
cofactor for complement factor I (another C3b inhibitor). It is 
a regulatory protein of the complement system that works 
both in serum and on the cell surface, and has an anti-
inflammatory effect [50]. 

The defective CFH gene encodes a variant with 
insufficient ability to inactivate the complement system 
adequately, resulting in a high concentration of complement 
factors. Subsequently, a damage of own cells and tissues 
happens [51]. Polymorphism of the CFH gene, manifested in 
the replacement of the nitrogenous base of thymine by 
cytosine in exon 9, increases the risk of AMD. Mutations in 
the gene encoding CFH are associated with an increased 
level of C-reactive protein in the choroid, which can induce 
chronic inflammation and development of AMD [51]. 

Inflammation as a pathogenetic mechanism appeared in a 
new way in the light of discoveries, following for the 
identification of the CFH gene. In particular, it has been 
shown that mutations at various loci encoding complement 
factors (complement factor B, complement component 2 and 
3), in combination with other risk factors exacerbate the 
course of AMD compared with those who are not carriers of 
defective genes. This data influenced on the changing of 
ideas about the pathogenesis of AMD [51, 52] 

P. Penfold et al. were the first who suggested that AMD is 
a consequence of chronic inflammation. They found the 
accumulation of macrophages, fibroblasts, lymphocytes and 
mast cells in damaged areas in Bruch's membrane with 
electronic microscopy. Thus the authors have determined the 
role of immunocompetent cells in the formation of 
neovascular membrane [53]. These cells are capable of 
producing inflammatory cytokines: interleukin-1β (IL-1β), 
tumor necrosis factor α (TNF-α), interleukin-8 (IL-8), 
interleukin-18 (IL-18), etc. They launch a cascade of immune 
reactions and lead to an increase functional activity of 
neutrophils, including the number of expression of adhesion 
molecules, the formation oxygen radicals and the release of 
lysosomal enzymes [50, 54-56]. Inflammatory mediators can 
target PE cells, causing uncontrolled inflammatory response 
and leading to dysfunction of the RPE [57]. PE cells, along 
with immune cells, are capable of producing IL-1β and IL-18 
under unfavorable conditions (oxidative stress, ischemia, 
hypoxia) bypassing the classical pathway of protein secretion, 
forming a pathological immune pattern. The biologically 
inactive form of the cytokine first accumulates in the 
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cytoplasm of PE cells, and then moves to specializeda 
secretory lysosomes, where the inactive form of the enzyme 
caspase-1 (procaspase-1) is located. Then procaspase-1 is 
activated with the formation of an active enzyme under the 
influence of several cytoplasmic proteins that form the so-
called inflammasome [17, 58]. 

Inflammasome is not a true cellular organelle, but is a 
functional formation of several cytoplasmic proteins 
belonging to the group of intracellular recognition receptors 
(NOD-like receptors). These proteins include cryopyrin – 
cytosolic protein NLRP3 and its known ligands are the viral 
genome and the products of oxidative stress. Activation of 
cryopyrin, like other protein fractions of inflammasomes, 
leads to the degradation of the precursors of IL-1β and IL-18, 
to the formation of active forms of these cytokines with the 
participation of caspase-1 [17, 58, 59]. It is shown that so 
called NLRP3 inflammasomes are also present in PE cells 
and under unfavorable conditions are able to start a cascade 
of reactions leading to lesion and dysfunction of PE [60-62]. 
In addition to activating inflammasome proteins (the first of 
the intracellular signaling pathway), pathogens (endogenous 
and exogenous irritants with biological, chemical and 
physical origin) interact with Toll-like receptors (TLR) of the 
membrane and intracellular Nod-like receptors (NLR), not 
related to proteins by inflammasomes. As a result of this 
interaction, the NFκB transcription factor is activated, then it 
is transferred into the nucleus of the immune cell, and the 
expression of genes of the IL-1 family cytokines (IL-1β, IL-
18) is triggered [58]. 

Then activation of the transcription factor NFκB and 
increased expression of IL-1β induce the expression of 
VEGF [63]. This effect can be enhanced in the case of 
simultaneous synthesis of IL-1β, TNF-α and interferon γ 
(IFN-γ) [64]. J. Jonas et al. showed that when the choroidal 
neovascular membrane (CNV) is already formed in the 
subretinal space, immune inflammation continues to be 
active in the area of PE cells, which are capable of producing 
the cytokine MCP-1 (monocyte chemoattractant protein 1). 
MCP-1 is a chemoattractant for monocytes / macrophages 
and lymphocytes, and its concentration correlates with the 
degree of macular edema [65]. Macrophages and neutrophils 
migrate to the CNV region and produce VEGF and other 
angiogenic factors, while dendritic cells produce VEGF-R 
(VEGF receptor) [44, 58]. In addition, H. Huang et al. 
revealed the importance of VEGF as a chemoattractant for 
involvement of retinal microglia to the CNV focus. In studies 
on mice, the authors observed the migration of microglial 
cells (retinal own macrophages) from the inner retinal layers 
to the outer ones in an induced AMD model. Thus authors 
determined the ability of retinal tissue to independently 
respond by activating microglia in response to injury [66]. 

3. The Connection Between AMD and 

Cytomegalovirus (CMV) 

The interaction of cytomegalovirus and a macroorganism 
can be schematically represented as following (Figure 1). 

 

Figure 1. Pathogenesis of AMD development according to connection with CMV. 
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Three main elements of clinical manifestations from the 
figure are: 

Thrombus formation with subsequent deposition of 
cholesterol (development of atherosclerotic lesion). 

Ischemia (hypoxia) of the retina and brain tissue. 
Fibrosis (epiretinal fibrosis). 
Moreover, all these components of the clinical picture 

aggravate each other. 
Primary human infection with Cytomegalovirus (CMV) 

usually occurs in childhood and is accompanied by the 
formation of a permanent latent infection of hematopoietic 
cells, the precursors of monocytes [67]. After maturation of 
the infected monocytes, CMV genes are expressed and the 
cell becomes aggressive [67-69]. Highly active infected 
monocytes migrate, reach the choriocapillaries and PE cells 
and secrete inflammatory mediators in response to damage. 
However, what exactly makes monocytic cells migrate from 
peripheral blood into the choriocapillary circulation is not 
completely clear. Conducted "antimacrophage" therapy 
(administration of drugs depleting circulating monocytes) 
leads to decrease in the size and activity of the neovascular 
membranes [70]. 

Historically, one of the first microorganisms suspected of 
forming chronic vascular pathology, was CMV – one of eight 
pathogenic members of the Herpesviridae family. In 1973 C. 
Fabricant et al. were the first who hypothesized the presence of 
the link of atherosclerosis with viruses of the human herpes 
group. The ability of viruses to disrupt lipid metabolism in 
endothelial cells of experimental animals and to induce 
deposition of cholesterol crystals in them, followed by the 
formation of an atherosclerotic plaque, was experimentally 
established [71]. This study served stimulus to further define 
of CMV- infections role in the development of such socially 
significant diseases as ischemic heart disease, acute coronary 
syndrome, Alzheimer's disease and AMD [72-75]. 

CMV is widespread in the human population. It is a 
ubiquitous virus with a prevalence of about 100% in both 
Africa and Asia, and 80% in Europe and North America [76]. 
After the virus crosses the entrance gate (any mucous 
membranes), it spreads in the bloodstream to all organs [77]. 
CMV can lead to chronic latent infection, characterized by a 
paradoxical specificity – high levels of protective antibodies 
are combined with an asymptomatic actively multiplying 
virus. It is detected in different cellular structures (epithelial 
and endothelial cells, fibroblasts, neuroglial and muscle cells, 
leukocytes, macrophages) [77, 78]. Due to the low 
pathogenicity and ability to suppress cellular immunity (due 
to long-term evolution and adaptation of the virus in the 
human body), healthy individuals have a lifelong persistence 
of CMV with periodic reactivation infection, usually 
occurring at the subclinical level [77, 79]. 

It should be noticed, that the reproduction of the virus 
usually occurs in endothelial cells, an inner surface of vessels 
which exists in each organ and tissue of the human body. As 
a result, CMV is able to penetrate into the cells of the 
parenchyma of any organ [77]. Role of CMV as a trigger of 

inflammation with the subsequent development of vascular 
pathology (atherosclerosis, vasculitis) was confirmed by 
many researchers [80-84]. Several authors suggested the 
possible involvement of CMV in the development of AMD 
and the transition of the dry form of the disease in the wet. 
They observed an increased titers of immuno-globulins G 
(IgG) to CMV in blood serum in patients with age-related 
changes in the macula [75]. 

Various authors have attempted to find a link between 
chronic systemic CMV infection and the development of 
choroidal newly formed vessels in experimental studies in 
rodents. The participation of CMV-infected macrophages in 
the formation of the neovascular membrane was revealed in 
studies of S. Cousins et al. [85]. Various authors have 
attempted to find a link between chronic systemic CMV 
infection and the development of choroidal 
neovascularization in experimental studies in rodents. [85]. 

Another explanation for the role of CMV in the 
development of neovascularization is infection of the 
choriocapillary endothelium. Periodic activation of latent 
CMV infection can lead to infection of circulating monocytes 
and neutrophils, which act as "carriers" of infectious virions 
into endothelial cells [86]. Persistent infection of endothelial 
cells in their turn leads to attraction of macrophages to the 
lesion focus, their adhesion and cytokines synthesis. It 
promotes the onset or activation of neovascularization [87, 88]. 

The third possibility is that the influence of CMV on the 
development of neovascular AMD is associated with non-
specific immune stimulation. It is known that most persistent 
viral infections are characterized by a disruption of the 
cytokine network function [50]. The main chain in the 
pathogenesis of the long percistence of pathogens in the body 
consists of pronounced violations in the balance of the Th1 
and Th2 pathways of the immune response and, therefore, 
dysregulation of production and interaction of secreted 
cytokines. Thus, CMV infection acts as an "adjuvant" in 
conjunction with others factors of AMD pathogenesis, 
causing excessive pro-inflammatory mediator production and 
launch immune inflammation in PE cells with active 
secretion of VEGF [89]. This theory is indirectly supported 
by the effectiveness of anti-inflammatory therapy in the 
treatment of wet AMD. [90]. Along with other diseases 
associated with age (atherosclerosis, Alzheimer's disease, 
coronary heart disease), in the pathogenesis of AMD, 
immune-inflammatory mechanisms are clearly traced, which 
have recently acquired the features of a sound scientific 
theory. Infectious agents, including cytomegalovirus, can 
play an important role in immunologically mediated 
inflammation in the development of various forms of AMD. 

4. The Connection Between SARS-CoV-2 

and Diseases of the Posterior Pole of 

the Eyes 

During a pandemic of a new coronavirus (SARS-CoV-2) 



132 Sergey Aleksandrovich Ignatiev et al.:  Some Features of the Development of AMD and Other Diseases of the Posterior  
Pole Associated with the Virus Carrier and the Novel Coronavirus Disease COVID-19 

infection, the issue of pathogenesis, development of 
complications, prognosis and treatment becomes very 
relevant. Currently, there is no common understanding of the 
pathogenesis of this disease. Several authors describe the 
clinical manifestations of this viral infection. But if we 
suggest that the new coronavirus infection brings the same 
changes as cytomegalovirus (see the figure above), then it 
becomes clear which clinical manifestations can be expected. 
Hence, in our opinion, the main aspects of the pathogenesis 
of the novel coronavirus (SARS-CoV-2) infection are: 

1. Thrombus formation with subsequent deposition of 
cholesterol (development of atherosclerotic lesions). 

2. Ischemia (hypoxia) of the retina and brain tissue. 
3. Fibrosis (for the eye, epiretinal fibrosis). 
It is necessary to highlight that ophthalmologist was the 

first, who reported the virus in Wuhan and then died while 
treating a patient for glaucoma. Conjunctivitis is the most 
common manifestation and can develop at any stage of the 
disease [91]. However, the effects of SARS-CoV-2 are not 
limited to conjunctivitis, ocular manifestations are various 
and their pathogenesis is very compound. 

Viral–host interactions can guide discovery of diseases. 
These interactions activate several immune pathways, 
including complement and coagulation, as targets of 
coronaviruses. According to literature, history of macular 
degeneration (due to complement-activation disorders) and 
history of coagulation disorders (thrombocytopenia, 
thrombosis and hemorrhage) are risk factors for SARS-CoV-
2-associated morbidity and mortality. Infection results in 
robust engagement of the complement and coagulation 
pathways. This confirms that eye can be a target of organ 
damage in SARS-CoV-2 infection [92]. However, the 
mechanism of such damage, the ocular manifestations of the 
disease, is poorly understood. 

Thromboembolic complications due to COVID-19 has 
been well described in literature; however, reported eye 
manifestations of COVID-19 are limited. COVID-19 may 
predispose patients to thrombotic disease, both in the venous 
and arterial circulations, because of excessive inflammation, 
platelet activation, endothelial dysfunction, and stasis [93]. 

Microvasculature lesions may lead to a wide range of eye 
diseases. This is due to the fact that the retinal circulation is 
an end arterial system, which has a clinical significance 
because of the potentially vision-threatening nature of retinal 
vascular diseases. 

SARS-CoV-2 infection leads to endothelial cell 
inflammation in several organs and tissues as a direct 
consequence of viral involvement and of the host 
inflammatory response. Apoptosis induction might have an 
important role in endothelial cell damage in patients with 
COVID-19 [94]. It occurs within vessels of any caliber and 
contributes to pathological events; including tissue 
hypoperfusion, injury, thrombosis and vascular dysfunction 
in the acute, subacute and possibly chronic stages of disease 
[94]. COVID-19-endotheliitis could explain the systemic 
impaired microcirculatory function and their clinical 
manifestations in patients with COVID-19 [95]. 

Central retinal vein occlusion is one of the many vascular 
manifestations of COVID-19. There are number of cases of 
this eye manifestation [96-100]. The mechanism responsible 
for COVID-19 thromboembolic events is still poorly 
understood, but may be due to excessive inflammation, 
hypoxia, immobilization [100]. Hypercoagulability is a major 
risk factor for CRVO. The case of ophthalmic artery 
occlusion (OAO) is also described in a young patient with 
COVID-19 infection who was on therapeutic anticoagulation 
with apixaban [101]. 

Neurological manifestations have been documented in 
almost 36% of the cases of COVID-19 [102]. They included 
dizziness, headache, anosmia, hypogeusia, Guillain-Barré 
syndrome (GBS), and ischemic stroke [91]. Reduction of 
smell and taste is recognized as one of the cardinal symptoms 
of COVID-19. The major hypothesis by now is genetic 
differences in the prevalence of chemosensory defects that 
may be caused by variations in the binding affinity of the 
ACE2 receptor for the virus and may dictate infectivity and 
spreading of the virus. Neurotropism of the virus has been 
proposed as one of the mechanisms for the neurological and 
neuro-ophthalmic manifestations. 

Neuro-ophthalmic manifestations of COVID-19. 19 cases 
reported by March 2021 [92]. According to the literature, 
COVID-19 manifestations may include isolated 
inflammatory optic neuritis. It can lead to permanent visual 
acuity loss [103]. In this case, initial disc edema was 
moderate to mild, but it led to a severe atrophy. Unilateral 
optic neuritis without evidence of disseminated CNS 
involvement was also observed [104]. Confirming the 
relation between optic neuropathy and the persistence of the 
virus, these lesions were also described during varicella-
zoster virus infection [105]. 

K Sawalha et al. observed acute bilateral demyelinating 
optic neuritis. Authors believe, that COVID-19 infection has 
triggered patient's immune system to present these findings 
[106]. 

5. Methods of Treatment of AMD [107] 

Most common and popular therapy of dry AMD form is 
complex of vitamins with antioxidant activity, lutein, 
zeaxanthin and zinc. The aim of such therapy is the 
prevention of pigment epithelium atrophy, new druses 
formation, lipofuscin deposition. A novel method of AMD 
treatment was connected with appearance of peptide 
bioregulators. They act like stimulators of protein synthesis 
and regulation of cellular metabolism. The most well-known 
and effective byopeptide is Retinalamin which is a complex 
of low molecular polypeptides (molecular mass from 1000 to 
10000 daltons). This mass is able to penetrate through blood–
ocular barrier. Retinalamin acts like a stimulator of 
photoreceptors and retinal cells, it accelerates restoration 
processes of light sensitivity, improves the function of 
pigment epithelium and photoreceptors viability, stimulates 
reparative processes [108]. As for exudatine form of AMD, 
the main direction of the treatment is an impact on choroidal 
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neovascularization and prevention of new vessels formation. 
A new era in treatment of neovascularization form of AMD 
has come with appearance of anti-VEGF agents and now 
they are the first choice methods. VEGF inhibitors role is in 
linking and inactivation of biologically active endothelial 
growth factor A (VEGF) and the growth of neovascular 
vessels. Previously wet form of AMD was treated by a 
photodynamic therapy. The method consists in the use of 
low-energy laser irradiation on the affected area of the retina 
after preliminary intravenous injection of verteporfirin. This 
leads to a photochemical decomposition of the drug, atomic 
oxygen release and endothelial cells damage, leading to 
occlusion of newly formed vessels [109]. Laser coagulation 
using in hemorrhagic stages of AMD leads to destruction of 
retinal tissues and scar formation. This damages fovea and 
reduces the number of patients in which such treatment is 
possible to be used. There are also three known surgical 
methods of treatment and two of them have doubtful 
possibility of a positive effect and may lead to serious 
complications. Thus, deleting of a neovascular membrane 
may cause choriocapillary atrophy; retinal translocation may 
also cause choriocapillary atrophy and proliferative 
vitreoretinopathy. Transplantation of pigment epithelial cells 
is still at the stage of experimental studies. 

6. Conclusion 

Thus, the individual scenario for the development of AMD 
in each person is determined by many factors: age-related 
changes in the vascular system and PE cells, genetic 
predisposition, lifestyle, dietary habits and metabolism, the 
degree of activity of chronic infections, immune response 
and many others, being, in fact, a polyetiological process 
[110]. In this regard, we can say with conviction: no single 
theory of the development of AMD can entirely explain the 
full diversity of pathological changes in of the retina and 
choroid tissues. Further study of the role of each factor of 
pathogenesis at all levels of the body's vital activity – from 
molecular to tissue will allow the development of 
fundamentally novel and perspective directions of AMD 
therapy. 

Based on this literature review, the authors believe that 
there is much in common in the interaction with CMV 
carriage and new coronavirus infection. The main parallels 
are: 1. the appearance of thrombosis, including the central 
retinal vein; 2. sharp ischemia of the brain tissue, including 
the retina and optic nerve; 3. Fibrosis (epiretinal fibrosis). It 
should be noted that symptoms mentioned above with a new 
coronavirus infection proceed rapidly and mutually burden 
each other. Another distinguishing feature of COVID-19 is 
often deaths while ophthalmological diseases has not been 
manifested. In future it seems possible a further increase in 
dystrophic diseases of the posterior pole of the eye (AMD), 
while maintaining a high rate of spread of coronavirus 
infection around the world. This requires further 
understanding of the pathogenesis and optimization of 
treatment methods. Comparison with manifestations of CMV 

infection can help us in studying the elements of 
pathogenesis in COVID-19. 
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