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ABSTRACT 
Introduction. With the decline in industrial salmon catches, fish hatcheries play a crucial role in replenishing stocks of these commercially valuable fish species. 
In aquaculture conditions, salmonids often demonstrate eye lesions, which reduce their adaptability in natural environments. Diagnosing these pathologies enables 
their classification by causative factors and development of therapeutic and preventive measures.
Objective. To search for and summarize scientific publications on ocular pathologies in salmonids at facilities engaged in industrial breeding, commercial farming 
or reproduction in Asia, America, Europe, and the Russian Federation. 
Materials and methods. A search for Russian- and English-language articles in PubMed, Scopus, Web of Science, and eLIBRARY.RU databases was conducted. 
To prepare the review, 44 research papers published between 1975 and 2024 were used. 
Results. The study demonstrates that eye lesions in Atlantic salmon (Salmo salar), brown trout (Salmo trutta), and rainbow trout (Oncorhynchus mykiss), such as 
non-parasitic cataracts (lens opacity), keratopathy (corneal opacity), and unilateral or bilateral exophthalmia (eye protrusion), are reported at fish hatcheries and 
aquaculture facilities in the Northwestern region of the Russian Federation, as well as in several foreign countries. Eye lesions lead to decline in immunophysiological 
state and growth rates in aquaculture, reduction in the number of healthy fish, increased feed costs, and release of substandard fish from hatcheries into natural 
water bodies, sometimes resulting in their mortality. Basic information on factors contributing to the development of ocular pathologies in salmonids is presented. 
An analy sis of therapeutic and preventive measures for eye lesions is provided, highlighting the importance of a differentiated and causative factor-dependent 
approach. 
Conclusion. In global veterinary practice and fish pathology, the problem of eye protrusion in fish remains understudied, with limited research on the topic. This 
review analyzes and differentiates the key factors contributing to the development of ocular pathologies in salmonids. Identifying these factors will enable early 
diagnosis, determination, and development of preventive measures or effective treatment regimens, ultimately preserving fish health, improving the productive 
capacities of aquaculture establishments, and reducing economic losses.
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РЕЗЮМЕ
Введение. При сокращении промышленных уловов лососевых огромное значение принадлежит рыбоводным заводам по воспроизводству запасов 
этих видов промысловых рыб. В условиях искусственного выращивания лососевых часто отмечают поражения глаз, которые приводят к снижению 
уровня адаптации рыб в естественных условиях. Диагностика патологий позволяет классифицировать их по воздействующему фактору и разработать 
лечебные и профилактические мероприятия.
Цель исследования. Поиск и обобщение научных публикаций по проблеме патологии глаз у лососевых на предприятиях, занимающихся промышлен-
ным разведением и их товарным выращиванием или воспроизводством, в странах Азии, Америки, Европы и в Российской Федерации. 
Материалы и методы. Проведен поиск русско- и англоязычных статей в наукометрических базах данных PubMed, Scopus, Web of Science, eLIBRARY.RU. 
Для подготовки обзора была использована информация из 44 научно-исследовательских работ, опубликованных в период с 1975 по 2024 г. 
Результаты. Показано, что поражение глаз у атлантического лосося, кумжи, радужной форели в виде непаразитарной катаракты (помутнение хруста-
лика), кератопатии (помутнение роговицы), одно- или двухстороннего выпадения глазного яблока регистрируется на заводах по воспроизводству водных 
биологических ресурсов и на объектах аквакультуры в Северо-Западном регионе Российской Федерации, а также в ряде зарубежных стран. Отмечено, 
что поражение глаз влечет за собой снижение иммунофизиологического статуса и темпов роста в условиях аквакультуры, уменьшение количества 

https://doi.org/10.29326/2304-196X-2025-14-2-140-147

REVIEWS | FISH DISEASES
ОБЗОРЫ | БОЛЕЗНИ РЫБ

https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2025-14-2-140-147&domain=pdf&date_stamp=2025-06-10


141VETERINARY SCIENCE TODAY. 2025; 14 (2): 140–147 | ВЕТЕРИНАРИЯ СЕГОДНЯ. 2025; 14 (2): 140–147

The objective of this work was to summarize and review 
scientific papers on diseases of parasitic and nonparasitic 
etiology associated with ocular pathology in aquacultured 
fish, as well as factors causing ocular pathology.

SITUATION IN THE RUSSIAN FEDERATION 
AND IN THE WORLD
In 1990s, eye lesions were reported in juvenile At-

lantic salmon and trout at salmon hatcheries in the 
Murmansk Oblast (Taibolsky, Umbsky, Kandalakshsky, 
Knyazhegubsky), Karelia (Petrozavodsky, Kemsky, Vygsky) 
and Arkhangelsk Oblast (Onezhsky and Solzensky). Such 
pathologies as exophthalmia and nonparasitic cataracts 
were reported. A specific sign of exophthalmia involved 
lesions of the  cornea and periorbital skin fold charac-
terized by dense white papule-like structures (1–2 mm 
diameter) with broad bases and tapered tips. As a result 
of the disintegration of these structures, the cornea and 
the periorbital skin fold were destroyed, which resulted in 
the leakage of the eyeball contents and its prolapse from 
the orbit in fish of all ages. Wild Atlantic salmon (Salmo 
salar) broodstock captured in the Kola River (Murmansk 
Oblast) demonstrated eyeball deformity, opacity and cor-
neal thickening with perforations in the papule-like struc-
ture sites. Despite clinical presentation suggestive of infec-
tious etiology, the causative agent of this eye pathology 
remained unidentified. In fish hatcheries in the Murmansk 
Oblast, eye lesions were more often observed in salmonids 
of all age groups: fry, underyearlings and two-year-olds. 
Cases of nonparasitic cataracts were reported in salmon 
hatcheries in Karelia [5].

Various types of ocular pathologies due to infectious 
and non-infectious agents and, as an exception, a parasitic 
agent, resulted in the need to analyze all available litera-
ture on ocular pathologies in fish. The number of publi-
cations on this problem in the world is limited, however 
the analysis of the literature demonstrated that the di sease 
is widespread in the Scandinavian countries, USA, Canada, 
Japan and causes great economic damage, which is ex-
pressed in the decreased growth rate and increased feed 
costs, compromised immunity and higher  susceptibility of 

INTRODUCTION
Growth and survival of wild and aquacultured fish large-

ly depends on visual capacities as well as on prey detection 
and capture efficiency. The eye is an extremely important 
sensory organ for most fish species and one of the most 
vulnerable to negative environmental impacts. In aqua-
culture, there are many factors that can cause temporary 
or permanent changes in the cornea, lens, eyeball, or con-
junctiva. In this regard, the eye condition is of diagnostic 
value and is often used as an indicator of fish health [1, 2].

The clinical signs of eye diseases in fish include cataracts, 
keratopathy, and exophthalmia. Cataract is a lens opacity 
that occurs due to pathological changes in the underlying 
epithelium or the lens fiber composition and structure [3]. 
Keratopathy is a complex of degenerative changes result-
ing in the compromised cornea protective function and its 
opacity. Exophthalmia is an ocular protrusion in fish result-
ing from mycotic infections or toxic environment.

In our country, the nonparasitic cataracts and other 
ocular lesions in  salmonids were brought to  notice by 
A. M. Marchenko in the 1980s. The disease was detected 
at the Maysky salmon hatchery in the Kabardino-Balkarian 
ASSR: lens opacity, hemorrhage in the postorbital region, 
unilateral or bilateral exophthalmia were reported in ju-
venile Terek trout. The same disease was later detected 
in young Caspian salmon in the Chaikend fish hatchery in 
the Azerbaijan SSR. The causes of the pathological chan-
ges in the eyes were carefully studied and analyzed [4].

In the following years, as the  level of  intensification 
of biotechnological processes and the volume of fish aqua-
cultured in Russia and in the world increased, the specia-
lists studied a wide range of eye pathologies in the aqua-
cultured fish. However, the number of published studies 
documenting eye pathologies in fish remains limited com-
pared to the extensive scientific literature on other organ 
studies. The diagnosis of an eye disease is established on 
the  basis of  epizootological data, deviations in the  be - 
havi or of the diseased fish, clinical signs and laboratory 
test results. The histopathological tests allow classification 
of the eye conditions from acute inflammation to cataracts, 
keratitis, retinopathy and other changes.

 полноценной рыбы, увеличение кормовых затрат и выпуск неполноценной рыбы в естественные водоемы с рыбоводных заводов, а иногда ее гибель. 
Представлена основная информация о факторах, способствующих развитию глазных патологий у лососевых. Проведен анализ лечебно-профилактических 
мероприятий, применяемых при поражении глаз, показана значимость дифференцированного подхода к данной проблеме в зависимости от действу-
ющего фактора. 
Заключение. В мировой ветеринарной и ихтиопатологической практике проблема выпадения глаз у рыбы недостаточно изучена, количество ис-
следований на эту тему ограниченно. В данном обзоре проанализированы и дифференцированно представлены основные факторы, способствующие 
развитию глазных патологий у лососевых, выявление которых позволит осуществить раннюю диагностику, определить и разработать меры профилактики 
или эффективные схемы лечения, что, в свою очередь, приведет к сохранению здоровья рыб, повышению продуктивности рыбоводных предприятий 
и снижению экономических потерь.

Ключевые слова: обзор, патология глаз, экзофтальмия, катаракта, кератопатия

Для цитирования: Бычкова Л. И., Карасева Т. А., Пыльнов В. А. Факторы, способствующие развитию патологических изменений в глазах у рыб. Вете-
ринария сегодня. 2025; 14 (2): 140–147. https://doi.org/10.29326/2304-196X-2025-14-2-140-147

Конфликт интересов: Авторы заявляют об отсутствии конфликта интересов.

Для корреспонденции: Бычкова Лариса Ивановна, канд. биол. наук, старший научный сотрудник отдела технологий и регулирования аквакультуры 
ФГБНУ «ВНИРО», Окружной проезд, 19, г. Москва, 105187, Россия, larabychkova@mail.ru

REVIEWS | FISH DISEASES ОБЗОРЫ | БОЛЕЗНИ РЫБ 



142 VETERINARY SCIENCE TODAY. 2025; 14 (2): 140–147 | ВЕТЕРИНАРИЯ СЕГОДНЯ. 2025; 14 (2): 140–147

leukemia of chinook salmon (Oncorhynchus tshawytscha) 
along the  western coasts of  America and  Canada. The 
disease causative agent in salmonids is a retrovirus (sal-
mon leukemia virus, SLV). Exophthalmia and subsequent 
blindness are typical for fish infected with viral encepha-
lopathy and retinopathy (VER, or viral nervous necro-
sis, VNN) [14, 16].

In  1980s, an  outbreak of a  new disease was repor-
ted in  juvenile Caspian trout (Salmo trutta caspius) at 
the Chaikend fish hatchery, Azerbaijan SSR, when specific 
eye lesions were observed. Clinical examination demon-
strated dense white papule-like structures (1–2 mm in di-
ameter) with broad bases and tapered tips on the cornea 
and periorbital skin fold. As a result of their disintegration, 
the cornea and the periorbital skin fold degraded, which 
resulted in the discharge of the eye contents and eyeball 
prolapse. It was histologically determined that papule-like 
structures consist of epithelium, Bowman’s membrane and 
the corneal stroma. Eosinophilic and small basophilic inclu-
sions were observed in the cytoplasm of the epithelial cells. 
Clusters of virus-like particles (30–40 nm) were detected 
using electron microscopy. The experts suggested these 
particles to be a virus of the Picornaviridae family [4, 17].

In the early 1990s, fish pathologists A. M. Marchenko 
and T. E. Rodina described a coinfection in Caspian trout 
underyearlings and broodstock, which was caused by Re-
nibacterium salmoninarum bacterium (causative agent 
of bacterial kidney disease) and an unknown filterable 
agent, presumably a virus. The diseased underyearlings 
demonstrated papule-like formations in the  eyes simi-
lar to those detected in fish at the Chaikend fish hatch-
ery, pale gills, sandy-colored liver, and gray edematous 
kidneys. The highest mortality rate (25%) was reported 
in fish with the specified clinical signs. Thorough disin-
fection of fish tanks and equipment, selection of clinically 
healthy broodstock, and feeding therapeutic feed with 
erythromycin helped to stop the fish mortality. However, 
for a long time, the ocular pathology was reported in sin-
gular  individuals [4].

It is important that in the coming years, these diseases 
were not reported in the Caspian trout, and the suspec-
ted viral pathogens did not spread over the territory of 
the Russian Federation and were not reported in salmo-
nids in other regions. Perhaps their spread was limited to 
the Caspian Sea basin. The viruses are known to lack epi-
zootic potential in the ecosystem due to the rare contact 
of individuals of the same species, but with a high density 
of fish in aquaculture they can acquire pronounced patho-
genic properties and trigger a disease outbreak [18].

Exophthalmia, hemorrhages in the eyeball and a wide 
range of signs of chronic pathology are reported among 
the  symptoms of  bacterial diseases  [8,  19,  20,  21]. For 
 example, in 1986, at the Taibolsky fish hatchery in the Mur-
mansk Oblast, a specific ocular pathology was first detec-
ted in juvenile Atlantic salmon (Salmo salar). Uncontrolled 
fish transportation resulted in rapid disease spread over 
the salmon hatcheries in the Murmansk and Arkhangelsk 
Oblasts and in Karelia [22, 23]. In aquaculture practice, this 
pathology was reported as exophthalmia, nonparasitic 
cataract, or mechanical injury. The disease was observed 
in salmonids of all age groups raised in fish hatcheries: 
fry, underyearlings and two-year-olds [5, 22, 23]. The di-
sease-typical signs were also detected in rainbow trout 
( Parasalmo mykiss) when grown in marine net cages, 

the fish to bacterial pathogens in the aquaculture envi-
ronment [6, 7, 8]. In 1960s and 1970s, specific eye lesions 
were first reported in Japan and the USA as pale nodules 
and granulomas of varying morphology in aquacultured 
rainbow trout, yellowtail (Seriola quinqueradiata), as well 
as in salmonids of the genus Salmo and Oncorhynchus 
demonstrating bacterial renal disease, tuberculosis and 
streptococcal infection [9, 10, 11].

Ocular pathologies causing vision loss in fish have 
emerged as a critical global challenge for hatcheries and 
aquaculture farms [12, 13].

FACTORS OF OCULAR PATHOLOGY 
DEVELOPMENT IN FISH
For more than 100  years, the  publications on  ocu-

lar pathologies have been mainly related to  cataracts 
of parasitic etiology associated with infection with larval 
Diplostomum spp. trematodes. Parasitic cataract, or black 
spot disease, occurs in both wild and aquacultured fish. 
In  aquaculture, fish grown in  lakes, ponds, and mesh 
cages are susceptible to the  disease. The infected fish 
may demonstrate exophthalmia, hemorrhages, cataracts, 
retinal detachment, decreased growth rate, and cache-
xia [7, 10, 14].

Among the numerous factors resulting in visible ocular 
disorders in fish, the three key ones include the following:

– effects of bacteria and viruses;
– unbalanced diet (alimentary diseases);
– poor water supply, contamination of the water with 

toxic and chemical substances.
Infectious diseases. Bacteria and viruses often in-

duce pathological changes in the eyes of fish [15]. Along 
with other clinical signs of infection, exudative or exuda-
tive-hemorrhagic inflammation in fish can be manifested 
as unilateral or bilateral exophthalmia. In this condition, 
the fish’s eye abnormally protrudes from the orbit due 
to pressure from inflammatory exudate accumulating be-
hind the eyeball (Fig. 1).

Exophthalmia and hemorrhages in the eyes of aqua-
cultured rainbow trout were indicated by D. W. Bruno et al. 
in  cases of  acute viral hemorrhagic septicemia  (VHS).  
VHS is widespread in Europe, North America, Japan, and 
Taiwan [10]. Similar pathology is observed in plasmocytoid 
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Fig. 1. Infectious exophthalmia and ocular hemorrhagic lesions  
in farmed rainbow trout (photo by T. A. Karaseva)
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tines, kidneys, ulcers and damaged eyes of the diseased 
and recovering fish. Serous hemorrhagic inflammation 
and tissue necrosis are typical at all stages of vibriosis. Of 
all the salmonids aquacultured in Europe, rainbow trout is 
the most susceptible to the disease. In the 1970s and 1980s, 
during the period of intensive development of trout aqua-
culture, vibriosis was widespread in the Gulf of Finland and 
Gulf of Riga located in the Baltic Sea. The disease outbreaks 
were reported in the farmed trout nearly every year, ave-
raging a 30% mortality rate [33]. In northern European 
Russia, a vibriosis outbreak was first reported in two-year-
old rainbow trout at White Sea fish farms in July 2004, two 
weeks after their transfer to marine cages. The disease was 
acute, and the mortality rate exceeded 40% [34].

Unilateral exophthalmia is generally observed in infec-
ted fish at the initial vibriosis stages. The subsequent ocu lar 
lesions are characterized by degeneration of all eye struc-
tures and tissues. They involve destruction of the cornea, 
dislocation of the  lens, eyeball erosion and ulceration, 
and bleeding (Fig. 2). Less frequently, fish develop leuko-
ma. In the survived individuals, the affected eye usually 
remains in place, with residual tissues staying within the 
eye  so cket [35].

Alimentary diseases. Since the  early 1990s, the  in-
crease in the number of ocular pathologies in fish coinci-
ded with the introduction of granular salmon feeds and at-
tempts to replace high-quality animal proteins in these 
feeds with plant proteins or low-quality animal protein 
substitutes. For the growth of fish, especially salmonids, 
use of balanced feed in the diet is very important. A defi-
ciency of even one component in the feed leads to the de-
velopment of  changes, often irreversible, in the  body 
of fish, including those in the eyes [36, 37]. When using 
unbalanced feeds, the body is deficient in vitamins, amino 
acids, and mineral elements, which causes various types 
of eye lesions: cataracts, keratopathy, and eyeball protru-
sion. The S. G. Hughes review on ocular diseases that occur 
due to imperfect salmon feeds examines six types of pa-
thologies. They include deficiency of riboflavin (vitamin B2), 
thiamine (vitamin B1), vitamin A, sulfur-containing amino 
acids (methionine and cysteine), tryptophan and zinc. In 
case of ocular pathologies, common are three main signs: 

Eurasian river perch (Perca fluviatilis), common minnow 
(Phoxinus phoxinus) and ninespined stickleback (Pungitius 
pungitius), which inhabit freshwater lakes – water sources 
of the salmon hatcheries [22, 23].

The  bioassay results indicated that exophthalmia 
in Northwest fish hatcheries was caused by gram-positive 
cocci bacteria, which were initially identified as Streptococ-
cus sp. In terms of biochemical properties, 93 of the ob-
tained serotypes were homogeneous and in terms of an-
tigenic properties they were close to the causative agent 
of streptococcal infection in yellowtail [22]. The disease 
was called streptococcal infection in salmonids, respec-
tively. Later, in the 9th edition of “Bergey’s Manual of Deter-
minative Bacteriology” (1993), these bacteria, pathogenic 
for salmonids and yellowtail, were assigned to the species 
Enterococcus seriolicida [24]. Thus, it was found that patho-
logical processes in the eyes of fish developed in case of 
streptococcal infection. The disease cause is generally simi-
lar to septicemia throughout the year, so ocular pathology, 
which is only one of the enterococcal infection signs, de-
velops gradually. At the beginning of the disease, the clini-
cal signs are mainly manifested by unilateral exophthalmia 
and hemorrhages in the eyeball. Later, at different stages 
of the pathological process development, optic neuritis, 
corneal ulceration, vitreous prolapse and lens extrusion 
via pupillary rupture are reported, or leukoma is formed 
in fish. In the terminal disease stage, complete ocular pro-
lapse occurs with conjunctival rupture [25]. Herewith, un-
deryearlings salmonids do not survive, and in older fish 
the eye socket may become filled with pigmented con-
nective tissue. Histological examination of the diseased 
fish revealed the fundus and iris hyperemia, corneal kera-
tinization, delamination, erosion and necrosis, hyperemia 
and hemorrhages in the choroid, retinal deformity [22]. 
A number of authors find much in common in the epizoo-
tology of streptococcosis and such diseases as furunculo-
sis and bacterial kidney disease, the etiological agents of 
which are closely associated with the hosts, and outside 
the body of fish can survive only for a limited time in water 
and bottom sediments [26].

At the same time, in the 1980s and 1990s, the juvenile 
salmonids demonstrated cataracts, the etiology of which 
could not be established. Thus, at the Petrozavodsky fish 
hatchery, singular cases of ocular lesions were reported 
in the juvenile salmon and lake salmon (Salmo salar mor-
pha sebago); at the Vygsky fish hatchery, cataracts were 
observed in 8% of fish, and at Kemsky fish hatchery – in 9% 
of the  total number of  fish grown at the  hatchery. No 
mortality was reported in the diseased fish. The microbio-
logical test results did not confirm the infectious nature 
of cataracts in fish on Karelian aquaculture farms, though 
it was assumed against the background of widespread 
streptococcal infection [5].

Another bacterial disease that often affects fish’s eyes 
is vibriosis. It is a widespread disease of wild and aqua-
cultured fish in marine and brackish waters [27, 28, 29, 30]. 
Cold water vibriosis usually refers to Listonella (Vibrio) an-
guillarum-associated septicemia (Bergman, 1909). This 
Vibrio species represents aquatic saprotrophic microflora, 
it can be found in water, soil, mollusks and other marine 
inhabitants  [9, 31, 32]. The main route of the  infection 
transmission is with water and through contact with 
the diseased fish. On marine farms, Listonella anguillarum 
is released into the marine environment from the intes-
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Fig. 2. Exophthalmia, corneal necrosis, and eyeball ulceration  
in rainbow trout with vibriosis caused by Listonella (Vibrio) anguillarum 
(photo by T. A. Karaseva)
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Thus, the toxic effects of the aquatic environment also 
contribute to the development of pathological processes 
in the eyes of fish.

In the North-West of the Russian Federation, the Onezh-
sky fish hatchery was the most affected in terms of ocular 
pathologies for several years (2017–2022). According to 
the results of our long-term research, the main cause of 
the emerging pathologies in salmonids at this farm was 
the quality of the incoming water. Clinical investigation 
revealed exophthalmia in underyearling and two-year-old 
Atlantic salmon (Salmo salar) and brown trout (Salmo trutta). 
The highest level of eye lesions was reported in two-year-
old Atlantic salmon – from 8 to 20%. In 2023, the percentage 
of fish with eye lesions was minimal (about 1%). The fish 
with unilateral or bilateral exophthalmia demonstrated gill 
pallor, pale and friable hepatic tissue, yellow bile in the gall-
bladder, and black discoloration of the posterior kidney. 
Microscopic examination of scrapings from the postorbital 
region of the protruded eyeball revealed a large number 
of coccoid and rod-shaped bacteria. After inoculation of 
the fundus contents on the nutrient media, the growth 
of colonies of bacteria of the genera Staphylococcus, Fla-
vobacterium (Flexibacter), Pseudomonas was reported. 
The  main source of  water supply for the  Onezh sky fish 
hatchery is lake Andozero. The meteorological conditions 
in summer lead to the lake shallowing, as a result of which 
the water entering the hatchery contains a large amount 
of inorganic suspensions. In summer, the water tempera-
ture rises and the oxygen level drops to 3.3–3.5 mg/L. It was 
perhaps these factors that contri buted to the emergence 
and development of pathological processes in the eyes 
of salmonids with further exophthalmia, usually on the left 
side. To stabilize the water quality and temperature condi-
tions in the pools, reconstruction of the water supply system 
with the installation of cooling equipment is essential.

CONCLUSION
When growing different types of fish in aquaculture 

conditions, there is a risk of various pathological proces-
ses. Among the factors contributing to the development of 
the pathological process in the eyes of fish, important are 
the following: pathogenic microorganisms, unbalanced 
feed, toxic substances. Despite the limited number of Rus-
sian and foreign publications on the problem of ocular pa-
thology in salmonids, the literature review allows for the 
conclusion that the diseases leading to blindness in fish 
are an urgent problem for the fish hatcheries and farms 
all over the world. 

In many descriptions of infectious and nutritional di-
seases, the term “exophthalmia” (eye protrusion) is used, so 
it is obvious that exophthalmia is a comprehensive term 
for many diseases and the most common pathological 
condition that can be observed in the eyes of fish.

In order to prevent any problems associated with ocular 
diseases, it is necessary to monitor the disease situation. 
An integrated approach is essential, which includes evalu-
ation of the water source, monitoring of the  incoming 
water quality during roe incubation and growing larvae 
to an adult, use of balanced feeds for salmonids, ichthyo-
pathological monitoring of the immuno-physiological sta-
tus of fish, and preventive measures to control infectious 
and parasitic diseases of fish. This will enable effective 
monitoring and minimize the  risk of  various ocular di-
seases in aquacultured salmonids.

cataracts, keratopathy, and exophthalmia. Furthermore, 
both eyes are affected [2].

Thus, in case of riboflavin (vitamin B2) deficiency in feed, 
lens opacity and sometimes corneal rupture with adhe-
sion of the lens to cornea were reported in fish. Histologi-
cal examination revealed corneal thickening, as well as 
vascularization, hyalinization and degeneration of the lens 
subepithelial layers. All these changes led to the loss of 
its transparency. The consequences of thiamine deficien-
cy (vitamin B1) in salmonids involved corneal opacity and 
inflammation, blindness. Pathological changes in the eyes 
were noted in experimental conditions simulating lack 
of vitamin A in the diet of char and rainbow trout. Cor-
neal and lens opacification as well as photophobia were 
reported in rainbow trout. The addition of beta-carotene 
to the  feed prevented eye lesions only in  warm water 
(above 12.4 °C), no such therapeutic effect was, however, 
observed at lower water temperatures [36]. Exophthalmia 
occurred with a lack of ascorbic acid and tocopherol (vi-
tamin E) [37, 38].

Ocular pathologies in fish are caused by a deficiency of 
sulfur-containing amino acids in the feed: methionine, cys-
teine, tryptophan. Their deficiency contributes to the lens 
opacification and involves the adjacent ocular tissues in 
the degenerative process. Japanese scientists found that 
when fed a zinc-deficient diet, the rainbow trout deve-
loped cataracts. The cataract that had already appeared 
did not resolve even when the fish began to receive feed 
with a sufficient amount of zinc. The zinc requirement 
for fish is 15–30 mg/kg of feed [36, 39].

Corneal and lens opacification was reported when 
mold fungi were detected in the eyes of juvenile Atlantic 
salmon. The source of infection was substandard granular 
feed, and the disease was systemic. Moreover, the mold 
fungi formed mycelia in the fish eyes [40].

Since early 21st century, solving the problem of ade-
quate feeding in the aquaculture of valuable fish species 
(salmon, whitefish) has significantly reduced the number 
of fish with ocular damage and improved the disease situ-
ation in salmon hatcheries in the Murmansk Oblast and Re-
public of Karelia.

Water toxicoses. The aquatic environment is often pol-
luted by petroleum products, pesticides, chemical dyes, 
nit rates, and heavy metal salts [41]. In aquaculture, the fish 
lens is used as a test organ to assess the toxicity of chemi-
cal and other compounds [42, 43]. Experimental studies 
were conducted in this area, which demonstrated that 
the fish lens was highly sensitive to anthropogenic factors. 
The effects of such industrial toxicants as trichlorobenzene, 
nitrobenzene, 3-naphthol and salts of heavy metals (lead, 
copper, zinc) on fish were examined. It was found that 
these toxic compounds caused a change in proliferative 
activity in the lens epithelium [44]. The effect of toxicant 
exposure on cytodifferentiation, as well as on changes 
in the biochemical composition and optical properties 
in the lens nucleus and cortex (decreased optical density 
of the lens nucleus) was established. The peculiarities of 
the reaction of various cytodifferentiation zones of the fish 
lens epithelium to a number of toxic compounds (benzene, 
inorganic and heavy metal salts) are also reported, which 
consist in the inhibition or stimulation of mitotic activi-
ty in the germinal zone of the lens epithelium [41]. The 
formation and proliferation of tissue fibers further leads 
to cataracts.
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