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ABSTRACT 

The aim of this work was to study the status of treatment of fungal eye infections. Recent data indicate a steady rise in diagnosed cases of fungal 
ocular diseases, particularly fungal keratitis-especially in developing countries. In some regions, the absence of locally available antifungal 
medications, despite increasing demand, contributes to this trend. Despite prolonged observation and efforts to combat fungal eye diseases, the 
global availability of antifungal drugs remains limited, especially for local use. These drugs are an integral part of comprehensive treatment, along 
with systemic drugs. The objective of this review work is to conduct a comparative analysis of molecules that have been evaluated in terms of 
antifungal activity, bioavailability, efficacy, and safety, considering the long duration of treatment and, consequently, increased risks of side effects.  

For this purpose, a comprehensive review was conducted of materials published between 2015 and 2025 in international scientific databases, 
including PubMed, Scopus, Google Scholar, and ResearchGate. The search strategy was designed to capture relevant studies on antifungal 
ophthalmic therapies, dosage forms, and active pharmaceutical ingredients used in the treatment of fungal keratitis. Based on the reviewed 
literature, a SWOT analysis was performed, for the first time in this context, to systematically evaluate the strengths, weaknesses, opportunities, and 
threats associated with the principal dosage forms of ophthalmic antifungal drugs. This novel analytical approach enabled the identification of key 
directions for enhancing therapeutic efficacy, improving formulation design, and addressing clinical and regulatory gaps in the management of 
fungal ocular infections. The presented data can serve as a foundation for the development of improved drug formulations and delivery systems 
targeted directly to the affected ocular tissues-without preservatives, with controlled drug release-thereby enhancing treatment effectiveness, 
minimizing drug loss, and reducing patient risks associated with side effects and antifungal resistance. Furthermore, these advancements have the 
potential to significantly improve patient quality of life and increase the likelihood of full recovery, without irreversible visual impairment. 
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INTRODUCTION 

According to the World Health Organization (WHO), over 2.2 billion 
people worldwide suffer from various visual impairments caused by 
a variety of factors and diseases [1]. However, more than 90% of 
these problems can be prevented or successfully treated using 
modern medical technologies, including surgery, vision correction, 
and other innovative methods. Despite this, eye problems continue 
to significantly impact people's quality of life, especially in 
developing countries. Residents of low-income countries and rural 
areas constitute the largest group of those affected. This is 
attributable to the fact that people in such regions are less likely to 
seek qualified medical care, often ignoring symptoms or attempting 
to treat diseases on their own, which can lead to serious 
complications [1, 2]. 

Without proper treatment, vision problems can result in irreversible 
consequences, such as vision loss and total blindness. In high-
income countries, the prevalence of blindness is approximately 1.94 
cases per 1,000 people, whereas in low-income countries it is much 
higher-about 8.75 cases per 1000 people [1, 2]. These data highlight 
a significant disparity in access to medical care and the effectiveness 
of eye disease prevention across different regions of the world. 
Climatic and geographical factors also influence the frequency of eye 
diseases, leading to complete vision loss. In countries with tropical 
and subtropical climates (such as India, Thailand, Vietnam, and 
Bangladesh), high humidity, elevated temperatures, and abundant 
vegetation contribute to the spread of infectious eye conditions. 
Consequently, these countries experience a high incidence of 
bilateral blindness, caused both by infectious factors and traumatic 
injuries to the visual organs [3]. 

Blindness not only diminishes quality of life but also predisposes 
individuals to other serious health issues. People with vision loss are 
more likely to experience depression, cognitive impairment, and 
difficulties adapting to daily life. These problems are especially 
pronounced among older adults, where blindness can lead to social 
isolation, an increased risk of falls, and injuries. Additionally, such 
people often end up in nursing homes, where their psychoemotional 
well-being often deteriorates further [4-6]. 

One of the causes of blindness is corneal infections, collectively known 
as infectious keratitis, which can be caused by bacteria, fungi, viruses, 
or protozoa [7]. The etiology and prevalence of infectious keratitis 
causes vary according to the relative influence of climatic, 
socioeconomic, and predisposing factors. It is important to note that 
most published studies report on the incidence of non-viral infectious 
keratitis [8]. For instance, bacterial keratitis represents the most 
common type of infectious keratitis in most regions, including the UK 
(91–93%), North America (86–92%), South America (79–88%), 
Middle East (91.8%), and Australasia (93–100%). Several studies have 
demonstrated that fungi are the primary cause of infectious keratitis in 
Asia and Africa [9]. A population-based study conducted in several 
regions of China found that viral keratitis was more prevalent than 
bacterial and fungal keratitis. Compared to other causes of infectious 
keratitis, protozoal keratitis is less common, but in the last decade, an 
increasing number of protozoal keratitis cases have been reported, 
contact lens wearing the leading risk factor [8, 10]. However, this 
review specifically focuses on fungal keratitis. This infection can 
develop in various parts of the visual organ and depending on which 
part of the eye is affected, several types of fungal diseases are 
distinguished. The most common include fungal keratitis (affecting the 
cornea), fungal endophthalmitis (infection of internal ocular 
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structures), fungal conjunctivitis (inflammation of the conjunctiva), 
and fungal blepharitis (involving the eyelids). If not diagnosed and 
treated early, these diseases can severely impair vision or even lead to 
its complete loss. 

Therefore, prevention, early diagnosis, and effective treatment of 
eye diseases remain highly relevant issues. It is important to 
recognize that modern medicine possesses all necessary tools for 
preventing and treating most conditions associated with vision loss. 
However, the availability of such services and the level of public 
awareness of possible risks remain key factors for improving the 
health status of people on a global scale.  

The purpose of this review is to identify major fungal infections 
affecting the eye and their treatment options, analyze the global 
market for antifungal ophthalmic drugs, and determine the optimal 
molecule and dosage form for the development of a new antifungal 
agent characterized by high efficacy, safety, and patient compliance. 

MATERIALS AND METHODS 

Materials for this review were collected from international scientific 
databases, including PubMed, Scopus, Google Scholar, and 
ResearchGate, covering publications from 2015 to 2025. The main 
dataset was obtained from medical publication databases. The 
material search was conducted using the keywords: antifungal 
agents and ophthalmology (1236 results), fungal keratitis and 
treatment (yielding approximately 2,400 results), antifungal drugs 
and ophthalmology (1277 results). 

Inclusion criteria 

The following parameters were used to determine study eligibility: 
Clinical trials, meta-analyses, and reviews focusing on antifungal 
agents specifically formulated for ophthalmic use. Studies 
investigating the epidemiology of ocular fungal infections. Research 
involving human or animal models. In vitro studies, only if they 
evaluated the efficacy of the drug in corneal/ocular tissue models. 

Exclusion criteria 

Studies were excluded if they met any of the following conditions: 
Focused on ocular diseases of non-fungal origin. Addressed only the 
differentiation between fungal and bacterial infections. Investigated 
non-ophthalmic delivery systems, including systemic antifungal 
therapies (e. g., intravenous or oral administration). 

Considering the predefined inclusion and exclusion criteria, a total 
of 124 publications were analyzed during this review, of which 80 
were ultimately cited as references. 

Fungal infections of the eye 

The two primary forms of fungal ocular infections are keratitis, 
which affects the corneal surface, and endophthalmitis, involving 
intraocular structures. Both conditions may initially mimic bacterial 
infections, complicating early diagnosis. Consequently, they pose a 
serious health threat and present significant clinical challenges due 
to their potential to cause severe visual impairment and the 
complexity of their diagnosis and treatment [11]. 

Fungal keratitis 

Fungal keratitis is one of the most common fungal eye infections and 
constitutes a true ophthalmic emergency. The main causative agents are 
fungi from the genera Fusarium, Aspergillus, and Candida [1, 12]. These 
pathogens can penetrate ocular tissues through corneal damage, making 
the disease particularly dangerous. It typically manifests symptoms such 
as eye pain, photophobia, conjunctival hyperemia, tearing, and a foreign 
body sensation. If not diagnosed and treated promptly, fungal keratitis 
can rapidly progress to corneal ulceration, visual impairment, blindness, 
or even loss of the eye. Unlike bacterial keratitis, fungal keratitis often 
follows a more indolent course, leading to delayed presentation and 
diagnosis. As a result, patients frequently seek medical attention at an 
advanced stage of the disease, when significant corneal damage has 
already occurred [12-17]. 

According to the World Health Organization (WHO), keratitis is one 
of the leading causes of vision loss worldwide. The most 

comprehensive epidemiological review on fungal keratitis was 
published in 2021, based on literature spanning from 1946 to 2019. 
The authors estimated a minimum annual global incidence of 
approximately 1,051,787 cases, with the highest burden observed in 
Asia and Africa. When all culture-negative cases are presumed to be 
of fungal origin, this estimate rises to about 1,480,916 cases 
annually [1, 13, 18]. Recent studies from regions such as the United 
States, West and South Asia and Southeast Europe confirm that 
fungal keratitis remains prevalent and that its incidence is trending 
upward globally [19-21]. For example, based on study performed by 
Bongomin et al. (2024) on the epidemiology of fungal keratitis in 
Uganda, the country is estimated to have approximately 6,084 
annual cases of fungal keratitis, with a rate of 13.3 cases per 100,000 
people [22]. But in Ghana, fungal keratitis affects approximately 810 
people out of 100,000 [23]. 

Fungal keratitis is more common in tropical climates, where high 
temperatures and humidity create favorable conditions for pathogenic 
fungi. In these regions, fungal keratitis accounts for 20–60% of all 
corneal lesions. Factors contributing to this high incidence include 
extensive involvement in agriculture, frequent exposure to dust and 
pollutants, and trauma related to outdoor work [24, 25]. 

One of the main risk factors for developing fungal keratitis is recent 
penetrating corneal trauma. This explains its higher prevalence 
among men and young adults, who are more likely to experience 
ocular injuries due to active lifestyles or occupational hazards [25, 
26]. Additional risk factors include wearing soft Multifocal Contact 
Lenses (MCLs), which can harbor pathogens on their surfaces or 
promote biofilm formation-thus increasing infection risk [24]. 
Contact lens wear also reduces corneal regenerative capacity, 
further facilitating fungal proliferation [27]. 

Corneal transplantation can also predispose individuals to fungal 
infections. Studies indicate that prolonged storage of donor corneas 
increases contamination risk. The incidence of fungal keratitis 
following corneal transplantation is approximately 1.4 cases per 
10,000 patients-accounting for about 63% of post-surgical infections 
in this context [26, 28]. Fungal keratitis can lead to serious 
complications, such as corneal opacity and complete vision loss. The 
prognosis worsens with delayed medical intervention; often, the 
disease is masked under other types of keratitis—leading to 
misdiagnosis or inappropriate treatment. Untimely or incorrect 
therapy significantly increases the risk of chronic corneal damage 
and irreversible blindness [24]. 

Therefore, timely diagnosis and appropriate treatment are crucial in 
managing fungal keratitis. This condition requires specialized 
attention, because its management differs from bacterial keratitis 
and often necessitates specific antifungal agents [29]. 

Fungal endophthalmitis 

Fungal endophthalmitis is a severe infectious disease characterized 
by the invasion of fungi into the interior of the eye. It is one of the 
most serious ocular conditions, as its consequences can include 
complete loss of vision. Fungal endophthalmitis is most often caused 
by Candida albicans, although many other pathogenic fungi may also 
be responsible for the development of the infection. Depending on 
the route of infection, two types of endophthalmitis are 
distinguished: endogenous and exogenous [30]. 

Exogenous endophthalmitis 

Exogenous endophthalmitis develops when an infection enters the 
eye from external sources. It can occur due to various factors, such 
as intraocular surgery, foreign bodies in the eye, or penetrating 
trauma. Fungi are responsible for exogenous endophthalmitis in 16-
27% of cases, while the remaining cases are caused by bacterial or 
mixed infections, including 3.2% involving both bacteria and fungi 
[31, 32]. In these cases, the source of infection may be 
microorganisms from the normal eyelid flora or contaminated 
objects that caused trauma. 

Previous trauma to the eye is the primary cause of exogenous 
endophthalmitis, accounting for 40-80% of all cases. The main 
fungal agents involved are species of Candida and filamentous fungi 
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such as Fusarium solani and Aspergillus flavus. It is important to note 
that approximately 25% of cases of exogenous endophthalmitis 
develop after ocular surgical procedures. Additionally, fungal keratitis 
can lead to endophthalmitis, especially if fungal infections are not 
properly treated. In such cases, the risk of disease progression 
increases significantly. A major risk factor is the use of corticosteroids 
without concomitant antibiotics, as these drugs suppress immune 
defenses. Other risk factors include corneal perforation, 
immunosuppressive conditions, and dry eye syndrome [33].  

Endogenous endophthalmitis 

Endogenous endophthalmitis is less common, accounting for only 5-
15% of cases. It occurs when infection spreads to the eye via the 
bloodstream from other infectious foci within the body. Patients 
with endogenous endophthalmitis often exhibit signs of fungemia 
(fungal presence in blood), indicating systemic fungal infection. 
Candida albicans is the most common causative agent of endogenous 
fungal endophthalmitis; fungi of this genus are believed to have a 
particular affinity (tropism) for ocular tissues. This form of 
endophthalmitis is more frequently observed in 
immunocompromised patients, such as those with human 
immunodeficiency virus (HIV) infection, kidney and liver disease, or 
cancer. Patients who use intravenous drugs, have diabetes mellitus, 
or are undergoing immunosuppressive therapy are also at higher 
risk. In some cases, multiple risk factors may be present 
simultaneously [25, 28, 34, 35]. Fungi account for 11.1–18% of 
endogenous endophthalmitis cases. The prognosis in endogenous 

fungal endophthalmitis tends to be very poor; delayed diagnosis and 
treatment often result in complete vision loss. The right eye is more 
commonly affected due to its more direct blood flow from the 
carotid artery; however, both eyes may be involved in about 25% of 
cases. Notably, infections caused by Aspergillus species tend to have 
a worse prognosis for visual recovery because they cause more 
aggressive forms of endophthalmitis that can lead to significant 
visual deterioration or even enucleation (removal of the eye) [36, 
37]. The earlier treatment begins for endophthalmitis-particularly 
fungal-the better the chances for preserving vision. However, 
managing fungal endophthalmitis presents several challenges. 

Treatment of fungal lesions of the eye. The global market of 
antifungal drugs for ophthalmology 

The treatment of ocular fungal infections is a prolonged process that 
can last from several weeks to several months. A significant 
challenge in the treatment of these infections is the low 
bioavailability of topical antifungal agents, which necessitates 
increasing the frequency of dosing. This can lead to undesirable side 
effects, such as irritation and discomfort in the eye area. Despite 
these issues, the combined use of topical antifungal agents with 
systemic broad-spectrum drugs has demonstrated the best 
outcomes in treating ocular fungal diseases.  

To identify the most effective treatment methods for fungal eye 
lesions, an analysis of the global market for antifungal drugs was 
conducted. Data from drug registries were utilized for this purpose. 
Information on the drugs is presented in table 1. 

 

Table 1: Comparative analysis of efficacy and safety of commonly used ophthalmic antifungal agents 

Name of licensed 
product (LP)\ 
Regulatory approval 

Manufacturer Active 
ingredient and 
dosage form 

Clinical efficacy/safety of active ingredient References 

Natacin (The United 
States)/FDA approval 

Harrow IP Natamycin (eye 
suspension) 

Natamycin is effective against various fungal species, including Fusarium, 
Aspergillus, Alternaria, Candida, Cephalosporium, Colletotrichum, Curvularia, 
Lasodiplodia, Scedosporium, Trichophyton, and Penicillium. Natamycin is 
generally well tolerated; however, it is recognized as an epitheliotoxic agent 
when administered over prolonged periods. Reported adverse effects include 
conjunctival hyperemia, foreign body sensation, stinging and burning, and 
excessive lacrimation. In addition, the suspension particles may adhere to areas 
of epithelial defect, as well as accumulate in the fornices and along the lid 
margins, potentially complicating the clinical course. 

[38, 39] 

Swissflu (India)/local 
regulatory approval 

Swissvision Fluconazole 
(eye drops) 

Fluconazole is effective in the management of Candida keratitis, particularly 
in cases with deep stromal involvement, due to its favorable intraocular 
penetration and low incidence of adverse effects. However, its antifungal 
spectrum is limited, with poor efficacy against most filamentous fungi, such 
as Fusarium and Aspergillus species. Overall, fluconazole is generally well 
tolerated, making it a valuable therapeutic option for Candida keratitis, but its 
use should be restricted to susceptible organisms.  

 
[40, 41] 
 

Vozole (Kenya)/local 
regulatory approval 

Dawa Limited Voriconazole 
(powder for 
preparation eye 
drops 1%) 

Voriconazole demonstrates potent activity against a wide spectrum of fungi, 
including Candida albicans, Candida parapsilosis, Candida tropicalis, Aspergillus 
fumigatus, Aspergillus flavus, Fusarium solani, as well as less common pathogens 
such as Paecilomyces, Histoplasma, Scedosporium, Curvularia, and Acremonium 
species. His activity is similar to natamycin, although its efficacy against 
Mucorales is minimal. It should be noted that topical administration of 
voriconazole alone may result in sub-therapeutic drug levels; therefore, the 
inclusion of oral voriconazole in the treatment regimen is often recommended to 
achieve optimal therapeutic concentrations.  
Voriconazole eye drops are generally well tolerated, with minimal adverse 
effects such as mild ocular irritation, transient conjunctival hyperemia, and 
periocular dermatitis.  

[42-46] 

 

In the global pharmaceutical landscape, fluconazole ophthalmic 
medicines are represented by several products with expected 
comparable efficacy and safety profiles. Notable examples include 
Fluzamed, produced by World Medicine Pharmaceutical Company, 
which is approved and marketed in Turkey; Fluconazole Eye/Ear Drop 
0.3%, produced by Lexicare Pharma, which is approved and marketed 
in India; Fluconazole Eye Drops/Ophthalmic Solution 0.5%, produced 
by Inopha, which is approved and marketed in China [47-49]. 

In addition to original formulations, several generic versions of 
natamycin are available on the pharmaceutical market, particularly in 
India. These include Zonat Eye Drops 5 ml, manufactured by Sunways 

Pvt Ltd; Nata-Aid Eye Drops 5 ml, manufactured by NRI Vision Care 
India Ltd [50]. These generics are expected to demonstrate 
comparable efficacy and safety profiles to the original product, and 
they contribute to improving access to topical antifungal therapy in 
regions with high prevalence of fungal keratitis. 

There is significant heterogeneity in the availability of treatment for 
fungal keratitis across different regions worldwide. Populations in 
North America have access to original antifungal eye drops, and to 
innovative therapies are supported by major pharmaceutical 
companies and specialized eye care centers. Europe demonstrates 
steady growth in fungal keratitis treatment, driven by strong 
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healthcare infrastructure and public health initiatives for early 
detection. Countries such as Germany, the UK, and Italy offer broad 
access to specialized ophthalmology services and invest in 
antifungal research. Increased awareness and academic outreach 
further improve patient outcomes. The Asia-Pacific region is the 
fastest-growing market for fungal keratitis treatments. Accessibility 
of citizens is supported by government health programs, improved 
diagnostics, and international research collaborations. 

The most vulnerable are countries in Africa. Given the high incidence 
of the disease, not all antifungal medicines needed are readily 
available in Sub-Saharan African countries. In Ghana, for example, 
the antifungals that are easily accessible are 5-flucytosine and 
fluconazole, while amphotericin B is available only in Benin, Zambia, 
South Africa, and Ethiopia [23, 52]. Currently, ophthalmic antifungal 
medication is not available in Tanzania outside a few centers, which 
have to specifically import this medication [12, 53]. The situation is 
similar in Russia. To date, no topical antifungal agents have received 
marketing authorization from the regulatory authorities of the 
Russian Federation for the treatment of fungal keratitis. 

The lack of necessary ophthalmic antifungal agents in many local 
pharmaceutical markets often forces patients to obtain these 
medications from other countries, significantly increasing the cost of 
treatment. In the absence of approved medicines, clinicians are 
frequently compelled to use topical antifungal agents off-label for 
the management of ocular infections. However, such practices are 
associated with considerable risks for patients, including challenges 
in managing adverse effects and determining appropriate dosages 
[26]. It is important to note that high concentrations of many 
antifungal agents can exert toxic effects on ocular tissues, potentially 
leading to necrosis, whereas low concentrations may fail to achieve 
the desired therapeutic effect due to limited ocular bioavailability. 
These factors present serious challenges for clinicians and 
underscore the need for targeted ophthalmic formulations that can 
effectively treat fungal infections of the eye while minimizing the 
risk of adverse effects [26]. 

Thus, the pronounced heterogeneity in the availability of antifungal 
agents for the treatment of fungal keratitis worldwide raises several 
important ethical considerations, including:  

• Equity and Justice: the lack of access to essential medicines for 
vulnerable populations constitutes a violation of the principle of 
equity in healthcare. All patients, irrespective of their geographic 
location or socioeconomic status, should have the right to effective 
and safe treatment for vision-threatening diseases. 

• Patient Safety: the necessity to use antifungal agents not 
approved for ophthalmic indications, often in inappropriate dosage 
forms and without sufficient safety data, exposes patients to the 
risks of toxicity, suboptimal dosing, and unpredictable adverse 
effects. Such practices may compromise patient safety and clinical 
outcomes. 

• Global Responsibility: Pharmaceutical companies, regulatory 
authorities, and the global health community bear a collective 
responsibility to address these disparities. This includes supporting 
the development and regulatory approval of ophthalmic antifungal 
agents, ensuring their availability, and promoting their inclusion in 
national essential medicines lists. 

Therefore, there is an urgent need to develop novel, effective 
antifungal agents specifically designed for ophthalmic use. The drug 
development process should begin with the rational selection of 
active molecules with proven antifungal efficacy and favorable 
safety profiles. 

Therefore, there is an urgent need to develop a comprehensive 
strategy to address this issue. Such a strategy should include 
expanding the geographical availability of antifungal agents already 
accessible to ophthalmologists and reducing the cost of these 
medications or rising federal health programs to ensure equitable 
access to essential treatment for economically disadvantaged 
populations. A critical component of this approach is the 
development of novel, effective antifungal agents specifically 
designed for topical ophthalmic use. The drug development process 

should commence with the rational selection of active molecules 
that demonstrate proven antifungal efficacy and favorable safety 
profiles. 

Candidate active molecules in the development of antifungal 
drugs in ophthalmology 

Amphotericin B 

Its mechanism of action involves binding to ergosterol, a key 
component of fungal cell membranes. The molecule consists of two 
domains: hydrophobic and hydrophilic. The hydrophobic region 
binds to ergosterol, forming pores in the cell membrane, with the 
hydrophilic parts facing inward. This pore formation causes 
potassium leakage, disrupting cellular metabolism. Subsequently, 
magnesium ions leak out, and protons enter the cell, leading to 
acidification and, ultimately fungal cell death [54].  

Amphotericin B exhibits broad-spectrum activity against fungi such 
as Candida spp., Aspergillus and Mucorales. However, resistance can 
develop in some strains, like Aspergillus terreus and 
Trichosporonasahii. Various administration routes have been 
described, including subconjunctival, intrastromal, intracameral, and 
intravitreal injections [37, 55]. Topical application is ineffective due 
to poor penetration through the blood-brain barrier and 
hematocellular barrier, limiting its use in ocular infections. In the 
1980s, studies were conducted to evaluate the pharmacokinetics of 
topically applied amphotericin B in animal models. However, despite 
its high antifungal efficacy, the drug demonstrates poor penetration 
into ocular tissues, particularly through the intact cornea, which 
significantly limits its effectiveness in treating ocular infections. 
Subconjunctival administration has been associated with adverse 
events such as necrosis, sclera thinning, and scleritis [56]. Currently, 
amphotericin B is not approved for topical ophthalmic use, although 
it is occasionally employed off-label in clinical practice.  

Natamycin 

Natamycin is one of the primary drugs used in treating ocular fungal 
infections and is the only antifungal agent approved by the Food and 
Drug Administration (FDA) for topical use.  

It is available as a 5% suspension due to its low water solubility [26, 
57]. Natamycin is active against fungi from genera such as Fusarium, 
Aspergillus, Acremonium, and Candida. It exhibits fungicidal effects at 
high concentrations; at lower doses, it acts as a fungistatic agent. 
Like amphotericin B, natamycin’s large molecular size limits tissue 
penetration into deeper eye structures. For severe infections like 
endophthalmitis, the drug may be used in combination with other 
medications. Compared to amphotericin B and azoles, natamycin has 
a favorable toxicity profile and higher efficacy-particularly in 
keratitis caused by Candida fungi, where it improves clinical 
outcomes and reduces corneal perforation risk [58]. 

However, despite its advantages, natamycin also presents certain 
limitations. One of the main drawbacks is its poor retention on the 
corneal surface, primarily due to rapid tear turnover. As a result, less 
than 5% of the administered doses reach the target site, which 
negatively impacts both the duration of treatment and the required 
frequency of administration. Typical dosing involves instillation of 
one drop every 1–2 h during the first 3–4 days, followed by 6–8 
applications per day for 14–21 d. This regimen demands a high level 
of adherence from the patient, and frequent dosing may lead to poor 
compliance or necessitate inpatient care [59]. 

Fluconazole 

Fluconazole belongs to the azole class of antifungals and inhibits 
lanosterol-14-alpha-demethylase, which converts lanosterol to 
ergosterol, a key component of fungal cell membranes. This leads to 
increased cell membrane permeability and subsequent lysis of 
fungal cells. Fluconazole is effective against Candida and 
Cryptococcus, though some strains like Candida glabrata may exhibit 
resistance. This drug is recommended by the Infectious Diseases 
Society of America (IDSA) because of its lower toxicity compared to 
other antifungal drugs [37]. Because of its long elimination half-life, 
fluconazole can be administered once daily. Its molecules readily 
penetrate ocular tissues due to high water solubility and low 
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molecular weight, allowing therapeutic concentrations to be 
achieved in intraocular structures. These properties make it suitable 
for topical application at a concentration of 0.3%. In addition, 
fluconazole is frequently used in combination with amphotericin B 
for the treatment of fungal keratitis, particularly when administered 
via subconjunctival injection [55, 60].  

To increase therapeutic activity, research is being conducted to 
create new forms using nanotechnology approaches. For example, 
several authors have conducted studies using fluconazole 
encapsulated in liposomes. A study conducted on rabbits with 
Candida albicans infection showed that topical application of 
liposomes containing fluconazole at a concentration of 2 mg/ml 
significantly improved the healing process. In the group that 
received the liposomal form of fluconazole, complete corneal healing 
was achieved in 86.4% of cases within three weeks of therapy. At the 
same time, in the control group, which received a standard solution 
of fluconazole at the same concentration, only 50% of the animals 
showed complete healing [61]. 

Voriconazole 

It is also an azole antibiotic but has a broader spectrum of action 
than fluconazole. Voriconazole is active against fungi of the genera 

Candida, Aspergillus, Fusarium, Scedosporium, Paecilomyces, 
Curvularia and others. Despite its efficacy, its use is associated with 
significant side effects that must be considered when prescribing 
both ophthalmic and systemic forms [60]. 

Flucytosine 

The mechanism of action of flucytosine is based on its ability to 
undergo deamination in fungal cells with the help of specific 
enzymes, resulting in the formation of a toxic compound for the 
pathogen-5-Fluorouracil (5FU). 5-FU is subsequently converted into 
5-fluorouridine triphosphate, which becomes incorporated into 
fungal RNA in place of uridylic acid, thereby disrupting RNA function 
and inhibiting protein synthesis. This is exerts a fungistatic effect, 
slowing down the growth and division of fungal cells [62]. Topically, 
flucytosine can be prepared at concentrations of 1–1.5%, often used 
alongside other antifungals like amphotericin B or azoles—especially 
in severe infections such as fungal endophthalmitis. Flucytosine is 
particularly effective in the treatment of diseases caused by 
pathogens such as Candida albicans and Cryptococcus. However, 
when flucytosine is used as monotherapy, there is a risk of resistance 
development, which limits its use without additional drugs [55]. The 
positive and negative characteristics of active pharmaceutical 
substances used in ophthalmology are summarized in table 2. 

 

Table 2: SWOT analysis of active antifungal pharmaceutical substances [d2] 

Substance/ 
References 

Strengths Weaknesses Opportunities Threats 

Amphotericin 
B/ [37, 54-56, 
63] 
 

Broad spectrum; good to 
moderate activity against 
filamentous fungi. 

Poor penetration through 
the ocular barrier. Not 
commercially available. 

Encapsulation in liposomal nanoparticles 
improves solubility and bioavailability, 
enhances clinical response, and reduces the 
toxic effect of the drug. 

Side effects: cataract, transient iritis and 
corneal oedema. 

Natamycin/ 
[26, 57-59, 63] 
 

Commercially available, 
first choice for Fusarium;  
good activity against 
Aspergillus. 

Large concentrations are 
needed, frequent dosing, 
low corneal penetration, 
and less effective against 
Candida species. 

Complexes with cyclodextrin increase drug 
solubility and raise the concentration of the 
active component. Development of novel 
delivery systems (polymeric nanoparticles, 
transferosome, micelles, ocular inserts (e. 
g., films), and others)-non-immunogenic, 
biocompatible, biodegradable, and low-
toxicity formulations fig. 1. 

There are strains that are immune to 
natamycin, making the therapy 
ineffective. 

Fluconazole/ 
[11, 37, 55, 60, 
63-66] 
 

Lower toxicity; long 
elimination half-life; small 
molecular size; superior 
water solubility; 
commercially available; 
effective against yeast. 
 

Forced prolonged therapy; 
frequent administration; it 
is ineffective against 
filamentous fungi such as 
Aspergillus and Fusarium. 
 

Encapsulation in liposomes or 
nanoparticles significantly increases the 
effectiveness and the penetration of the 
drug into the cornea. 
 

There is a global increase in fluconazole-
resistant Candida auris, Candida glabrata, 
and Candida parapsilosis. 
About 7% of all Candida blood samples 
tested at Centers for Disease Control and 
Prevention (CDC) are resistant to 
fluconazole.  
An increasing trend of resistance is also 
observed among Cryptococcus isolates. 

Voriconazole/ 
[59, 62, 63] 
 

Broad spectrum; 
commercially available; 
intraocular involvement 
effective for deep keratitis. 

Less effective than 
natamycin. 

Studies have shown that encapsulating 
voriconazole in lipidic nanoparticles improves 
its solubility and permeability, provides 
sustained drug release, and potentially 
enhancing efficacy and patient compliance. 

Severe side effects when applied 
topically. 

Flucytosine / 
[55, 63, 67] 
 

Efficacy against Candida 
albicans, Cryptococcus. 
Synergistic effect with 
topical amphotericin B to 
yeasts. 

Monotherapy carries a risk 
of resistance development; 
narrow spectrum; low 
penetration into ocular 
tissues. 

Use as concomitant therapy increases 
antifungal effect. 

Side effects with topical application. 

 

A SWOT analysis was conducted on the active pharmaceutical 
substances mostly used in the production of topical formulations for 
the treatment of fungal keratitis. The results of the analysis 
confirmed both a general and a particularly critical issue associated 
with these active ingredients, while simultaneously highlighting a 
key direction for future development-namely, the growing 
resistance of fungal pathogens and the limited efficacy of currently 
available market therapies when used as monotherapy. The primary 
opportunity identified lies in enhancing bioadhesive properties and 
leveraging advanced technologies to improve ocular bioavailability. 

Medication forms of ophthalmic drugs 

Modern medicine offers a variety of ophthalmic dosage forms for the 
treatment of eye diseases, each with its own advantages and limitations:  

• Liquid dosage forms-represented by eye drops, as well as 
solutions, suspensions, and emulsions for ocular irrigation or 
administration into the conjunctival sac, intraocular space, or 

parabulbar region. This is the most common and simple way of drug 
delivery, but the forms have low bioavailability. 

• Soft dosage forms-such as ointments, gels, and creams for 
application to the eye or eyelids-allow the drug to remain longer in 
the conjunctival cavity, which increases bioavailability, but the route 
of administration is often considered less convenient for patients. 

• Solid dosage forms: ocular films, implants, and tablets used for 
preparing ophthalmic solutions often provide the most prolonged 
therapeutic effect among all dosage forms. However, their use typically 
requires specialized knowledge and training for proper administration, 
which may limit their accessibility in routine clinical practice [47]. 

Table 3 presents a more detailed analysis of positive and negative 
characteristics for the most encountered forms of drugs in the 
therapy of ophthalmic diseases. There are also presented strategies 
for improving drug bioavailability and outlining potential risks 
associated with administration. 
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Fig. 1: Novel drug delivery systems have been used to enhance topical eye drug administration 
 

Table 3: SWOT analysis of some dosage forms for ophthalmic use 

Dosage 
form 

Strengths Weaknesses Opportunities Threats References 

Eye 
drops 

Easy to use; sterile 
administration; rapid absorption 
from the conjunctival cavity. 

Low bioavailability; 
high dosing losses. 

Use of microemulsions or liposomes to increase 
bioavailability; mucoadhesive polymers to 
increase corneal exposure fig. 2. 

Possibility of microbial 
contamination of the 
contents. 

[68-71] 

Gels Prolonged effect; long retention 
on the mucosa; cushioning and 
protective effect on the cornea. 

Lack of dosing 
accuracy; temporary 
decrease in visual 
acuity after use. 

Introduction of nanomolecules; the possibility 
of creating in situ systems based on gellan 
gum or carbopol; which will increase the 
release of the drug fig. 3. 

Additional risks of 
contamination when 
administered. 

[68-70] 

Films Exhibiting both aggregation 
stability and microbiological 
stability; can remain in the 
conjunctival cavity for a longer 
period, prolonged action. 

Difficulty in insertion; 
special training 
required; sensation of 
foreign object in the 
eye during insertion. 

Extemporaneous personalized 
manufacturing; the use of biodegradable 
polymers that can provide a prolonged effect 
and reduce the frequency of administration. 

Potential release of drug 
substance into storage 
solution; drying of film 
during storage; 
traumatization during 
administration. 

[72-75] 

 

 

Fig. 2: Pathway of drug to a different part of the eye of topically administered microemulsions or liposomes. (1) Stabilization of the tear 
film through microemulsions or liposomes, which helps reduce nasolacrimal drainage and tear outflow, thereby prolonging drug 

residence time on the ocular surface, (2) Spreading of microemulsions or liposomes over the mucin layer, facilitating uniform 
distribution and interaction with the ocular surface, (3) Diffusion through the corneal epithelium and endothelium via the paracellular 

route, allowing drug molecules to pass between cells, (4) Transcellular diffusion, where microemulsions or liposomes penetrate directly 
through the corneal cells, enhancing drug delivery to deeper ocular tissues [76] 
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Fig. 3: Benefits of nanoformulated ophthalmic drug medicines 

 

DISCUSSION 

Analysis of pharmaceutical markets and scientific literature 
underscores the urgent need to develop effective antifungal 
ophthalmic drugs. The optimal dosage form for it to increase 
compliance may be eye drops with improved bioadhesion 
characteristics and the use of various technologies to increase 
bioavailability. In the context of increasing resistance to currently 
available topical eye drops used as monotherapy, combination 
therapies comprising complementary active ingredients are 
considered a particularly promising solution. 

Modern types of packaging for ophthalmic drugs 

Ocular films are usually packaged in blister or contour-mesh 
packaging, which ensures reliable protection and product integrity. 
In some cases, such packaging is equipped with a specialized 
applicator designed to minimize the risk of microbial contamination 
or mechanical damage to the eye during drug administration. This is 
especially important, as the mucous membrane of the eye is highly 
sensitive and vulnerable to external factors.  

Gels for ophthalmic use are usually packaged in tubes with an 
elongated tip, which facilitate convenient administration into the 
conjunctival cavity. However, such packaging has significant 
drawbacks that can affect the quality and safety of treatment. Among 
the main problems are the lack of accurate dosing of the drug, which 
can lead to under-or overdosing, and the increased risk of microbial 
contamination. In clinical settings where gels are used, protection 
from external factors is essential to prevent bacterial ingress into 
the packaging and ensure product sterility.  

Modern eyes drop packaging presents several challenges. Many 
currently available vials do not ensure accurate dosing, and the 
dropper tip may accidentally injure the eye or become a source of 
microbial contamination. Opened vials have a limited shelf life, and 
patients often fail to use the entire volume, resulting in wasted 
medication and unnecessary costs. A potential solution is the use of 
single-dose packaging, which in theory, eliminates the possibility of 
microbial contamination. However, in practice, the complete 
extraction of the drug from single-use containers is not always 
achievable. This forces manufacturers to refill vials, which in turn 
increases the cost of production. Additionally, the use of disposable 
packaging significantly increases the volume of production and the 
volume of materials, which also affects the final cost of the product. 

In addition, most drops use preservatives, which can have adverse 
effects on ocular health, especially with long-term use. These 
excipients may irritate the corneal surface and contribute to the 
development or exacerbation of other eye conditions. Despite the 
proven toxicity of some preservatives, they remain widely used in 

commercial formulations, raising concerns among both clinicians 
and patients regarding their safety and tolerability. 

All these challenges have driven the development of new, safer, and 
more effective ocular drug administration techniques and devices. 
One of these solutions is pump-assisted packaging, which controls 
the process of fluid reuptake and helps to avoid unnecessary loss of 
the drug. These devices are equipped with nozzles treated with 
silver ions that serve as an antibacterial agent. When the patient 
presses the vial, the drop passes through the antibacterial part of the 
nozzle, which helps to sanitize the medication and reduce the risk of 
infection. Such packaging solutions are manufactured by 
Aptarpharma (Switzerland) and Nemera (France), which testifies to 
the high quality and reliability of these technologies in the 
pharmaceutical industry. 

Another innovative solution is the AcuStream® delivery system 
developed by Kedalion (USA). This device utilizes an ultrasonic 
stream of microdroplets to deliver medication to the eye. The 
droplets are reflected off a concave mirror integrated into the 
device, allowing for precise and rapid targeting of the ocular surface. 
The AcuStream® System can be either disposable or reusable, 
allowing the user to choose the most convenient option for 
treatment. However, the widespread adoption of such technologies 
in clinical practice may be hindered by several factors, including low 
patient compliance, high cost, and concerns regarding ease of use 
among both patients and healthcare professionals. 

To further enhance dosing accuracy and minimize the risk of over-or 
underdose, advanced technologies have been introduced for liquid 
drug delivery. For example, the Novelia® system provides precise 
dosing based on the pressure required to deliver the correct dose 
and can be customized through a smartphone. This functionality 
allows both physicians and patients to monitor and manage the 
treatment process in real time, improving therapeutic outcomes and 
adherence. 

In addition, the Novelia® dropper bottle is equipped with a 
secondary contamination protection mechanism, which includes a 
check valve. This design ensures that potentially contaminated 
droplets cannot flow back into the container, thereby significantly 
reducing the risk of microbial contamination. Furthermore, air 
intake occurs through a separate, filtered orifice, which also 
minimizes the likelihood of contamination and enhances the safety 
and convenience of use for the patient [69]. 

According to the data obtained, the use of the Novelia® system for 
storing voriconazole drops does not demonstrate significant 
advantages over traditional vials. Moreover, the implementation of 
this system may lead to an increase in production costs [73]. At the 
same time, switching to preservative-free forms of eye drops, while 
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reducing the risks of toxic effects on the cornea, raises new 
questions. Currently, there are no large-scale studies confirming the 
long-term safety and stability of such preparations, especially under 
conditions of packaging integrity violations or improper storage. 
Thus, in a study [74], preservative-free eye drops for the treatment 
of dry eye syndrome were found to be contaminated with a drug-
resistant strain of Pseudomonas aeruginosa. Even in single-use 
containers, the risk of contamination persists if the patient does not 
adhere to the application deadlines or opens the packaging 
incorrectly. Manufacturers mitigate this with sterile packaging 
technologies and barrier systems, but their effectiveness requires 
further study. Thus, the search for a balance between the safety of 
preservatives and the reliability of preservative-free solutions 
remains a relevant topic in modern pharmaceuticals. 

Another disadvantage of innovative vials such as AcuStream® and 
Novelia® is their high cost, which is driven by a combination of 
technological, manufacturing, and regulatory factors. Although the initial 
cost of these devices is high, their use can lead to reduced overall 
treatment costs by increasing the bioavailability of drugs (reducing the 
loss of active ingredients), reducing the frequency of applications, 
preventing complications from improper dosing, and reducing the 
number of doctor visits due to improved treatment monitoring. 

The problem of implementation is exacerbated by the conservatism 
of reimbursement systems: insurance companies are often unwilling 
to compensate for the higher initial cost, despite the potential long-
term savings. 

Thus, the high cost of these systems reflects not only the 
technological complexity, but also the investment in improving the 
safety, accuracy, and effectiveness of treatment. The key to 
widespread adoption will be to demonstrate not only the clinical 
efficacy, but also the cost-effectiveness of these systems. 

Fungal ophthalmologic infections present significant diagnostic 
challenges in clinical practice, primarily due to their nonspecific 
symptomatology, which closely resembles bacterial lesions, as well 
as the difficulties associated with routine laboratory identification of 
the causative agent. These factors lead to critical delays in the 
initiation of etiotropic therapy, which are further exacerbated by the 
frequent late presentation of patients seeking medical care. 
Collectively, these issues contribute to disease progression and the 
development of severe complications. In addition, the storage of 
most ophthalmic medications requires low temperatures, which 
may further limit their availability, particularly in regions with hot 
climates and unstable energy supplies. 

To optimize the care provided to this category of patients, a 
comprehensive approach is required, including the following future 
directions:  

• Strengthening international cooperation with the WHO and 
relevant nongovernmental organizations is essential for the 
implementation of centralized procurement programs aimed at 
reducing the cost of antifungal agents. Concurrently, the 
development and deployment of targeted educational initiatives for 
healthcare professionals are critical to enhancing the accuracy of 
differential diagnosis between fungal and bacterial ocular infections. 

• The development of thermostable dosage forms is a critical 
advancement that can substantially broaden the capacity for drug 
storage in environments lacking refrigeration infrastructure. This 
innovation is particularly relevant for improving therapeutic 
accessibility in tropical and subtropical regions, where the incidence 
of fungal keratitis is disproportionately high. 

• The inclusion of key antifungal agents, particularly commercially 
available medications —into national essential medicines lists 
represents a critical step toward ensuring equitable access to 
effective antifungal therapy for the general population. 

• Notably, there is a lack of pediatric-specific formulations of 
antifungal agents, which limits safe and effective treatment options 
for children with fungal keratitis. Although fungal keratitis is less 
frequently reported in pediatric populations, the current 
understanding of its clinical presentation, progression, and 

therapeutic response in children remains limited due to its low 
incidence. This knowledge gap may contribute to delayed, incorrect, 
or suboptimal treatment, potentially resulting in irreversible visual 
impairment. Childhood blindness is a lifelong condition that imposes 
substantial emotional, educational, and socioeconomic burdens on 
families and society. Therefore, prioritizing research into pediatric 
fungal keratitis and the development of targeted topical antifungal 
therapies is essential to ensure timely diagnosis and appropriate 
therapeutic interventions. Zhang et al. (2024) conducted a 
comprehensive retrospective analysis of pediatric fungal keratitis 
cases over a 25-year period (1996–2021), highlighting the clinical 
characteristics and treatment outcomes in children [77]. Among the 
antifungal agents evaluated, voriconazole demonstrated the highest 
drug sensitivity rate (up to 80%) and was identified as the most 
effective agent, with the most favorable minimum inhibitory 
concentration values. Importantly, voriconazole exhibited excellent 
corneal penetration, even through an intact corneal epithelium, 
making it particularly suitable for deep stromal infections. These 
findings underscore the potential of voriconazole as a preferred 
therapeutic option in pediatric fungal keratitis, especially in cases 
caused by Fusarium and Aspergillus species, which were the 
predominant pathogens in the study cohort. 

• Additionally, the potential of combination antifungal therapies 
remains insufficiently explored in clinical settings, despite growing 
evidence of their utility in managing resistant fungal infections. The 
severity of fungal keratitis is increasingly aggravated by the 
emergence of resistant fungal species, for which monotherapy may 
be inadequate. Combination therapy has demonstrated superior 
efficacy in such cases, offering broader coverage and reducing the 
risk of resistance development. In this context, one of the critical 
future directions is the development of novel ophthalmic 
formulations that combine antifungal agents, aiming to provide 
effective, noninvasive treatment options with minimal resistance 
potential. Jiang et al. (2020) demonstrated that the combination of 
voriconazole and chlorhexidine exhibits synergistic activity against 
Fusarium spp., suggesting enhanced therapeutic potential [78]. 
Similarly, Al-Hatmi et al. (2016) confirmed the synergistic efficacy of 
natamycin combined with voriconazole against most Fusarium 
strains, outperforming other combinations such as 
natamycin/itraconazole and natamycin/micafungin [79]. 

The hypothesis is currently being tested that topical natamycin 5% in 
combination with chlorhexidine 0.2% is superior to topical natamycin 
5% alone in a two-group, single-blind, randomized controlled trial 
(ISRCTN, ISRCTN87195453, registered 08/27/2020) [80]. 

• Despite these promising findings, significant gaps remain in 
clinical trial data. Most available studies are limited to in vitro 
analyses or small-scale observational reports, with few randomized 
controlled trials evaluating the long-term safety, pharmacokinetics, 
and comparative efficacy of combination therapies in diverse patient 
populations. There is also a lack of standardized protocols for 
evaluating antifungal combinations in ophthalmology. Addressing 
these gaps through well-designed clinical trials is essential to 
validate the therapeutic potential of combination regimens and 
guide evidence-based practice in the management of fungal keratitis. 

CONCLUSION 

Fungal eye infections remain a serious challenge due to diagnostic 
complexity, limited ophthalmic antifungal options, and rising 
resistance. Developing new broad-spectrum agents, improving 
existing formulations, and advancing drug delivery systems—such 
as eye drops, gels, and ocular films—are essential to enhance 
treatment efficacy and patient safety. While these approaches 
demonstrate theoretical potential, their clinical applicability must be 
validated through rigorous in vitro and in vivo studies.  
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