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Abstract
Ocular fungal infections annually affect more than one million individuals worldwide. The management of these infections 
is problematic, mainly due to the limited availability of effective antifungal agents. Thus, ocular infections are increasingly 
recognized as important causes of morbidity and blindness, especially keratitis and endophthalmitis. Thus, this review aims 
to demonstrate the importance of fungal eye infections through the description of the main related aspects, with emphasis 
on the treatment of these infections. For this purpose, a search for scientific articles was conducted in databases, such as 
Medline, published from 2000 onwards, addressing important aspects involving fungal eye infections. In addition, this work 
highlighted the limited therapeutic arsenal available and the severity associated with these infections. Thus, highlighting the 
importance of constantly updating knowledge about these pathologies, as it contributes to agility in choosing the available 
and most appropriate therapeutic alternatives, aiming at positive and minimally harmful results for that particular patient.
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Introduction

Annually, fungal eye infections affect more than one million 
people worldwide and have shown a significant increase in 
recent decades (Mehrandish and Mirzaeei 2021). Keratitis 
(infection of the cornea) is the most frequent form, but the 
orbit, eyelids, lacrimal apparatus, conjunctiva, sclera, and 
intraocular structures (endophthalmitis) can also be affected 
(Thomas 2003a). The distribution of these infections is 
global and the dominant etiology varies based on geo-
graphic origin, socioeconomic level, and climatic conditions 

(Mahmoudi et al. 2018). These ophthalmic diseases are 
highly prevalent in developing, lower-middle-income coun-
tries with hot and humid climates. (Mills et al. 2020; Meh-
randish and Mirzaeei 2021). While filamentous fungi are the 
most common etiologic agents in tropical and subtropical 
regions, yeast plays an important role in temperate regions 
(Mahmoudi et al. 2018; Sahay et al. 2019; Mills et al. 2020).

An overwhelming number of fungal genera and spe-
cies have been identified as a cause of ophthalmic mycoses 
and there is still a steady increase in this number (Thomas 
2003a, b; Mills et al 2020). In cases of filamentous fungal 
infections, Fusarium and Aspergillus species, followed by 
other hyaline fungi, as well as Curvularia species and other 
dematiaceous fungi, are the most common isolates. When 
referring to infections caused by yeasts and related fungi, 
Candida species are the most frequent (Thomas 2003b; 
Czakó et al 2019). Although contamination can occur from 
the environment or from the ocular microbiome, inoculation 
does not occur with intact corneal epithelium, a predisposing 
factor is necessary. Ocular trauma, whether of plant origin 
or contaminated foreign body, is commonly involved in the 
inoculation of the pathogen. However, there are other risk 
factors such as the use of contact lenses (damage to the cor-
neal epithelium or contamination of the storage solution), 
ophthalmic surgery, eye disease, corticosteroid therapy, and 
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hematogenous spread in primary infection from another site 
(Czakó et al. 2019; Mills et al. 2020).

Ocular fungal infections require rapid recognition, as 
prompt diagnosis and appropriate therapy can minimize 
the morbidity normally caused by these infections (Thomas 
2003b; Srinivasan 2004). Important to aid in a correct diag-
nosis and appropriate treatment are differences in geographic 
prevalence, risk factors, pathogenesis, differential signs of 
fungal infection, and susceptibility to the invading pathogen 
(Mills et al. 2020).

The diagnosis occurs in the clinical context (corneal 
trauma, use of contact lenses, history of recent surgery), 
associated with direct examination for observation of fungal 
structures and the culture of the isolated fungus, these repre-
sent the standard used in the routine of laboratory diagnosis 
(Mahmoudi et al. 2018; Czakó et al. 2019). Since there is 
a broad-spectrum of fungi that cause eye infections, differ-
ences in susceptibility patterns are not unexpected. Thus, 
accurate species-level identification and antifungal sus-
ceptibility testing represent an issue of great clinical and 
epidemiological importance and can provide useful data, 
assisting the ophthalmologist in the selection of the most 
effective antifungal (Mahmoudi et al. 2018). Despite this, 
many corneal ulcers are still being treated empirically based 
on clinical features alone, which contributes to poor prog-
nosis and antimicrobial resistance (Mills et al. 2020). Each 
case, although there are basic features, may be different from 
others, depending on the etiologic agent (Thomas 2003b).

Outcomes can be potentially serious and therefore these 
infections should be treated as soon as possible to prevent 
such consequences (Mehrandish and Mirzaeei 2021). How-
ever, the management of fungal eye infections is constrained 
by the availability of effective antifungal agents, poor eye 
penetration, and thus, difficulty in achieving adequate con-
centration at the site of injury, as well as possible unwanted 
effects and toxicity profile (Thomas 2003b; Kaur and Kakkar 
2010; Sahay et al. 2019). Although topical administration 
has always been the most common route of ocular admin-
istration due to its numerous advantages, its limited ocular 
bioavailability poses a major challenge (Mehrandish and 
Mirzaeei 2021). Thus, current therapies are often ineffective, 
and there have been no new topical treatments approved by 
the Food and Drug Administration (FDA) since the introduc-
tion of natamycin in the 1960s, which is a first-line treatment 
(Srinivasan 2004; Mahmoudi et al. 2018; Mills et al. 2020).

Associated with the limitation of clinically approved 
antifungals, the diagnosis is usually late, and the pharma-
cological treatment is often inadequate, including the use 
of corticosteroids. Thus, a considerable portion of patients 
suffer from medical treatment failure and may require sur-
gical intervention, such as therapeutic keratoplasty, at the 
risk of having a moderate or severe visual impairment 
(Mills et al. 2020). Thus, according to the World Health 

Organization (WHO), these infections are one of the main 
causes of a partial or total loss of vision (Srinivasan 2004; 
Mehrandish and Mirzaeei 2021).

Thus, the objective of this review is to demonstrate the 
importance of fungal eye infections related to factors that 
guide the outcome of cases, usually associated with high 
rates of morbidity. For this, aspects involving fungal eye 
infections were addressed concerning their epidemiology 
associated with their clinical form, routes of infection, the 
effectiveness of antifungal treatments concerning their 
spectrum of activity, routes of administration and poten-
tial unwanted effects. Evidencing, in addition to the fungal 
agents commonly involved in eye fungal infections, agents 
that are less frequent, but no less significant in terms of 
morbidity. Thus, highlighting the seriousness that these 
infections represent and how important it is to know all 
the aspects involved in these pathologies for a positive 
outcome for the patient.

Search methodology

The search for scientific articles was carried out using 
the “Pubmed” search engine, in Medline database, 
using different combinations of terms: “fungal”; “kera-
titis”; “endophthalmitis”; “epidemiology”; “treatment”; 
“antifungals”; “clinical case”; “case report”; eye infec-
tion”. Refining the search for works published from 2000 
onwards. In the end, 71 articles that fit the scope of the 
work were used (Fig. 1).

Fig. 1  Flowchart of the search methodology used to select the articles 
to compose the work
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Fungal etiological agents and their 
distribution

In recent decades, the incidence of fungal eye infections 
has increased substantially due to the increasing number 
of patients with risk factors such as immunosuppression, 
use of medical devices, widespread use of antimicrobi-
als, and currently hospitalized patients with COVID-19 
(SARS-Cov-2 infection) (Pappas et al. 2018; Mehrandish 
and Mirzaeei 2021; Musuuza et al. 2021; Spallone and 
Schwartz 2021). The eye is a complex organ and although 
fungal infections are less common compared to bacterial 
or viral infections, they are usually serious and can lead 
to vision loss (Kaur and Kakkar 2010; Mehrandish and 
Mirzaeei 2021). However, fungi cannot penetrate intact 
corneal epithelium; a gateway is required. Hematogenous 
spread, a penetrating injury, or a previous epithelial altera-
tion can facilitate the establishment of the fungus, and, 
once inside the cornea, they are able to proliferate rapidly 
(Kaur and Kakkar 2010).

In fungal keratitis, there is a special occurrence of cases 
in rural workers, mainly in tropical countries, as a result 
of the traumatic inoculation of plant material contami-
nated by fungi. Thus, filamentous and saprophytic species 
constitute the dominant group of pathogens in these cases 
(Klotz et al. 2000; Kalkanci and Ozdek 2010). Further-
more, since the 1980s, contact lenses have been increas-
ingly recognized as a risk factor for keratitis, especially 
for some species (Kalkanci and Ozdek 2010). In cases 
of exogenous endophthalmitis, eye infection results from 
inoculation of the pathogen present on the ocular surface 
or from external sources (Lupia et al. 2021). This type of 
infection usually occurs after eye surgeries and invasive 
clinical procedures, as well as the complication of keratitis 
and in a post-traumatic way (Durand 2017; Lupia et al. 
2021). Endogenous endophthalmitis, on the other hand, 
has its epidemiology intrinsically related to the ability 
of certain fungal species to spread via the hematogenous 
route from an infectious focus, which can be transient or 
continuous (ongoing one) (Chakrabarti et al. 2008; Durand 
2017). The risk of developing these infections by patho-
genic fungi is higher in immunosuppressed patients, due 
to their inability to mount an adequate immune response 
to the offending agent (Klotz et al. 2000; Chakrabarti et al. 
2008).

Therefore, failures or pre-existing damage to the eye tis-
sue are most commonly associated with Candida species, 
while filamentous fungi are the main cause of post-trau-
matic infection (Kaur and Kakkar 2010). The most com-
mon fungal etiologic agents in eye infections are the gen-
era Aspergillus, Candida, and Fusarium, followed by other 
genera such as Blastomyces, Cryptococcus, and Sporothrix 

(Kaur and Kakkar 2010; Słowik et al. 2015; Ahmadikia 
et al. 2021). However, the etiology of these infections, in 
addition to being often related to the form of inoculation 
of the agent, is also related to the patient's risk factors, cir-
cumstantial socioeconomic level, agricultural activity and 
extent of urbanization, geographic and climatic conditions 
of the region, varying widely in different regions of the 
same country (Klotz et al. 2000; Mahmoudi et al. 2018). 
The characteristically hot and humid climate of tropical 
regions, as well as the economic base of countries such as 
Asia, based on agriculture, are associated with favoring 
the development of infections caused by filamentous fungi. 
It is observed that farmers, rural producers, and workers 
who are exposed to the outdoors are more likely to suffer 
eye injuries from plant material, metals, and dust. In con-
trast, in urban areas, with a cold climate, there is a higher 
prevalence of yeast fungi at the origin of the infection (Liu 
et al. 2019). There is an apparent relationship between the 
frequency of isolation of certain fungal species and the 
seasonal variations in temperature, humidity, and wind of 
the respective regions (Thomas and Kaliamurthy 2013). 
Table 1 presents the main fungal pathogens associated 
with the main clinical forms presented above, as well as 
some of the less prevalent fungal pathogens, but which can 
also be causative agents of these infections.

Main clinical presentations

The eye is a complex organ that can be affected by numerous 
diseases (Mehrandish and Mirzaeei 2021). In ophthalmic 
fungal infections, corneal involvement (keratitis) may occur, 
the predominant clinical form, however, other ocular struc-
tures may also be affected, such as the orbit, eyelids, lacrimal 
apparatus, conjunctiva, sclera, and intraocular structures. In 
the latter case, they are classified as endophthalmitis: exog-
enous when a pathogen is introduced by an external source 
and endogenous when this pathogen originates from an 
internal source (Kaur and Kakkar 2010; Słowik et al. 2015).

Fungi require a portal of entry, a penetrating lesion, or an 
anterior epithelial defect because they cannot penetrate the 
intact corneal epithelium (as exemplified in Fig. 2). Once 
they have penetrated the tissue, they quickly establish the 
infectious process and its proliferation (Kaur and Kakkar 
2010). The success of this process is closely related to some 
factors, such as the host’s immune response, the size of the 
inoculum, and the pathogenicity of the fungus (Durand 
2017). Thus, the risk of infection increases when a fungal 
inoculum with a large number of pathogens is introduced, 
as it can overload the host’s defense system (Durand 2017). 
Also, in cases of exogenous endophthalmitis, the clinical 
findings may vary according to the inoculation mechanism 
(Chee and Eliott 2017).
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Ophthalmic fungal infections, for the most part, are asso-
ciated with outcomes with severe morbidity, which in turn 
are closely related to factors such as the physical damage 
that the very presence of the fungal pathogen can cause, the 
response developed by the host to the invading agent and the 
secondary damage from fungal toxins and enzymes (Kaur 
and Kakkar 2010; Mills et al. 2020). The epidemiology of 
the disease also correlates with the pathogenesis of fungal 
eye infections (Kalkanci and Ozdek 2010).

Fungal keratitis presents as severe suppurative, often 
ulcerative lesions with the presence of hypopium, a deposit 
of leukocytes and necrotic cells in the anterior chamber 
forming a lower level by gravity (Thomas 2003b; Thomas 
and Kaliamurthy 2013; Durand 2013, 2017). The clinical 
features commonly seen are grayish-white or yellowish-
white infiltrates with diffuse borders or irregular, feathered 
margins. Lines can be seen extending beyond the edge of 
the ulcer, the base of which often has creamy exudates and 
raised edges. Cell infiltration is minimal in the adjacent 
stroma, iritis is mild but has a rough, dry texture, elevated 
necrotic area, and Descemet's folds (Thomas 2003a; Srini-
vasan 2004). The absence of eyelid swelling is a common 
feature (Srinivasan 2004; Thomas and Kaliamurthy 2013). 
It represents a challenge because it tends to mimic other 
types of stromal inflammation, that is, other conditions that 
also present stromal inflammation (Thomas 2003b). Fungal 
hyphae can be observed within the corneal stroma in some 
cases (Thomas and Kaliamurthy 2013). These infections 
require rapid recognition for a positive outcome. However, 
symptoms are generally nonspecific and more prolonged 
concerning bacterial corneal infections (Thomas 2003b).

Keratitis can progress to endophthalmitis as the fungus 
proliferates and spreads through the cornea and into the 
aqueous humor (Durand 2013). Endophthalmitis has a high 
potential for devastation, which can lead to irreversible 
blindness (Durand 2017). In cases where endophthalmitis 
results from the evolution of keratitis, fungal filaments can 
often be seen extending from the back of the cornea to the 
aqueous humor (Durand 2013; Thomas and Kaliamurthy 
2013). Diminished vision is the most common symptom 
of endophthalmitis, present in almost all patients. Pain, eye 
discomfort, and redness are also common symptoms. Sys-
temic symptoms, such as fever, are frequent in endogenous 
endophthalmitis, however, usually absent in exogenous 
endophthalmitis (Chee and Eliott 2017; Durand 2017). In 
most cases, hypopyon can be observed (Thomas 2003b; 
Thomas and Kaliamurthy 2013; Durand 2017). Patients with 
fungal endophthalmitis caused by the progression of a kera-
titis generally present inflammation in the anterior cham-
ber with possible extension to the vitreous, while fungal 
endophthalmitis originating from penetrating trauma often 
present with more significant vitritis and greater involvement 
of the posterior segment (Chee and Eliott 2017). Initially, Ta
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the rhythm of symptoms and the type of intraocular inflam-
mation drive the diagnosis of the etiology of the infection, 
whether bacterial or fungal. While bacterial endophthalmitis 
usually manifests acutely, days after the triggering event. 
Fungal endophthalmitis usually has a subacute presenta-
tion, worsening symptoms occur over days to weeks, with 
intraocular inflammation that tends to present in "clumps" 
within the aqueous and/or vitreous (Durand 2013, 2017). 
Furthermore, endophthalmitis can spread when it affects 
more vulnerable populations, such as immunocompromised 
individuals (Debourgogne et al. 2016; Kauffman 2016; Rel-
han et al. 2018).

Available treatments and their problems

The ocular morbidity caused by ocular fungal infections 
results from the relationship between invading fungal patho-
gens and the host's defense mechanisms. Even fungi of the 
same species can have different virulence patterns. Further-
more, we have different host defense responses and the adja-
cent ocular microbiome (Mills et al. 2020). Furthermore, 
the choice of antifungal therapy for the treatment of these 
infections should be rational, based on the susceptibility of 
the isolated fungus (Thomas and Kaliamurthy 2013). Impor-
tantly, in determining an appropriate antifungal regimen, it is 

essential to evaluate some aspects of the proposed antifungal 
agent within the clinical picture that is presented: ability to 
penetrate ocular tissues, the spectrum of activity, and toxic-
ity profile (Patil and Majumdar 2017).

The severity and location of fungal eye infections dic-
tate the route of drug administration (Lakhani et al. 2019; 
Mehrandish and Mirzaeei 2021). In the current context, 
conventional therapy for cases of fungal keratitis or other 
infections of the anterior chamber is mostly treated by topi-
cally administering drugs (Mahmoudi et al. 2018; Lakhani 
et al. 2019; Sahay et al. 2019). Considering the benefits of 
topical forms, such as high patient compliance, ease of use, 
non-invasiveness, painlessness, reduced side effects, and 
selective treatment of the anterior chamber, the topical route, 
through eye drops, is preferred for drug administration in 
the treatment of these ophthalmic infections (Lakhani et al. 
2019; Mehrandish and Mirzaeei 2021). Unfortunately, topi-
cal dosage forms face some challenges, such as low drug 
penetration into the different layers of the eye, and com-
pounds with a molecular mass > 500 daltons (Da) barely 
penetrate the intact corneal epithelium. In addition, the high 
frequency of administration, low residence time, and toxic-
ity caused by long-term use are also important challenges 
(Kaur and Kakkar 2010; Mehrandish and Mirzaeei 2021). 
To date, however, no new FDA-approved topical antifungal 
eye delivery system is available (Mehrandish and Mirzaeei 
2021). Strategies using contact lenses containing the active, 

Fig. 2  Anatomy of the eyeball, 
highlighting the cornea and the 
cell layers that compose it
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with gradual release to the ocular surface, are occasionally 
used in the treatment of fungal keratitis (Sahay et al. 2019).

In cases of deeper ocular fungal infections, routes other 
than the topical one are necessary, such as parenteral or 
intraocular routes (Lakhani et al. 2019). Systemic or oral 
antifungal treatment is used in cases with scleral or limbic 
involvement, endophthalmitis, impending perforation or per-
forated corneal ulcer, pediatric cases, recalcitrant cases, and 
post-keratoplasty patient cases (Sahay et al. 2019). The asso-
ciation of oral antifungal agents in cases of refractory ocular 
fungal infections has been adopted, with some success. They 
are not routinely recommended as a single treatment, based 
on the currently available evidence (Sahay et al. 2019). The 
intrastromal and intracameral routes for antifungal release 
are used in cases of deep and recalcitrant fungal keratitis 
(Sahay et al. 2019). Exemplified in Fig. 3.

The most suitable choice for the treatment of ophthalmic 
mycoses has the ultimate goal of preserving vision, and this 
depends on a rapid diagnosis and efficient administration of 
appropriate antifungal therapy (Thomas 2003a). However, 
currently, the therapy for fungal diseases of the eye is unsat-
isfactory (Srinivasan 2004).

Polyene and azole antifungals are known to exhibit ocular 
and systemic toxicities, which manifest as one of the main 
challenges associated with their therapeutic use (Lakhani 
et al. 2019). These classes of antifungals come to occupy 
an important niche in ophthalmic antifungal therapy due to 
their broad spectrum of activity against a variety of filamen-
tous and yeast fungi (Patil and Majumdar 2017; Lakhani 
et al. 2019). Thus, they have been used as first-line therapeu-
tic agents to treat ocular fungal infections, with their topical 
application as the primary approach (Patil and Majumdar 
2017; Lakhani et al. 2019). However, their use in ocular 
antifungal therapy has been a challenge due to their physico-
chemical properties and the ocular anatomy and physiology, 
since in many cases, they exhibit low penetration through the 
cornea, limiting their usefulness in cases of deeper infections 
(Patil and Majumdar 2017; Lakhani et al. 2019).

Currently, 5% natamycin suspension is the only FDA-
approved topical formulation for the treatment of ophthalmic 
fungal infections (Kaur and Kakkar 2010; Czakó et al. 2019; 
Lakhani et al. 2019; Sahay et al. 2019). Natamycin is an 
effective drug in the treatment of fungal infections such as 
keratitis, being an effective first line of treatment (Patil and 
Majumdar 2017; Mahmoudi et al. 2018). Its antifungal activ-
ity is related to the dose used clinically, at which it is mainly 
fungicidal (Sahay et al. 2019). This drug has low solubility 
in water, but is stable in suspension, and in this form, it 
has good adhesion to the cornea for clinically useful peri-
ods (Thomas 2003a; Kaur and Kakkar 2010). Topical 5% 
ophthalmic suspension, although viscous, has better ocular 
tolerability compared to other antifungals and does not cause 
pain or secondary corneal damage (Thomas 2003a; Kaur and 

Kakkar 2010; Patil and Majumdar 2017). There is poor pen-
etration into the corneal stroma and conjunctiva after topical 
application, due to its high molecular weight, thus low bio-
availability, necessitating frequent administrations (Thomas 
2003a; Kaur and Kakkar 2010; Patil and Majumdar 2017; 
Mahmoudi et al. 2018; Lakhani et al. 2019). Generally, this 
administration ensures a sufficient concentration of the anti-
fungal within the corneal stroma, but not in the aqueous, 
and there is no systemic absorption. Thus, corneal epithelial 
debridement may be an option to increase its penetration 
(Sahay et al. 2019). It can only be administered topically, 
as intravenous and subconjunctival administration does not 
lead to therapeutic concentrations in the cornea, aqueous 
humor, and vitreous. Thus, it is only useful in the treatment 
of superficial infection and has no application in deep ker-
atomycosis (Kaur and Kakkar 2010; Patil and Majumdar 
2017). Likewise, it cannot be administered intracamerally 
either (Czakó et al. 2019). It has been used in association 
with other forms of treatment for the therapy of fungal scle-
ritis, conjunctivitis, and endophthalmitis (Thomas 2003a; 
Kaur and Kakkar 2010).

Another polyene of great importance is amphotericin B, 
an antifungal variably fungistatic and occasionally fungi-
cidal, depending on the concentration reached in the tis-
sue and the susceptibility of the pathogen (Thomas 2003a; 
Sahay et al. 2019). It penetrates poorly into ocular tissues, 
so it has been used intravenously to treat invasive orbital 
and intraocular infections, being the antifungal of choice 
for the treatment of endogenous fungal endophthalmitis 
(Armstrong 2000; Thomas 2003a; Kalkanci and Ozdek 
2010; Kaur and Kakkar 2010). Efficacy in fungal keratitis 
via the off-label topical route depends on corneal integrity, 
being reduced in the presence of an intact corneal epithe-
lium (Kalkanci and Ozdek 2010; Patil and Majumdar 2017; 
Lakhani et al. 2019). This is due to its high molecular weight 
and low aqueous solubility, which lead to greater difficulty 
in penetration through the cornea and the blood-retinal 
barrier (Lakhani et al. 2019). A 0.15% solution of ampho-
tericin B in sterile water used in clinical practice appears 
to be well tolerated. Topical application of 0.5–2.0% oint-
ment has been reported to be well tolerated, but may cause 
some conjunctival irritation (Thomas 2003a; Kalkanci and 
Ozdek 2010). Administration of amphotericin B through a 
collagen lens can improve compliance and ensure a more 
constant rate of drug delivery in mycotic keratitis. How-
ever, it can make it difficult for the clinician to perform fre-
quent clinical examinations on the affected eye, in addition, 
improper use can also lead to increased toxicity (Thomas 
2003a). Intravitreal injections of amphotericin B have been 
recommended for the treatment of fungal endophthalmitis 
(Thomas 2003a). Intracameral administration may be con-
sidered in the treatment of deep fungal corneal ulcers, with 
deep stromal involvement, associated with severe anterior 
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chamber reaction, or resistant cases, with minimal toxicity 
being reported (Mahmoudi et al. 2018; Sahay et al. 2019). 
Intrastromal administration leads to higher concentrations 
of the drug in the corneal stroma and therefore, a shorter 
healing time (Czakó et al. 2019).

The azoles, such as thiabendazole, itraconazole, clotrima-
zole, miconazole, ketoconazole, fluconazole, voriconazole, 
and econazole, are therapeutic options for eye infections 
(Armstrong 2000). All azoles except fluconazole appear to 
decrease the function of immune cells, especially lympho-
cytes; this may decrease the degree of tissue damage that 
occurs with the inflammatory reaction, but it also affects the 
effectiveness of azoles in vivo (Thomas 2003a).

Fluconazole is a suitable candidate for the treatment of 
deep Candida keratitis, but cannot be considered the agent 
of choice in the treatment of filamentous fungal keratitis 
(Thomas 2003b; Lakhani et al. 2019). This antifungal drug 
is a stable and water-soluble, with low molecular weight 
and high bioavailability, which may be useful as an ocular 
agent (Kaur and Kakkar 2010). It penetrates ocular barri-
ers, both in off-label topical (1and %), oral and systemic 
administration, and has shown a therapeutic response in fun-
gal keratitis. Indicated even in deep eye fungal infections 
(Thomas and Kaliamurthy 2013; Patil and Majumdar 2017; 
Lakhani et al. 2019). Fluconazole achieves high levels of 
penetration into ocular tissues hours after a single dose, its 
oral bioavailability is about 90%, with low plasma protein 
binding capacity (10–20%) and low lipophilicity, reaching 

a concentration in the aqueous humor. 64% of the plasma 
concentration (Armstrong 2000; Thomas 2003a; Sahay et al. 
2019). One study evaluated the combined therapy of sub-
conjunctival injection of fluconazole plus topical ampho-
tericin B, compared with topical amphotericin alone. This 
work demonstrated shorter healing time and lower rates of 
complications, such as tissue perforation, in the association 
group, with possible benefits in cases of resistant or more 
severe pathogens (Nada et al. 2017).

Fluconazole is considered a cost-effective and safe anti-
fungal agent with a low toxicity profile among azole antifun-
gals (Lakhani et al. 2019). However, the use of fluconazole 
has its challenges, which is the rapid development of resist-
ance and cross-resistance to the fungal species on prolonged 
exposure or due to an incomplete therapeutic regimen (Patil 
and Majumdar 2017).

Voriconazole has demonstrated therapeutic efficacy in 
fungal keratitis and endophthalmitis after intrastromal, 
intracameral, intravitreal, oral, and topical administra-
tion (Thomas and Kaliamurthy 2013; Patil and Majumdar 
2017; Mahmoudi et al. 2018; Lakhani et al. 2019). It is 
available in oral and parenteral formulations, its ophthal-
mic use in topical form off-label requires reconstitution 
of the available parenteral formulation to a 1–2% solution 
(Thomas and Kaliamurthy 2013; Sahay et al. 2019). Vori-
conazole is the preferred azole to be used topically in the 
treatment of fungal eye infections (Patil and Majumdar 
2017; Mahmoudi et al. 2018). Topical voriconazole has 

Fig. 3  Fungal inoculation by 
trauma and ways of using the 
main pharmacological treat-
ments
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high intraocular penetration and is well tolerated by ocular 
tissue (Thomas and Kaliamurthy 2013). This drug by the 
topical route reaches a concentration in the aqueous humor 
above the minimum inhibitory concentration (MIC). How-
ever, it has high variability of its concentration in this tis-
sue, and thus concentrations lower than the MIC required 
to treat the infection can also be found (Mahmoudi et al. 
2018; Sahay et al. 2019).

Generally, voriconazole is administered orally for the 
treatment of keratitis because of greater patient compli-
ance, high oral bioavailability (approximately 90%), good 
penetration and bioavailability in ocular tissues (Mahmoudi 
et al. 2018; Sahay et al. 2018, 2019). Oral administration of 
voriconazole may be an effective treatment in some cases of 
fungal keratitis, with an intraocular antifungal concentration 
above the MIC required for most corneal fungal pathogens 
(Mahmoudi et al. 2018). Intracameral administration of vori-
conazole (50 µg/0.1 mL) has been reported to be effective 
in cases of deep, recalcitrant fungal corneal ulcers (Thomas 
and Kaliamurthy 2013; Mahmoudi et al. 2018; Sahay et al. 
2019). Intrastromal administration leads to higher concentra-
tions of the drug in the corneal stroma, providing a depot of 
the drug, close to the ulcerated area, from where the antifun-
gal is slowly released into the infected tissue, to envelop the 
infected tissue (Czakó et al. 2019; Sahay et al. 2019). It leads 
to a shorter healing time (Czakó et al. 2019). It is an effective 
approach for recalcitrant deep corneal fungal infections that 
do not respond to conventional treatment modalities (Sahay 
et al. 2019). There have been reports of successful use in 
recalcitrant keratitis by Acremonium and Alternaria, which 
may have a cure rate above 70% (Sahay et al. 2019).

A randomized study evaluated 323 patients with filamen-
tous fungal keratitis and compared topical treatment with 
5% natamycin and 1% voriconazole. The group treated with 
voriconazole had a significantly worse outcome, showing a 
higher risk of perforation and need for surgical treatment, 
in addition to a lower visual acuity after three months of 
treatment, with the worst response against Fusarium spp. 
(Prajna et al. 2013). One of the possible explanations for 
this performance was the widespread use of the azole class 
in agriculture and the development of cross-resistance (Pra-
jna et al. 2016a). The same group evaluated the use of oral 
voriconazole as an adjuvant to the use of topical natamycin 
in the treatment of severe filamentous fungal keratitis and 
found a greater adverse effect in the oral voriconazole group. 
However, when stratifying only Fusarium spp. keratitis, it 
showed a lower rate of perforations and the need for sur-
gical treatment, in addition to fewer scars after healing of 
the infection in the oral voriconazole group, demonstrating 
a potential synergistic effect in this fungal species (Prajna 
et al. 2016b, Prajna et al. 2017). However, voriconazole has 
a disadvantage concerning its cost, which is high, which 
makes routine use unfeasible (Prajna et al. 2010).

Ketoconazole was the first oral broad-spectrum azole 
antifungal and its absorption is strongly dependent on gas-
tric pH, requiring an acidic medium for dissolution and 
absorption (Thomas 2003a; Sahay et al. 2019). Topical and 
systemic use of this antifungal is recommended for the treat-
ment of fungal keratitis (Kaur and Kakkar 2010). Topical 
administration showed penetration only when the corneal 
epithelium was scraped, as it has poor penetration through 
the intact cornea and blood barriers. This is due to its high 
molecular weight, hydrophobic character, and its ability 
to bind proteins (Patil and Majumdar 2017; Lakhani et al. 
2019; Sahay et al. 2019). As such, it is often used only as 
an adjunct to ocular antifungal therapy (Patil and Majumdar 
2017). In oral administration, high concentrations of keto-
conazole were achieved in the cornea and anterior chamber, 
thus it is recommended for deep ocular fungal infections 
(Patil and Majumdar 2017).

Topical ketoconazole use is not associated with signifi-
cant corneal toxicity and is generally well tolerated (Thomas 
2003a; Patil and Majumdar 2017). However, oral adminis-
tration of ketoconazole can lead to several reversible side 
effects. However, since prolonged therapeutic regimens may 
be necessary, the use of oral ketoconazole has been limited 
(Thomas 2003a; Patil and Majumdar 2017).

Itraconazole is strongly associated with the emergence of 
resistance and cross-resistance (Patil and Majumdar 2017). 
This drug is available in systemic, oral (capsules and oral 
solution) and topical (ointments and 1% ophthalmic solu-
tions) formulations, these formulations are not universally 
available (Thomas and Kaliamurthy 2013; Sahay et  al. 
2019). Topical administration has low penetration, due to 
molecular weight, binding to proteins in the tear-lipid film, 
and high hydrophobicity (Lakhani et al. 2019). This anti-
fungal is well absorbed after oral administration, but gas-
tric absorption depends on a low pH. It is very hydropho-
bic, thus highly concentrated in lipid-rich tissue, and has 
90–99% binding to plasma proteins (Thomas 2003a; Sahay 
et al. 2019). Itraconazole is generally well tolerated after oral 
administration, but the main disadvantage of using this route 
for the therapy of fungal eye infections is its low availabil-
ity in ocular tissues, cornea, aqueous humor, and vitreous 
(Thomas 2003a; Kaur and Kakkar 2010; Patil and Majumdar 
2017). Therefore, it is generally not recommended for the 
treatment of eye infections due to a lack of consistent clinical 
efficacy (Patil and Majumdar 2017; Sahay et al. 2019). Even 
though intravitreal and subconjunctival injections exhibit 
therapeutic activity, some studies have reported the occur-
rence of retinal necrosis (Patil and Majumdar 2017). Due 
to the availability of scarce data in this regard, intravitreal 
and subconjunctival administration has not been clinically 
adopted (Patil and Majumdar 2017). Typically, itraconazole 
is only used as a systemic adjunct to topical or intraocular 
antifungal therapy (Patil and Majumdar 2017).
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Posaconazole has been used successfully to treat mycotic 
keratitis, either as an oral monotherapy or in combination 
with a topical formulation of other antifungals, primarily 
in the treatment of severe Fusarium species keratitis and 
keratitis resistant to common antifungals (ketoconazole, flu-
conazole, and voriconazole) (Sahay et al. 2019; Mills et al. 
2020). It is available as an oral suspension, delayed-release 
tablet, and intravenous solution and has off-label topical use. 
Highly protein bound (98%) and with low penetration into 
ocular compartments (Sahay et al. 2019).

Some other azole drugs may represent treatment options, 
although with less frequent and/or more restricted use. 
Miconazole shows variable activity against filamentous fun-
gal species, and potent activity against Aspergillus species 
but weak activity against Fusarium species (Lakhani et al. 
2019). Miconazole appears to be important in the treatment 
of Scedosporium apiospermum keratitis (Thomas and Kalia-
murthy 2013). The intravenous administration solution can 
be used for topical ocular (1%) off-label administration or for 
subconjunctival administration (Thomas 2003a; Kaur and 
Kakkar 2010; Thomas and Kaliamurthy 2013; Lakhani et al. 
2019). However, it has low penetration through the cornea 
and blood barriers due to its high molecular weight, hydro-
phobic character, and protein binding (Lakhani et al. 2019).

Clotrimazole is used topically off-label (1%), in the form 
of drops and/or ointment, however, clotrimazole as mono-
therapy is not the ideal choice (Srinivasan 2004; Thomas and 
Kaliamurthy 2013; Lakhani et al. 2019). Econazole 1% is 
available as an ophthalmic drug with an effect similar to that 
of natamycin against filamentous fungi (Srinivasan 2004). 
The drug was recommended in the 1970s, but there are no 
recent reports on its use as a first-line therapy for mycotic 
keratitis (Thomas 2003b).

Isavuconazole is an option when first-line treatment 
has a contraindication. Successfully used orally in case of 
endophthalmitis due to Candida spp., with improvement of 
the infection (Sng et al. 2021). In tests of endophthalmitis 
by Aspergillus fumigatus in mice, isavuconazole showed 
the ability to considerably reduce the fungal burden and 
intraocular inflammation (Guest et al. 2018).

Amphotericin B, natamycin, and voriconazole are the 
only topical antifungals with sufficient evidence regarding 
their efficacy, safety, and clinical indications (Sahay et al. 
2019). However, because of the challenges associated with 
polyenes and azoles, drugs from the newest class of antifun-
gals, echinocandins, are being extensively investigated as 
potential therapeutic agents in ophthalmic fungal infections 
(Mahmoudi et al. 2018).

Echinocandins (caspofungin, micafungin, and anidu-
lafungin) is poorly absorbed by the gastrointestinal system 
and the drugs are therefore only available in parenteral for-
mulations. They have limited distribution to ocular tissues, 
leading to a low concentration in these tissues (Sahay et al. 

2019). For penetration of echinocandins to occur, it is essen-
tial that the corneal barrier is not intact, and corneal scraping 
is necessary during therapy (Patil and Majumdar 2017).

Topical (0.5%) off-label caspofungin has been reported 
to be beneficial in refractory mycotic keratitis and the intra-
venous formulation has been used successfully in cases of 
recurrent endophthalmitis, as well as reports of use in the 
treatment of cases of refractory keratitis by species from 
Alternaria (Thomas and Kaliamurthy 2013; Sahay et al. 
2019). In a study of two cases of fungal endophthalmitis, 
the intravitreal injection of caspofungin was observed as the 
clinical turning point in the course of the treatment of both 
cases, as well as no damage to the intraocular structures 
resulting from the use of the antifungal agent was observed 
(Von Jagow et al. 2020).

Echinocandins intopical formulations (caspofungin and 
micafungin), in monotherapy or in combination, are reported 
successfully in the treatment of keratitis and endophthal-
mitis caused by Candida, Alternaria, Aspergillus, Trichos-
poron species (Patil and Majumdar 2017; Mills et al. 2020). 
According to some case studies, intravenous micafungin can 
be considered as ocular antifungal therapy in cases of mild 
endogenous fungal endophthalmitis without vitrectomy. It 
can also be combined with an intravitreal antifungal agent 
and vitrectomy for the treatment of severe endogenous fun-
gal endophthalmitis (Mochizuki et al. 2013). However, the 
most successful clinical outcomes with caspofungin and 
micafungin were with concomitant therapy with other anti-
fungals such as voriconazole, fluconazole, and amphotericin 
B (Patil and Majumdar 2017).

Efficacy is greater or similar to commonly used antifun-
gals such as fluconazole. In addition, 0.5% caspofungin has 
been shown to be as effective as 0.15% amphotericin B in 
treating fungal keratitis (Patil and Majumdar 2017; Mills 
et al. 2020). It is imperative to compare the efficacy and 
safety of echinocandin monotherapies using topical, oral, 
intraocular, and systemic routes of administration (Patil and 
Majumdar 2017). In the case of anidulafungin for ophthal-
mic fungal infections, studies are still scarce, therefore, it 
is essential to evaluate anidulafungin for its ocular phar-
macokinetics, efficacy, safety, and tolerability (Patil and 
Majumdar 2017). However, the use of a single intravitreal 
dose of anidulafungin in a model of endophthalmitis by C. 
albicans in rabbits, demonstrated that this echicandin was 
non-inferior to voriconazole and amphotericin B. Further-
more, this study demonstrated the non-toxicity for the retina 
of this antifungal agent (Karagoz et al. 2016).

Flucytosine is used as topical (1.0–1.5%) and systemic 
formulations, well tolerated as eye drops, but with low eye 
penetration (Armstrong 2000; Thomas and Kaliamurthy 
2013; Sahay et al. 2019). Polyhexamethylene biguanide is a 
general environmental biocide. It has been used as a preserv-
ative in topical ophthalmic products. It is soluble in water 
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and tested in the form of 0.02% eye drops, with success 
reported in clinical practice in many institutions (Thomas 
2003a; Czakó et al. 2019). Corticosteroid-containing eye 
drops are contraindicated in eye fungal infections, as they 
are used in an attempt to reduce tissue damage caused by the 
inflammatory reaction directed against a microorganism and 
end up worsening the course of an existing fungal infection 
that has not yet been diagnosed (Thomas 2003b; Czakó et al. 
2019). Table 2 presents the main pharmacological thera-
peutic options available for the treatment of ocular fungal 
infections, as well as the main related aspects.

Although much progress has been made in the treat-
ment of these fungal eye infections, 15–27% of patients 
require surgical intervention due to failure of therapy or 
due to advanced disease at presentation (Thomas 2003b). 
If the corneal infection progresses despite vigorous antifun-
gal therapy, surgical intervention may be mandatory. One 
method or a combination of several methods may be con-
templated, depending on the nature, extent, and severity of 
the corneal infection (Thomas 2003a; Czakó et al. 2019). For 
the treatment of small superficial ulcers, the recommended 
methods include techniques with greater or lesser invasive 
potential, such as debridement, the use of conjunctival flaps 
(for small peripheral ulcers) in association with antifungal 
therapy, tissue adhesives (n-butyl cyanoacrylate glue) and a 
therapeutic contact lens have also been advocated (Thomas 
2003b). Amniotic membrane transplantation may also help 
promote healing and reduce inflammation in keratitis (Srini-
vasan 2004; Kalkanci and Ozdek 2010).

Different pharmacological treatments are described, but 
surgical interventions may also be necessary. Therapeutic 
surgery may be necessary for clinical cases of fungal kerati-
tis where there are more severe ulcers. In cases where there 
is impending perforation, perforation greater than 2 mm, 
or when there is no response to medical therapy, penetrat-
ing keratoplasty is indicated (Thomas 2003b; Kalkanci and 
Ozdek 2010; Thomas and Kaliamurthy 2013). In cases of 
mild to moderate keratitis, the need for therapeutic kera-
toplasty (TPK) is ~ 15%, however, for severe cases, it can 
reach 40% (Mills et al. 2020). It is very important to try to 
maintain the therapy as long as possible, to make the fun-
gus unfeasible before surgery, with an improvement in the 
prognosis. Surgery attempts to remove antigens and infec-
tious elements, as well as necrotic tissue and other debris, 
which can make it difficult for the lesion to heal completely 
(Thomas 2003a; Thomas and Kaliamurthy 2013). Surgery 
can also help by increasing antifungal penetration, bringing 
irrigation in the form of conjunctival flaps, by stabilizing the 
corneal epithelial surface, and providing tectonic support to 
the globe when integrity is threatened, as in corneal thinning 
or perforation (Thomas 2003a). The objective of this tech-
nique is to eliminate the infection and restore tissue integrity. 
The cure rate of TPK can range from 60 to 90% (structural 

integrity and eradication of infection), with a recurrence 
rate of 6–15% and graft transparency of 36–89% (Srinivasan 
2004; Kalkanci and Ozdek 2010; Mills et al. 2020).

Vitrectomy is an important therapeutic strategy in many 
cases of ocular fungal infections, such as endophthalmitis. 
Although there have been cases of fungal endophthalmi-
tis treated with pharmacological therapy alone, evidence 
supports the use of vitrectomy during the course of treat-
ment for fungal endophthalmitis. This evidence is largely 
based on case reports and large case series, describing it as 
an important component of treatment, especially in cases 
of fungal endophthalmitis with dense vitreous infiltrates 
(Durand 2013; Chee and Eliott 2017). This technique has 
some advantages, as it removes fungi from the vitreous, ends 
up reducing the infectious load, provides the elimination 
of vitreous opacities and improves vision, can facilitate the 
diffusion of antifungal agents in the vitreous cavity, limits 
vitreoretinal traction and plays an important role in the pre-
vention and treatment of retinal detachment (Chee and Eliott 
2017). Also, vitrectomy allows the removal of intraocular 
structures, from endogenous and exogenous sources and that 
had their penetration occurred together with the fungal ele-
ments, which may be essential for the complete resolution 
of the infection (Chee and Eliott 2017). Therefore, this tech-
nique leads to improved visual results, especially in patients 
who have significant visual loss (Durand 2013).When there 
is no response to any of the therapeutic options performed 
and infection progression, there is aggressive surgical treat-
ment, which may include orbital exenteration (Kalkanci and 
Ozdek 2010).

The response to therapy depends on numerous factors 
related to the host, pathogen, and chosen therapy. Cases 
of superficial eye infections by Fusarium, Aspergillus, and 
Curvularia species respond well to topical natamycin ther-
apy, without the need for surgical intervention. In cases of 
deeper infections by these fungi, surgical intervention may 
be necessary for most patients, especially without the use 
of natamycin (Thomas 2003a; Thomas and Kaliamurthy 
2013). Pheohyphomycete eye infections, except Curvularia 
spp., mostly respond to antifungal therapy, topical natamy-
cin, oral and/or topical ketoconazole, oral ketoconazole and 
topical miconazole, topical amphotericin B alone, or oral 
itraconazole alone (Thomas 2003a; Thomas and Kaliamur-
thy 2013). In cases of eye infections by Candida spp. the 
use of topical amphotericin B alone or in combination with 
systemic azoles generally has a good prognosis (Thomas 
2003a). In eye infections by S. apiospermum, the outcome is 
closely associated with the severity with which the condition 
is presented, with frequent need for surgical intervention. 
Meanwhile, cases related to Acremonium spp., require anti-
fungal therapy combined with the surgical intervention of a 
keratoplasty. Other fungi present variable results, according 
to the extent of the infection (Thomas 2003a).
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Mycotic keratitis usually responds slowly to antifungal 
therapy over a period of weeks. Clinical signs of improve-
ment should be watched carefully (Thomas 2003b; Thomas 
and Kaliamurthy 2013). Decreased pain, decreased infiltrate 
size, the disappearance of satellite lesions, disappearance of 
the hypopyon, and fibrosis in the healing region of fungal 
lesions may indicate signs of improvement (Thomas and 
Kaliamurthy 2013). Despite repeated scrapings made during 
treatment, growth may not be observed in the culture. This 
lack of growth does not necessarily indicate that the fungus 
has been eradicated, as fungi may proliferate deep into the 
stroma. Therefore, therapy should be continued for at least 
6 weeks. A corneal biopsy may be an alternative for mate-
rial collection in those very deep lesions (Thomas 2003a; 
Thomas and Kaliamurthy 2013).

In view of the above, Table 3 brings together a compila-
tion of clinical cases of fungal eye infections, highlighting 
the main clinical information of each case and demonstrating 
the criticality that these pathologies can present. Through 
this representation table of real clinical cases, we can visual-
ize the entire context discussed so far in the work: the etio-
logical diversity, lack of standardization of therapy, dyna-
mism of therapy and the different outcomes (always with the 
presence of some type of sequel after resolution of the infec-
tion). Therefore, due to the severity of ocular fungal infec-
tions, the increase in the incidence and fungal resistance, as 
future perspectives, the emergence of new antifungal drugs 
is expected, in addition to the improvement of pharmacoki-
netics and biodistribution through the improvement of drug 
delivery systems, such as liposomal formulations, polymeric 
micelles and nanoparticles (Garg et al. 2016).

Conclusion

Despite the high morbidity related to eye fungal infections, 
there is still a succession of important problems associated 
with them. Slow, faulty or non-existent identification of the 
etiologic agent, especially when it has a lower prevalence 
and, thus, more empirical management, can result in more 
serious outcomes. Despite the predominance of some spe-
cies/genera, there is etiological diversity in the cause of 
these infections. In addition, the slow and complex pro-
cess of defining the most appropriate pharmacological and/
or non-pharmacological treatment is closely related to the 
patient's clinical history and the correct diagnosis. Still, it 
is very important to emphasize the limited therapeutic arse-
nal available for the management of these pathologies, the 
absence of standard pharmacological therapy and the wide 
use of natamycin, amphotericin B and voriconazole. The 
therapy presents intense dynamism of the pharmacological 
scheme and extensive use of polytherapy. All these aspects 
about ocular fungal infections were corroborated through the Ta

bl
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compilation of clinical cases presented. Therefore, for the 
patient's outcome to be positive and minimally harmful, it is 
necessary to have a broad knowledge of the aspects that are 
involved in ocular fungal infections in their entire context.
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