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Abstract
Keratitis and subsequent damage to the cornea resulting from infectious causes 
is one of the most serious problems facing ophthalmology today. One of the 
most common etiologies is fungal infection. Symptoms range from pain and 
visual deterioration, Wessely ring, inflammatory reaction in the anterior cham-
ber or ropost. Diagnosis in addition to the classic medical and ophthalmologic 
examination consists of microscopic examination of scrapings, Gram exami-
nation combined with culture gives a 90% chance of detecting a fungal etiol-
ogy. Good results are also observed with PCR testing, which helps speed up 
diagnosis. Treatment is time-consuming and has a high risk of complications. 
Two techniques are used to treat fungal infections of the cornea, surgical and 
pharmacological, such as the antifungal polyene antibiotics nystatin, natamy-
cin, amphotericin B or thiazole derivatives like fluconazole and voriconazole. 
For filamentous fungi, natamycin 5% or voriconazole 1% are used at various 
intervals. Natamycin, despite the much poorer availability of the drug in coun-
tries such as Africa, has much better clinical results along with a lower risk of 
complications, as confirmed by the MUTT. A big problem also is subsequent 
bacterial superinfection, leading to the need for topical antibiotics. Surgical 
treatment is used in case of failure of pharmacotherapy, up to 4 weeks after the 
diagnosis of the disease, but it carries a high risk of complications. In the early 
stages of the disease, a new cross-linking technique can be considered, which 
is described as an alternative to direct antifungal or antibacterial treatment.
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is a clinical challenge because 

of the slow disease process, 
features comparable to those 

of other keratitis, and potential 
complications.
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figure 1

Deep fungal keratitis after several weeks of conservative 
treatment (1st case).

figure 2

Fungal keratitis after weeks of conservative treatment, 
corneal perforation (2nd case).

Introduction
Keratitis can be caused by bacteria, viruses, fungi and pro-
tozoa. Through the entry of microorganisms into the cor-
neal periphery, inflammatory infiltrates are formed, which 
reduce the transparency of the cornea [1]. Fungal patho-
gens enter the corneal dermis through damaged epithelium 
leading to necrosis and inflammatory reaction [2]. Fungal 
keratitis is one of the most common causes of eye diseases 
worldwide, especially in tropical and subtropical countries. 
Studies presented by the World Health Organization show 
that corneal blindness is the second leading cause of blind-
ness. Ocular injuries and corneal ulcers are among the most 
common causes of corneal blindness [3].

Clinical picture
The symptoms that a patient presents with fungal kerati-
tis are similar to those of bacterial ulceration. The patient 
reports pain, a foreign body sensation, discomfort, blurred 
vision, excessive tearing, redness of the eye, tearing and the 
presence of discharge. On physical examination, we see, 
among other things, ciliary congestion, infiltration in the 
corneal parenchyma with a gray color, often a Wessely ring, 
not infrequently an inflammatory reaction in the anterior 
chamber, roposts as well as deposits on the endothelium 
that form endothelial plaque [4]. Figures 1 and 2 show ex-
amples of the clinical picture of fungal keratitis after sev-
eral weeks of conservative treatment. Figure 2 additionally 
shows corneal perforation, which is a complication of a fun-
gal infection.

Diagnostics
The diagnostic process should be based on a thorough 
history, the ophthalmologist, during a conversation with 
the patient, should try to identify all risk factors that may 
have influenced the onset of a particular condition, such as 
ocular trauma. In addition to basic tests such as slit-lamp 
examination of the eye, we have other methods available to 
confirm the diagnosis being made. One method is micro-
scopic examination of a preparation taken from the cornea 
or corneal scrapings. The slide should be prepared in 10% 
potassium hydroxide and evaluated under the microscope, 
look for the presence of mycelial filaments or yeast cells. 
This is a simple, easily accessible and inexpensive diagnos-
tic method [5].
Another tests are to use a direct preparation using the 
Gram staining technique and culture. The obtained sam-
ples should be inoculated on an appropriate medium, in 
the case of fungi it is Sabouraud medium, it allows the 
detection of the pathogen in up to 90% of cases, which 
makes it possible to confirm the fungal etiology of the in-
fection [6].
Genetic tests detecting the fungal genome are used in di-
agnostics and have high sensitivity. They are less time-con-
suming to perform than cultures and are ideal for testing 
samples taken from the surface of the eye, which are not 
large in volume. The agarose gel electrophoresis PCR 
method used is gaining popularity and is now available 
in many diagnostic laboratories. The nested PCR method 
increases the sensitivity of the test performed, while PCR 
with real-time readout is a molecular technique highly ef-
fective in diagnosing fungal keratitis. This technique addi-
tionally allows to analyze high-resolution melting curves, 
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which allows not only to detect fungi in a given prepara-
tion, but also to distinguish yeast from mold fungi and at 
the same time to differentiate them between different spe-
cies of yeast [5].
However, an additional very useful test performed in the 
diagnostic process is optical coherence tomography of the 
anterior segment of the eyeball, which makes it possible 
to assess the depth of inflammatory infiltration within the 
cornea, anterior chamber and iris of the eye. This examina-
tion is non-invasive and its replication allows monitoring 
the progress of therapy [7].

Treatment 
Fungal keratitis poses a therapeutic challenge for clinicians 
[8]. A significant proportion of these infections do not re-
spond to pharmacological treatment [2]. Currently avail-
able antifungal agents often act fungistatic but not fungi-
cidal, making treatment require prolonged time until the 
patient’s immune defenses are able to completely eradicate 
the infection [9]. Additionally, there are significant barri-
ers for patients to access treatment, resulting in delays and 
potentially worse outcomes [10]. Close observation in the 
hospital setting during treatment is necessary to ensure 
that the patient’s clinical condition does not worsen. The fi-
nal outcome depends on many factors, such as the patient’s 
general health, immune system status and comorbidities 
[9]. It should be remembered that the risk of complications 
such as perforation or scarring is high in every patient.

Pharmacological treatment
Yeast infections are treated by choice with amphotericin 
0.15% drops. On the first day of treatment, they should be 
used every 30 minutes, and then, depending on the clin-
ical condition of the patient, we reduce the frequency of 
administration of the drug. The above treatment can also 
be supplemented with fluconazole 0.2% drops applied in-
itially every hour. An alternative treatment choice is 1% 
voriconazole [4].
In infections caused by filamentous fungi, natamycin at 5% 
concentration is used every four hours during the day and 
voriconazole at 1% concentration every hour at day and 
every two hours at night. Although natamycin has been 
recognized as an essential drug by the World Health Or-
ganization, it is not available in most countries in sub-Sa-
haran Africa, as well as some countries in Asia and Europe 
[11]. An alternative choice is 1% voriconazole. However, 
the results of the double-blind, randomized Mycotic Ulcer 
Treatment Trials (MUTT) clinical trial showed signifi-
cantly better visual acuity after 3 months in patients with 
threadworm keratitis randomly assigned to topical nata-
mycin 5%, compared to topical voriconazole 1%, with few-
er adverse events such as perforation [8]. The superiority 

of natamycin over voriconazole has also been confirmed 
by other studies [12, 13]. 
In a situation where we have a patient with a deep fun-
gal infection and a ropost, either in a yeast or filamentous 
infection, general treatment is required. For this purpose, 
fluconazole 100–400 mg/24 h or voriconazole 100–200 mg 
twice a day for up to 12 weeks is used [14].
Oral voriconazole is a good drug with good penetration 
into the aqueous fluid, but the recent Mycotic Ulcer Treat-
ment Trials II (MUTT II) showed that this drug did not 
reduce the rate of perforation or the need for therapeutic 
keratoplasty [8]. 
In severe infections, subconjunctival (fluconazole), in-
trathecal or interstitial (voriconazole) injections can be 
tried, especially when the infection is accompanied by 
scleritis [15]. Topical corticosteroids have also been prov-
en to have a positive effect in acute anterior uveitis, but 
the earliest they can be used is 2 weeks after antifungal 
treatment [16]. Unfortunately, with fungal keratitis, bacte-
rial superinfections are quite common, which additionally 
require the administration of topical antibiotics.
As for the penetration into the cornea of the various drugs 
used in fungal corneal infection, the worst is amphotericin 
B, which is also characterized by high toxicity. The best bio- 
availability is with fluconazole and voriconazole, where 
the latter is characterized by the best penetration into the 
tissue and sensitivity of the fungi causing inflammation, 
when using it, unfortunately, there is a greater chance for 
corneal perforation than when using nystatin [17].

Surgical treatment
Surgical intervention, such as a hollow corneal graft (fig. 3, 
4), is an essential part of therapy when the response to 
pharmacological treatment is poor. This procedure should 
be performed within 4 weeks of the onset of the disease. 
However, therapeutic keratoplasty is fraught with the risk 
of complications, which include recurrent infection (fig. 5), 
intraocular inflammation and graft rejection [17].
It is worth mentioning the procedure of cross-linking cor-
neal collagen fibers, known as cross-linking (CXL), which, 
with the help of deactivating proteolytic enzymes and 
strengthening collagen fibers, inhibits further develop-
ment of the fungal infection. Phase III studies conducted 
in 2022 showed positive effects on early stages of fungal as 
well as bacterial corneal infection. It has been described 
as an alternative to direct antifungal or bacterial treat-
ment, but it makes sense in the early, superficial stages 
of corneal infection, while this method is not used for 
full-thickness inflammation, as it is then ineffective [18]. 
When corneal perforation occurs, tectonic or therapeutic 
keratoplasty is usually required to save the eye. Enuclea-
tion is the last resort when an uncontrolled inflammato-
ry process causes loss of vision with accompanying pain 
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figure 3

Fungal keratitis – after hollow corneal transplantation (1st 
case).

figure 4

Fungal keratitis – after hollow corneal transplantation (2nd 
case).

figure 5

Fungal keratitis – intensive recurrence of infection after 
corneal transplantation (3rd case).
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Conclusions
Fungal keratitis, caused by a variety of fungal species, is 
among the most common eye disorders worldwide and is 
one of the leading causes of blindness. For this reason, it is 
so important to use proper diagnosis and effective treat-
ment. 
The diagnostic process should be based on a meticulous-
ly collected history, basic examinations such as slit-lamp 
examination of the eye, and, to confirm the diagnosis, on 
more accurate diagnostic methods such as microscopic 
examination of a corneal specimen taken by various tech-
niques, performing cultures and genetic tests, including 
PCR. Treatment includes pharmacological methods based 
on antifungal drugs, steroids and sometimes antibiotics, as 
well as surgical methods such as therapeutic keratoplas-
ty, corneal collagen fiber cross-linking or, as a last resort, 
enucleation.

Figures: from the authors’ own materials.that cannot be controlled with pharmacotherapy or other 
treatments.
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