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ABSTRACT

Introduction:  This research aims to describe 
clinical findings, epidemiology and treatment 
outcomes in patients with filamentous fungi 
keratitis of a tertiary centre in Germany over a 
7-year period and to compare the efficacy of dif-
ferent antifungal treatments and the effect of 
additive topical steroids.
Methods:  This retrospective study included 25 
eyes of 23 patients from October 2013 to Decem-
ber 2020 with cultural isolates of filamentous 
fungi and corresponding keratitis. Best-corrected 
visual acuity (BCVA), clinical signs, symptoms, 
risk factors and outcome were extracted from 
medical records.

Results:  Improvement of BVCA was noted in 
68% of eyes. Mean BCVA of the study popula-
tion increased from 0.75 logMAR [median 0.40, 
standard deviation (SD) 0.82, range 0–2.3] to 
0.48 logMAR (median 0.10, SD 0.88, range − 0.1 
to 3). The most commonly used antifungal topi-
cal treatment was a combination of natamycin 
5% and voriconazole 2% (44% of eyes), followed 
by voriconazole 2% in 36% of cases. An antiin-
flammatory topical steroid was applied in 52%. 
In 16% of the eyes, penetrating keratoplasty 
(pKP) was performed.
Conclusion:  Diagnosis of filamentous fungi 
keratitis is often difficult or delayed. Outcomes 
can be poor even with intensive treatment 
because of high resistance to common anti-
fungals. Access to natamycin 5% seems to lead 
to favourable outcomes in filamentous fungi 
keratitis.
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Key Summary Points 

Why carry out this study?

Filamentous fungi keratitis is a rare disease 
which can lead to poor functional outcomes 
if treatment is late or inadequate.

This study seeks to compare antifungal treat-
ments and evaluate time to diagnosis, the 
role of topical steroids, as well as surgical 
intervention.

What was learned from the study?

Best-corrected visual acuity (BCVA) improve-
ment is significantly better without surgical 
intervention. Penetrating keratoplasty (pKP), 
while necessary in some cases, leads to a sig-
nificantly poorer outcome.

Improvement of visual acuity was signifi-
cantly worse the longer the time from onset 
of symptoms to presentation was. BCVA 
improvement was also significantly reduced 
after a longer diagnosis interval.

Delayed diagnosis after presentation was 
associated with worse visual outcome.

INTRODUCTION

Filamentous fungi keratitis is a global sight-
threatening corneal infection, which can lead to 
poor visual outcomes if left untreated or recog-
nized too late [1]. Early identification of patho-
gen is key to obtaining good outcomes.

The incidence of fungal keratitis has been 
reported as 0.02/100,000 in Europe and 
33.9/100,000 in Asia [2]. Concrete numbers for 
Germany have been difficult to obtain. To ana-
lyse epidemiological data the German Register 
for Fungal Keratitis was established in 2015 by 
the National Reference Center for Invasive Fun-
gal Infection (NRZMyk) and the department of 
ophthalmology of the university hospital Düs-
seldorf. Thus, important information on fun-
gal keratitis can be collected, by direct reports 
of fungal keratitis from other eye clinics, or by 

positive fungal cultures through the NRZMyk 
[3]. As of January 2018, 102 cases of fungal 
keratitis had been reported, among those 37% 
Fusarium spp. and 6% Aspergillus spp. [4].

Filamentous fungi keratitis most commonly 
occurs in warm and humid tropical and sub-
tropical regions. Trauma with organic material 
has been identified as a risk factor, commonly 
related to agricultural work [5]. It has been pos-
tulated that the incidence of mycotic keratitis 
is inversely proportional to the distance from 
the equator, with higher numbers the closer 
one is to the equator [6]. But even in more tem-
perate regions, incidence of mycotic keratitis 
is increasing. With rising temperatures due to 
climate change, it is possible that numbers will 
continue to grow in northern regions, making 
access in Germany to effective treatment all the 
more important [2].

A possible reason for increasing numbers 
could also be a rise in the use of contact lenses. 
Important to note is the international outbreak 
of contact lens-associated fusarium keratitis 
from 2004 to 2006, related to “ReNu with Mois-
ture Loc” contact lens solution by Bausch & 
Lomb [7].

Other risk factors are preceding ocular surgery, 
immunosuppressive diseases and medication, as 
well as topical steroid treatments. Preceding her-
pes keratitis and the abuse of local anaesthetics 
can also cause filamentous fungi keratitis [3].

Clinical symptoms and signs for fungal kera-
titis are vision loss, epiphora, photophobia and 
pain. Classic signs during slit lamp examina-
tion are a prominent corneal infiltrate or ulcer 
with raised epithelial slough, feathery serrated 
margins and satellite lesions [8]. The colour of 
the infiltrates is usually greyish-white with a 
potential epithelial defect or initially closed epi-
thelium. A stromal-endothelial immunological 
reaction can occur, with conjunctival injection 
and chemosis [9]. In case of intraocular inflam-
mation, a hypopyon is often pyramid-convex 
shaped [10].

Even though not all of these clinical signs are 
required for a correct diagnosis, a study from 
2005 showed that if all of these criteria are met, 
the probability for fungal infection was 83% 
[11].
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The aim of this study was to compare the effi-
cacy of different antifungal treatments, as well 
as to analyse the effect of additive topical ster-
oids. The goal was to provide an updated view 
on filamentous fungi keratitis management in 
Germany.

METHODS

A monocentric retrospective study was con-
ducted at the department of ophthalmology 
of the university hospital rechts der Isar of the 
Technical University of Munich, Germany. The 
university’s ethics committee granted approval 
for this study (738/20 S-EB). This type of study 
does not require informed consent. The proce-
dures used in this study adhere to the tenets of 
the Declaration of Helsinki.

After reviewing the records of all patients who 
presented to our clinic from December 2013 
until October 2020 with cultural isolates of fila-
mentous fungi from corneal swabs, scrapings 
and contact lens containers, we excluded those 
who did not express clinical signs of fungal kera-
titis. We furthermore excluded those who pre-
sented with keratitis, but were not treated with 
antifungal medication, judging those as acciden-
tal contamination. We enrolled 25 eyes of 23 
patients in this study. Epidemiological data, risk 
factors, clinical signs and treatment were identi-
fied from patient records.

Best-corrected visual acuity (BCVA) was meas-
ured at first presentation and last presentation 
to our clinic with Snellen charts using European 
norm DIN EN ISO 8596. Non-numeric values, 
such as counting fingers, hand movement, 
light perception and no light perception, were 
assigned numeric values. Final presentation was 
determined when no signs of infection or activ-
ity were present.

Corneal swabs, scrapings and contact lens 
material, if available, were sent to the university 
clinic’s department of microbiology for testing. 
Inoculation on Sabouraud agar is considered the 
golden standard for fungal cultures [12].

To aid in early detection of fungal pathogens, 
even before cultural isolates, in vivo confocal 
microscopy (IVCM) can be used to identify 

filamentous fungi. IVCM in our clinic is per-
formed using the HRT II with Rostock Cornea 
Module (RCM) for confocal scanning laser 
microscopy by Heidelberg Engineering (Hei-
delberg Engineering, Heidelberg, Germany). 
Through direct contact microscopy under 
local anaesthesia a two-dimensional image 
of a 400 × 400 µm area was taken, measuring 
384 × 384 pixels [13]. Depending on the experi-
ence of the examiner, it is possible to differenti-
ate between different filamentous fungi species 
[14].

Anterior segment optical coherence tomog-
raphy (AS-OCT) is a non-invasive non-contact 
method for quantitative analysis in fungal ker-
atitis. It is possible to measure the width and 
depth of corneal infiltrates, as well as corneal 
thickness.

For statistical analysis and illustration crea-
tion IBM SPSS Statistics (version 28.0.0.0, SPSS 
Inc.) and Excel (version 16.73, Microsoft) were 
used. Decimal values were converted to logMAR 
equivalents. Descriptive statistics were used for 
categorical variables, while continuous variables 
were displayed as mean ± standard deviation (SD) 
or median and range. To estimate the precision 
of our results, we calculated 95% confidence 
intervals. These intervals indicate the range 
within which the true value is expected to lie 
with a probability of 95%. Statistical tests, such 
as Spearman correlation, Pearson correlation, 
Mann–Whitney U test and chi-square test were 
used. P values < 0.05 were considered statistically 
significant.

RESULTS

Twenty-five eyes from 23 consecutive patients, 
with two patients suffering from bilateral kera-
titis, were included. More than two-thirds of 
patients were female (n = 16, 70%). The median 
age was 42 years (range 19–75 years). In 56% of 
cases the left eye was affected (n = 14). Overall, 
43% of patients (n = 10) were from rural areas. 
The noted symptoms were pain (n = 17, 74%), 
conjunctival injection (n = 7, 30%), foreign body 
sensation (n = 6, 26%), photophobia (n = 5, 22%), 
epiphora (n = 4, 17%) and vision loss (n = 2, 9%). 
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Predisposing risk factors were found in 96% of 
patients (n = 22). Overall, 70% of patients (n = 16) 
acknowledged regular contact lens wear, exclu-
sively soft contact lenses, those with bilateral 
keratitis being affected. Other predisposing fac-
tors included preceding topical steroid treatment 
(n = 12, 48%), trauma with biological material 
(n = 5, 22%), prior keratitis (n = 4, 17%), preced-
ing ocular surgery (one penetrating keratoplasty 
(pKP) for a corneal scar and one laser refractive 
surgery) (n = 2, 9%), as well as immunosuppres-
sive diseases in two cases (9%) (Table 1).

The mean time from onset of symptoms 
to presentation in our clinic was 6.92  days 
(± 7.08 days, 95% CI 4.00–9.84, range 1–21 days). 
Improvement of visual acuity was significantly 
worse the longer the time from onset of symp-
toms to presentation (r = 0.58, p > 0.005). Vis-
ual acuity improvement was also significantly 
reduced after a longer diagnosis interval (r = 0.41, 
p > 0.05). The mean time from first presentation 
to correct diagnosis was 6.96 days (± 12.28 days, 
95% CI 1.89–12.03, range 0–58 days). Delayed 
diagnosis after presentation was associated with 
worse visual outcome (r = 0.44, p > 0.05). The 
mean time from onset of symptoms to correct 
diagnosis was 13.88 days (± 17.50 days, 95% CI 
6.66–21.10, range 1–79 days).

Most common clinical findings were an epi-
thelial defect in 21 eyes (84%), as well as a cen-
trally located corneal infiltrate in 56% of cases 
(n = 14); 21% of eyes (n = 6) presented with a 
hypopyon (Fig. 1). No corneal perforation was 
noted at first presentation.

The most common aetiological agent in cen-
tral infiltrates was Fusarium spp. in nine cases 
(64.3%), followed by Aspergillus spp. and Sce-
dosporium apiospermum in two eyes (14.3%), 
respectively. Visual improvement was not 
significant for eyes with central infiltrates, 
compared to eyes with peripheral infiltrates 
(p > 0.05). However, eyes with centrally located 
infiltrates showed significantly worse BCVA 

Table 1   Characteristics of the affected eyes (n = 25)

Baseline characteristics

 Age (mean, in years) 41.2

 Female gender 16

 Left eye 14

 Urban origin 13

Clinical signs

 Central location of infiltrates 14

 Number of infiltrates 1–6

 Hypopyon 6

 Epithelial defect 21

 Perforation 0

Risk factors

 Prior ocular surgery 2

 Prior keratitis 4

 Prior ocular trauma with organic material 5

 Prior steroid treatment 12

 Contact lens wear 18

 Diabetes mellitus 1

 Neurodermitis 1

 Prior herpes zoster 1

 No risk factors 1

Diagnostics

 In vivo confocal microscopy 4
 Anterior segment optical coherence tomography 12

Fig. 1   Clinical signs of filamentous fungi keratitis: promi-
nent corneal infiltrate with feathery margins, epithelial 
slough and convex hypopyon
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at presentation (1.15 logMAR) compared to 
eyes with peripheral infiltrates (0.24 logMAR, 
p < 0.01).

A majority of eyes (n = 18, 72%) presented 
with one corneal infiltrate, 20% (n = 5) with two. 
In one eye (4%), four infiltrates were found, in 
another (4%) six infiltrates.

Filamentous fungi were most commonly iso-
lated from contact lens materials (n = 11, 44%), 
followed by corneal scrapings (n = 9, 36%) and 
corneal swabs (n = 5, 20%). Fusarium spp. made 
up for the majority of cases (n = 14, 56%). Asper-
gillus fumigatus was the second most common 
pathogen (n = 5, 20%). In 12% of eyes Purpureo-
cillium lilacinum (n = 3) was the causal agent of 
fungal keratitis, followed by S. apiospermum in 
two cases (8%). The smallest group was Alter-
naria hordeicola, found in one eye (4%). Closer 
differentiation between Fusarium spp. showed 
Fusarium oxysporum (n = 4, 16%), Fusarium solani 
(n = 3, 12%), Fusarium dimerum (n = 3, 12%), 
Fusarium napiforme (n = 2, 8%), Fusarium fal-
ciforme (n = 1, 4%) and Fusarium petroliphilum 
(n = 1, 4%). In two cases, no closer differentia-
tion was possible.

A total of 24 eyes (96%) had been treated with 
topical antibiotics at the time of presentation. 
Only four eyes (16%) had received antifungal 
medication. The most common medication at 
presentation was a combination of topical anti-
biotics and steroids (n = 9, 36%); 48% of cases 
(n = 12) were pretreated with topical steroids. 
BCVA improvement was significantly higher in 
eyes without prior steroid treatment (p < 0.005). 
Eyes with prior steroid treatment suffered BCVA 
deterioration from a mean 0.44 logMAR to 0.77 
logMAR, while eyes without steroid treatment 
improved from 1.0 logMAR to 0.22 logMAR. 
Eyes without prior steroid treatment had better 
BCVA at presentation (0.44 logMAR) than eyes 
without (1.03 logMAR), though it was not sta-
tistically significant (p = 0.07).

We performed IVCM in four cases (16%) and 
AS-OCT in 12 cases (48%) (Figs. 2, 3).

The mean time of treatment was 75.40 days 
(± 60.08  days, 95%  CI 50.60–100.20, range 
7–232  days). The worse BCVA was at pres-
entation, the longer the treatment duration 
(r = 0.400, p > 0.05). In 64% of cases (n = 16) 
patients were admitted to the hospital for 

in-patient treatment for 14.44 days (± 14.31, 
95%  CI 6.81–22.06, range 2–58  days). In-
patient treatment was longer the longer the 
delay between first presentation and diagno-
sis (r = 0.50, p = 0.05), as well as the longer the 
delay between onset of symptoms and diagno-
sis (r = 0.51, p > 0.05).

Topical antifungal medication was either a 
combination of natamycin 5% and voricona-
zole 2% (n = 11, 44%) or a single treatment of 
voriconazole 2% (n = 9, 36%). Two eyes (8%) 
received a triple treatment of voriconazole 2%, 
natamycin 5% and amphotericin B 0.5%. One 
eye (4%), respectively, was treated with either 
natamycin 5% or amphotericin B 0.05% or a 
combination of voriconazole 2% and ampho-
tericin B 0.05% (Fig. 4).

An anti-inflammatory therapy with topi-
cal steroids was added after a mean time of 
8.62 days (± 8.6 days, 95% CI 3.43–13.81, range 
1–31 days) after starting antifungal medication 
in 13 cases (52%). BCVA at presentation was 
worse in eyes which received additive topical 
steroids (0.85 logMAR) than eyes without addi-
tive topical steroids (0.64 logMAR). BCVA at 
last presentation, however, was better in eyes 
with additive steroid treatment (0.41 logMAR) 
than in eyes without additive steroid treatment 

Fig. 2   In vivo confocal microscopy (IVCM) of S. apiosper-
mum hyphae
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(0.57 logMAR). The difference in visual acuity 
was not statistically significant (p > 0.05).

Fourteen cases (56%) received 400 mg vori-
conazole daily. Systemic treatment lasted for 
a mean time of 37.43 days (± 35.04, 95% CI 
17.20–57.66, range 7–122 days). There was no 
significant difference in BCVA improvement 
for cases with oral treatment compared to eyes 
without oral treatment (p > 0.05).

Surgical management involving amnion 
membrane transplantation was performed in 
four eyes (16%), as well as pKP in four eyes 
(16%). Eyes with pKP had significantly worse 
visual outcome (deterioration of 1.03 logMAR) 
than eyes without (improvement of 0.51 log-
MAR, p > 0.05). There was no need for enuclea-
tion in any case.

Mean BCVA of all cases at first presentation 
was 0.75 logMAR (± 0.82, range 0–2.3 logMAR), 
with a mean improvement at last presentation 
to 0.48 logMAR (± 0.88, range − 0.1 to 3) (Fig. 5). 
Regarding visual acuity, 17 eyes (68%) had a 
good outcome, 4 eyes (16%) remained stable, 
and 4 eyes (16%) had a poor outcome. Mean 
BCVA improvement was − 0.26 logMAR (± 1.03, 
95% CI − 0.69 to 0.16).

Complications were secondary glaucoma in 
2% of cases (n = 5), 16% (n = 4) cataract, phthisis 
bulbi (n = 1, 4%), persistent epithelial defects in 
three eyes (12%), and corneal perforation in two 
eyes (8%).

DISCUSSION

Filamentous fungi keratitis is a rare but aggres-
sive disease that is extremely difficult to treat 
and can lead to very poor functional outcomes 
and even blindness [3].

The most common pathogen detected in this 
study was Fusarium spp. with 56% of affected 
eyes, followed by Aspergillus spp. with 20%, simi-
lar to other studies [15]. In countries with tem-
perate climates, fungal keratitis accounts for a 
relatively small proportion of infectious keratitis 
(1–10%), whereas in the tropics and subtropics, a 
large proportion of keratitis (40%) is mycotic in 
origin [4]. Male agricultural workers in tropical 
areas are frequently affected, with trauma from 
organic material being a risk factor [3, 6, 9]. In 
tropical regions, Fusarium spp. is most frequently 
responsible for filamentous fungi keratitis [9]. 
This particular infection is always extremely dif-
ficult to treat, as Fusarium spp. is intrinsically 

Fig. 3   Anterior segment optical coherence tomography (AS-OCT) of a prominent corneal infiltrate (A.  fumigatus) with 
epithelial defect

Fig. 4   Topical antifungal medication. Most common was 
a combination of voriconazole and natamycin (n = 11, 
44%), followed by voriconazole as monotreatment (n = 9, 
36%)
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highly resistant to common antifungals with 
variable resistance to azole antifungals. Polyene 
antifungals are the substances with highest sus-
ceptibly rates, but of those natamycin is more 
effective than amphotericin B as a result of its 
smaller molecular weight. These two factors, the 
intrinsic resistance of the pathogen itself and 
the aspect of corneal drug penetration, there-
fore complicate treatment of Fusarium keratitis 
[3]. Other known risk factors were noted in our 
study, such as previous ocular surgery, topical 
and systemic steroid therapy, previous corneal 
disease and immunosuppression [1, 3, 4, 9, 16]. 
In eyes without steroid therapy prior to antifun-
gal therapy, the improvement in visual acuity 
was significantly higher than in eyes with prior 
anti-inflammatory treatment. In contrast, eyes 
with prior steroid therapy tended to have better 
initial visual acuity. Both are presumably due to 
the immunosuppressive effect.

The increased proportion of female patients, 
in our case 70%, appears to be attributable to 
rising contact lens use [3, 9, 17, 18].

The average age of the affected patients in this 
study was 42 years, similar to two other studies 
from Germany [3, 4] and two international stud-
ies [1, 6] with an expected higher frequency of 
contact lens use in this age group.

Incidence internationally favours rural 
regions with 79–84% [18–21]. In our work there 
was an even split in origin, with 43% of patients 
living in villages. The risk of injuries with plant-
based material could be lower, as there is less 
agricultural work in Germany than in tropical 
regions.

The symptoms documented here have been 
confirmed in other studies: pain, redness, visual 
loss, photophobia and epiphora [2, 6, 12, 22]. 
However, fungal keratitis cannot be differenti-
ated from bacterial or viral aetiology on the basis 
of clinical symptoms [4, 23].

It took an average of 13.88 days from onset 
of symptoms to correct diagnosis. Other stud-
ies stated a significantly longer period of up to 
30 days [1, 4, 24]. The average duration from 
symptom onset to presentation was 6.92 days. 
Other comparable studies found similar results 

Fig. 5   Mean best-corrected visual acuity (BCVA) 
improvement comparing visual acuity before and after 
treatment. Mean BCVA at first presentation was 0.75 
logMAR (± 0.82, range 0–2.3 logMAR), with 0.48 log-

MAR (± 0.88, range − 0.1 to 3) at last presentation. Mean 
improvement was − 0.26 logMAR (± 1.03). Error bars rep-
resent a 95% confidence interval
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with an average of 5–10 days [2, 9, 18, 22, 25, 
26].

In our study, the average time from initial 
presentation to correct diagnosis was 6.96 days, 
which is significantly lower than in other pub-
lications, which may have contributed to better 
outcomes and a lower rate of surgical interven-
tions [22, 27]. Several studies show that late 
diagnosis generally leads to a poorer functional 
outcome [2, 9, 19]. Final BCVA was significantly 
worse the longer the time from initial presen-
tation or symptom onset to diagnosis. The 
improvement in BCVA was also significantly 
lower the longer it took to reach a diagnosis.

In the present study, the pathogen was 
detected in 44% of cases from contact lens 
material, in 36% from a corneal scraping and 
in 20% from a swab. Diagnosis using a con-
junctival or a superficial corneal swab is less 
effective than scraping [12]. In comparable 
studies, pathogens were detected from swabs 
in around 60% of cases. Detection from contact 
lens material often proved to be contamination 
[1, 3, 4, 28].

IVCM generally provides a fast and non-inva-
sive method for diagnosis. However, Hau and 
colleagues showed in a study published in 2010 
that the diagnostic precision depends on the 
experience of the observer [14]. With little expe-
rience, there may be possible confusion between 
hyphae and other structures such as artifacts or 
corneal nerve fibres [28]. Corneal nerves in the 
stroma, at 25–50 μm, are thicker than hyphae 
(3–5 μm) [29]. Filamentous fungi have character-
istic linear branches that are arranged at angles 
of 45° (Aspergillus) or 90° (Fusarium), allowing 
a skilled examiner to perform a more precise 
pathogen determination [14]. IVCM was rarely 
performed (16%) in our clinic because of limited 
availability of contact microscopy and general 
unsuitability (reduced compliance due to pain, 
blepharospasm, small infiltrate size).

In our cases, there was no significant differ-
ence in BCVA improvement regarding the local-
ization of infiltrates, while other studies dem-
onstrated a statistically significant association 
between central localization and reduced final 
BCVA [30].

The most common topical treatment in our 
institution was a combination of voriconazole 

2% and natamycin 5%, in keeping with cur-
rent recommendations [26, 31]. Both of these 
are not commercially available in Germany. The 
pharmacy at the university hospital rechts der 
Isar was able to establish regular imports of 5% 
natamycin after several years. A concentration 
of 2% voriconazole eye drops is frequently rec-
ommended as it provides good results without 
additional complications or side effects [24]. 
Voriconazole 400 mg orally once daily was used 
in 56% of cases. Although a combined treatment 
of systemic and topical application of voricona-
zole did not show any benefit over local therapy 
alone in the Mycotic Ulcer Treatment Trial II 
(MUTT II), a secondary analysis found that eyes 
with Fusarium infection seemed to benefit from 
it [32, 33]. It should be prescribed primarily in 
severe cases or intraocular involvement.

As a result of its low molecular weight of 
349.32 Da voriconazole shows good corneal drug 
penetration, while natamycin with 665.75 Da 
and even amphotericin B with 924.10 Da have 
difficulty penetrating the corneal epithelium 
[4, 31]. For this reason, some studies recom-
mend regular corneal abrasions [24]. Owing to 
its good tissue penetration, systemic application 
of voriconazole is useful in cases of intraocular 
involvement. During treatment regular blood 
work regarding liver and kidney function is rec-
ommended [24].

The use of topical steroids in the treatment 
of fungal keratitis is controversial. Uncon-
trolled administration of steroids can lead to 
devastating outcomes. Steroid therapy should 
be initiated with one to two drops per day after 
an intensive antifungal treatment with close 
monitoring using a slit lamp [34, 35]. Behrens-
Baumann reported good results when initiating 
topical steroid therapy 9 days after infection 
[10], reflected in our average of 8.62 days.

Various studies report a duration of treat-
ment from 18  to 41.5  days [26, 36]. The 
average treatment duration in this study 
was 75.40 days. Outcomes were good, with 
improved BCVA in 68% of eyes and stable 
BCVA in 16%. Unfortunately, as a result of the 
small sample size and subgroups, a statistical 
analysis regarding management was not pos-
sible. Generally, studies show poor outcomes in 
cases of fungal keratitis, but a few studies have 
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found an improvement in BCVA [1, 4, 37]. Poor 
initial BCVA has been noted as a predictor for 
negative functional outcomes [37]. Our data 
also demonstrated that a poor initial BCVA sig-
nificantly prolonged the duration of treatment.

While some authors recommend early pKP to 
reduce pathogen load, others discuss the chal-
lenges of surgery in emergency situations. There 
is a significantly increased risk of rejection and 
graft failure [12, 38]. In our collective, 16% of 
eyes underwent pKP. This is low in national 
comparison. One study reported a rate of 45%, 
including enucleations [3], while others reported 
a rate of 70% [22]. In this study, a significantly 
lower improvement in BCVA was observed in 
eyes that underwent pKP compared to eyes that 
did not require pKP. Various international stud-
ies have also shown that pKP under non-ideal 
conditions is associated with poorer visual out-
come [1, 4, 18, 39].

As a surgical alternative, an amniotic mem-
brane transplantation can be performed in 
selected cases. This was performed in 16% of the 
eyes in this study. Amnion transplantation pro-
motes wound healing through its anti-inflam-
matory properties and can sometimes prevent 
corneal melting [40–42].

The frequency of enucleation has been 
reported to be 5–9% in other studies [1, 4, 43]. 
Fortunately, no enucleation was necessary in 
this study. Possible reasons for this could be the 
rapid diagnosis and intensive treatment with 
combination therapy.

Limitations of our study include the follow-
ing: it was performed in a retrospective fashion 
and the sample size was relatively small, due 
to the rare nature of the disease. As a result of 
the small sample size, a statistically significant 
comparison between different treatment types 
or combinations thereof was not possible. Larger 
case numbers are needed to examine this further.

A consistent application of a combined treat-
ment of natamycin 5% and voriconazole 2% has 
only been established at the university hospital 
rechts der Isar since 2016; other different com-
binations of treatments were due to pre-treat-
ment or adjustments in reference to antifungal 
resistance.

Furthermore some patients may have been 
overlooked because of the retrospective nature 

of the study. Our study tried to avoid contami-
nations by only including eyes with cultural 
findings of filamentous fungi showing clinical 
signs of keratitis, which were treated with anti-
fungal medication.

CONCLUSION

The increase in contact lens-associated infec-
tions should prompt the treating physician 
to consider fungal or at least mixed infections 
when antibiotics fail. Rapid diagnosis and cor-
rect initiation of treatment are important for 
functional and morphological outcomes. Easier 
access to natamycin 5% in Germany, without 
relying on orders and delivery times from a 
foreign pharmacy, is imperative. Further stud-
ies are needed for continuous improvement of 
treatment regimens. Reporting cases of fungal 
keratitis to the German fungal keratitis registry 
is important for obtaining further data on path-
ogens, epidemiology, and resistance.
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