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A B S T R A C T   

We report an atypical presentation of Beauveria bassiana keratitis which unusually presented in a 85-year-old 
patient with a corneal ulcer with an anterior segment inflammation and hypopyon. Despite negative culture 
and unspecific results from panfungal PCR-based sequencing, the patient was treated for a presumed fungal 
infection. Following clinical deterioration an emergency surgical intervention with apposition of a corneal patch 
was performed. Infection resolution was achieved following the introduction of systemic voriconazole to the 
topical one.   

1. Introduction 

Fungal keratitis (FK) is a corneal infection, which represents 35–50% 
of all microbial keratitis. Its prevalence varies according to climate 
(mainly noted in tropical and subtropical countries), agricultural ac
tivity and extension of urbanization and patient age, gender and socio- 
economic background [1]. FK is mostly caused by filamentous fungi 
(especially Aspergillus, Fusarium, Curvularia, Paecilomyces and Beauveria 
species) or yeasts (Candida albicans or Candida spp.) [2]. In 40–60% of 
cases, FK is consequent to corneal trauma with plant origin material. 
Other causes include corneal surgery (keratoplasty, refractive surgery), 
topical/systemic treatment with corticosteroids and the use of contact 
lenses [3]. 

Diagnostic delay and poor response to medical therapies, frequently 
cause a severe visual impairment, presenting a notable treatment chal
lenge. Currently, FK treatment includes the use of topical and systemic 
antifungal drugs such as polyenes, imidazoles, triazoles and fluorinated 
pyrimidine administered orally and natamycin and amphotericin B 
topically. Voriconazole (VCZ; topical and oral) and posaconazole (oral) 
have recently been reported as newly discovered triazoles for FK treat
ment [4]. However, available drugs have a limited spectrum of activity, 
low intraocular penetration and can have toxic effects over the corneal 
epithelium, resulting in limited effectiveness and often mandatory 

surgical intervention. 
Beauveria bassiana (B. bassiana) is a ubiquitous filamentous fungus of 

the Ascomycota division found in soil. Since it is an entomopathogenic 
fungus, it is used as an insecticide, and is rarely found as a cause of 
human infection: B. bassiana has been isolated in opportunistic lung and 
tissue infections in immunocompromised patients [5] and several clin
ical cases of FK have been reported [6]. 

However, as clinical features of this rare fungus have not been fully 
determined and there seems to be a large variability in therapy response, 
currently there are no standardized therapeutic protocols. B. bassiana 
keratitis is therefore one of the most difficult corneal infections to 
manage. We report a case of B. bassiana keratitis with an unusual 
presentation. 

2. Case 

An 85-year-old male, one-eye sighted (amblyopia in the left eye), was 
unsuccessfully treated elsewhere following accidental contact with dirty 
gutter rain water, treated with ofloxacin drops 4 times/day (t/day), and, 
after 10 days without significant response, a supplementation of chlor
amphenicol/dexamethasone acetate drops was added 4 t/day. Forty 
days from the incident, the patient was referred to our clinic (Day 0) 
with reactive conjunctivitis and increasing pain in the right tearful eye, 
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suffering from photophobia. 
An initial instrumental and clinical investigation revealed visual 

acuity of 0.1 decimals with the presence of a deep stromal corneal ab
scess associated with edema, cellularity in the anterior chamber and 
hypopyon. Chloramphenicol/dexamethasone drops treatment was 
interrupted and replaced with levofloxacin drops every hour and 
cycloplegic drops 2t/day were introduced. Following the administration 
of oxibuprocaine hydrochloride eye drops, a corneal swab of the ulcer 
and a corneal scraping (with a rough plastic handle passed over the 
corneal ulcer tissue in the central and peripheral portion of the lesion) 
were performed. 

Molecular searching for bacteria, fungi and Acanthamoeba was un
dertaken. Corneal scraping was performed for fungal pathogen culture 
only, since the patient was already under topical antibiotic therapy. The 
collected clinical material was in part directly sown on blood agar and 
chocolate agar plates and directly inoculated in liquid Tryptic Soy Broth 
(TSB) medium. Both plates were incubated for nine days at 37 ◦C in a 
CO2 enriched atmosphere, without any growth observed. TSB was 
incubated for six days at 37 ◦C and at 25 ◦C and then a subculture on 
blood and Sabouraud agar plates was performed, incubated for 3 days at 
37 ◦C in a CO2 enriched atmosphere and at 25 ◦C. Also in this case, no 
growth was observed. 

Molecular corneal swab analysis was negative for bacteria and 
Acanthamoeba. The presence of a fungal infection was investigated by 
panfungal PCR-based sequencing. An automated purification of the DNA 
by QIAsymphony SP instrument (QIAgen, Hilden, Germany), and sub
sequent amplification by a panfungal nested PCR of Internal Transcribed 
Spacer region (ITS), comprising the ITS1-5.8S-ITS2 rDNA was per
formed. Fungal DNA was amplified in a total volume of 50 μl containing 
100 ng of DNA, 25 μl of DreamTaq Green PCR master mix (Fermentas 
International Inc., Canada) and 40 pmoles of each primer [outer 
primers: NS5 (AACTTAAAGGAATTGACGGAAG) [7] and NL4 
(GGTCCGTGTTTCAAGACGG) [8]; inner primers ITS1 (TCCGTAGGT
GAACCTGCGG) and ITS4 (TCCTCCGCTTATTGATATGC) [7]. Nested 
amplification product was electrophoresed in a 3% agarose gel and 
purified using a QIAquick PCR purification kit (QIAgen). Finally, bidi
rectional Sanger sequencing of amplicons was performed with primers 
ITS1 and ITS4, using BigDye Terminator v3.1 Cycle Sequencing Ready 
Reaction kit (Applied Biosystems, Foster City, CA), and analyzed on the 
ABI PRISM 3100 Analyzer (Applied Biosystems). Sequences were 
analyzed and edited using CLC Main Workbench software (QIAgen). The 
consensus sequence generated was finally compared with GenBank’s 
reference sequence database (http://www.ncbi.nlm.nih.gov/GenBank/ 
). 

As described by Vu et al. the identification criteria for filamentous 
fungal specifies a coverage of 100% and an identity >99.6%, with best 
match sequences derived from referenced cultures [9]. In our case, the 
fungal sequence amplified by the corneal swab did not satisfy this 
identification criteria and was therefore undetermined. Further, the 
culture obtained through corneal scraping resulted negative for fila
mentous fungi and yeasts. 

At day +3 further deterioration of the right eye was observed with a 
deep stromal corneal abscess which appeared denser with irregular 
margins. The patient presented increasing pain with decreased visual 
acuity (finger count at 20 cm). Fungal infection was assumed and the 
patient was hospitalized. Topical therapy with natamycin 5% eye-drops 
was administered every hour; antibiotic eye-drops were maintained 
(levofloxacin drops 6t/day). Another corneal scraping was performed on 
the central and peripheral portion of the lesion and tested for microbi
ological analysis, resulting negative for bacteria, yeasts and filamentous 
fungi searches. 

At day +8, as a clinical improvement was not observed, VCZ 1% 
drops were added to the topical therapy and administered every hour. 

At day +9 stability of the corneal abscess was registered and the 
ulcer staining of the abscess was reduced: however, an underlying 
endothelial plaque appeared with a worsening of the anterior chamber 

reaction and the appearance of hypopyon mixed with blood and a fibrin 
reaction within the pupil foramen. The patient presented with ocular 
discomfort but was without pain. Topical therapy was maintained and 
oral therapy with VCZ 400 mg cps 2t/day was added for one day, which 
was then reduced to 200mg 2t/day from day +10. Serum levels of VCZ 
were evaluated using the liquid chromatography-tandem mass spec
trometry (LC-MS/MS) [10]. 

Unfortunately, at day +22 a progressive corneal thinning at the 
corneal ulcer was revealed with the appearance of a descemetocele. 
Then, at day +23, corneal perforation occurred with iris engagement in 
correspondence to the corneal ulcer, and the anterior chamber depth 
was dramatically reduced with persistence of hypopyon and fibrin re
action. The right eye presented increasing conjunctival redness and the 
patient referred ocular pain. Emergency corneal patch surgery was 
scheduled. 

At day +24 a surgical intervention was performed. The corneal 
necrotic tissue was manually removed up to the pre-descemetic level. A 
5mm diameter corneal patch was obtained from a donated cornea after 
the removal of the endothelium layer and was applied with interrupted 
sutures Nylon 10.0 to the cornea. The endothelial plaque below the 
perforation area and the extensive fibrin membranes above the iris 
surface were subsequently removed. VCZ 0.1 mg/ml and Vancomycin 
were injected into the anterior chamber and conjunctiva was sutured. 

The excised corneal tissue was sent to the microbiology laboratory 
for analysis. The culture resulted positive for Staphylococcus hominis. 
Molecular analysis by panfungal PCR-based sequencing showed the 
presence of B. bassiana. In particular, we amplified a fragment of 569 bp 
presenting a 100% coverage and identity with a best match sequence 
derived from referenced culture CBS 127308 of B. bassiana. Post
operatively, natamycin and VCZ eye-drops 6t/day and levofloxacin 4t/ 
day, oral VCZ 400 mg 2t/day were maintained. 

At day +27, the corneal patch lost transparency with the progressive 
appearance of an epithelial defect and the cornea appeared denser with 
fibrin reaction in anterior chamber and hypopyon. The patient described 
ocular discomfort and a foreign body sensation. As serum levels of VCZ 
(0.50 μg/ml) were lower than the appropriate efficacious therapeutic 
range (1.00–6.00 μg/ml), systemic VCZ therapy was modified to 450 mg 
2t/day for one day, and then subsequently reduced to 300 mg 2t/day 
and natamycin was interrupted. 

At day +29, the serum concentration of VCZ was within the thera
peutic range (4.31 μg/ml), and corneal opacification was resolved. At 
day +30, fibrinolytic reaction in the anterior chamber and hypopyon was 
also recorded as resolved. 

At day +33 the patient was discharged with the following therapy: 
tropicamide 1% drops 2t/day, ofloxacin drops 4t/day, topical VCZ 1% 
drops 6t/day, oral VCZ 300 mg 2t/day. 

The patient was instructed to return every 2 weeks for follow-up. At 
first follow up visit (day +47) progressive improvement of the cornea 
defect was observed. However, a mild inflammatory reaction involving 
the corneal patch with a deep neovascularization appeared. A topical 
dexamethasone acetate therapy 2t/day was prescribed and ofloxacin 
drops were interrupted. Topical VCZ was maintained 6 t/day and 
gradually reduced to 2t/day for 12 weeks, after which topical VCZ was 
interrupted. 

At 2-month follow-up (day +60), systemic VCZ was interrupted, and 
topical steroid reduced to once/day (at night). The patient referred that 
he did no longer suffer from any ocular discomfort. 

During patient hospitalization and the administration of systemic 
VCZ therapy, QT time at electrocardiogram (ECG) and the activities of 
serum glutamic oxaloacetic transaminase and glutamic pyruvic trans
aminase were monitored, every three days. All values remained within 
normal ranges (mean values: 454±13 msec, 20.2 U/L, 19.2 U/L, 
respectively). Moreover, VCZ serum levels remained within the thera
peutic range (mean value=4.46 ± 1.09 μgr/ml) during the period of 
systemic VCZ therapy. 

Digital images of the anterior segment of the eye were performed 
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using a camera connected to the slit lamp (Fig. 1). Corneal tissue was 
also evaluated using anterior segment optical coherence tomography 
(AS-OCT, MS-39, CSO, Florence, Italy) (Fig. 2). 

3. Discussion 

The management of FK is challenging and delays in achieving a 
correct diagnosis may be harmful [11]. B. bassiana keratitis rarely causes 
corneal infection, and unlike that caused by other filamentous fungi, this 
infection is generally limited to a superficial involvement of the cornea, 
without stromal infiltration or anterior chamber inflammation [12]. In 
this case, we encountered an endothelial plaque along with anterior 
chamber inflammation and hypopyon, usually typical of Aspergillus and 
Fusarium infections. 

To the best of our knowledge there are no reports in literature on 
atypical presentations of B. Bassiana keratitis. Our literature search 
identified 17 cases of B. Bassiana human infection: 3 of them with sys
temic involvement [5] and 14 with ocular involvement, all limited to the 
cornea [6]. The predilection of B. Bassiana for corneal tissue can be 
explained by the fact that it produces Chitinase, a hydrolytic enzyme that 
allows its penetration into insects. Due to the similarity of insects’ chitin 
with human corneal keratin and collagen, this enzyme allows to adhere 
to the corneal tissue thus invading the stroma, encouraged also by the 
relative immunotolerance and avascularity of the cornel tissue. More
over, human cornea presents an ideal temperature (below 35 ◦C) for the 
growth of B. Bassiana [13]. 

In all previous papers, microbiological diagnosis of B. Bassiana was 
achieved with corneal scraping, using the specific characteristics of the 
fungal colonies for the identification of the species. In some recent re
ports, the diagnosis was confirmed by molecular biology techniques [7, 
13]. 

In our case, the cultural examination resulted negative for fungal 
pathogens. This could be probably due to the fact that B. bassiana, 
differently from other filamentous fungi, shows a slow growth only after 
7 days at 25 ◦C on Sabouraud dextrose agar, whilst at 37 ◦C, it either 
does not grow or grows with extremely difficulty. 

However, despite these cultural characteristics, B. bassiana can only 
be identified with certainty by means of molecular biology techniques 
[14]. PCR is reported to show a higher sensitivity for infectious keratitis 
compared to culture (98% versus 47% respectively), but a slightly lower 
specificity (83% versus 100% respectively) [15]. Molecular techniques, 
such as ITS rDNA sequencing, have become important tools for the rapid 
identification of human pathological moulds. 

Nevertheless, it is not always possible to obtain a definitive identi
fication of the infectious agent, as occurred in our case report for the 
molecular analysis of our first clinical sample (corneal swab). 

For this reason we think that a methodological culture standardiza
tion of microbiology laboratories could be useful to avoid that this 
filamentous fungi be considered in the “other species” class and that a 
more precise diagnostic identification could lead to a better final result, 
providing more realistic values of the incidence of B. bassiana keratitis. 

Regarding the clinical aspect of the infection, in our case B. bassiana 

Fig. 1. Corneal ulcer progression from day +3 to day +24 (upper) and gradual resolution following surgical procedure (down). a) day+3; b) day +6; c) day +21; d) 
day +24 (surgery); e) day +27; f) day +33; g) day +60. 

Fig. 2. AS-OCT of the cornea with worsening of corneal defect from day +6 to day +22; final picture showing resolution of corneal defect following surgery. a) day 
+6; b) day +9; c) day +12; d) day +17; e) day +22; f) day +30 (6 days after surgery). 
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keratitis presented with an atypical appearance with a corneal endo
thelial plaque and an anterior chamber reaction with hypopyon and this 
is not a common expression of this infectious agent. Furthermore, the 
limit between the edge of the plaque and those of the endothelium were 
not well defined, and this was noticed to be a typical aspect of fila
mentous keratitis [16]. 

The atypical nature of our case does not currently find a clear 
explanation. The diagnostic delay may have allowed the fungus to in
crease its virulence until an appropriate antifungal therapy was started. 
The addition of systemic VCZ enabled infection control. Systemic VCZ 
may be more effective in the treatment of FK because it provides more 
stable drug levels at the infection site [17]. In literature, some studies 
have confirmed the effectiveness of systemic therapy [18] and only 1 
case reported successful resolution of B. bassiana infection with topical 
VCZ [19]. 

In our case, the systemic use of VCZ proved to be decisive, even 
despite the major risk of associated systemic intolerability. Therefore, 
we recommend the initiation of systemic VCZ therapy immediately upon 
diagnosis, rather than waiting for the infection to worsen. This could 
reduce the need for emergency surgical interventions and improved 
overall results. 

To date, VCZ seems to have a better therapeutic activity not only in 
cases of B. bassiana, but also in the case of other filamentous fungi, and 
in some studies, results seem better than those achieved with natamycin 
5% [20]. Topical VCZ, although it easily passes the corneal intact 
epithelium, caries a greater corneal toxicity risk being a galenic 
preparation. 

Finally, regarding the surgical strategy, in our case we decided to 
perform a corneal patch rather than a tectonic penetrating keratoplasty 
due to the peripheral decentralized position of the perforated ulcer, 
which would have involved the execution of a large diameter transplant, 
with consequent greater risk of failure also due to the presence of 
hypopyon and corneal perforation. We expect that the patient may need 
further surgery to improve the visual acuity, such as a cornea transplant 
and cataract surgery, which will be assessed when the patient further 
stabilizes. 

In conclusion, the diagnosis and management of B. bassiana keratitis 
is challenging. Successful infection control seems to require a timely and 
effective diagnostic approach, specific antifungal therapy and, where 
necessary, surgical intervention. From our experience molecular biology 
appears to be an important tool in obtaining an earlier identification of 
the fungus, due to its higher sensitivity. The presence of an endothelial 
plaque or an anterior chamber’s involvement could be an expression of 
this infection. Finally, our case confirms the efficacy of both topical and 
systemic VCZ therapy for B. bassiana keratitis. However, due to the 
extreme rarity of B. bassiana corneal infection and the few data available 
in literature, it is not yet possible to suggest a standardization of 
B. bassiana keratitis management and further investigations are required 
to identify early diagnosis possibilities and subsequent best 
management. 
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