
Page 1/14

Clinical features and treatment outcomes of rare genera of
fungal keratitis in China
Xin Wang 

Shandong Eye institute
Xiuhai Lu 

Shandong Eye institute
Suxia Li 

Shandong Eye institute
Ting Wang 

Shandong Eye institute
Yanni Jia 

Shandong Eye institute
Shuting Wang 

Shandong Eye institute
Jingting Wang 

Shandong Eye institute
Chunxiao Dong 

Shandong Eye institute
Weiyun Shi  (  weiyunshi@163.com )

Shandong Eye Institute https://orcid.org/0000-0003-4106-373X

Research article

Keywords: fungal keratitis, rare fungal genera, clinical features, treatment outcomes, confocal microscopy

Posted Date: September 11th, 2019

DOI: https://doi.org/10.21203/rs.2.14305/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.2.14305/v1
mailto:weiyunshi@163.com
https://orcid.org/0000-0003-4106-373X
https://doi.org/10.21203/rs.2.14305/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/14

Abstract
Background Fungal keratitis can cause severe corneal blindness, although the major fungal genera in China have been widely
reported, however rare genera of fungal keratitis is little known. This study aimed to investigate the clinical features and treatment
outcomes of rare genera of fungal keratitis in China.

Methods This retrospective observational study included a total of 1608 patients infected with fungal keratitis and treated at the
Shandong Eye Hospital. The risk factors, course of disease, clinical features, confocal microscopy images, histopathological
features, in vitro drug sensitivity tests, and treatment outcomes of 16 patients with 8 rare fungal genera were evaluated.

Results No immune rings were observed among the 8 fungal genera studied. Rhizopus and Pythium insidiosum keratitis presented
as endothelial plaque and hypopyon. Curvularia crescentulum keratitis presented as endothelial plaque, feathery edges, and raised
lesions. Purpureocillium lilacinum keratitis showed endothelial plaque, hypopyon, and raised lesions. Colletotrichum , Exserohilum,
and Bipolaris keratitis had feathery edges, while Sarocladium keratitis had no typical fungal clinical characteristics. In 2/3 cases
(12.5%) of Curvularia crescentulum keratitis, it was cured with medication, while in 14/16 cases (87.5%), surgery was required,
including 3 cases of evisceration. The best-corrected visual acuity (BCVA, LogMAR) of 13 cases was 1.47±0.87 before treatment
and 0.64 ±0.48 after treatment, and the difference was statistically signi�cant [(95% CI, 0.26–1.40) ( P =0.006].

Conclusions Curvularia crescentulum keratitis showed good results when treated with medicine, while for Rhizopus, Sarocladium,
Colletotrichum, Exserohilum, Bipolaris, and Purpureocillium lilacinum keratitis, early surgical intervention shortened the course of
the disease. The prognosis of Pythium insidiosum keratitis is poor, as medication failed and the recurrence cycle after surgery was
short.

Background
Fungal keratitis results in serious visual impairment and affects people quality of life. Fungal infection is mainly concentrated in
tropical and subtropical regions in developing countries, such as India and Brazil[1, 2], and it is accountable for 40% to 50% of all
isolated keratitis cases [3, 4]. At present, there are more than 70 kinds of pathogen that can cause fungal keratitis [5], but the
clinical isolates of these pathogens are mainly concentrated in a few genera. The fungal isolates vary from country to country due
to climate and environmental impacts. Fusarium and Candida are the most common pathogens in developed countries (such as
the United States and the United Kingdom) [6],but rare pathogens such as Rhizopus, Sarocladium, Colletotrichum, Exserohilum,
Bipolaris, Curvularia crescentulum, Purpureocillium lilacinum, and Pythium insidiosum have been reported in dozens of cases
among both white and black populations. Fusarium, Aspergillus, and Alternaria are the main pathogens in China [7], and the rare
fungal genera mentioned above have not been reported among Asian populations.

The different characteristics of host tissue structure and immune status lead to different clinical manifestations of fungal keratitis
and different sensitivities to antifungal drugs, which makes it very di�cult to treat fungal keratitis. The clinical features and drug
sensitivity of common fungal genera have been widely reported, but treatment guidelines for rare genera are lacking. Therefore, the
purpose of this study is to gather cases in which rare fungal genera were treated at Shandong Eye Hospital and to analyze the
relevant factors predisposing their occurrence, the clinical features, the confocal microscopy images, the drug sensitivity tests, and
the treatment outcomes.

Methods
Subjects

The study included a total of 1608 patients with fungal keratitis who were treated at Shandong Eye Hospital between October 2008
and December 2017. Sixteen cases caused by eight rare fungal genera were analyzed. This study was approved by the Ethics
Committee of Shandong Eye Hospital. The tenets of the Declaration of Helsinki were adhered to in the conduct of this study, and all
surgical patients signed written informed consent forms.

Diagnostic methods
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Confocal microscopy, anterior segment coherence optical tomography, corneal scraping cultures, and slitlamp microscopy were
performed in all patients. After admission, corneal lesions were examined using cytology smear, and scraped tissues were
inoculated into Sabouraud dextrose agar (SDA) and blood agar plate and were cultured in incubators at 28°C and 37°C,
respectively. The growth characteristics of the colonies were recorded. Molecular biological methods were used to identify those
whose morphology could not be identi�ed.

Four antifungal agents—amphotericin B, �uconazole, itraconazole, and voriconazole (provided by Shandong Boke Biological Co.,
Ltd.)—were tested for vitro antifungal susceptibility, and the minimum inhibitory concentration (MIC) values were reported.
Histopathological examination of corneal tissue excised from surgical patients (hematoxylin and eosin [H&E] staining, periodic
acid–Schiff [PAS] staining, and �uorescence staining) were performed to observe the depth of hyphae in�ltration, the direction of
hyphae growth, and the number of in�ammatory cells.

Drugs and surgical procedure

Sixteen patients were given systemic �uconazole sodium chloride injection (0.2 mg/ml intravenous drip) once a day or 200 mg
itraconazole orally once a day after admission; polyene (5% natamycin eye drops, 0.25% amphotericin eye drops) and imidazole
(0.5% �uconazole eye drops, 10mg/ml voriconazole eye drops) were given topically.

Surgical treatment was used when drug therapy was shown to be ineffective after approximately one week: (1) Focal excision was
performed when the lesion was located in the paracentral or periphery, which infection size was less than 5 mm and the depth was
less than 1/2 the corneal stroma, as nearly 1/2 of the corneal stroma can be combined with conjunctival �ap covering. (2) Lamellar
keratoplasty (LKP) was performed when the lesion was located in the optic axis and reached the deep corneal stroma but not the
corneal endothelium. (3) Therapeutic penetrating keratoplasty (TPK) was performed when the fungal infection had reached the
corneal endothelium. (4) Evisceration was performed when the fungal recurrence after keratoplasty was uncontrollable.

Statistical Analysis Method

Microsoft Excel 2010 was used for data input and management. Changes in the best-corrected visual acuity (BCVA) from the
baseline were analyzed with the Wilcoxon signed-rank test. All statistical analyses were performed using Predictive Analytics
Software (PASW) version 18.0.

Results
Microbiology

Of 1608 fungal keratitis cases, 857 (53.3%) pathogens were identi�ed as Fusarium genera, 377 (23.4%) as Aspergillus genera, 202
(12.6%) as Alternaria genera, and 172 (10.7%) as other genera. Among 16 rare fungal keratitis cases, 1 case of Rhizopus keratitis
(6.3%) was identi�ed, as well as 2 cases of Sarocladium keratitis (12.5%), 4 cases of Pythium insidiosum keratitis (25%), 1 case of
Exserohilum keratitis (6.3%), 1 case of Bipolaris keratitis (6.3%), 2 cases of Colletotrichum keratitis (12.5%), 2 cases of
Purpureocillium lilacinum keratitis (12.5%), and 3 cases of Curvularia crescentulum keratitis (18.8%).

Demographics and clinical presentation

Included in this study were 13 males and 3 females, of which 13 were peasants and 3 were workers. The average age was
54.75±12.70 years. Three cases (18.75%) were caused by plant trauma, seven cases (43.75%) due to foreign body scratch, and six
cases (37.5%) appeared without inducement. None of the 16 cases had a history of topical steroid use. The onset seasons were
mainly summer and winter, and the onset time was 15.14 ±7.22 days. The average duration of illness in all patients was
17.81 ± 8.83 days, with Exserohilum keratitis being the shortest (<15 days) and Pythium insidiosum keratitis being the longest (>30
days).

The clinical characteristics of fungal keratitis were observed using slit lamp examination. Endothelial plaque and hypopyon were
found in the focal area of Rhizopus cases, with satellite lesions near to it. One case of Pythium insidiosum keratitis resulted in a
whole corneal graft infection, and the remaining three cases showed endothelial plaque, hypopyon, and subepithelial and stromal
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in�ltrations. Three cases of Curvularia crescentulum keratitis showed feathery edges. One case of Purpureocillium lilacinum
keratitis had endothelial plaque and hypopyon, while the other case had raised lesions. Endothelial plaques were observed in all of
the four genera mentioned above. Colletotrichum, Exserohilum, and Bipolariscases also showed feathery edges extending to the
periphery, but the above three genera were not associated with endothelial plaque, satellite lesions, or hypopyon. Sarocladium
cases only showed obvious edema and in�ltration in the focal area, without typical fungal clinical characteristics. None of the eight
genera in this study showed immune rings (Figure 1).

Confocal microscopy images

Fungal hyphae were found in 16 cases (85.25%) on examination using confocal microscopy, and they were generally changed as
follows: the hyphae were highly re�ective; they were partially branched and segregated; their diameter was about 2.3—4.4 μm; their
shape was dendritic, linear, or short rod-like; they had an irregular hyphal morphology; the average branching angle was 39.03—
46.85 degrees; and their concomitant was a very low spore detection rate. The confocal manifestations of different genera are
shown in Figure 2.

Histopathological section results

In the 16 patients, 14 cases had corneal pathological sections, and hyphae structures were found in 8 cases (57.14%) using H&E
staining, PAS staining, or immuno�uorescence staining. A small number of hyphae and in�ammatory cells were observed in
Sarocladium and Exserohilum keratitis. When conducting PAS staining, Pythium insidiosum keratitis was not stained; only vacuolar
hyphae-like structures were found in the whole stroma, and the in�ammatory cells were not obvious. Immuno�uorescence staining
had positive results for fungi. More hyphae and a few spores were observed in Purpureocillium lilacinum and Curvularia
crescentulum keratitis (Figure 3).

In vitro drug sensitivity tests

In addition to Pythium insidiosum, the MIC values of amphotericin B, voriconazole, and itraconazole in seven genera were low
(0.016 to >16), indicating that they were all susceptible to the three antifungal agents. Among them, Rhizopus was more sensitive
to amphotericin B. Sarocladium was shown to be equally sensitive to three antifungal agents. Colletotrichum, Exserohilum,
Bipolaris, and Purpureocillium lilacinum were more sensitive to voriconazole, Curvularia crescentulum was more sensitive to
itraconazole, and �uconazole was highly resistant in all genera studied (MIC 4 to>256) (Table 1).

Therapeutic results

Curvularia crescentulum keratitis were treated with routine antifungal drugs for 2—6 days, and in 2/3 cases (66.67%), the ulcer
gradually healed. After 1 week of treatment, 14 cases (87.5%) underwent surgical after showing persistent progression or no
improvement in symptoms: One case of Rhizopus and one case of Purpureocillium lilacinum keratitis were treated with TPK.
Keratectomy was performed in seven cases (43.75%) of Colletotrichum, Exserohilum, Bipolaris, Purpureocillium lilacinum, and
Sarocladiumkeratitis (one case of Sarocladium combined with conjunctival �ap covering), and the average healing time of corneal
epithelium was 5.17±0.79 days postoperative. One case of Curvularia crescentulum keratitis was treated with LKP. Corneal
transplantation was performed in four patients with Pythium insidiosum keratitis, of which one case had recurrence after LKP and
three cases had recurrence after TPK. The average time of recurrence was 3.33 days. Evisceration were performed in three recurrent
cases with uncontrollable infection (Table 2, Figure 4).

Visual acuities

The BCVA (LogMAR) of 13 cases was 1.47 ±0.87 before treatment and 0.64 ±0.48 after treatment, and the difference was
statistically signi�cant [(95 % CI, 0.26–1.40) (P = 0.006] , with an average increase of 4.55±2.62 lines.

Discussion
There are different growth patterns among fungal species, so the clinical features, pathogenic invasiveness, and microbial
characteristics of different fungal species are also different. Many studies have reported that Fusarium keratitis more commonly
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shows feathery edges due to horizontal growth, while Aspergillus keratitis more commonly shows immune rings and hypopyon due
to vertical growth [8, 9]. In this study, Rhizopus keratitis showed endothelial plaque and hypopyon, of which the clinical
manifestations were severe. Rhizopus belongs to the Mucorales order of fungi, and human infection—such as keratitis—is rarely
seen in human eyes. Fewer than �ve cases have been reported abroad, and there are still no reports in China. Such an infection can
rapidly destroy the tissue structure and accelerate the progression of ocular diseases because of its strong pathogenic
invasiveness [10].

Pythium insidiosum is classi�ed as an oomycete, which is a fungal-like organism that is seen as branching, sparsely, septate or
aseptate �laments; its host animals are mammals, but eye infections are rare. There have been no reports of such an infection in
China thus far. Although this study classi�es Pythium insidiosum as a fungus, its microbial species still requires further discussion.
Its clinical features are mainly endothelial plaque, hypopyon, and peripheral reticular in�ltration, which indicate that the genus
causes strong enzymatic hydrolysis in surrounding and deep tissues, probably because the lack of ergosterol drug targets in the
cytoplasmic membrane leads to an insensitivity to antifungal drugs and a di�culty in controlling the disease [11, 12].

Curvularia crescentulum belongs to the family of dematiaceous fungi, and it is the dominant genus in foreign countries. Its clinical
features are raised lesions and feathery edges; hypopyon rarely occurs, and the prognosis is quite good. The medication rate of
Curvularia crescentulum keratitis in this study was 2/3 cases (66.67%). Only one case required LKP, because the ulcer was located
in deep stroma after the removal of a corneal foreign body. As such, medication should be recommended as the �rst choice for
Curvularia crescentulum patients. Exserohilum, Bipolaris, and Colletotrichum are also dematiaceous fungi, and they are common in
patients with low immunity. Human infections mainly invade the skin and respiratory tract, rarely infecting the cornea [13–16]. No
cases of such infections have yet been reported in China. In this study, the most common clinical feature of the three fungal genera
was feathery edges; they invaded the surrounding corneal tissues in a carpet-like manner, and the main reason for this was the
melanin in the cell wall, which can affect the host’s immune response to infection and reduce the toxicity of pathogens to deep
invasion. In addition, the unique temperature sensitivity of Colletotrichum also inhibited its progression to deeper levels (≥35°C
growth restriction); therefore, the three genera only invaded the super�cial stroma without endothelial plaque and hypopyon, which
accorded with the low virulence and mild infection. If the infection was diagnosed and treated early, patients were less likely to
require TPK treatment [17]. One case of Purpureocillium lilacinum keratitis was treated by TPK because of the presence of
endothelial plaque, which indicated that if the infection invaded the full thickness of the cornea, treatment using medication would
likely be ineffective.

The predisposing factors of fungal infection are mainly a history of plant trauma, the use of steroids, and low immunity. In this
study, none of the patients had a history of topical steroid use. One Rhizopus patient was scratched by iron foreign bodies.
Schwartz [18] and Azari et al.[19] each reported one case of Rhizopus keratitis, both of which were caused by metal scratches. As
such, scratches caused by metal may be a high risk factor for Rhizopus infection. However, the presence of Rhizopus infection
should be identi�ed as infection with dematiaceous fungi, as it is easy to confuse such an infection with residual metal substances
because of pigmentation on the surface of the lesion; detailed inquiries should be made as to whether the patient has such trauma.
Foreign bodies or plant trauma are predisposing factors for dematiaceous fungi; in this study, 5/7 cases (71.43%) of Exserohilum,
Bipolaris, Colletotrichum, and Curvularia crescentulum keratitis had a history of trauma, and this was consistent with relevant
reports from other countries[20].

Purpureocillium lilacinum and Pythium insidiosum are rare in China. There is no obvious common history of trauma for the two
pathogens; corneal infection caused by low immunity because of topical steroid application is a common cause of Purpureocillium
lilacinum abroad [21, 22], and if a patient has a history of topical steroid use and subsequent corneal infection, the possibility of
such pathogens may be considered. Pythium insidiosum inhabits aquatic and moist soil environments. The main predisposing
factors are water exposure, wearing contact lenses, and trauma, which is similar to the Acanthamoeba risk factors. In this study,
3/4 (75%) cases of Pythium insidiosum keratitis lived in humid areas along rivers, which provided a favorable environment for
Pythium. If corneal infection patients have the above-mentioned susceptibility factors and living environment, the possibility of
Pythium insidiosum infection should not be excluded.

Chidambaram et al.[23] reported that the average branching angle of Fusarium was 59.7° and that of Aspergillus was 63.3°. In our
study, confocal microscopy images showed an average branching angle of 39.03° 46.85° for the eight rare fungal genera, which is
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close to that of Fusarium. However, it has also been reported that the average branching angle of Pythium insidiosum is 78.6°[24],
so further observations should be made to increase the number of patients studied and con�rm the average branching angle.
Colletotrichum’s unique cluster-like and Pythium insidiosum’s bead-like manifestations were different from those of Fusarium and
Aspergillus, so the genera can be judged preliminarily according to the results of the examination. The positive results of
histopathology also showed that most hyphae grew horizontally. The direction of hyphae growth should be judged by clinical
features, confocal microscopy images, and pathological �ndings together, which can provide a reference for the choice of surgical
methods in the future.

Polyene and imidazole are still the main antifungal therapies used in China. There was no zoospore in the culture of Pythium
insidiosum in our study, and no results were obtained in the in vitro susceptibility tests. The other seven species were susceptible to
amphotericin B, voriconazole, and itraconazole; among them, voriconazole was more effective against fungi, especially for
dematiaceous species. It is impossible to test the susceptibility of natamycin due to lack of test reagents. Sixteen cases were
treated with two antifungal drugs after admission, which was bene�cial for limiting the lesion.

Seven patients (43.75%) with Colletotrichum, Exserohilum, Bipolaris, Purpureocillium lilacinum, and Sarocladium keratitis were
treated with keratectomy (one case of Sarocladium combined with conjunctival �ap covering). The average healing time of corneal
epithelium was 5.17 ±0.79 days postoperatively, and there was no evidence of fungal recurrence, which signi�cantly shortened the
course of the disease. This indicated that if medication was not effective, surgery without delay could be bene�cial to control
fungal keratitis. Most of the foreign reports of Purpureocillium lilacinum keratitis had a poor prognosis because the role of
hydrolase progressed deeper more easily. Okhravi et al.[25] reported the cure rate of patients to be about 30% to 40%, but Todokoro
et al. [26]reported that two patients were cured completely using only drugs. In this study, the two patients with Purpureocillium
lilacinum keratitis underwent surgical treatment, which had a good clinical effect; it was considered that this was related to the
combination of preoperative antifungal-sensitive drugs and the total eradication of lesions, which effectively controlled fungi
recurrence. At present, there is no effective treatment for Pythium insidiosum keratitis; antifungal therapy is still the main treatment
method used in other countries, but their effect is generally not good. The recurrence rate of fungi after surgery is high, and several
foreign studies showed that the evisceration rate in Pythium patients was 42.6% [24, 27]. In our study, four cases of Pythium
insidiosum keratitis were ineffective in antifungal therapy, and three cases (75%) showed fungal recurrence after corneal
transplantation. A hyphae-like structure was observed using confocal microscopy, and evisceration was required for an
uncontrolled fugal infection. The average time of recurrence was 3.33 days after surgery. Antifungal medication combined with
antimicrobial therapy has been used in other countries, and for patients with corneal limbus invasion, it can be combined with
cryotherapy [28, 29], which providing a new idea for the targeted treatment of patients with poor surgical outcomes in China.

Conclusions
In this study, the treatment of Curvularia crescentulum keratitis with medication showed good results. For cases of Rhizopus,
Sarocladium, Colletotrichum, Exserohilum, Bipolaris, and Purpureocillium lilacinum keratitis, early surgical intervention seemed to
be effective in shortening the course of the disease. For Pythium insidiosum keratitis, medication generally failed, so corneal
transplantation after thorough lesion resection remains the primary treatment method. However, because recurrence still occurs
and the cycle is short, especially if the infection extends to the limbus, the evisceration rate is high. Therefore, such patients should
be closely observed after surgery, the medication and surgical plan should be adjusted in real time to actively respond to fungi
recurrence.

Abbreviations
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LogMAR: the logarithm of minimal angle of resolution score

SDA: Sabouraud dextrose agar

MIC: minimum inhibitory concentration
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H&E: hematoxylin and eosin staining

PAS: periodic acid–Schiff staining

LKP: Lamellar keratoplasty

TPK: Therapeutic penetrating keratoplasty

PASW: Predictive Analytics Software

Declarations
Acknowledgments

The author thank the imaging department and clinical laboratories of Shandong Eye Hospital for their help in collecting
information of this manuscript.

Authors’ contributions

XW is responsible for the acquisition of clinical data and the writing of manuscripts. XHL participates in the preparation of culture
medium and identi�cation of fungal pathogens. SXL, TW and YNJ guided the data analysis.  STW, JTW and CXD performed data
collection. WYS reviewed and revised the manuscript. All authors read and approved the �nal manuscript.

Funding

This work was partially supported by the National Natural Science Foundation of China (81530027, 81470611); W. S. are partially
supported by the Taishan Scholar Program (20150215) and the Innovation Project of Shandong Academy of Medical Sciences.

Availability of data and materials

The datasets used and/or analyzed to support the �ndings of this study are available from the corresponding author on reasonable
request.

Ethics approval and consent to participate

This study followed the tenets of the Helsinki Declaration on ethical principles for medical research involving human subjects and
was approved by the ethics committee of Shandong Eye Hospital, Shandong Provincial Key Laboratory of Ophthalmology,
China. Written informed consents were obtained from all subjects.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Author details

1 Department of Medicine, Qingdao University, Qingdao, Shandong, China

2 Shandong Eye Hospital, State Key Laboratory Cultivation Base, Shandong Provincial Key Laboratory of Ophthalmology,
Shandong Eye Institute, Shandong First Medical University & Shandong Academy of Medical Sciences, Jinan, Shandong, China

References



Page 8/14

1.Mahmoudi S, Masoomi A, Ahmadikia K, Tabatabaei SA, Soleimani M, Rezaie S, et al. Fungal keratitis: An overview of clinical and
laboratory aspects. Mycoses. 2018;61:916–30.

2.Rautaraya B, Sharma S, Kar S, Das S, Sahu SK. Diagnosis and treatment outcome of mycotic keratitis at a tertiary eye care center
in eastern India. BMC ophthalmology. 2011;11:39.

3.Bharathi MJ, Ramakrishnan R, Vasu S, Meenakshi R, Palaniappan R. Epidemiological characteristics and laboratory diagnosis of
fungal keratitis. A three-year study. Indian journal of ophthalmology. 2003;51:315–21.

4.Sirikul T, Prabriputaloong T, Smathivat A, Chuck RS, Vongthongsri A. Predisposing factors and etiologic diagnosis of ulcerative
keratitis. Cornea. 2008;27:283–7.

5.Tanure MA, Cohen EJ, Sudesh S, Rapuano CJ, Laibson PR. Spectrum of fungal keratitis at Wills Eye Hospital, Philadelphia,
Pennsylvania. Cornea. 2000;19:307–12.

6.Hassan HM, Papanikolaou T, Mariatos G, Hammad A, Hassan H. Candida albicans keratitis in an immunocompromised patient.
Clinical ophthalmology (Auckland, NZ). 2010;4:1211–5.

7.Wang L, Sun S, Jing Y, Han L, Zhang H, Yue J. Spectrum of fungal keratitis in central China. Clinical & experimental
ophthalmology. 2009;37:763–71.

8.Oldenburg CE, Prajna VN, Prajna L, Krishnan T, Mascarenhas J, Vaitilingam CM, et al. Clinical signs in dematiaceous and hyaline
fungal keratitis. The British journal of ophthalmology. 2011;95:750–1.

9.Kalavathy CM, Parmar P, Kaliamurthy J, Philip VR, Ramalingam MD, Jesudasan CA, et al. Comparison of topical itraconazole 1%
with topical natamycin 5% for the treatment of �lamentous fungal keratitis. Cornea. 2005;24:449–52.

10.Warner DB, Wright IH, Rosenbaum ER. Rhizopus Keratitis Associated with Poor Contact Lens Hygiene. Case reports in
ophthalmology. 2016;7:21–4.

11.Tanhehco TY, Stacy RC, Mendoza L, Durand ML, Jakobiec FA, Colby KA. Pythium insidiosum keratitis in Israel. Eye & contact
lens. 2011;37:96–8.

12.Krajaejun T, Pracharktam R, Wongwaisayawan S, Rochanawutinon M, Kunakorn M, Kunavisarut S. Ocular pythiosis: is it under-
diagnosed? American journal of ophthalmology. 2004;137:370–2.

13.Adler A, Yaniv I, Samra Z, Yacobovich J, Fisher S, Avrahami G, et al. Exserohilum: an emerging human pathogen. European
journal of clinical microbiology & infectious diseases: o�cial publication of the European Society of Clinical Microbiology.
2006;25:247–53.

14.Wang L, Al-Hatmi AM, Lai X, Peng L, Yang C, Lai H, et al. Bipolaris oryzae, a novel fungal opportunist causing keratitis.
Diagnostic microbiology and infectious disease. 2016;85:61–5.

15.Shivaprakash MR, Appannanavar SB, Dhaliwal M, Gupta A, Gupta S, Gupta A, et al. Colletotrichum truncatum: an unusual
pathogen causing mycotic keratitis and endophthalmitis. Journal of clinical microbiology. 2011;49:2894–8.

16.Shiraishi A, Araki-Sasaki K, Mitani A, Miyamoto H, Sunada A, Ueda A, et al. Clinical characteristics of keratitis due to
Colletotrichum gloeosporioides. Journal of ocular pharmacology and therapeutics: the o�cial journal of the Association for Ocular
Pharmacology and Therapeutics. 2011;27:487–91.

17.Rathi H, Venugopal A, Rameshkumar G, Ramakrishnan R, Meenakshi R. Fungal Keratitis Caused by Exserohilum, An Emerging
Pathogen. Cornea. 2016;35:644–6.

18.Schwartz LK, Loignon LM, Webster RG, Jr. Posttraumatic phycomycosis of the anterior segment. Archives of ophthalmology
(Chicago, Ill: 1960). 1978;96:860–3.



Page 9/14

19.Azari AA, Nehls S, Ghoghawala SY, Lee V, Kanavi MR, Potter HD. Rhizopus keratitis following corneal trauma. JAMA
ophthalmology. 2013;131:776.

20.Kumar A, Khurana A, Sharma M, Chauhan L. Causative fungi and treatment outcome of dematiaceous fungal keratitis in North
India. Indian journal of ophthalmology. 2019;67:1048–53.

21.Yuan X, Wilhelmus KR, Matoba AY, Alexandrakis G, Miller D, Huang AJ. Pathogenesis and outcome of Paecilomyces keratitis.
American journal of ophthalmology. 2009;147:691–6.e3.

22.Luangsa-Ard J, Houbraken J, van Doorn T, Hong SB, Borman AM, Hywel-Jones NL, et al. Purpureocillium, a new genus for the
medically important Paecilomyces lilacinus. FEMS microbiology letters. 2011;321:141–9.

23.Chidambaram JD, Prajna NV, Larke N, Macleod D, Srikanthi P, Lanjewar S, et al. In vivo confocal microscopy appearance of
Fusarium and Aspergillus species in fungal keratitis. The British journal of ophthalmology. 2017;101:1119–23.

24.Anutarapongpan O, Thanathanee O, Worrawitchawong J, Suwan-Apichon O. Role of Confocal Microscopy in the Diagnosis of
Pythium insidiosum Keratitis. Cornea. 2018;37:156–61.

25.Okhravi N, Lightman S. Clinical manifestations, treatment and outcome of Paecilomyces lilacinus infections. Clinical
microbiology and infection: the o�cial publication of the European Society of Clinical Microbiology and Infectious Diseases.
2007;13:554.

26.Todokoro D, Yamada N, Fukuchi M, Kishi S. Topical voriconazole therapy of Purpureocillium lilacinum keratitis that occurred in
disposable soft contact lens wearers. International ophthalmology. 2014;34:1159–63.

27.Agarwal S, Iyer G, Srinivasan B, Agarwal M, Panchalam Sampath Kumar S, Therese LK. Clinical pro�le of pythium keratitis:
perioperative measures to reduce risk of recurrence. The British journal of ophthalmology. 2018;102:153–7.

28.Jesus FP, Loreto ES, Ferreiro L, Alves SH, Driemeier D, Souza SO, et al. In Vitro and In Vivo Antimicrobial Activities of Minocycline
in Combination with Azithromycin, Clarithromycin, or Tigecycline against Pythium insidiosum. Antimicrobial agents and
chemotherapy. 2016;60:87–91.

29.Chen Y, Yang W, Gao M, Belin MW, Yu H, Yu J. Experimental study on cryotherapy for fungal corneal ulcer. BMC ophthalmology.
2015;15:29.

Tables



Page 10/14

Table 1    Drug sensitivity of different fungi genera (MIC)

  Rhizopus Sarocladium Exserohilum Bipolaris      Colletotrichum

 

Purpureocillium

lilacinum

Curvularia

crescentulum

Amphotericin B

0.002-32

1 0.25 4 0.25 1.2 0.25 0.25 8 2 0.25

 

0.5 0.5

Fluconazol

(0.016-256)

256 64 64 25 32 16 24 64 256 4 32 64

Voriconazole

(0.002-32)

8 0.25 1 0.05 0.12 0.016 0.05 0.25 0.05 0.032 1 1

Itraconazole 0.002-

32

16 0.25 16 0.25 0.125 1.5 1.2 1 4 0.125 0.25 0.25

* The MIC value of the genera are only provided in this experiment. The results are for reference only.

 

Table 2  Drugs and surgical methods of different fungi genera keratitis

Genus                    Drugs         Surgical

Rhizopus V+I TPK

Sarocladium V+N Keratectomy+Conjunctival flap covering

V+N Keratectomy

 Colletotrichum V+N Keratectomy

V+N Keratectomy

Exserohilum V+A Keratectomy

 Bipolaris V+N Keratectomy

 

  Curvularia crescentulum

V+N LKP

V+N --

V+N --

Purpureocillium lilacinum V+N Keratectomy

 V+N TPK

 

Pythium insidiosum

V+N LKP/TPK/ Evisceration

V+N TPK outside hospital /TPK/ Evisceration

V+A TPK/ Keratectomy / Evisceration

V+N TPK

* I Itraconazole V Voriconazole  N Natamycin  A Amphotericin B.
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Figure 1

Slit lamp biomicroscopy photography, tape smear, and culture pictures of different species of fungal keratitis (SDA medium, 28°C,
5–9 days).



Page 12/14

Figure 2

Confocal microscopy images of different fungal genera keratitis. A: Colletotrichum keratitis showed hyphae densely distributed in
clusters and scattered in�ammatory cells. B: Exserohilum keratitis showed slender hyphae overlap distribution, with sheath wall
and segregation, a few spores, and in�ammatory cells. C: Purpureocillium lilacinum keratitis showed a large number of curved
short rod-like hyphae structures with branches and segregation and a small number of spores. D: Pythium insidiosum keratitis
showed densely distributed hyphae that were beaded, and few in�ammatory cells (arrow point, magni�cation of 400×400).
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Figure 3

Histopathological manifestations of different fungal genera. A: Sporadic in�ammatory cells and no obvious hyphae were observed
in Colletotrichum keratitis (H&E staining, 200 × magni�cation). B,C: Hyphae and a few spores were found in Purpureocillium
lilacinum and Curvularia crescentulum keratitis, which invaded the shallow and medium stroma and showed mainly horizontal
growth (PAS staining, 200×magni�cation). D: A small number of hyphae and in�ammatory cells were observed in Exserohilum
keratitis, and mainly horizontal growth was observed (PAS staining, 200×magni�cation). E: A large number of vacuolar hyphae-like
structures were found to invade the whole cornea of Pythium insidiosum keratitis, and no obvious in�ammatory cells were seen
(PAS staining, 200×magni�cation). F: For Pythium insidiosum keratitis, immuno�uorescence staining showed that the hyphae grew
horizontally (200×magni�cation).
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Figure 4

The treatment process of three evisceration cases of Pythium insidiosum keratitis. A1,B1,C1: Slit lamp biomicroscopy photography.
A2: Fungal recurrence was observed four days after LKP, and the whole corneal graft was in�ltrated. A3: Fungal recurrence was
observed two days after TKP, accompanied by hypopyon. B2: Hypopyon occurred �ve days after TPK. B3: Hypopyon increased half
a month after surgery. C2: Corneal graft, implant bed in�ltration, and hypopyon were observed three days after TKP. C3: Whole
corneal graft in�ltration was observed three days after keratectomy.


