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Introduction
Corneal inflammation caused by various factors is col-
lectively referred to as keratitis. Infection is the most 
common cause of keratitis, especially when the host is 
associated with damage or loss of corneal epithelial cells 
or the body’s resistance is reduced [1]. Infectious keratitis 
is widely recognized as a leading contributor to prevent-
able visual impairment and blindness globally [2], and 
was formally designated as a neglected tropical disease 
by the World Health Organization in 2019 [3]. Among 
them, fungal keratitis (FK) is a serious corneal disease 
that poses a threat to public health and economy. In 
recent years, the incidence rate of FK has soared due to 
the increase in the number of people with immune defi-
ciency or basic diseases such as diabetes and chronic eye 
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Abstract
Background Infectious keratitis, a significant contributor to blindness, with fungal keratitis accounting for nearly half 
of cases, poses a formidable diagnostic and therapeutic challenge due to its delayed clinical presentation, prolonged 
culture times, and the limited availability of effective antifungal medications. Furthermore, infections caused by rare 
fungal strains warrant equal attention in the management of this condition.

Case presentation A case of fungal keratitis was presented, where corneal scraping material culture yielded pink 
colonies. Lactophenol cotton blue staining revealed distinctive spore formation consistent with the Fusarium species. 
Further analysis using Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF 
MS) identified the causative agent as Fusarium proliferatum. However, definitive diagnosis of Pseudonectria foliicola 
infection was confirmed through ITS sequencing. The patient’s recovery was achieved with a combination therapy of 
voriconazole eye drops and itraconazole systemic treatment.

Conclusion Pseudonectria foliicola is a plant pathogenic bacterium that has never been reported in human infections 
before. Therefore, ophthalmologists should consider Pseudonectria foliicola as a possible cause of fungal keratitis, as 
early identification and timely treatment can help improve vision in most eyes.

Keywords Fungal keratitis, Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry, ITS 
sequencing, Pseudonectria foliicola, Early identification
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diseases, as well as the widespread use of contact lenses 
[4]. According to the survey, fungal infection is the lead-
ing cause of infectious keratitis worldwide, accounting 
for approximately 50% of all infectious keratitis, and is 
the second most common blinding eye disease after cata-
racts [2, 5].

The common pathogenic fungi for FK include Asper-
gillus spp., Fusarium spp., Penicillium spp., and Candida 
spp. [6, 7]. However, in recent years, an increasing num-
ber of rare FK cases have been reported [8], which poses 
great challenges for the diagnosis and treatment of FK. 
The clinical characteristics of FK are very similar to bac-
terial keratitis and are often difficult to distinguish. This 
often delays diagnosis, leading to a poor prognosis and 
even the development of endophthalmitis [9]. Emerg-
ing fungal pathogens and resistance to existing antifun-
gal drugs further contribute to the poor prognosis of FK. 
Therefore, keratitis caused by fungal infection should not 
be ignored [10]. Here, we report a case of keratitis caused 
by Pseudonectria foliicola infection. This is a plant patho-
genic fungus that can cause wilt disease in boxwood, 
belonging to the Ascomycota phylum and Ascomycota 
family, often spreading in soil [11]. It has never been 
reported in human infections before.

Case presentation
Clinical features
A 60s female patient sustained an injury to her right eye 
while engaged in agricultural activities, resulting in for-
eign body sensation, ocular redness, pain, reduced vision, 
eyelid swelling, and tearing. She initially sought treat-
ment at a local hospital, where she received fluometho-
lone and levofloxacin eye drops, along with oral cefprozil, 
but experienced no significant improvement. Conse-
quently, she was referred to our hospital for further eval-
uation and management. Upon examination, the patient 
displayed mild eyelid swelling, with prominent conjuncti-
val congestion. A white, slightly elevated, circular lesion, 

approximately 4  mm × 3  mm in size, was observed on 
the central cornea, temporal to the limbus. The lesion’s 
boundaries were indistinct, and its surface was slightly 
dry, with a noticeable central endothelial fold. The ante-
rior chamber was deep, revealing a pus accumulation of 
approximately 1.5 mm beneath. The iris was fully adher-
ent to the pupil, with clear texture, a round shape of 
3 mm x 3 mm, and an absent light reflex. The lens showed 
minimal opacity (Fig.  1). Routine peripheral blood tests 
revealed no abnormal findings.

Etiological examination
Take the patient’s corneal scraping material for fungal 
culture. After 7 days in a constant temperature incubator 
at 28℃, yellow green filamentous fungal colonies grow, 
producing a large amount of spores with a pink color in 
the middle of the colonies (Fig.  2A). Lactophenol cot-
ton blue staining showed characteristic spore formation 
similar to that of the Fusarium spp. (no septal hyphae 
branching at acute angles, with many spindle to oval 
shaped conidia of different sizes) (Fig. 2B). Pseudonectria 
foliicola was confirmed by sequencing and BLAST analy-
sis of internal transcribed spacer DNA regions (GenBank 
accession number OR336108.1) (Fig.  3). The scanning 
electron microscope showed the ultrastructure of the 
fungus. The conidia are elliptical in shape, with rough 
epidermis and bud marks at one end, approximately 
20  μm. On the sidewall surface of the mycelium, char-
acteristic protrusions of germinating individual spores 
and segments were observed (Fig. 2C and D). It is worth 
mentioning that in the early stages of diagnosis, we used 
matrix assisted laser destruction ionization time of flight 
mass spectroscopy (MALDI-TOF MS) for identification. 
However, the identification results showed Fusarium 
proliferatum, which caused some misdiagnosis in our 
diagnosis.

Treatment and outcome
After admission, considering that the patient’s lesion was 
caused by a plant injury, combined with the patient’s cur-
rent eye examination and medical history, we suspected 
that fungal corneal ulcers were highly likely. Therefore, 
the patient was given antifungal treatment with voricon-
azole eye drops once an hour and levofloxacin eye drops 
five times a day to prevent infection. At the same time, 
the patient was given oral itraconazole for systemic anti-
fungal treatment with 0.4 g for the first day, 0.3 g for the 
second day until corneal ulcer scars appeared and then 
reduced 0.2 g per day. Five days later, the patient’s symp-
toms improved significantly. The patient was allowed to 
be discharged with medication and instructed to con-
tinue follow-up treatment.

Fig. 1 The patient’s eye image clearly shows a white mist like object inside 
the eye
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Discussion
The incidence of FK varies greatly throughout the world, 
and FK is of particular concern in developing countries 
and tropical and subtropical regions due to the growth 
habits of the fungus [12]. Despite their clinical manifes-
tation similarities with bacterial keratitis, the pathogen-
esis of FK differs [13]. In short, the pathogenesis of FK 
is that the infected fungus is able to survive and grow 
in the cornea, while being able to penetrate the host’s 
defense mechanisms to reach the internal tissues, digest 
and absorb the host’s nutrients, and resist the attack of 
the host’s immune system [14]. Epidemiological stud-
ies reveal a higher incidence in males, with a 1.6:1 ratio, 
potentially linked to higher agricultural occupations, 
which expose individuals to plant-related trauma, a pri-
mary cause of FK [15–17]. Other risk factors include 
contact lens use, pre-existing ocular conditions, skin fun-
gal infections, prolonged antibiotic or steroid use, and a 
history of eye surgery [18]. Clinicians should be vigilant 
for these factors when suspecting FK, as exemplified by 

our case where a patient, injured by plants during farm-
ing, was initially misdiagnosed and treated inappropri-
ately due to the overlooked predisposing factor at a lower 
healthcare facility.

Early diagnosis is crucial for the treatment of FK. The 
traditional diagnostic method is to collect corneal scrap-
ing material for fungal culture, which is also the main 
basis for diagnosing FK. However, invasive tissue sam-
pling carries a certain risk of complications, and cul-
tivation usually takes a long time, which can delay the 
condition and increase the burden on patients [19]. Rapid 
staining microscopy is a fast, simple, and inexpensive 
detection method, but it depends on the work experi-
ence of inspectors [20]. In vivo confocal microscopy 
(IVCM) is a new instrument used in recent years for the 
early diagnosis and guidance of treatment of fungal cor-
neal ulcers, which can dynamically observe the morphol-
ogy of fungal hyphae in the cornea [21]. Compared to 
traditional detection methods, IVCM can achieve non-
invasive detection while achieving the same sensitivity 

Fig. 2 Morphological identification of Pseudonectria foliicola. (A) Pseudonectria foliicola colony culture with yellow-green mycelium and pink spores. (B) 
Lactophenol cotton blue staining demonstrated characteristic sporulation similar to Fusarium spp., aseptate hyphae branched at acute angles with nu-
merous fusiform to ellipsoidal conidia in different size. (C and D) The conidiophore was ellipsoidal and cuticular roughness with a bud scar (purple arrow) 
at one end, approximately 20 μm in length (figure E). Characteristic protuberant sites (green arrow) for germinating solitary blastospore and annellide 
were noted on the sidewall surface of hyphae
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and specificity [22], but it has not broken through the 
limitations of species identification. MALDI-TOF MS 
is currently the most commonly used pathogens identi-
fication method in hospital microbiology departments. 
This method is convenient, fast, and can identify the vast 
majority of pathogens. But MALDI-TOF MS is also lim-
ited by the database, and for rare pathogens, this method 
may also result in identification failure or errors. In our 
testing process, MALDI-TOF MS mistakenly identified 
the pathogen as Fusarium proliferatum, which greatly 
misled the diagnosis. Finally, we confirmed keratitis 
caused by Pseudonectria foliicola through ITS sequenc-
ing. DNA sequencing is the gold standard for microbial 
identification, which not only distinguishes species and 
identifies clinically rare species, but also helps predict 
antifungal drug sensitivity [23]. Therefore, when facing 
rare pathogens infections, we should pay more attention 
to sequencing.

Pseudonectria foliicola, the major pathogen causing the 
leaf blight of boxwood, is widely distributed globally and 
further expands with the distribution of boxwood [11]. 
However, the eye lesions in our patients came from straw, 
a genus of gramineous rice, indicating further expansion 
of Pseudonectria foliicola. Pseudonectria foliicola is char-
acterized by the production of a large number of pink 
fungal spores on the foliage surfaces of infected plants 
[24], which is why we suspected the MALDI-TOF MS 
result and further ITS sequencing was conducted.

Due to poor eye penetration and low bioavailability of 
currently available antifungal drugs to the expected site 
of action, the treatment of FK is challenging [25]. The 

first line of treatment for FK starts with local antifungal 
drugs, while surgical treatment is not the first choice [26]. 
Due to the lack of previous reports of human infection 
with Pseudonectria foliicola, and considering the patient’s 
age and heavy surgical burden, we chose to use voricon-
azole eye drops for local treatment. Afterwards, based on 
monitoring the patient’s liver function, we administered 
the first dose of 0.4 g of itraconazole to the patient and 
gradually reduced the dosage until the patient’s corneal 
ulcer scarring occurred. Under such combined treat-
ment, patients recover.

Conclusion
We first illustrated the possibility of this emerging patho-
genic fungus infecting humans and spreading across 
species. Therefore, ophthalmologists should consider 
including Pseudonectria foliicola as a possible cause of 
fungus keratitis, as early identification and prompt man-
agement helped majority of the eyes to improve visual 
acuity. In addition, when facing rare pathogens infec-
tions, we should pay more attention to the sequencing 
results to avoid misdiagnosis caused by their rarity.
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Fig. 3 Phylogenetic tree of Pseudonectria foliicola ZJSRMYY1

 



Page 5 of 5Zhu et al. Annals of Clinical Microbiology and Antimicrobials           (2024) 23:64 

Funding
This study was supported by the [New Project of Zhejiang Provincial People’s 
Hospital entitled “Construction of Rapid Nucleic Acid Detection Platform for 
Invasive Fungi”] under Grant [number 20211214].

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study was supported by the Ethics Committee of Zhejiang People’s 
Hospital (Ethics Committee Approval of Biomedical Research Involving 
Humans, Approval No.: 2022JS008) and was carried out in accordance with 
the ethical standards of the Declaration of Helsinki.

Consent for publication
Written and informed consent was obtained from the patient for publication 
of this case report and any accompanying images.

Conflict of interest
The authors declare no competing interests.

Received: 25 April 2024 / Accepted: 28 June 2024

References
1. Acharya Y, Acharya B, Karki P. Fungal keratitis: study of increasing trend and 

common determinants. Nepal J Epidemiol. 2017;7(2):685–93. https://doi.
org/10.3126/nje.v7i2.17975. PMID: 29181230; PMCID: PMC5673246.

2. Ghosh AK, Gupta A, Rudramurthy SM, Paul S, Hallur VK, Chakrabarti A. Fungal 
keratitis in North India: Spectrum of agents, risk factors and treatment. 
Mycopathologia. 2016;181(11–12):843–50. https://doi.org/10.1007/s11046-
016-0042-3. Epub 2016 Jul 29. PMID: 27473202.

3. Ung L, Acharya NR, Agarwal T, Alfonso EC, Bagga B, Bispo PJ, Burton MJ, Dart 
JK, Doan T, Fleiszig SM, Garg P, Gilmore MS, Gritz DC, Hazlett LD, Iovieno A, 
Jhanji V, Kempen JH, Lee CS, Lietman TM, Margolis TP, McLeod SD, Mehta JS, 
Miller D, Pearlman E, Prajna L, Prajna NV, Seitzman GD, Shanbhag SS, Sharma 
N, Sharma S, Srinivasan M, Stapleton F, Tan DT, Tandon R, Taylor HR, Tu EY, Tuli 
SS, Vajpayee RB, Van Gelder RN, Watson SL, Zegans ME, Chodosh J. Infectious 
corneal ulceration: a proposal for neglected tropical disease status. Bull World 
Health Organ. 2019;97(12):854–6. https://doi.org/10.2471/BLT.19.232660. 
Epub 2019 Nov 1. PMID: 31819296; PMCID: PMC6883276.

4. Cultrera R, Torelli R, Sarnicola C, Segala D, Mengoli A, Chiaretto G, Perri P, 
Sanguinetti M. Identification and molecular characterization of Subramaniula 
asteroides causing human fungal keratitis: a case report. BMC Infect Dis. 
2021;21(1):82. https://doi.org/10.1186/s12879-021-05768-7. PMID: 33461505; 
PMCID: PMC7814578.

5. Hu LT, Du ZD, Zhao GQ, Jiang N, Lin J, Wang Q, Xu Q, Cong L, Qiu S. Role of 
TREM-1 in response to aspergillus fumigatus infection in corneal epithelial 
cells. Int Immunopharmacol. 2014;23(1):288–93. Epub 2014 Sep 19. PMID: 
25242387.

6. Zhao W, Che C, Liu K, Zhang J, Jiang N, Yuan K, Zhao G. Fenretinide 
inhibits Neutrophil recruitment and IL-1β production in Aspergillus 
Fumigatus Keratitis. Cornea. 2018;37(12):1579–85. https://doi.org/10.1097/
ICO.0000000000001756. PMID: 30211745; PMCID: PMC6221409.

7. Garg P, Roy A, Roy S. Update on fungal keratitis. Curr Opin Ophthalmol. 
2016;27(4):333-9. https://doi.org/10.1097/ICU.0000000000000272. PMID: 
27093101.

8. Ahmadikia K, Aghaei Gharehbolagh S, Fallah B, Naeimi Eshkaleti M, Malekifar 
P, Rahsepar S, Getso MI, Sharma S, Mahmoudi S. Distribution, prevalence, and 
causative agents of fungal keratitis: a systematic review and Meta-analysis 
(1990 to 2020). Front Cell Infect Microbiol. 2021;11:698780. https://doi.
org/10.3389/fcimb.2021.698780. PMID: 34513726; PMCID: PMC8428535.

9. Bourcier T, Sauer A, Dory A, Denis J, Sabou M. Fungal keratitis. J Fr Ophtalmol. 
2017;40(9):e307-e313. https://doi.org/10.1016/j.jfo.2017.08.001. Epub 2017 
Oct 4. PMID: 28987448.

10. Maharana PK, Sharma N, Nagpal R, Jhanji V, Das S, Vajpayee RB. Recent 
advances in diagnosis and management of mycotic keratitis. Indian J 

Ophthalmol. 2016;64(5):346–57. https://doi.org/10.4103/0301-4738.185592. 
PMID: 27380973; PMCID: PMC4966371.

11. Rivera Y, Salgado-Salazar C, Veltri D, Malapi-Wight M, Crouch JA. Genome 
analysis of the ubiquitous boxwood pathogen pseudonectria foliicola. PeerJ. 
2018;6:e5401. https://doi.org/10.7717/peerj.5401. PMID: 30155349; PMCID: 
PMC6110257.

12. Kredics L, Narendran V, Shobana CS, Vágvölgyi C, Manikandan P, Indo-
Hungarian Fungal Keratitis Working Group. Filamentous fungal infections of 
the cornea: a global overview of epidemiology and drug sensitivity. Mycoses. 
2015;58(4):243–60. https://doi.org/10.1111/myc.12306. Epub 2015 Feb 27. 
PMID: 25728367.

13. Niu L, Liu X, Ma Z, Yin Y, Sun L, Yang L, Zheng Y. Fungal keratitis: Pathogenesis, 
diagnosis and prevention. Microb Pathog. 2020;138:103802. https://doi.
org/10.1016/j.micpath.2019.103802. Epub 2019 Oct 15. PMID: 31626916.

14. Köhler JR, Hube B, Puccia R, Casadevall A, Perfect JR. Fungi that Infect 
Humans. Microbiol Spectr. 2017;5(3). https://doi.org/10.1128/microbiolspec.
FUNK-0014-2016. PMID: 28597822.

15. Gonzales CA, Srinivasan M, Whitcher JP, Smolin G. Incidence of cor-
neal ulceration in Madurai district, South India. Ophthalmic Epidemiol. 
1996;3(3):159 – 66. https://doi.org/10.3109/09286589609080122. PMID: 
8956320.

16. Srinivasan M, Gonzales CA, George C, Cevallos V, Mascarenhas JM, Asokan B, 
Wilkins J, Smolin G, Whitcher JP. Epidemiology and aetiological diagnosis of 
corneal ulceration in Madurai, south India. Br J Ophthalmol. 1997;81(11):965–
71. PMID: 9505820; PMCID: PMC1722056.

17. Galarreta DJ, Tuft SJ, Ramsay A, Dart JK. Fungal keratitis in London: micro-
biological and clinical evaluation. Cornea. 2007;26(9):1082-6. https://doi.
org/10.1097/ICO.0b013e318142bff3. PMID: 17893539.

18. Ursea R, Tavares LA, Feng MT, McColgin AZ, Snyder RW, Wolk DM. Non-
traumatic Alternaria keratomycosis in a rigid gas-permeable contact lens 
patient. Br J Ophthalmol. 2010;94(3):389 – 90. https://doi.org/10.1136/
bjo.2009.164632. PMID: 20215384.

19. Thomas PA. Current perspectives on ophthalmic mycoses. Clin Microbiol Rev. 
2003;16(4):730–97. https://doi.org/10.1128/CMR.16.4.730-797.2003. PMID: 
14557297; PMCID: PMC207127.

20. Yue X, Wang A, Wang H, Li Q, Yue X. Evaluation of a new fluorescent reagent, 
fluorescent brightener 85, for the diagnosis of suspected onychomycosis 
compared with potassium hydroxide. Mycoses. 2018;61(4):279–82. https://
doi.org/10.1111/myc.12733. Epub 2017 Dec 26. PMID: 29193377.

21. Chidambaram JD, Prajna NV, Larke N, Macleod D, Srikanthi P, Lanjewar S, Shah 
M, Lalitha P, Elakkiya S, Burton MJ. In vivo confocal microscopy appearance 
of Fusarium and Aspergillus species in fungal keratitis. Br J Ophthalmol. 
2017;101(8):1119–23. https://doi.org/10.1136/bjophthalmol-2016-309656. 
Epub 2017 Jan 2. PMID: 28043985; PMCID: PMC5537506.

22. Brasnu E, Bourcier T, Dupas B, Degorge S, Rodallec T, Laroche L, Borderie V, 
Baudouin C. In vivo confocal microscopy in fungal keratitis. Br J Ophthalmol. 
2007;91(5):588–91. https://doi.org/10.1136/bjo.2006.107243. Epub 2006 Dec 
6. PMID: 17151059; PMCID: PMC1954742.

23. Giraldo A, Sutton DA, Gené J, Fothergill AW, Cano J, Guarro J. Rare arthro-
conidial fungi in clinical samples: Scytalidium Cuboideum and Arthropsis 
Hispanica. Mycopathologia. 2013;175(1–2):115–21. https://doi.org/10.1007/
s11046-012-9590-3. Epub 2012 Oct 17. PMID: 23073823.

24. Shi F, Hsiang T. First Report of Pseudonectria buxi Causing Volutella Blight on 
Boxwood (Buxus sp.) in Beijing, China. Plant Dis. 2014;98(9):1282. https://doi.
org/10.1094/PDIS-04-14-0434-PDN. PMID: 30699632.

25. Sharma N, Bagga B, Singhal D, Nagpal R, Kate A, Saluja G, Maharana PK. Fun-
gal keratitis: a review of clinical presentations, treatment strategies and out-
comes. Ocul Surf. 2022;24:22–30. https://doi.org/10.1016/j.jtos.2021.12.001. 
Epub 2021 Dec 13. PMID: 34915188.

26. Wang L, Yu H, Jiang L, Wu J, Yi M. Fungal keratitis caused by a rare pathogen, 
Colletotrichum gloeosporioides, in an east coast city of China. J Mycol Med. 
2020;30(1):100922. https://doi.org/10.1016/j.mycmed.2019.100922. Epub 
2020 Jan 7. PMID: 31959581.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3126/nje.v7i2.17975
https://doi.org/10.3126/nje.v7i2.17975
https://doi.org/10.1007/s11046-016-0042-3
https://doi.org/10.1007/s11046-016-0042-3
https://doi.org/10.2471/BLT.19.232660
https://doi.org/10.1186/s12879-021-05768-7
https://doi.org/10.1097/ICO.0000000000001756
https://doi.org/10.1097/ICO.0000000000001756
https://doi.org/10.1097/ICU.0000000000000272
https://doi.org/10.3389/fcimb.2021.698780
https://doi.org/10.3389/fcimb.2021.698780
https://doi.org/10.1016/j.jfo.2017.08.001
https://doi.org/10.4103/0301-4738.185592
https://doi.org/10.7717/peerj.5401
https://doi.org/10.1111/myc.12306
https://doi.org/10.1016/j.micpath.2019.103802
https://doi.org/10.1016/j.micpath.2019.103802
https://doi.org/10.1128/microbiolspec.FUNK-0014-2016
https://doi.org/10.1128/microbiolspec.FUNK-0014-2016
https://doi.org/10.3109/09286589609080122
https://doi.org/10.1097/ICO.0b013e318142bff3
https://doi.org/10.1097/ICO.0b013e318142bff3
https://doi.org/10.1136/bjo.2009.164632
https://doi.org/10.1136/bjo.2009.164632
https://doi.org/10.1128/CMR.16.4.730-797.2003
https://doi.org/10.1111/myc.12733
https://doi.org/10.1111/myc.12733
https://doi.org/10.1136/bjophthalmol-2016-309656
https://doi.org/10.1136/bjo.2006.107243
https://doi.org/10.1007/s11046-012-9590-3
https://doi.org/10.1007/s11046-012-9590-3
https://doi.org/10.1094/PDIS-04-14-0434-PDN
https://doi.org/10.1094/PDIS-04-14-0434-PDN
https://doi.org/10.1016/j.jtos.2021.12.001
https://doi.org/10.1016/j.mycmed.2019.100922

	Pseudonectria keratitis—emerging pathogenic fungi in the eye
	Abstract
	Introduction
	Case presentation
	Clinical features
	Etiological examination
	Treatment and outcome

	Discussion
	Conclusion
	References


