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Abstract

Context: Fungal keratitis is an uncommon infection with high morbidity in pediatric patients. Trauma is the most common risk
factor for infection in children. Thus, rapid diagnosis should be made by scoring clinical features and mycological examination.
This review discusses the management of fungal keratitis in pediatric patients.
EvidenceAcquisition: In this narrative review, the most recently published data on pediatric fungal keratitis, respective prominent
signs and symptoms, etiologic agents, diagnosis and treatment of this infection have been reviewed.
Results: Laboratory methods such as investigation of smear by potassium hydroxide and staining and cultural and molecular meth-
ods can be helpful in the diagnosis. Treatment of this infection with improved outcome is challenging. Medical therapy (topical and
systemic treatments) is the first choice of treatment, but early surgical intervention and removal of the infected tissues are critical
for effective cure. Lack of response to these therapies requires corneal transplantation. Unfortunately, loss of useful vision rate was
found in patients even with treatment by antifungal agents.
Conclusions: The signs and symptoms of fungal keratitis are similar to those of other microbial keratitis. Use of diagnostic methods
and early treatment are helpful for recovery in infected pediatric patients.
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1. Context

In pediatric patients (aged ≤ 16 years), a proportion of
microbial corneal diseases (non-viral) includes fungal ker-
atitis (FK).The incidence rate of FK in microbial keratitis in
pediatric patients in the United States, China, and South In-
dia were reported to be 18%, 48.7%, and 54.2%, respectively
(1-3).

This infection is the most common cause of blindness
in the world, major ophthalmologic problems, and serious
ocular infections, particularly in hot and humid areas and
in developing countries (4). The infection is mostly seen
in immunocompromised patients (transplant recipients,
diabetics, cancer, and HIV/AIDS sufferers), and in immuno-
competent patients (5). Complications in some patients in-
clude corneal graft rejection, progressive cataracts, recur-
rent fungal infection, and secondary glaucoma due to use
of topical steroids (6, 7). Only a few studies have been pub-
lished on the clinical features of FK in pediatric patients.
This review discusses the diagnosis and treatment of FK in
pediatric patients for the best management of the infec-
tion.

2. Evidence Acquisition

In this narrative review, the most recently published
data on pediatric fungal keratitis, respective prominent
signs and symptoms, etiologic agents, and diagnosis and
treatment of this infection have been reviewed.

3. Results

2.1. Predisposing Factors

This infection can present as an exogenous infection
following the ingestion of foreign material, prior intraoc-
ular surgery, contact lens wear, and trauma, and also
FK is associated with contaminated topical triamcinolone
drop/ointment and brilliant blue G, as reported (8, 9).
Trauma with vegetative materials, plants, metal, plastic
pieces, firecrackers, pencils, and contact lenses are the
most background for the ingestion of the fungal coni-
dia directly in the corneal stroma (10, 11). According to
Aruljyothi et al. 125 from 240 (53.4%) patients had a his-
tory of trauma. Trauma with vegetative matter and plant
were the most common risk factor in pediatric patients
aged 1 to 7 years (38.6%) and over 7 years (24.2%), while in
pediatric patients under 1 year old injury with dust parti-
cle (13.3%) was common (3). In another study, contact lens
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wear was the most well known risk factor (33 cases, 40.7%),
followed by trauma (17 cases, 21.0%) in children suffering
from microbial keratitis (12). Symptoms of exogenous FK
present within 48 hours of foreign body ingestion, but
they present after 7 to 20 days in posttraumatic fungal en-
dophthalmitis and postoperative cases (12).

Endogenous FK represents intraocular dissemination
of an invasive fungal infection by Candida or Aspergillus
species in systemic antibiotic or corticosteroid therapy.
Malignancy, multiple congenital abnormalities, malnutri-
tion, diabetes mellitus, intravenous drug use, and recent
indwelling central venous catheter are the other endoge-
nous intraocular dissemination (2, 13). In documented
candidemia, within the first week following diagnosis, di-
lated retinal examination should be done preferably by an
ophthalmologist (14). Systemic infections and malignan-
cies are the main predisposing factors for FK in children
younger than 4 years (1, 15). Systemic illness and previ-
ous ocular surgery in Taiwanese pediatric patients were re-
ported to be 11.1% and 6.2%, respectively (16).

2.2. Mechanism of Infection

Defect in the epithelial barrier by trauma and other
risk factors can lead the fungi to the corneal stroma, where
they multiply. Host inflammatory reaction and tissue
necrosis may also occur. Fungi gain access to the anterior
chamber and spread from the cornea into the sclera. At
this time, the treatment and eradication of the organisms
become extremely difficult (17). Coexisting ocular diseases
caused by more than 1 microorganism (bacterial or viral
with fungal) have been reported in the literature (3, 18-20).

2.3. Signs and Symptoms

Clinical features of FK are the same as those of other
microbial infections (Figure 1) and must be differenti-
ated from bacterial, herpetic, and acanthamoeba kerati-
tis (21). Only serrated margins and raised slough were
independently associated with FK (22) and exudates pre-
sented more frequently in cases suffering from filamen-
tous FK, hypopyon, and fibrinous than in bacterial kerati-
tis (22). Other signs are redness of the eye, blepharitis lid
edema, satellite lesions, increasing eye pain, or discom-
fort or foreign body sensation, increased light sensitivity,
raised slough, dry eyes, abnormalities and conjunctival
congestion, corneal degeneration, and defective vision (4).
In children, corneal ulcers, as defined by the corneal infil-
trate, hypopyon, and perforations were reported with no
significant difference between age groups (16). If 1 or 3 clin-
ical features (raised slough, dry eyes, abnormalities, con-
junctival congestion, corneal degeneration and defective
vision pain, serrated margins, raised slough, hypopyon,

redness of the eye, blepharitis lid edema, and fibrinous ex-
udates) were present, the probabilities of FK would have
been 63% and 83%, respectively (22).The most infected site is
cornea (23). Infection was reported the most with male pre-
ponderance, with a male-to-female ratio of 147/234, 62.8%
(3), but there was a report indicating no significant dif-
ference in sex (16). Infection frequently occurs in males
in agricultural activities, especially during summer, and if
children do not use any protection for the eyes, they be-
come infected by the plant debris, leaf spots, vegetative
garbage, seedling blight, and seed germination.

Figure 1. Mucoral Keratitis in 8 Years Old Immunocompotent Boy

Age distributions in microbial infected children were
reported 45/78 eyes in group with age ≤ 12 years and 36/78
eyes in age > 12 years (16). In Indian pediatric patients, in-
fection was seen in age≤ 1 years in 15/234 (6.4%), 1 to 7 years
70/234 (29.9%), and > 7 years 149/234 (63.7%) (3). There was
a higher incidence of FK during the monsoon than winter
(47% vs. 24%) (24). There are different ratios in incidence of
positive cultures during the first (January to June) and sec-
ond (July to December) half of the year, ranging between 1
and 2.1 (25).

2.4. Etiologic Agents

Fungal infections of the cornea are frequently caused
by both filamentous and yeast species including Fusarium,
Aspergillus, Rhizopus, Mucor, Paecilomyces, Scedosporium,
Candida species, Phaeohyphomycetes, and Curvularia (26).
Filamentous fungi now account for most of exogenous FK
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cases in tropical regions, whereas yeasts are the predomi-
nant endogenous pathogen in temperate climates. From
filamentous fungi Fusarium and Aspergillus species and
from yeast, Candida species are the main types of common
pathogens, especially in tropical climates (17, 27). Fusarium
was the most common (59.7%) fungal species isolated from
Indian children in a study in 2015 and in another study
(1975) Aspergillus followed by Fusarium species were the ma-
jor causative fungi (28). Common species of Fusarium were
Fusarium solani, Fusarium moniliforme, and Fusarium oxys-
porum (29). The genus Aspergillus is the most common
group of fungi in the environment and manifests in an in-
vasive, colonizing, or allergic manner. Aspergillus endoph-
thalmitis has been linked to endogenous etiologies in the
disseminated form among the immunocompromised pa-
tients. The main species isolated from FK were reported to
be Aspergillus flavus and Aspergillus fumigates (30). Other
fungal species such as Mucorals (5) and Paecilomyces (31)
were responsible for more limited cases.

Yeast fungi (e.g., genus Candida) are responsible for
some cases of FK in the world. The reported range of Can-
dida keratitis is between 9.3% to 14% (6, 32). This organ-
ism causes endogenous ocular infections with chronic ero-
sions/ulceration in immunocompromised hosts and com-
promised corneal surface (17) after trauma. From phaeohy-
phomycosis family, Curvularia is the third most prevalent
filamentous hyphomycetes in corneal isolates in adults,
with rate of 12% (32-34). Unfortunately, there is no report
on FK by these fungi in pediatric patients.

2.5. Diagnosis

Early diagnosis and antifungal therapy are necessary
for the best management of FK and can prevent further
complications such as loss of vision, endophthalmitis,
blindness, and amblyopia (35). Use of Slit lamp biomicro-
scope and confocal microscopy can help careful examina-
tion and evaluation of the site of the infection, any per-
foration, ulcer size and depth, infiltration, and abscess
formation (36, 37). These microscopes can serve as rapid
and sensitive diagnostic tools and follow- up of the pa-
tients. Intraocular samples from vitreous (or aqueous) or
the removed cornea may be necessary for the diagnosis
of patients. Corneal scraping in pediatric patients, espe-
cially those < 2 years needs sedation or general anesthe-
sia (38). Sampling is not necessary in patients with docu-
mented candidemia or fungemia, when infection has ex-
tended into the aqueous and in patients with funduscopic
findings, typical for Candida and Aspergillus chorioretinitis.

2.5.1. Direct Study

The first step of quick lab diagnosis for confirmation is
scraping or biopsy of infected lesion and investigating the

direct microscopic smear detection by potassium hydrox-
ide (KOH) or staining (8). Corneal biopsy may be required if
smears and cultures of scraping materials are negative and
clinical improvement is absent after 3 to 4 days. Sensitivity
of staining varies in the studies. Potassium hydroxide wet
mount examination is a conventional method for the diag-
nosis of FK (39). The sensitivity rates of this method were
reported 76.3% (37), 91.0% (40), and 84.62% (6). Calcofluor
white (CFW) highlights the fungal cell wall and increases
the sensitivity of KOH to 91.4% (33), 99.0% (40), and 99.44%
(6). Gram stain for detecting fungi in corneal scrapings
identifies yeast but cannot visualize the hyphae of molds,
with the reported sensitivity rates ranging from 42.1% (41)
to 88.2% (40). Other staining can be helpful to the diag-
nosis of fungal hyphae in scraping samples or tissue sec-
tions. The sensitivities of Methylene Blue, Periodic acid
Schiff, and Geimsa were reported to be 92.31% (6), 90.7%6
(6) and 85.1% (33, 40), respectively. Gomori methenamine
silver is a staining that identifies hyphal fragments; unfor-
tunately, we did not find any study reporting the sensitivity
of this method.

2.5.2. Culture

The resistance of pathogenic fungi to antifungal
agents was reported (42, 43). The isolation of fungi from
the eye specimens and determination of susceptibility pat-
tern of the organisms are important for the best treatment
of respective patients. Fungal culture is the cornerstone
for the documented diagnosis of FK, and thus recognition
of pathogenic fungi is important for distribution, preven-
tion, and treatment of FK (25). In patients with suspected
endogenous endophthalmitis, blood culture can be useful
for the diagnosis of etiologic agents (Figures 2, 3).

Figure 2. Hypgea of Filamentus Fungi in Direct Smear with Pottasium Hydroxide
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Figure 3. Fusarium Species Isolated from Patient with Fusarium Keratitis

The rates of positive fungal culture were reported to be
29.7% (25), 68.4% (41), 81.5% (29), and 89.8% (6). Sabouraud
dextrose agar is a particular culture medium, and fungi
typically grow best on it. Diagnosis of isolates is based
on microscopic examination and morphologic character-
istics of isolates in the culture media. Isolated fungi are
identified by lactophenol cotton blue wet mount smear
and chemical laboratory tests such as API 20 C AUX (appli-
cation programming interface). Sensitivity patterns of the
isolates can be determined by micro dilution method and
E test (42, 43). Since fungi (Aspergillus, Candida, Rhizopus,
and Scopulariopsis species) are recognized in 3 to 28% of
healthy conjunctival sacs (17), interpretation of the isolates
must be performed along with clinical signs and symp-
toms of the patients.

2.5.3. Molecular Methods

There are many reports on the molecular diagnosis of
systemic fungal infections (source of endogenous FK) in
blood (44-46) and FK in the eye samples of patients (41,
47). The sensitivity rates of molecular methods for the de-
tection of FK were reported to be 81.6% (41), 92.6% (47),
and 100% for Aspergillus keratitis by nested PCR assay (30).
There are some advantages and limitations for the diagno-
sis of FK by molecular methods. These methods are more
sensitive, effective, and rapid for FK diagnose than stain
and culture methods. The time taken for PCR assay is 4 to
8 hours (within a working day), whereas positive fungal
cultures may take many days. Due to the lack of sophis-
ticated facilities in routine laboratory procedures, it can
serve only as a complementary assay and cannot replace

conventional ones. Fungal PCR must be added as a screen-
ing diagnostic test, when an early differentiation is neces-
sary between fungal and microbial types of keratitis.

3.6. Treatment

Based on clinical features, fungal eye infections have
had poor outcomes and are difficult to diagnose and treat.
Prognosis of FK depends on early diagnosis and treatment.
Unfortunately, significant visual impairment has been ob-
served even with early treatment by systemic/topical anti-
fungal agents. Medical therapy (topical and systemic treat-
ments) is the first choice of treatment, but it sometimes
fails, and urgent surgical intervention is warranted (8).
Lack of response to these therapies requires corneal trans-
plantation (4).

Small ulcer and superficial infections respond well, but
deep stromal infections, large ulcer size (> 14 mm), pres-
ence of hypopyon concomitant sclera, or intraocular in-
volvement are not responsive enough in topical therapy
(48, 49). Most antifungals are fungi static; therefore, suc-
cessful treatment needs to continue for prolonged peri-
ods (50), and initially be applied hourly with subsequent
modification based on response. Bacterial coinfection can
be protected by broad-spectrum antibiotics. There are no
clinical trial studies about Candida keratitis, and evidence
of the treatment of endogenous infection was reported in
the form of case reports. The treatment of choice for Can-
dida infection could be topical amphotericin 0.15% (0.1% -
0.3%), topical capsofungin 0.5%, econazole 1%, and flucona-
zole 2%, moreover, alternatives include natamycin 5% and
clotrimazole 1% (8, 32). Capsofungin is more expensive and
its use is limited. Posaconazole concentrations in the vitre-
ous are not high and not recommended for the treatment
(51). In severe cases, to improve the quality and reduce
treatment period, subconjunctival fluconazole and intrav-
itreal or intra cameral amphotericin B injection seem to
be effective (52). Voriconazole is available for intravenous
or oral administration and is effective against C. glabrata
and C. krusei, which are resistant to fluconazole (6). The
concentration of this antifungal in the vitreous is reported
to be approximately 40% of serum concentration (51). The
concentrations of echinocandins in the vitreous cannot be
evaluated (51) and its use in the treatment of Candida en-
dophthalmitis is unclear.

Based on patient’s condition, treatment of mold FK in-
cludes only topical antifungal agent or combined with re-
moval of infected materials by vitrectomy. Systemic an-
tifungal therapy is suggested in patients with severe fun-
gal infections or in immunocompromised patients. Fila-
mentous fungi were mostly sensitive to natamycin, am-
photericin B and terbinafine (29). The first choice for treat-
ing hyphomycetic keratitis is topical natamycin (5 mg/mL).
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Coinfection due to natamycin contaminated with Pseu-
domonas aeruginosa was also reported (19, 53).

The role of topical voriconazole in the management of
FK, especially in Aspergillus species and some uncommon
fungal pathogens such as Paecilomyces lilacinus, was re-
ported (54-56). Voriconazole is a good choice for the treat-
ment of FK due to deep penetration in all tissues. Treat-
ment with voriconazole in over 40 clinical cases with a
broad range of fungal pathogens resistant to some anti-
fungals like amphotericin B was reported (57). In studies
comparing voriconazole and natamycin, no significant dif-
ferences were found in scar size and perforations in pa-
tients treated with voriconazole and natamycin (58), but
natamycin was found to be more effective in visual acuity
and healing corneal ulcers (59).

Other antifungals in triazole generation including
posaconazole and ravuconazole have been shown as effec-
tive antifungal drugs with few side effects (55). Voricona-
zole and other triazoles demonstrated a high capacity
for the treatment of mold FK, however, itraconazole and
caspofungin were not effective in the treatment of Fusar-
ium species infections (49).

according to food and drug administration (FDA),
natamycin, the polyene antifungal agent, is the first
line therapy and can only be administered topically for
the treatment of FK. There are reports about resistant
natamycin Aspergillus species or natamycin unresponsive
mycotic keratitis (49, 51). In the ophthalmic literature,
the use of voriconazole and amphotericin B topical was
reported for the treatment of filamentous FK (51, 55).
Voriconazole had more permeability than natamycin in
penetration in intact epithelium (55, 57). Natamycin sus-
pension (5 mg/mL) and amphotericin B drop (1.5 mg/mL)
have been used for the treatment of topical FK (60). Com-
bination of systemic antifungal medications with topical
treatment was suggested for immunocompromised pa-
tients with severe infections (60). Treatment with oral
posaconazole has been reported to be successful in those
patients not responsive to voriconazole therapy (61). As an
early antifungal therapy is necessary for treatment, injec-
tion of amphotericin B or voriconazole is warranted for
cases infected by mold endophthalmitis (51, 62). The pri-
ority treatment of FK with immunotherapies was consid-
ered in the literature (63). Monoclonal antibody to Poly-
N-acetyl glucosamine demonstrated protection and treat-
ment against many important fungi. The optimal dura-
tion of FK therapy depends on epithelial healing. Patients
must be examined by an ophthalmologist continuously.
However, this time is at least one to several months in ex-
ogenous infections and for endogenous endophthalmitis,
the duration of therapy depends on the response to sys-
temic fungal infections, which usually extends to several

months.
Fungal keratitis more likely requires surgical interven-

tion, compared to bacterial or Acanthamoeba keratitis (11).
Penetrating and lamellar keratoplasty are effective treat-
ments and provide useful vision for FK in patients not re-
sponsive to antifungal medications. Removal of the in-
fected epithelium around the lesion may increase penetra-
tion of the antifungal agents. Early surgical intervention
and removal of the infected tissues are critical for effective
cure (6). Surgical intervention in the acute phase was nec-
essary in 23% of the patients (32); this rate was higher (67%)
in patients with a history of corneal transplant (64). Ac-
cording to Aruljyothi et al. 5 out of 63 patients (7.9%) with
prior empiric treatment and 12 out of 171 patients (7%) with-
out such treatment underwent therapeutic keratoplasty
(3).

Figure 4. Aspergillus Isolated from Aspergillus Keratitis

4. Conclusions

Pediatric microbial keratitis is an uncommon, but po-
tentially serious condition. Rapid diagnosis of the infec-
tion may be possible by mycological investigations or scor-
ing clinical features. The use of laboratory methods based
on direct smear by potassium hydroxide and staining can
be reliable and helpful for early diagnosis and initiation
of antifungal therapy. Also, cultural and molecular meth-
ods can be helpful in diagnosis of etiologic agents. The
search for early and efficient diagnosis of this infection
needs to be continued. Use of proper and novel antifungal
agents can improve the outcome of the disease. Thus, con-
tinued treatment for several months until the infiltrate is
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resolved and epithelial stroma healed is of paramount in-
mportance.
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