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 G Fungal keratitis (FK) is a difficult diagnostic challenge for ophthalmologists. The©aim is to familiarize 
practicing physicians with the diagnostic algorithm worked out in the Ophthalmological Center of SPB 
City hospital No. 2 using modern research methods, and to assess the epidemiology of fungal keratitis in 
the North-West Region. Materials© and© methods. Patients underwent laboratory diagnostics (fluores-
cence microscopy of corneal scrapings from the cornea, сulture on Sabouraud agar and broth), confocal in 
vivo microscopy, optical coherence tomography. Results. During the period from 2007 to 2017, 41 cases 
of FK were identified in the City hospital No. 2, of which filamentous fungi were the causative agent in 
32 cases (78%), yeast fungi — in 9 cases (22%). Our analysis included patients with fungal keratitis 
over the past three years, all of them underwent a full diagnostic cycle. Filamentous fungi were found 
among 12 of them (63%), yeast — in 7 (37%). Our data, considering the statistics of fungal keratitis in 
the North-West of Russia — a region with a high level of urbanization and industrialization, and located 
in the temperate zone — showed a predominance of filamentous fungi as pathogens (prevalence 1.3 times 
higher). Our scheme of keratitis diagnostics — confocal in vivo microscopy, OCT, fungal culture — is a 
reliable way to identify fungal pathogens in the cornea, and can be recommended for use in practical 
ophthalmology.

 G Keywords:© © fungal keratitis; epidemiology; laboratory diagnostics; confocal microscopy; optical cohe-
rence tomography.
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 G Грибковый кератит (ГК) представляет собой сложную диагностическую задачу для офтальмо-
логов. Цель — ознакомление практикующих врачей с диагностическим алгоритмом, разработан-
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ным в  Офтальмологическом центре СПб ГБУЗ «ГМПБ № 2», с применением современных методов 
исследования, а также оценка эпидемиологии грибкового кератита в Северо-Западном регионе.  
Материалы©и©методы.©Пациентам проводили лабораторную диагностику (флуоресцентную ми-
кроскопию соскобов с роговицы, посев материала на селективные среды), конфокальную in vivo 
микроскопию, оптическую когерентную томографию. Результаты. За период с 2007 по 2017 г. 
на базе ГМПБ № 2 был обнаружен 41 случай ГК. Возбудителями в 32 случаях (78 %) являлись 
нитчатые грибы, в 9 (22 %) — дрожжевые. В проведённый нами анализ включены пациенты 
с грибковым кератитом, выявленным за последние три года. Все пациенты прошли полный цикл 
диагностики. Нитчатые грибы среди них обнаружены у 12 чел. (63 %), дрожжевые — у 7 (37 %). 
Наши данные, учитывающие статистику ГК по Северо-Западу — региону с высоким уровнем ур-
банизации и индустриализации, расположенному в умеренном поясе, показывают превалирование 
возбудителей нитчатых грибов (в 1,3 раза). Разработанная нами схема диагностики кератитов — 
HRT/RCM-, OCT-диагностика, культуральное исследование — зарекомендовала себя как надёж-
ный способ выявления грибковых возбудителей в роговице и может быть использована в практи-
ческой офтальмологии.

 G Ключевые©слова: грибковый кератит; эпидемиология; лабораторная диагностика; конфокальная 
микроскопия; оптическая когерентная томография.

Table 1 / Таблица 1

Groups of fungi causing keratitis [14]
Группы грибов, вызывающих кератиты [14]

Filamentous fungi
Yeast Dimorphic

Non-pigmented Pigmented

Fusarium Curvularia Candida Blastomyces

Aspergillus Alternaria Cryptococcus Coccidioides

Acremonium Phialophora Geotrichum Paracoccidioides

Paecilomyces Bipolaris Malassezia Sporothrix

Penicillium Exserohilum Rhodotorula Histoplasma

Scedosporium Cladosporium

Beauveria Lasiodiplodia

Metarhisium Phoma

Note. Most common fungi described in the literature are highlighted in bold.

IntrODuctIOn
Fungal keratitis is an infectious inflammatory 

disease of the cornea caused by pathogenic fungal 
invasion. Because of the disease’s hypodiagnosis, 
severity, and complicated and long-term therapy, 
it poses a significant problem for ophthalmolo-
gists. Its treatment is often unsuccessful, leading 
to corneal opacities, blindness, and even eyeball 
atrophy [1–6].

Epidemiology
The global incidence of fungal keratitis is con-

stantly increasing [7], which is probably attribut-
able to both improved diagnostics and increased 
number of risk factors, such as the irrational use 

of antibiotics and corticosteroids, improper wear-
ing of contact lenses, and growing prevalence of 
immunodeficiencies. Patients with history of cor-
neal injuries are particularly prone to fungal kera-
titis [8].

There is still no consensus on corneal myco-
sis epidemiology. The prevalence of fungal kerati-
tis significantly varies between geographical areas 
and even between regions of the same country. 
This disease is more common in developing than 
in developed countries. Researchers from Hyderabad 
(India) reported 1360 culture-confirmed cases of 
fungal keratitis over the last 10 years [9]; another 
654 patients were diagnosed with fungal keratitis 
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in northern China for 6 years [10]. By contrast, 
only 56 cases (56 eyes) of mycotic keratitis were 
registered in Melbourne (Australia) and 57 cases 
(61 eyes) in New York (USA) over the last 8 and 
16 years, respectively [11, 12]. The IndoHungar-
ian Fungal Keratitis working group has published 
a global epidemiological review reporting that mold 
fungi are the most common causes of keratitis in 
tropical and subtropical areas, whereas yeast-asso-
ciated keratitis commonly occurs in developed coun-
tries and in areas with temperate climate [7]. A study 
conducted in the United Kingdom found that the 
prevalence of mycotic keratitis reaches 0.32 cases 
per million inhabitants per year [13] (with a reli-
ability index of 95%).

Microbiology
More than 70 fungal species have been proven 

to cause fungal keratitis, with filamentous fungi 
and yeast as the primary pathogenic agents. Ano-
ther group consists of dimorphic fungi that can 
exist in the form of both mold and yeast depend-
ing on the conditions and very rarely cause kera-
titis [7, 14].

Pigmented filamentous (or phaeoid mycelial) fungi 
are rarer than non-pigmented ones. They possess a 
septate mycelium and a large amount of melanin in 
the cell wall. Hyaline (non-pigmented) hyphomycetes 
are a group of fungi with a septate mycelium, without 
melanin in the cell wall (Table 1).

Pathogenesis
Impairments in the protective structure of the 

cornea (including epithelial barrier, tear film, and 
blinking) significantly increase the risk of fungal 
infections. Their infection response depends on the 
fungal growth rate, presence of mycotoxins, fungal 
antigens, and proteolytic enzymes [3]. Fungi gain 
access to the corneal stroma via the epithelial de-
fect caused by injuries (including those from wea-
ring contact lenses), various eye surface disorders, 
and after surgical interventions. Fungal penetration 
into the corneal stroma activates the immune cells 
(including neutrophils, macrophages, and dendritic 
cells) that recognize fungal cell-wall antigens pri-
marily via Toll-like, NOD-like, and C-type lectin 
receptors. C-type lectin receptors, such as Dec-
tin-1 and Dectin-2, promote chemokine (CXCL1 
and CXCL2) and proinflammatory cytokine (IL1b 
and TNFα) secretion. Fungi can also invade deep 
layers of the stroma and the anterior chamber 
through an intact Descemet’s membrane, induc-
ing endophthalmitis. Mukherjee et al. [15] demon-
strated that fungi can produce a protective biofilm 
during their reproduction to stabilize the growth 

of colonies. Corticosteroids and other immunosup-
pressants may trigger fungal infection development 
and progression by inhibiting proinflammatory cy-
tokine and chemokine transcription, reducing the 
anti-infective activity of macrophages, and decreas-
ing neutrophil adhesion.

It is quite challenging to diagnose early-stage 
fungal keratitis because patients usually seek for 
medical assistance at late stages. Moreover, doc-
tors do not usually consider this pathology due to 
its low prevalence in the population. Samples are 
collected too late, bacteriological examination is 
time-consuming, and Heidelberg Retinal Tomogra-
phy (HRT) with Rostock Corneal Module is often 
unavailable, although it allows differential diagnosis 
with other microorganisms (specifically with Acan-
thamoeba) and a preliminary diagnosis during the 
first visit. Delayed etiotropic antifungal therapy 
for >2 weeks [16] is one of the factors that signifi-
cantly worsen the prognosis.

This study aimed to familiarize practicing ophthal-
mologists with a diagnostic algorithm developed in 
the Ophthalmology Center of the Saint Petersburg 
Multifield Hospital No. 2, which describes currently 
available diagnostic methods and provides informa-
tion on fungal keratitis epidemiology in the North-
western region.

materIals anD methODs
Modern laboratory techniques and instrumental 

methods were used to diagnose fungal keratitis in ad-
dition to a conventional ophthalmologic examination.

The patient should be asked about possible cor-
neal injuries, wearing of contact lenses, occupational 
risk factors (introduction of soil- and plant-containing 
particles into the eyes), and impaired local and/or 
systemic immunity.

Then, patients undergo comprehensive ophthal-
mologic examination such as ocular refractometry, 
non-contact tonometry, perimetry, biomicroscopy, 
and ophthalmoscopy.

In keratitis, the severity of visual impairment de-
pends on the degree of inflammation, location and 
size of the pathologic focus, infiltration, corneal ede-
ma, and anterior chamber cell score.

Biomicroscopy identifies specific signs that indi-
cate the infectious process, including injection, con-
junctival chemosis, and corneal epithelial defects. The 
nature of corneal infiltrate, its type (whether local-
ized or diffuse (purulent), stromal), location, color, 
density, size, shape, depth, presence of melting ar-
eas, necrosis, stromal thinning, satellite infiltrates, 
neovascularization, and aqueous humor opalescence 
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should also be assessed. Corneal sensitivity should 
also be evaluated.

The following signs may indicate fungal kerati-
tis [14]:
• Grayish corneal epithelium with ulcerated sur-

face
• Dry stromal infiltrate with uneven edges
• Microfiltrates, immune ring-like infiltrates, satel-

lite damages, and small foci
• Pigment deposits in the depth of an ulcer (pig-

mented filamentous fungi)
• Endothelial plaques (discoid foci or endothelial 

damage) and hypopyon
Sometimes, the infection can manifest as micro-

crystalline keratopathy (caused by Candida).
Pathogen identification can be difficult in patients 

with primary corneal pathology (with secondary in-
fectious process) and in patients who already under-
went antibiotic treatment. The absence of positive 
dynamics after an antibacterial therapy and deterio-
ration after corticosteroids can be used as surrogate 
markers of fungal infections.

Fungal keratitis is characterized by a persistent 
course that involves the entire corneal thickness and 
a trend toward ulceration with perforation. Unfortu-
nately, accurate diagnosis is often established late, 
which causes significant delays in antifungal therapy. 
Late initiation of appropriate treatment may lead to 
serious consequences, such as persistent corneal 
opacity with leukoma formation, vision loss, and eye 
loss [17].

Laboratory diagnostics (including microscopy 
and culture) is required to confirm the presence of 
fungi in the disease.

Corneal scraping is a standard procedure to ob-
tain a sample for microscopy and culture performed 
by an ophthalmologist using a slit lamp or under 
an operating microscope preoperatively. To ensure 
high diagnostic accuracy, specimen collection 
should be organized prior to antifungal treatment 
initiation. The procedure was conducted under local 
surface anesthesia. Before specimen collection, a 
residual anesthetic was removed from the corneal 
surface and conjunctival cavity by irrigating them 
with sterile normal saline solution. Then, the maxi-
mum possible volume of the infiltrate was collected 
using a sterile disposable microsurgical splitter, 
avoiding touching the conjunctiva. The sample is 
fixed on the slide and sent to the laboratory with-
in 2 h after scraping.

For many years, specialists from N.P. Kashkin 
Research Institute of Medical Mycology and the 
Department of Clinical Mycology, Allergology, 

and Immunology at I.I. Mechnikov Northwestern 
State Medical University (both the leading re-
search institutions in this field in Russia) perform 
microbiological diagnostics, patient management, 
and clinical consultations on the antimicotic treat-
ment.

Fluorescence microscopy at ×100, ×200, and ×400 
magnification is used to detect fungal elements in 
corneal specimens. The slides are stained with cal-
cofluor-white, which binds to fungal cell wall con-
taining chitin and serves as a fluorescent marker. 
The calcofluor solution is prepared by adding Evans 
blue. Direct microscopy may demonstrate mycelium, 
pseudomycelium, and yeast cells. Budding yeast cells 
and pseudomycelium suggest candidiasis; however, 
the final diagnosis should be established after posi-
tive culture.

To identify the pathogen, specimens should be in-
oculated on Saburo agar and liquid medium. Isolated 
cultures of micromycetes are identified according to 
their morphological and physiological characteristics 
using fungi identification keys. Molecular diagnos-
tic methods should also be used as necessary. Yeast 
growth usually occurs during the first 24–48 h, 
whereas mycelial fungi demonstrate detectable 
growth after 2–5 days. Some fungal species, such as 
Fusarium, may require longer cultivation (from 1 to 
3 weeks). On average, microbiological examination 
takes 7–14 days.

Microscopy of the corneal scraping material and 
its cultivation on selective media remain the gold 
standard for fungal keratitis diagnostics. Fungal cul-
tural and micromorphological characteristics (most 
importantly, sporulation organs) can successfully be 
used to determine the genus and in many cases even 
the species. However, identification of some species 
(e. g., representatives of the genus Fusarium, in-
cluding >900 species) requires molecular diagnos-
tic methods (DNA sequencing). However, this test 
is time-consuming, requires appropriate researcher 
qualification, and may delay treatment [18, 19]. In re-
cent years, confocal microscopy and optical coher-
ence tomography have become more widely used. 
Treatment outcomes directly depend on timely di-
agnosis. Therefore, effective diagnosis requires the 
most rapid, sensitive, and convenient diagnostic 
method [18–22, 24].

Confocal microscopy is a rapid, noninvasive, and 
safe method of layer-by-layer visualization of the cor-
nea. It provides high-resolution microstructural im-
ages of different corneal layers of up to ×3500 mag-
nification. This noninvasive and high-resolution 
technique allows visualizing cell, infiltrate, and ex-
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tracellular element details, located in deep layers of 
the cornea.

Conventional microscopy aimed to detect fungal 
pathogens in specimens taken from the affected sites 
in vitro, whereas confocal microscopy provides in 
vivo visualization of fungi directly in the corneal 
tissue.

Confocal microscopy was performed using the 
Heidelberg Retina Tomograph 3 Rostock Cornea 
Module (HRT3/RCM) at 400 × 400 magnification. 
This method allows in vivo visualization of mycelial 
and mold fungi.

HRT3/RCM identifies the morphological struc-
ture of filamentous fungi. They appear as single 
or twisted at different angle white high-contrast 
filaments (hyphae) with a diameter of 3–10 µm 
and length of 200–400 µm. The dimensions cor-
respond to those determined by electron microsco-
py [21, 23, 24]. This method allows distinguishing 
between hyphae and subbasal nerves with a diam-
eter of 0.3–0.8 µm and stromal nerves, character-
ized by a linear shape with a thickness of 0.5–5 µm 
and branching at an acute angle. Moreover, unlike 
stromal nerves, hyphae are located only within a 
lesion focus at any stromal depth. Candida pseu-
domycelium appears like high-contrast spindle-
shaped structures of a 10–40 µm length and of 
5–10 µm diameter [25].

The method also enables identification of other 
microorganisms, specifically Acanthamoeba and 
their differentiation from fungi. Moreover, it pro-
vides a unique ability to monitor therapeutic response 
through regular examinations [21, 24, 26, 27]. Con-
focal microscopy allows assessing the depth of patho-
gen invasion into the stroma, which cannot be evalu-
ated by any other method.

Optical coherence tomography (OCT) provides 
a wide range of qualitative and quantitative pa-
rameters, including corneal thickness at different 
sites, size, and shape of the lesion. OCT is used 
to dynamically monitor the cornea during treat-
ment. Consecutive scans of the same corneal areas 
using standard protocols allow the evaluation of 
pathological process in dynamics. At initial stages 
of microbial keratitis, the cornea is thickened in 
the infiltration area. The epithelium and the endo-
thelium are usually found as hyperreflective layers 
compared to the stroma. Edema is visualized as a 
diffuse stromal thickening, which leads to convex-
ity changes in the posterior corneal surface. As 
the infection and the inflammation are resolved, 
the corneal thickening becomes less pronounced. 
At later stages, patients often develop scarring 

and the affected cornea can become thinner than 
the adjacent healthy areas due to scar tissue re-
traction. Specific OCT characteristics of aggres-
sive fungal keratitis include limited, different-
sized cystic formations in the stroma (necrotic 
tissue) [28].

OCT results can serve as indications of using 
Tenon-conjunctival flaps and corneal and scleral al-
lotransplantation, among others, with subsequent 
monitoring of possible graft failure.

We use RTVue100 (Optovue) for OCT.

results
The study participants developed keratitis due 

to ocular trauma (n = 5), wearing soft contact len-
ses (n = 8), and conjunctival cavity contaminated by 
soil (n = 2). Patients presented with corneal, uveal, 
and pain syndromes and also complained of visual 
impairments with various severity.

A total of 41 patients were diagnosed with 
fungal keratitis in the Saint Petersburg Multifield 
Hospital No. 2 between 2007 and 2017. Among 
them, 32 (78%) patients were infected with fila-
mentous fungi, whereas 9 (22%) were infected 
with yeast-like fungi. In our analysis, patients 
diagnosed with fungal keratitis during the last 
3 years were included. All the study participants 
(n = 19) underwent comprehensive examination. 
Eleven of them (58%) were men, and 8 of them 
(42%) were women. Patients were aged between 
27 and 77 years (Fig. 1).

The majority of patients (n = 17, 89.5%) were 
admitted to the hospital later than 1 week after the 
disease onset. Of them, four patients (21%) were 
seeking medical assistance after one month and later. 
Only 2 individuals were hospitalized during the first 
week.

Upon admission, patients usually presented with 
centrally and paracentrally located ulcerative infiltra-
tive foci with a diameter of 3–5 mm. Some of pa-
tients had perifocal satellite lesions, typical of mycotic 
infiltrates.

Filamentous fungi were found in 12 patients 
(63%), whereas yeast-like fungi were detected in 
7 patients (37%). The majority of the patients re-
sided in the North West region (Saint Petersburg) 
(n = 15, 79%), Pskov, Novgorod, and Vologda re-
gions (n = 3, 16%). One person came from China 
(5%).

The prevalence of different fungi species that can 
cause corneal mycosis depends on the geographical 
latitude, climate, agricultural role in the economic 
structure, and economic level development. Deve-
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Fig. 1. Distribution of patients by age categories

Рис. 1. Распределение пациентов по возрастным категориям

Fig. 2. Geography of pathogens of fungal keratitis and their distribution by genus [20, 29]

Рис. 2.  География возбудителей грибковых кератитов и распределение их по родам [20, 29]

loped countries with a poorly presented agricul-
tural sector usually report keratitis cases associ-
ated with yeast-like fungi [11]. Immunodeficiencies 
and widespread use of antibiotics and corticoste-
roids promote the development of keratitis caused 
by Candida. Reviews from developing countries, 
with many people engaged in agriculture, usually 
report keratitis associated with filamentous fungi. 
The main cause of fungal infection is corneal injury 
in rural areas.

Our results in the Northwest region of Rus-
sia (a highly urbanized and industrialized area 
located in the temperate zone) demonstrate high 
prevalence of filamentous fungi, large number of 
Candida-associated keratitis (37%), and a sig-
nificant proportion of culturally unidentified fungi 
(16%) (Fig 2).

In our algorithm, confocal microscopy was rec-
ommended as the initial diagnostic step. Eleven 
study participants underwent confocal microscopy 
using the HRT/RCM system. High risk of corneal 
ulcer perforation was one of the most common con-
traindications for confocal microscopy. Thus, these 
patients were urgently operated. In such cases, 
pathogens were identified through microbiological 
methods.

In confocal sections, the hyphae of filamentous 
fungi appear as high-contrast structures lying 
within the infiltration focus. The number of hy-
phae demonstrates the degree of fungal contami-
nation (from isolated hyphae to abundant network) 
(Fig. 3).

The pseudomycelium of yeast-like fungi can also 
be easily detected in confocal sections. Pseudofila-
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  a  b  c 

Fig. 3.  Hyphae of fungi in cornea sections at different depths in different patients: a — patient K., 68 years old; b — patient L., 
67 years old; c — patient I., 52 years old

Рис. 3.  Гифы грибов в срезах роговицы на разной глубине у разных пациентов: a — больная К., 68 лет; b — больной Л., 
67 лет; c — больной И., 52 года

Fig. 4. Pseudo-mycelium of yeast fungi (arrows)

Рис. 4. Псевдомицелий дрожжевых грибов (стрелки) (больная М., 52 года)

ments appear as spindle-shaped high-contrast par-
ticles with a clavate end (Fig. 4).

All the positive confocal microscopy results (i. e., 
detection of hyphae and pseudofilaments in confocal 
optical sections) were later confirmed by either fluo-
rescent microscopy or culture results.

The sensitivity of confocal microscopy was ana-
lyzed in 11 patients who underwent both microbio-
logical examination and HRT/RCM scanning. Nine 
out of 11 cases that had positive confocal microscopy 
results (i. e., detection of hyphae and pseudofila-
ments in confocal optical sections) were later con-
firmed by the laboratory examination results. Thus, 
the sensitivity of confocal microscopy to diagnose 
fungal invasion is 82%. Filamentous fungi were 
detected in eight (73%) patients, whereas yeast-

like fungi were isolated from three (27%) patients 
(Figures 5 and 6).

The pathogen was isolated and identified in 13 
patients (68%). The species were identified in five 
(38%) patients, whereas only the genus was identified 
in other cases. Both the filamentous fungi (includ-
ing Fusarium spp., Aspergillus (A. fumigatus and A. 
flavus), Penicillium spp., and Acremonium spp.) and 
yeast-like fungi (including Candida (C. tropicalis and 
C. albicans)) were isolated.

Corneal thickness in the affected areas was initial-
ly assessed using OCT and then monitored to deter-
mine whether the patient needed surgical treatment.

The figures demonstrate critical corneal thinning 
in the affected area (211 µm), which required surgery 
(Fig. 7).
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Fig. 6. Direct light microscopy of corneal scrapings. Culture 
grew Aspergillus fumigatus

Рис. 6. Прямая микроскопия соскоба с роговицы и рост 
культуры Aspergillus fumigatus 

Fig. 5. Microscopy of culture (mag. ×400). Culture grew 
Fusarium spp.

Рис. 5. Микроскопия (ув. ×400) и рост культуры Fusarium spp.

Fig. 7. Optical coherence tomography of the anterior segment of the eye

Рис. 7. Оптическая когерентная томография переднего отрезка глаза (больная К., 68 лет)

Tectonic keratoplasty is indicated for corneal thin-
ning with a high risk of perforation (deep ulcers with 
>50% loss of stromal thickness and descemetocele). 
Patients with fungal keratitis require surgical treat-
ment more often than those with microbial (non-
fungal) keratitis (691 out of 1460 [50.8%] vs. 971 
out of 2,203 [44.1%]) [9].

In Russia, the majority of ophthalmologists are more 
inclined to use conservative tactics for corneal ulcers. In 
2016, the total number of patients with corneal ulcers 

was 12,159. Among them, 4,661 (38.3%) patients un-
derwent surgery. We have similar figures in our study: 
7 out of 19 patients (36.8%) required surgery.

cOnclusIOn
1. The primary risk factors for fungal keratitis are 

contact lens wear (42%) and corneal injuries 
(26%).

2. The prevalence of various fungal species directly 
depends on the urbanization and industrialization 
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levels. The proportion of Candida keratitis does 
not exceed 1–2% in countries with well-developed 
agricultural sector, whereas it reaches 10–40% 
and 50% in industrial and postindustrial coun-
tries, respectively.

3. Developed diagnostic algorithm for kerati-
tis (HRT/RCM plus OCT plus culture) is a ro-
bust method in identifying fungal pathogens in 
the cornea and can be recommended for routine 
ophthalmologic practice.

4. Confocal microscopy is a rapid and highly sensi-
tive method in detecting fungal biota in the cor-
nea and can be used for early in vivo diagnosis 
and administration of etiotropic therapy before 
obtaining culture results. Confocal microscopy 
combined with culture ensures rapid and accu-
rate diagnosis.

5. Anterior segment OCT allows dynamic monitor-
ing of the cornea, which is needed to control pos-
sible indications.

The authors declare to have no conflicts of inter-
est related to this manuscript.

references
1.	 Huang	 W,	 Ling	 S,	 Jia	 X,	 et	 al.	 Tacrolimus	 (FK506)	 suppresses	

TREM-1	 expression	 at	 an	 early	 but	 not	 at	 a	 late	 stage	 in	 a	 mu-
rine	 model	 of	 fungal	 keratitis.	 PLoS One.	 2014;9(12):e114386.	
doi:	10.1371/journal.pone.0114386.

2.		 Hu	J,	Hu	Y,	Chen	S,	 et	 al.	Role	of	 activated	macrophages	 in	 ex-
perimental	Fusarium	solani	keratitis.	Exp Eye Res.	2014;129:57-65.		
doi:	10.1016/j.exer.2014.10.014.

3.		 Karthikeyan	RS,	Leal	SM,	Jr,	Prajna	NV,	et	al.	Expression	of	innate	
and	adaptive	 immune	mediators	 in	human	corneal	 tissue	 infected	
with	Aspergillus	or	Fusarium.	J Infect Dis.	2011;204(6):942-950.	
doi:	10.1093/infdis/jir426.

4.		 Qu	X,	Che	C,	Gao	A,	et	al.	Association	of	Dectin-1	and	DC-SIGN	
gene	single	nucleotide	polymorphisms	with	 fungal	keratitis	 in	 the	
northern	Han	Chinese	population.	Mol Vis.	2015;21:391-402.

5.		 Xu	Q,	Zhao	G,	Lin	J,	et	al.	Role	of	Dectin-1	in	the	innate	immune	re-
sponse	of	rat	corneal	epithelial	cells	to	Aspergillus	fumigatus.	BMC 
Ophthalmol.	2015;15:126.	doi:	10.1186/s12886-015-0112-1.

6.		 Zhu	 CC,	 Zhao	 GQ,	 Lin	 J,	 et	 al.	 Dectin-1	 agonist	 curdlan	 modu-
lates	 innate	 immunity	 to	 Aspergillus fumigatus	 in	 human	 cor-
neal	 epithelial	 cells.	 International Journal of Ophthalmology.	
2015;8(4):690-696.	doi:	10.3980/j.issn.2222-3959.2015.04.09

7.		 Kredics	L,	Narendran	V,	Shobana	C,	Grou	I-H.	Filamentous	fun-
gal	 infections	 of	 the	 cornea:	 a	 global	 overview	 of	 epidemiology	
and	drug	 sensitivity.	Mycoses.	 2015;58:243-260.	 doi:	 10.1111/
myc.12306.

8.		 Астахов	Ю.С.,	Скрябина	Е.В.,	Коненкова	Я.С.,	и	др.	Диагности-
ка	и	лечение	грибковых	кератитов	//	Офтальмологические	ве-
домости.	–	2013.	–	T.	6.	–	№	2.	–	С.	75–80.	[Astakhov	YS,	Skry-

abina	EV,	Konenkova	YS,	et	al.	Diagnosis	and	treatment	of	fungal	
keratitis.	Ophtalmology Journal.	2013;7(2):75-80.	(In	Russ.)]

9.		 Gopinathan	 U,	 Sharma	 S,	 Garg	 P,	 Rao	 GN.	 Review	 of	 epidemio-
logical	features,	microbiological	diagnosis	and	treatment	outcome	
of	 microbial	 keratitis:	 experience	 of	 over	 a	 decade.	 Indian Jour-
nal of Ophthalmology.	 2009;57:273-279.	 doi:	 10.4103/0301-
4738.53051.

10.		Xie	L,	Zhong	W,	Shi	W,	Sun	S.	Spectrum	of	fungal	keratitis	in	north	
China.	Ophthalmology.	2006;113:1943-1948.

11.	 Bhartiya	P,	Daniell	M,	Constantinou	M,	et	al.	Fungal	keratitis	in	Mel-
bourne.	Clinical and Experimental Ophthalmology.	2007;35:124-130.	
doi:	10.1111/j.1442-9071.2006.01405.x.

12.	 Ritterband	 DC,	 Seedor	 JA,	 Shah	 MK,	 et	 al.	 Fungal	 keratitis	 at	
the	 New	 York	 Eye	 and	 Ear	 Infirmary.	 Cornea.	 2006;25:264-267.	
doi:	10.1097/01.ico.0000177423.77648.8d.

13.	 Tuft	 SJ,	 Tullo	 AB.	 Prospective	 study	 of	 fungal	 keratitis	 in	 the	
United	 Kingdom	 2003–2005.	 Eye (London).	 2009;23:308-313.	
doi:	10.1038/eye.2008.298.

14.	 Bourcier	T,	Sauer	А,	Dory	А,	et	al.	Fungal	keratitis.	Journal Français 
d’Ophtalmologie.	2017;40:307-313.	doi:	10.1016/j.jfo.2017.08.001.

15.	 Mukherjee	PK,	Chandra	J,	Yu	C,	et	al.	Characterization	of	Fusarium	
keratitis	outbreak	isolates:	contribution	of	biofilms	to	antimicrobial	
resistance	and	pathogenesis.	Investigative Ophthalmology and Vi-
sual Science.	2012;53:4450-7.	doi:	10.1167/iovs.12-9848.

16.	 Keay	 LJ,	 Gower	 EW,	 Iovieno	 A,	 et	 al.	 Clinical	 and	 microbiologi-
cal	 characteristics	 of	 fungal	 keratitis	 in	 the	 United	 States,	 2001–
2007:	 a	 multicenter	 study.	 Ophthalmology.	 2011;118(5):920-6.		
doi:	10.1016/j.ophtha.2010.09.011.

17.	 Камилов	 Х.М.,	 Абдуллаев	 Ш.Р.,	 Касымова	 М.С.	 Особенности	
клинического	 течения	 посттравматического	 грибкового	 бак-
териального	язвенного	кератита	//	Вестник	проблем	биологии	
и	медицины.	–	2012.	–	№	3.	–	Т.	1	(94).	–	С.	59.	[Kamilov	XM,	
Abdulaev	SR,	Kasymova	MS.	Features	of	the	clinical	course	of	post-
traumatic	 fungal	bacterial	ulcerative	keratitis.	Vestnik problem bi-
ologii i mediciny.	2012;(3):59.	(In	Russ.)]

18.	Lan	L,	Wang	FY,	Zeng	G.	Staining	with	methylthioninium	chlo-
ride	 for	 the	 diagnosis	 of	 fungal	 keratitis.	 Experimental and 
Therapeutic Medicine.	 2013;6(5):1229-1232.	 doi:	 10.3892/
etm.2013.1288.

19.	 Thomas	 PA,	 Kaliamurthy	 J.	 Mycotic	 keratitis:	 epidemiology,	 di-
agnosis	 and	 management.	 Clinical microbiology and Infection.	
2013;19(3):210-220.	doi:	10.1111/1469-0691.12126.

20.	 Ansari	 Z,	 Miller	 D,	 Galor	 A.	 Current	 thoughts	 in	 fungal	 keratitis:	
diagnosis	and	treatment.	Curr Fungal Infect Rep.	2013;7(3):209-218.	
doi:	10.1007/s12281-013-0150-110.1007/s12281-013-0150-1.

21.	 van	Diepeningen	AD,	Brankovics	B,	Iltes	J,	et	al.	Diagnosis	of	fusar-
ium	infections:	approaches	to	identification	by	the	clinical	myco	logy	
laboratory.	 Current Fungal Infection Reports.	 2015;9(3):135-143.	
doi:	10.1007/s12281-015-0225-2.

22.	 Zhao	 G,	 Zhai	 H,	 Yuan	 Q,	 et	 al.	 Rapid	 and	 sensitive	 diagnosis	 of	
fungal	 keratitis	 with	 direct	 PCR	 without	 template	 DNA	 extraction.	
Clinical Microbiology and Infection.	 2014;20(10):O776-O782.	
doi:	10.1111/1469-0691.12571.



G оФтальмологические ВеДомости.  2018. Т. 11. № 3 ISSN 1998-7102

In OphthalmOlOgy practItIOners / В помощь практикующему Врачу72

Information about the authors Сведения об авторах

Yelena V. Skryabina — MD, ophthalmologist, Microsurgery 
Department No 4, City Multi-Field Hospital No 2, Saint Pe-
tersburg, Russia. E-mail: scryabelena@mail.ru.

Елена Владимировна Скрябина — врач-офтальмолог 
отделения микрохирургии глаза № 4 СПб ГБУЗ «Город-
ская многопрофильная больница № 2», Санкт-Петербург. 
E-mail: scryabelena@mail.ru. 

Yuriy S. Astakhov — MD, Doctor of Medical Science, Profes-
sor. Department of Ophthalmology. I.P. Pavlov State Medical 
University of St. Petersburg, Saint Petersburg, Russia. E-mail: 
astakhov73@mail.ru.

Юрий Сергеевич Астахов — д-р мед. наук, профессор ка-
федры офтальмологии. Кафедра офтальмологии ПСПбГМУ 
им. акад. И.П. Павлова Минздрава России, Санкт-Петербург. 
E-mail: astakhov73@mail.ru.

Yanina S. Konenkova — MD, Head of Department, Microsur-
gery Department No 4, City Multi-Field Hospital No 2, Saint 
Petersburg, Russia. E-mail: Krocon@mail.ru. 

Янина Станиславовна Коненкова — заведующая от-
делением микрохирургии глаза № 4 СПб ГБУЗ «Город-
ская многопрофильная больница № 2», Санкт-Петербург. 
E-mail: Krocon@mail.ru.

Farkhod O. Kasymov — MD, PhD, Assistant Professor, Oph-
thalmology Department North-Western State Medical Univer-
sity n.a. I.I. Mechnikov, ophthalmologist, Microsurgery Depart-
ment No 2, City Multi-Field Hospital No 2, Saint Petersburg, 
Russia. E-mail: farkkas@yahoo.com.

Фарход Олимджанович Касымов — канд. мед. наук, асси-
стент кафедры офтальмологии СЗГМУ им. И.И. Мечнико-
ва, врач-офтальмолог отделения микрохирургии глаза № 2 
СПб ГБУЗ «Городская многопрофильная больница № 2», 
Санкт-Петербург. E-mail: farkkas@yahoo.com.

Nataliya G. Zumbulidze — MD, PhD, Assistant Professor, 
Ophthalmology Department North-Western State Medical Uni-
versity n.a. I.I. Mechnikov, ophthalmologist, Saint Petersburg, 
Russia. E-mail: zumbulenok@mail.ru.

Наталья Гурамовна Зумбулидзе — канд. мед. наук, асси-
стент кафедры офтальмологии СЗГМУ им. И.И. Мечникова, 
Санкт-Петербург. E-mail: zumbulenok@mail.ru.

Tatiana S. Varganova — MD, Candidate of Medical Sciences, 
ophthalmologist, Consultative-Diagnostic Department of Oph-
thalmology, City Multi-Field Hospital No 2, Saint Petersburg, 
Russia. E-mail: Varganova.ts@yandex.ru.

Татьяна Сергеевна Варганова — канд. мед. наук, врач-
офтальмолог консультативно-диагностического отделения 
СПб ГБУЗ «Городская многопрофильная больница № 2», 
Санкт-Петербург. E-mail: Varganova.ts@yandex.ru.

Vladimir P. Petukhov — MD, ophthalmologist, Department 
of Laser Microsurgery, City Multi-Field Hospital No 2, Saint 
Petersburg, Russia. E-mail: v.p.petukhov@gmail.com.

Владимир Павлович Петухов — врач-офтальмолог отде-
ления микрохирургии глаза «лазерное» СПб ГБУЗ «Город-
ская многопрофильная больница № 2», Санкт-Петербург. 
E-mail: v.p.petukhov@gmail.com.

Alyona A. Pirgunova — second year ophthalmology resident. 
Department of Ophthalmology. North-Western State Medi-
cal University n.a. I.I. Mechnikov, Saint Petersburg, Russia. 
E-mail: cvcv4698@yandex.ru.

Алёна Александровна Пиргунова — ординатор 2-го года 
кафедры офтальмологии. Северо-Западный государствен-
ный медицинский университет им. И.И. Мечникова, Санкт-
Петербург. E-mail: cvcv4698@yandex.ru.

Janek Masian — second year ophthalmology resident. De-
partment of Ophthalmology. North-Western State Medi-
cal University n.a. I.I. Mechnikov, Saint Petersburg, Russia. 
E-mail: phaser.j@gmail.com.

Янек Масян — ординатор 2-го года кафедры офталь-
мологии. Северо-Западный государственный медицин-
ский университет им. И.И. Мечникова, Санкт-Петербург. 
E-mail: phaser.j@gmail.com.

Nikolai N. Klimko — MD, Doctor of Medical Science, Profes-
sor, Head of the Department of Clinical Mycology, Allergology 
and Immunology of North-Western State Medical University 
n.a. I.I. Mechnikov, St. Petersburg, Russia. E-mail: n_klimko@
mail.ru.

Николай Николаевич Климко — д-р мед. наук, профессор, 
заведующий кафедрой клинической микологии, аллерголо-
гии и иммунологии  Северо-Западного государственного 
медицинского университета им. И.И. Мечникова, Санкт-
Петербург. E-mail: n_klimko@mail.ru. 

23.	 Labbe	A,	Khammari	C,	Dupas	B,	et	al.	Contribution	of	in vivo	con-
focal	 microscopy	 to	 the	 diagnosis	 and	 management	 of	 infectious	
keratitis.	Ocular Surface.	2009;7:41-52.

24.	 Ledbetter	EC,	Norman	ML,	Starr	JK.	 In vivo	confocal	microscopy	
for	the	detection	of	canine	fungal	keratitis	and	monitoring	of	thera-
peutic	 response.	 Veterinary Ophthalmology.	 2015;19(3):220-229.		
doi:	10.1111/vop.12287.

25.	 Азнабаев	 Б.М.,	 Алимбекова	 З.Ф.,	 Мухамадеев	 Т.Р.,	 Габба-
сов	А.Р.	 Лазерная	 сканирующая	 томография	 глаза:	 передний	
и	 задний	 отрезок.	 –	 М.,	 2008.	 –	 C.	 90–92.	 [Aznabaev	 BM,	 Al-
imbekova	ZF,	Muhamadeev	TR,	Gabbasov	AR.	Lazer	skaniruryushaya	
tomographya	glaza:	perednii	i	zadnii	otrezok.	Moscow;	2008.	P.	90-92.	
(In	Russ.)]

26.	 Villani	E,	Baudouin	C,	Efron	N,	et	al.	In vivo	confocal	microscopy	
of	the	ocular	surface:	from	bench	to	bedside.	Current Eye Research.	
2014;39(3):213-231.	doi:	10.3109/02713683.2013.842592.	

27.	 Wang	 LY,	 Xu	 ZZ,	 Zhang	 JJ,	 et	 al.	 [Topical	 voriconazole	 as	 an	 ef-
fective	 treatment	 for	 fungal	 keratitis].	 Zhonghua Yan Ke Za Zhi.	
2016;52(9):657-62.	doi:	10.3760/cma.j.issn.0412-4081.2016.09.005.

28.	 Soliman	W,	Fathalla	AM,	El-Sebaity	DM,	Al-Hussaini	AK.	Spectral	
domain	anterior	segment	optical	coherence	tomography	in	microbi-
al	keratitis.	Graefe’s Archive for Clinical and Experimental Ophthal-
mology.	2013;251(2):549-553.	doi:	10.1007/s00417-012-2086-5.

29.	 Bongomin	F,	Gago	S,	Oladele	RO,	Denning	DW.	Global	and	Multi-
National	 Prevalence	 of	 Fungal	 Diseases	 –	 Estimate	 Precision.	
J Fungi (Basel).	2017;3(4):57-86.	doi:	10.3390/jof3040057.



In OphthalmOlOgy practItIOners / В помощь практикующему Врачу

G OphthalmOlOgy JOurnal.  2018;11(3) eISSN 2412-5423

73

Information about the authors Сведения об авторах

Tatyana S. Bogomolova — PhD, Associate Professor of the 
Medical Microbiology Department of the North-Western State 
Medical University n. a. I.I. Mechnikov Head of the Research 
Laboratory of Mycological Monitoring and Fungal Biology of the 
P.N. Kashkin Research Institute of Medical Mycology, St. Pe-
tersburg, Russia. E-mail: tatiyna.bogomolova@szgmu.ru.

Татьяна Сергеевна Богомолова — канд. биол. наук, доцент 
кафедры медицинской микробиологии  им. И.И. Мечникова, 
заведующая НИЛ микологического мониторинга и биологии 
грибов НИИ медицинской микологии им. П.Н. Кашкина Се-
веро-Западного государственного медицинского университе-
та им. И.И. Мечникова, Санкт-Петербург. E-mail: tatiyna.
bogomolova@szgmu.ru.

Ekaterina A. Desyatik — allergologist-immunologist of the My-
cological Department of the P.N. Kashkin Research Institute of 
Medical Mycology of North-Western State Medical University 
n.a. I.I. Mechnikov, St. Petersburg, Russia. E-mail: e_desya-
tik@mail.ru.

Екатерина Александровна Десятик — аллерголог-иммуно-
лог микологического отделения НИИ медицинской миколо-
гии им. П.Н. Кашкина Северо-Западного государственного 
медицинского университета им. И.И. Мечникова, Санкт-
Петербург. E-mail: e_desyatik@mail.ru.


