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Abstract
Objective. To analyze the images of fungal keratitis using confocal microscope in vivo. Methods. Thirty-eight patients, 

who were confirmed fungus infection by confocal microscopy, 10% KOH smear and fungal culture. The images were 
analyzed visually for morphology of the hyphae and the spore, as well as the length and the diameter of the hyphae and the 
spores were counted by NAVIS software. Results. (1) In 9 eyes, the branching hyper-reflective structures were revealed 
under confocal microscope. The diameter of the hyphae ranged 2 to 4 µm. (2) In 16 eyes, long line hyper-reflective struc-
tures were appeared under confocal microscope. The diameter of the hyphae ranged 3 to 6 µm and 150 – 300 µm in length. 
(3) In 11 patients, short rod hyper-reflective structures were showed in vivo confocal microscopy. The diameter ranged 3 
to 6 µm and 40 to 60 µm in length. (4) In 2 cases, the round to oval hyper-reflective structures were detected by confocal 
microscopy. The diameter of the bulbs ranged from 12 to 15 µm. Conclusions. Confocal microscopy is a useful diagnostic 
tool to evaluate microscopic aspects of the hyphae and the spores in vivo of fungal kratitis. The hyphae appeared different 
configuration in different kinds of fungal keratitis, as well as in different layers of the cornea under confocal microscope. 
[Life Science Journal. 2008; 5(1): 51 – 54] (ISSN: 1097 – 8135).
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1  Introduction

Fungal keratitis is a major blinding eye disease in Asia. 
In China, the incidence of fungal keratitis has increased 
significantly during the past decade[1]. How to diagnose 
fungal keratitis in early stage becomes a hard work for 
ophthalmologist at present. Laboratory diagnosis can be 
made by means of smear, staining, fungal culture, poly-
merase chain reaction, and confocal microscopy. Confo-
cal microscopy is a relatively new, noninvasive technique 
for imaging the cornea in normal and abnormal states[2]. 
Avunduk et al[3] found that confocal microscopy was 
more sensitive in examining Aspergillus fumigatus kera-
titis in vivo than in vitro. Currently, the characteristic of 
fungal keratitis observed by confocal microscopy in vivo 
has not been clearly understood. In this study, we have 
investigated the characteristics of fungal keratitis by serial 

image of confocal microscope, 10% KOH smear and fun-
gal culture to establish the reliability and value of this 
technique in fungal keratitis diagnosis.

2  Materials and Methods

In this hospital-based retrospective study, we reviewed 
the medical history data of 38 patients with fungal kera-
titis visited at Henan Ophthalmological Institute between 
March 2006 and October 2006. All patients underwent 
laboratory investigations after ophthalmic examination 
and in vivo confocal microscopy: direct microscopic eval-
uation and corneal scraping culture. Thirty-eight patients 
(38 eyes) confirmed fungal keratitis were enrolled in this 
study. A diagnosis of fungal keratitis was made when 
corneal scraping examination revealed fungal presence in 
smears. Microbial cultures and confocal microscopic ex-
amination were performed 38 cases of patients with diag-
nosis of fungal keratitis. The clinical diagnosis was made *Corresponding author. Email: Liyawang55@163.com
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on the basis of the history of ocular trauma, and the corneal 
infiltrate with gray, elevated necrotic slough, and feathery 
margin in the cornea. The culture materials were collected 
from the corneal scraping in all patients at their first visit 
to our clinic. The samples were directly inoculated onto 
four medium, including blood agar, chocolate agar, sab-
ouraud dextrose agar (SDA), and eosin methylene blue 
agar. Sabouraud dextrose agar plates were incubated at 
room temperature. The other three plates were maintained 
at 35 ºC. The cultures were considered positive for fungus 
if the same color and morphology of colonies grew on 
more than two plates. All the patients underwent exami-
nation with a slit scanning confocal microscope Model 3 
(confoscan 3 Fortane technologie Sal Italy). Each video 
frame displays a 440 µm × 330 µm focused area. Lateral 
resolution of the confocal microcorpe in the x, y plane 
is 1 µm or less, and z-axis resolution is approximately 5 
µm. In contrast to a slit lamp where the maximum mag-
nification is between 16 × and 40 ×, the magnification of 
confocal microscope is 1000 ×. The curve of Z-Scan mold 
of confocal microscope represents the intensity profile of 
reflected light at each corneal layer. So the approximate 
depth of focus within the tissue can be determined by us-
ing the electronic Z-Scan mold. Image obtained from the 
clearest frame. Informed consent was obtained from all 
subjects for their participation in this study.

3  Results

38 patients have been diagnosed fungal keratitis by 
fungal culture and isolation. The subjects (38 eyes) com-

prised of 23 male and 15 female (17 – 75 years old), 
with mean age of 43 ± 12.1 years old. The duration from 
the onset of symptoms to presentation to our institution 
ranged from 3 – 45 days, with mean time 12 days. Every 
image of confocal microscope of all patients has been in-
vestigated by ophthalmologist and compared with the im-
ages of corneal scraping under microscope. Confocal mi-
croscopy of infiltrates revealed a high reflective substance 
at the center of ulcers. Confocal microscopy at the edge 
of infiltrates showed many kinds of hyphae and spores 
including branching hyper-reflective structures, bright 
line hyper-reflective structures, short rod hyper-reflective 
structures and round to oval hyper-reflective structures. 
Confocal scans from 9 patients revealed interlocking 
white lines, 4 µm in width (Figure 1). In 16 eyes, bright 
line hyper-reflective structures were appeared under con-
focal microscope. The diameter of the hyphae ranged 3 
to 6 µm and 150 – 300 µm in length (Figure 2). In 11 pa-
tients, short rod hyper-reflective structures were checked 
(Figure 3). The diameter of the structures ranged 3 to 6 
µm and 40 – 60 µm in length. In 2 cases, the round to 
oval hyper-reflective structures were detected (Figure 4). 
The diameter of the bulbs ranged 12 to 15 µm. The hyper-
reflective structures were located parallel to the corneal 
surface in the superficial or middle of stroma. Fungal fila-
ments were best seen at the edge of the infiltrate against 
a dark background due to the lower reflectivity. In doubt-
ful scans, these filaments were seen clearly on inversion 
of bright and dark component. All of these filaments and 
oval bright structures on the corneal scraping smear also 
revealed under microscopy with morphology similar to 
that of the structures in vivo.
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Figure 1. The branch hyper-reflective structure (× 1000). Figure 2. The long line hyper-reflective structures (× 1000).
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Table 1 summarized the spectrum of thirty-eight eyes 
of 38 patients. Four genera were involved in this group of 
patients, including 18 (47.5%) isolates of fusarium spe-
cies. 

Table 1. Spectrum of 38 cases fungal keratitis
Species Number of isolation Percentage (%)

Fusarium 18 47.5
Aspergillus 7 18.8
Alternaria 6 16.3
Penicillium 3 7.5
Unidentified 4 10.5

Total 38 100
 

4  Discussion

Filamentous fungi are the commonest cause of mycotic 
keratitis in many countries in tropical latitudes and it is 
vital that a specific diagnosis is made as clearly as possi-
ble to ensure prompt institution of anti-fungal therapy[4,5]. 
Our results also show filamentous fungi predominated 
in the fungal pathogens isolated in this region (Table 1). 
Although confocal microscopy examination may help to 
reach a rapid presumptive diagnosis, the in vivo confocal 
microscopic characteristic of fungal keratitis continues to 
be confused so many ophthalmologists. To date, direct mi-
croscopic examination of corneal scraping samples with 
potassium hydroxide wet mounts is leading technology. 
The positive rate of direct microscopic examination of 
potassium hydroxide wet mount was from 62% to 91% in 

different reports[6,7]. We could observe the clear and sharp 
picture of hyphae and spores with undisturbed structure 
and relationships under microscope, but this laboratory 
diagnostic methods is invasive. So the non-invasive reli-
able rapid diagnostic tools such as in vivo confocal mi-
croscopy may play an important role in fungal keratitis. 

In this study, we selected 38 patients who were under-
went corneal scraping, confocal microscopic examination 
and fungal culture simultaneously. On microscopy, they 
appeared thin, extensively branching, beaded filaments 
and sometimes round to oval spores also can be found. 
All of these structures also could be found in vivo con-
focal microscopy. Identification of the fungal organisms 
from confocal microscopy images is important, not only 
for rapidly diagnosing the fungal keratitis but also for 
monitoring the therapy of antifungal drugs[8]. The results 
showed that all of the fungal keratitis appeared four kinds 
of characteristic in vivo confocal microscopy. Including 
(1) branching hyper-reflective structures: in this kind of 
structures, the hyphae appeared interlocking white lines, 
2 to 4 µm in width in the superficial stroma (Figure 1). 
The interlocking white lines were located paralleled to the 
corneal surface with branching at all kinds of angle which 
made the hyphae wove together forming reticulation. This 
kind of structures can appear some kinds of physiologi-
cal curve similar to hyphae showed under microscope. 
(2) The long line hyper-reflective structures: in this kind 
of structures, the confocal microscopy revealed long-line 
structures, 3 to 6 µm in width and 50 – 300 µm in length 
in the superficial or middle stroma (Figure 2). Typically, 
this kinds of hyphae run all kinds of orientation. (3) The 

Figure 3. The short rod hyper-reflective structures (× 1000). Figure 4. The round to oval hyper-reflective structure (× 1000).
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short rod hyper-reflective structures. The length of this 
kind of structure is a few short rather than long line hy-
per-reflective structure. This kind of structures appeared 
3 to 6 µm in width and 40 – 60 µm in length (Figure 3). 
This kind of structures was observed in the superficial or 
middle layer of cornea in 11 eyes examined. Recently, 
Emmanuelle Brasnu and Tristan Bourcier reported a case 
in which HRTII-RCM examination of the Candida albi-
cans-infected patient’s cornea revealed numerous high-
contrast elongated particles in anterior stroma, resembling 
Candida pseudofilaments[9]. But in our study, this kind of 
particles was not appeared in pseudofilaments-inflected 
keratitis. The real reason is not clear. (4) The round to 
oval structure. It is difficult to observe the spores under 
confocal microscope. In the present study, we only found 
these structures in 2 eyes. Light microscopy of the cor-
neal scraping of the 2 cases confirmed that the round to 
oval appearance in stroma using confocal microscopy 
was consistent with spores in stroma. In slight different 
planes, the organisms can appear as bright, round struc-
tures and between these planes they may be oval shaped. 
This observation may contribute to the variability seen in 
measuring the diameter of the spores by tandem scanning 
confocal microscopy. The diameter of the spores mea-
sured between 12 µm and 15 µm (Figure 4).

Using in vivo confocal microscopy for the present 
study of fungal keratitis, the hyphae always is taken as 
the corneal nerve in the anterior or midcorneal stroma. 
The nerve appears regular, elongated, and uniform and 
has a sharp margin (stromal nerves) or beaded (sub-bas-
al plexus) structures that have an acute angled branch-
ing pattern and vary between 5 and 20 µm in thickness. 
Other linear structures such as fabric trabs in the repair-
ing cornea always reflect not as brightly as the hyphae 
in stroma. In addition, the fabric trabes appear shaggy 
border compared with the hyphae in the inset. Moreover, 
few inflammation cells can find around the fabric trabs. 
In some cases, the morphology of the active keratocytes 
is similar to the hyphae. The active keratocytes which nu-
clei elongate demonstrated spindle-like, less than 30 µm 
in length[10]. Some normal keratocytes morphology has 
also been shown around the active keratocyte. Otherwise, 
the spores always are taken as the Acanthamoeba cysts. 

Usually, the Acanthamoeba cysts can appear bright round 
structure with double-walled organism[11]. Furthermore, 
radial keratoneuritis was demonstrated, consisting of an 
irregularly swollen nerve fiber with probable amoebic in-
filtration. Otherwise, these patients always have the worn 
lens history before going to see ophthalmologist.

5  Conclusion

This study presents the characteristics of in vivo con-
focal microscopy findings of the largest series of fungal 
keratitis among the population in our region. Confocal 
microscopy is a useful diagnostic tool to evaluate micro-
scopic aspects of the hyphae and the spore’s morphologic 
changes in fungal keratitis. Hyphae appeared different 
configuration in different kinds of fungal keratitis, as well 
as in different layers of the cornea under confocal micro-
scope. 
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