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The incidence of uncommon corneal infections, such
as those caused by fungi and acanthamoebae, has been
increasing in recent years. Factors that may contribute to
this phenomenon include the use of topical corticoste-
roids, soft contact lens wear, and heightened clinical sus-
picion.?? Successful treatment of these potentially serious
ophthalmic infections is predicated upon early diagnosis
and rapid institution of appropriate therapy. Frequently,
the indolent nature and lack of pathognomonic clinical
signs associated with these infections may delay the di-
agnosis. Successful growth of fungi or parasites in culture
may require several days or weeks thereby necessitating
the use of staining techniques in order to establish the
identity of the infecting organism. The techniques that
have been used to visualize fungi or acanthamoebae in-
clude potassium hydroxide wet mount, Giemsa, periodic
acid-Schiff (PAS), Mallory trichrome, and Gomori me-
thenamine silver (GMS).56 They may require special ex-
pertise and take several hours to perform. Additionally,
published series using these techniques have documented
variable efficacy.7 1L
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Table 1. Fungal Keratitis Cases

Patient o ,
No. Clinical History Fungal Species
22-yr-0ld man; 10-day history; no  Fusarium solani
trauma , o
50-yr-old man; 8-day history; no Unidentified
rauma ' o
65-yr-old man; 12-day history; no  Unidentified

|
2
3
frauma ,
4 60-yr-old man; 45-day history; no
frauma o
5 50-yr-0ld woman; eye injury with
b
1
8

Aspergillus fumigatus

A. fumigatus
vegelable matter”

18-yr=old man; 7-day history; no
ffauma
59-yr-old man; immunosuppressed

F. solani

Aspergillus S

55-yr-0ld woman; unknown course  Dreschiera Sp

9 45-yr-old man; unknown course Fusarium soseum
10 11-yr-old man; unknown course F. solani

il 28-yr-0ld man; unknown course F. solani

12 47-yr-0ld woman; unknown course  F. solani

13 18-yr-old man; unknown course F. soseum

14 NA Aspergillus flavus
155 NA Fusarium Sf)
16 NA Fusarium S))
17 NA Fusarium §

18 NA Unidentifie

NA = not available.

We recently demonstrated, using experimental models
of mycotic2and acanthamoebic3ocular infections, that
the use of fluorescein-conjugated lectins (FCLS) is effective
in providing rapid visualization of these organisms. Ad-
ditionally, we successfully used this technique to visualize
several species of bacterial4dand atypical mycobacteria.’5
To further evaluate the efficacy of FCLs in enabling rapid
visualization of infectious microorganisms, we report our
experience using FCLs to stain corneal specimens from
documented clinical cases of mycotic or acanthamoebic
keratitis.

MATERIALS AND METHODS

CLINICAL SPECIMENS

Corneal scrapings from 18 patients with mycotic ker-
atitis were obtained from the Aravind Eye Hospital, Mad-
urai, India, and from the UIC Eye Center, Chicago, during
the period between June 1987 and August 1988. Relevant
clinical histories, when available, were provided along with
the culture results (Table 1). Each specimen slide was air
dried and subsequently fixed in 95% cold ethanol for 5
minutes.

Slides of paraffin-embedded histopathologic sections
from five culture-proven cases of acanthamoebic keratitis
were obtained from the UIC Eye Center, the Doheny Eye
Institute, and the University of Chicago. The specimens
were first deparaffinized by immersion in xylene for 10
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minutes. This was followed by rapid dehydration in a
series of graded alcohols. The deparaffinized slides were
rinsed in distilled water for several minutes followed by
immersion in TRIS buffer. They were subsequently air
dried and fixed for 5 minutes in 95% ethanol.

FLUORESCEIN-CONJUGATED LECTIN-BINDING
TECHNIQUE

For FCL binding, a previously described techniquel3
was slightly modified. Fluorescein-conjugated concanav-
alin A (F-ConA) and fluorescein-conjugated wheat germ
agglutinin (F-WGA) (Vector Laboratories, Burlingame,
CA) were used in this study. The F-ConA was used in the
fungal keratitis cases, and both F-ConA and F-WGA were
used in the acanthamoebic keratitis cases.

Essentially, 5 jul ofthe FCL (stock concentration, 2 mg/
ml) was diluted to a concentration 0f0.02 mg/ml by mix-
ing with 495 /d of TRIS buffer. Each fixed specimen slide
was incubated with a solution of TRIS and bovine serum
albumin for 5 minutes. The slides were drained of excess
buffer and then rinsed with TRIS alone. The specimens
were subsequently placed in a dark humidified chamber
for 20 minutes at room temperature. At the end of the
incubation period, the slides were rinsed with TRIS, and
glass coverslips were mounted using an aqueous, nonflu-
orescing mounting medium (Immu-Mount, Shandon,
Sewickley, PA). The slides were examined using an epi-
fluorescence microscope (Leitz, Wetzlar, West Germany),
and photographs were taken with an attached camera
(Olympus, Lake Success, NY) OM-2 camera using 800/
1600 ASA film, exposure index 1600.

FLUORESCEIN-CONJUGATED LECTIN-BINDING
CONTROL STUDIES

When additional specimens were available, both pos-
itive and negative control studies were done. Positive
controls consisted of incubating slides with a mixture of
the FCL and its known corresponding blocking sugar (0.5
M methyl-a-mannopyranoside for F-ConA¥and 0.5 M
A-acetyl-D-glucosamine for F-WGAZ). Negative controls
consisted of incubating specimens with a solution of the
FCL and a nonspecific blocking sugar (0.5 M a-L-fucose).
Each stock sugar was from Sigma (St. Louis, MO).

For the acanthamoebic keratitis cases, additional spec-
imens were incubated with calcofluor white (CFW)
(Polysciences, Warrington, PA), according to a previously
described protocol1 to confirm the presence of acan-
thamoebic cysts. Also, fixed histopathologic slides of nor-
mal human corneal specimens (provided by MOM Tso,
MD, Chicago, IL) were similarly deparaffinized, processed,
and stained with both FCLs to evaluate the degree ofnon-
specific background staining.

RESULTS

FUNGAL KERATITIS

The F-ConA incubation with the corneal scraping
specimens from the 18 cases of mycotic keratitis provided
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rapid, definitive, and consistent visualization of mycotic
structures. The organisms were easily differentiated from
background cells and tissue. Hyphae, yeasts and sporu-
lating forms were readily demonstrated (Figs 1, 2). The
brightest degree of staining was confined to the mycotic
cell walls. Positive-control studies showed diminution of
the degree of fungal staining by the addition of methyl-
a-D-mannopyranoside to the specimen before incubation
with F-ConA. Negative-control slides from the infected
corneas had no decrease in staining intensity.

ACANTHAMOEBIC KERATITIS

Both F-ConA and F-WGA produced distinct and bright
staining of acanthamoebic cysts and trophozoites. Incu-
bation of specimens with F-ConA intensely stained both
cysts and trophozoites (Figs 3, 4), and incubation with F-
WGA produced bright staining of cysts and moderate
staining oftrophozoites. In all of the experimental slides,
the organisms were easily differentiated from background
cells and tissue. For both F-ConA and F-WGA, positive-
control studies showed marked diminution in staining
intensity, but negative-control studies revealed no reduced
staining intensity. The CFW staining of the corneal spec-
imens from infected cases confirmed the presence of
acanthamoebic cysts (Fig 5).

CONTROL STUDIES

Both positive and negative controls for F-ConA and F-
WGA confirmed that the observed microorganism stain-
ing in the experimental specimens was the result of bind-
ing of the FCL to the appropriate carbohydrate in the
microbial cell wall. Incubation of either FCL with spec-
imens of normal cornea produced minimal staining of
corneal cells and tissues.

DISCUSSION

Recent experience emphasizes that rapid identification
ofthe offending organism is a prerequisite for the effective
medical therapy of corneal infections. This is particularly
true for infections caused by fungi or acanthamoebae. In
addition to the need for special media, these organisms
may require several days to grow in culture. “Routine”
microbiologic staining techniques (e.g., Gram and Giemsa
stains) are not specific enough to differentiate stained or-
ganisms from background comeal and inflammatory cells
easily. Fixed-tissue stains (e.g., hematoxylin-eosin, PAS,
and GMS) may cause similar difficulties. Additionally,
they may require special expertise and time to perform.
Therefore a search for rapid diagnostic techniques that
can effectively enable visualization of several classes of
microorganisms has begun.

Recently, two staining techniques have been intro-
duced, specifically for the rapid diagnosis of acanthamoe-
bic keratitis. Calcofiuor white is a laundry brightener that
binds to polymers of beta-linked polysaccharides, partic-
ularly cellulose and chitin.1819 Cellulose is a major com-
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ponent ofthe cell wall ofthe acanthamoebic cyst20; several
studies have confirmed the ability of CFW to stain this
stage of the organism.1821 However, CFW’s inability to
stain the trophozoite stage may be a realistic limitation
to its efficacy.

The use of indirect immunofluorescent antibodies to
acanthamoebae is another recently described, rapid stain-
ing technique.2 These agents, although more specific than
CFW, are not readily available. Similar efforts have been
made to rapidly diagnose the presence of fungi in
ophthalmic specimens. The CFW, because of the chitin
present in hyphal cell walls, has also been used successfully
to visualize mycotic hyphae.181923

Lectins are ubiquitous glycoproteins with the unique
property to bind to specific carbohydrate moieties..l5When
conjugated to either visible dyes or electron-dense sub-
stances, lectin-bound carbohydrate groups can be visu-
alized using light, fluorescence, or electron microscopy.
In ophthalmology, lectins have been used for many pur-
poses, ranging from the identification of sugar residues in
comeal dystrophies to the biochemical characterization
of retinal photoreceptor cells.24% Additionally, using
known microbial cell wall/membrane sugar compositions,
dye-conjugated lectins have been used to identify micro-
organisms both in culture and in histopathologic speci-
mens.%

In previous studies,12'}4 using known carbohydrate
compositions of fungi and acanthamoebae, we were able
to determine lectin binding patterns for several species of
these microorganisms in microbial cultures. These FCL
staining patterns were confirmed in experimental models
of infectious keratitis caused by these organisms. These
studies determined the FCLs selected for this study. For
fungi, a panel of FCLs selected to cover a broad spectrum
of carbohydrate specificities enabled the rapid visualiza-
tion, and in some cases differentiation, of 19 species. These
studies also determined that the use of F-ConA consis-
tently provided intensely bright staining of all mycotic
species tested. This was consistent with the nearly ubig-
uitous presence of either a-D-mannose or a-D-glucose—
the specific carbohydrates for ConA—in mycotic cell
walls.27 It was for this reason that we selected F-ConA for
the visualization of fungi in this study. Similarly, in a
recent study13 of FCL staining of four species of acan-
thamoebae, we determined that both F-ConA and F-WGA
produced the brightest degree of staining. Again, this
staining pattern appeared to be consistent with known
cell wall carbohydrate concentrations ofboth the cyst and
trophozoite forms of Acanthamoeba.2s~3) It was for this
reason that we selected these two FCLs for the acantham-
oebic keratitis specimens.

In this retrospective study, corneal specimens from 18
cases of culture-proven myecotic keratitis and five cases of
culture-proven acanthamoebic keratitis were incubated
with F-ConA and/or F-WGA. The FCL binding technique
is rapid, regardless of whether the specimen was from a
corneal scraping or a previously paraffinized histopatho-
logic section. The effectiveness of F-ConA in visualizing
both fungi and acanthamoebae was clearly demonstrated.
For the fungal keratitis specimens, hyphae, pseudohyphae,
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Fig 1. Top left, photomicrograph of comeal scraping from patient 13,
Specimen was incubated with F-ConA. Notice the tangles of nonseptate
hyphae and, in particular, the bright staining of the mycotic cell walls.
Scattered spores were also observed. Fusarium soseum was cultured (F-
ConA; original magnification, X 165). Fig 2. Top right, photomicrograph
of comeal scraping from patient 2. Incubation with F-ConA showed a
tangle of branching hyphae visible in and adjacent to a thick layer of
comeal tissue. An unidentified mycotic organism was cultured (F-ConA;
original magnification, X165). Fig 3. Center left, photomicrograph of
deparaffinized histopathologic specimen of culture-proven acanthamoebic
keratitis incubated with F-ConA. A brightly stained double-walled cyst
is easily visualized against background comeal stroma and the artifactually
detached Descemet’s membrane. (F-ConA; original magnification, X 160).
Fig 4. Bottom right, photomicrograph of deparaffinized histopathologic
specimen of culture-proven acanthamoebic keratitis incubated with (F-
WGA). A brightly stained trophozoite is visible against the background

comeal stroma. (F-WGA; original magnification, X330). Fig 5. Bottom left, photomicrograph of deparaffinized histopathologic specimen of culture-
proven acanthamoebic keratitis stained with calcofiuor white (CFW). Several cyst-shaped structures are visible in the comeal stroma (CFW, original

magnification, X160).

yeasts, and spores were very bright and were readily vi-
sualized. Similarly, for the acanthamoebic keratitis spec-
imens, F-ConA provided very bright staining of cysts and
trophozoites. The F-WGA provided bright staining ofcysts
but only minimal staining of trophozoites. Background
staining was, in all cases, minimal and did not interfere
with differentiation of mycotic or acanthamoebic struc-
tures.

The results from this clinical study are consistent with
our previous experimental observations.12-14 They support
further the hypothesis that the use of FCLs enables rapid
visualization of microorganisms in samples of infected

ocular tissue. Additionally, we have now demonstrated
that one FCL, F-ConA, is capable of binding to several
species of aerobic and anaerobic bacteria, fungi, atypical
mycobacteria, and acanthamoebae. This FCL, we believe,
may eventually become an effective first-line stain for the
visualization of microorganisms in ocular infections.
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