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MYCOLOGY 

Use of Lactophenol Cotton Blue 
Mounts of Corneal Scrapings 
as an Aid to the Diagnosis of 
Mycotic Keratitis 

Philip A. Thomas, Thomas Kuriakose, 
Mothi P. Kirupashanker, and V. Senthil 
Maharajan 

Lactophenol cotton blue (LPCB) mounts of corneal ulcer scrap- 
ings were assessed as a diagnostic tool in cases of mycotic ker- 
atitis over a period of 15 months. We investigated 568 cases of 
ulcerative keratitis by microbiological techniques consisting of 
direct microscopic examination of LPCB mounts and Gram- 
stained smears as well as culture of material scraped from the 
ulcer. Fungi were isolated in large numbers on multiple media 
from the corneal scrapings of 179 patients (culture-proven my- 
cotic keratitis). Direct microscopic examination of LPCB 
mounts of corneal scrapings yielded positive results in 140 

(78%) of 179 culture-positive patients and negative results in 
371 (95%) of 389 culture-negative patients. There was a sig- 
nificant difference between the percentage of positive results 
obtained by LPCB mounts and by Gram-stained smears in the 
culture-positive cases. The LPCB mount was positive in 
>80% of cases of keratitis due to Fusarium spp. and Asper- 
gillus spp. The LPCB mount is strongly recommended as a 
simple, rapid, inexpensive, and sensitive diagnostic technique 
in cases of mycotic keratitis. 

Mycotic keratitis is an important problem faced by 
ophthalmologists, especially in developing coun- 
tries (Johns and O'Day, 1988; Thomas, 1989). A de- 
lay in the institution of specific antifungal therapy 
could lead to a serious loss of vision or even loss of 
the eyeball. Isolation of fungi from ulcer scrapings 
is essential to confirm a diagnosis of mycotic kera- 
titis, but requires a minimum of 48-72 hr. However, 
a tentative diagnosis of mycotic keratitis can be made 
and antifungal therapy can be started following di- 
rect microscopic detection of fungal fragments in 
corneal scrapings. Usually, direct microscopic ex- 
amination of potassium hydroxide (KOH) mounts 
and Gram- or Giemsa-stained smears is performed, 
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but these methods suffer from certain drawbacks 
(Forster et al., 1976). Other staining methods, such 
as the periodic acid-Schiff (PAS) or Grocott's me- 
thenamine silver (GMS) (Emmons et al., 1977), are 
tedious to perform and difficult to interpret, whereas 
newer techniques involving the use of Calcofluor 
staining (Arffa et al., 1985) and fluorescein-conju- 
gated lectins (Robin et al., 1986) are beyond the pur- 
view of smaller diagnostic laboratories, which do not 
have ultraviolet microscopes. 

Lactophenol cotton blue (LPCB) is a mounting 
medium commonly used in microbiology laborato- 
ries, principally for preparing mounts of fungal cul- 
tures. Over a period of 15 months, we have used 
LPCB to prepare mounts of corneal scrapings ob- 
tained from cases of ulcerative keratitis. We have 
found that fungal fragments can easily be detected 
by direct microscopic examination of LPCB mounts 
of corneal scrapings; the results obtained are in 
agreement with the results of culture in a high pro- 
portion of cases. Furthermore, LPCB mounts are more 
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sensitive than Gram-stained smears as a diagnostic 
tool in cases of mycotic keratitis. The results are pre- 
sented herewith. 

M A T E R I A L S  A N D  M E T H O D S  

We investigated 568 cases of ulcerative keratitis at 
the Department of Microbiology, Joseph Eye Hos- 
pital (Tiruchirapalli, India), between 1 January 1988 
and 31 March 1989. These cases had not previously 
been scraped. Material was scraped from the base 
and edges of each ulcer, using a sterile, blunt cataract 
knife, and inoculated onto plates of neutral Sabour- 
aud's dextrose agar, Emmons' modification (SDA), 
and cystine tryptone agar (CTA), by making several 
rows of C-shaped cuts in the agar (Rebell and Fors- 
ter, 1980). Each row of "C"-cuts was inoculated with 
material taken from separate scrapings. Material was 
also placed on two methanol-cleaned and -flamed 
slides. A smear was prepared on one slide from some 
of the corneal material, fixed, and stained by the 
Gram method (Finegold and Martin, 1982). Material 
was evenly spread out on the other slide and a drop 
of LPCB stain (containing phenol crystals, 20 g; lactic 
acid, 20 ml; glycerol, 40 ml; cotton blue stain, 0.05 
g; and distilled water, 20 ml) (Hendrickson, 1985) 
was applied and covered with a coverslip; if the ma- 
terial was very thick or if there was excess stain, 
then the coverslip was firmly pressed against the 
material on the slide and an excess stain was blotted 
with a filter paper. 

The LPCB mounts and Gram-stained smears were 
examined with an ordinary compound light micro- 
scope, using a total magnification of 100, 300, and 
1200. The CTA plates were incubated at 37°C for 5 
days while the SDA plates were kept at room tem- 
perature for 2 weeks. Fungal colonies appearing on 
the SDA or CTA plates were subcultured to slants 
of potato dextrose agar (PDA) for sporulation and 
identification. Isolates that did not sporulate on PDA 
were subjected to standard procedures for inducing 
sporulation (McGinnis, 1980). Uninoculated plates 
of CTA and SDA were kept at 37°C and room tem- 
perature, respectively, and frequently checked to en- 
sure the sterility of each batch of media. 

A diagnosis of mycotic keratitis was established 
by the growth of the same fungus on more than one 
culture medium; in most of the cul~rre-positive cases, 
luxuriant growth was obtained from the "C"-cuts on 
the CTA and SDA plates. Wherever possible, a re- 
peat scraping was performed after a few days in an 
attempt to reisolate the same fungus from the ul- 
cerated corneal tissue. 

The statistical significance of the observations made 
was assessed by the chi-square test (using 2 x 2 
tables with 1 df) with Yates' correction factor being 

TABLE 1 The LPCB Mount as a Diagnostic Aid 
for Mycotic Keratitis 

Fungi Isolated in Culture 

Findings in LPCB Mount Yes No Total 

Hyphae seen 140 18 158 
No hyphae seen 39 371 410 

Total 179 389 568 

LPCB Mount versus culture: ×2c = 327 (p < 0.001). 

applied. The sensitivity, specificity, and predictive 
values of LPCB mounts and Gram-stained smears 
as diagnostic tools for mycotic keratitis were deter- 
mined by standard calculations (Sommer, 1980) and 
compared. 

RESULTS 

Of 568 cases of ulcerative keratitis investigated, a 
diagnosis of mycotic keratitis was established in 179 
cases (culture-positive cases) by the criteria men- 
tioned above. The principal fungi isolated were spe- 
cies of Fusarium (79 cases) and Aspergillus (50 cases). 
Dematiaceous fungi and coelomycetes were isolated 
in 24 patients (Botryodiplodia theobromae in 13, Cur- 
vularia spp. in seven, Bipolaris hawaiiensis in two, 
Colletotrichum capsici in one, and Alternaria spp. in 
one), whereas, in 10 patients, other genera of fungi, 
such as Acremonium and Arthrobotrys, were isolated. 
In 16 patients, fungi were isolated that could not be 
identified because they failed to sporulate. 

Direct microscopic examination of the LPCB mount 
revealed the presence of fungal hyphae (LPCB pos- 
itive) in the corneal scrapings of 78% of culture-pos- 
itive cases; no fungal fragments were observed (LPCB 
negative) in 95% of culture-negative cases (Table 1). 

Direct microscopic examination of the Gram- 
stained smear revealed the presence of fungal hy- 
phae (Gram-smear positive) in the corneal scrapings 
of 73% of culture-positive cases; no fungal structures 
were observed in this smear (Gram-smear negative) 
in 97% of culture-negative cases (Table 2). 

The same findings were obtained in both the LPCB 
mount and Gram-stained smear in 138 of the 179 
(77%) culture-positive cases (Table 3). Of the re- 
maining cases, the LPCB mount was positive and 
the Gram-stained smear was negative in 25 cases, 
whereas the LPCB mount was negative and the Gram- 
stained smear positive in 16 cases; this difference 
was statistically significant (X 2 = 24.22; p K 0.001). 

The comparative merits of the LPCB mount and 
the Gram-stained smear as a diagnostic tool for my- 
cotic keratitis are shown in Table 4. 

The LPCB mount was positive in 82% of cases 
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TABLE 2 The Gram-Stained Smear as a 
Diagnostic Aid for Mycotic Keratitis 

Findings in Gram-Stained Smear 

Fungi Isolated in 
Culture 

Yes No Total 

Hyphae seen 131 11 142 
No hyphae seen 48 378 426 

Total 179 389 568 

G r a m - s t a i n e d  s m e a r  v e r s u s  c u l t u r e :  ×2 c = 320,  p < 0 .001.  

from which Aspergillus or Fusarium were isolated 
(Figures 1-3); the Gram-stained smear was positive 
in 76% of such cases. The Gram-stained smear was 
positive in 79%, whereas the LPCB mount was pos- 
itive in 75% of cases from which dematiaceous fungi 
or coelomycetes were isolated (Figure 4). In the group 
of 16 cases in which fungi were isolated that could 
not be identified, the LPCB mount  was positive in 
11 cases (69%), whereas the Gram-stained smear was 
positive in eight cases (50%) (these data are not shown 
in any Table). 

D I S C U S S I O N  

Direct microscopic detection of fungal hyphae in cor- 
neal scrapings affords a quick and inexpensive means 
of making a presumptive diagnosis of mycotic ker- 
atitis, thus enabling prompt institution of specific 
aniifungal therapy. A 20% aqueous solution of KOH, 
alone or in combination with 40% dimethyl sulfox- 
ide, was reported to be useful for detection of fungal 
structures in corneal scrapings (Wilson and Sexton, 
1968). However,  other workers (Forster and Rebell, 
1975; Brinsser and Burd, 1986) have reported that 
such KOH mounts are of low sensitivity, easy to 
misinterpret, and commonly have artifacts. Ink-KOH 
mounts were found to be useful for identifying fungi 
in corneal tissue (Arffa et al., 1985); however, ac- 
curate readings were not possible for 3 hr, and op- 
timum readings were not obtained for 18--24 hr. (KOH 

and ink-KOH solutions have a shelf-life of <6 
months.) 

Gram- and Giemsa-stained smears are reported 
to be more sensitive than KOH mounts are, being 
positive in 45%-75% of culture-positive cases of my- 
cotic keratitis (Forster and Rebell, 1975; Jones, 1980; 
Liesegang and Forster, 1980), but  suffer from draw- 
backs such as nonstaining of hyphae, staining of 
fibrous protein (resulting in opaque preparations), 
precipitation of stains, and presence of artifacts. 
Forster et al. (1976) used a modified GMS-staining 
technique to detect hyphae in corneal scrapings, and 
reported that PAS staining produced results com- 
parable to those of GMS-stained smears; unfortu- 
nately, these methods are time-consuming and re- 
quire many reagents and some expertise. Arffa et al. 
(1985) reported that calcofluor staining was useful 
for detecting fungi in ocular tissues; this technique, 
however, requires an ultraviolet microscope and 
special reagents, which may not be available in smaller 
laboratories. 

LPCB, a combined fixative, clearing and staining 
agent and mordant (Dade and Gunnell, 1969), is 
available in most microbiology laboratories and is 
easily obtained commercially (Difco Laboratories, 
Detroit, MI). The medium contains cotton blue (Poir- 
ier blue) for staining, phenol and lactic acid for kill- 
ing viable fungi, and glycerol to produce a semi- 
permanent preparation. 

In the present study, the LPCB mounts of corneal 
scrapings were easily prepared and could be ex- 
amined within 5 rain of preparation. Although cul- 
ture was obviously superior to both the staining 
techniques used, the LPCB mount  was found to be 
positive in a high proportion (78%) of culture-posi- 
tive cases (Table 1). The LPCB mount  was more sen- 
sitive, although less specific, than the Gram-stained 
smear as a diagnostic aid for mycotic keratitis (Table 
3), and was positive in >80% of cases of keratitis 
due to Fusarium or Aspergillus, the most common 
causes of mycotic keratitis worldwide (Johns and 
O'Day, 1988; Thomas, 1989). The LPCB mount  was 
negative in 39 (22%) of 179 culture-positive cases. 
These may have occurred due to sampling errors 

TABLE 3 Comparison Between Findings Obtained in LPCB Mount and 
Gram-Stained Smear in Culture-Positive Cases 

Findings in Gram-Stained Smear 

Findings in LPCB Mount Hyphae seen No hyphae seen 

Hyphae seen 115 25 
No hyphae seen 16 23 

Total 131 48 

L P C B  m o u n t  v e r s u s  G r a m - s t a i n e d  s m e a r ;  X2c = 24.22,  p < 0 .001.  

Total 

140 
39 

179 
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TABLE 4 A Compar ison  of the LPCB Mount  and Gram-Stained Smear as 
Diagnostic Aids for Mycotic Keratitis 

Index LPCB Mount (%) Gram-Stained Smear (%) 

Sensitivity 78 73 
Specificity 95 97 
Predictive value of positive test 89 92 
Predictive value of negative test 90 89 

FIGURE 1 Scraping from a case of keratitis due to Fusarium spp. Stained cytoplasm 
and clearly demarcated septa seen in hyphae. LPCB, x 1200. 

FIGURE 2 Scraping from a case of keratitis due to Fusarium solani. Septate hyphae 
with prominent staining of the cell walls and septa and minimal staining of the cy- 
toplasm. LPCB, x 1200. 
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FIGURE 3 Scraping from a case of keratitis due to Aspergillus flavus. Numerous 
regular, septate hyphae (arrow) are in the necrotic corneal tissue. LPCB, x 300. 

(collection of insufficient material or sampling from 
a nonaffected site), or due to excessive thickness of 
the material obtained, hindering visualization of 
fungal fragments. In almost 40% of these LPCB-neg- 
ative, culture-positive cases, the fungal isolates could 
not be identified due to nonsporulation, although a 
variety of techniques and media were used. It is 
possible that in these cases, the hyphae may have 
presented a bizarre or unusual appearance in the 
corneal tissue and may have escaped detection. The 
percentage of negative results is likely to decrease 
markedly with greater experience in the use of such 

LPCB mounts for detecting hyphae in corneal scrap- 
ings. 

A few workers (Dasgupta et al., 1973; Kashyap 
and Prasad, 1982) have used LPCB mounts in their 
studies on mycotic keratitis, whereas others (Brins- 
ser and Burd, 1986) have suggested the preparation 
of such mounts for corneal scrapings or aqueous and 
vitreous aspirates. To our knowledge, however, the 
LPCB mount has not previously been highlighted as 
a diagnostic aid for mycotic keratitis, nor has it been 
compared to conventional staining techniques used 
for this purpose. 

FIGURE 4 Scraping from a case of keratitis due to Botryodiplodia theobromae. Stained 
hyphae and round, sporelike structures are seen. LPCB, × 1200. 
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We strongly recommend the use of this technique 
for the detection of fungal structures in scrapings 
from cases of keratitis because (a) it is a rapid, single- 
step method  and staining is quickly achieved, (b) 
the scraped material is easily seen w h e n  examining 
the slide, (c) organisms in the necrotic tissue are 
killed, but  their morphology is essentially unaltered,  
(d) the stained slide can be kept  for a long time, 
allowing retrospective study,  and  (e) the medium is 
inexpensive, easily available, and has a long shelf- 
life. The protozoan Acanthamoeba is being increas- 
ingly implicated as a cause of keratitis in the west  
(Moore, 1988); the cysts of this organism can also be 
detected in the LPCB moun t  (Thomas and Kuria- 

kose, 1990). Thus, by using this technique, an 
ophthalmologist  can easily arrive at a rapid pre- 
sumptive diagnosis of mycotic or Acanthamoeba ker- 
atitis. 

The authors thank Smith Shadomy, PhD, Division of Infec- 
tious Diseases, Medical College of Virginia, Richmond, Vir- 
ginia, for his help in preparing this manuscript; Dr. Jan Van 
Cutsem, Mycology, Janssen Research Foundation, Beerse, Bel- 
gium, for taking the photomicrographs; and the staff of the 
Microbiology and EDP sections, Joseph Eye Hospital, India, 
for technical assistance. 

REFERENCES 

Arffa RC, Avni I, Ishibashi Y, Robin J, Kaufman HE (1985) 
Calcofluor and ink-potassium hydroxide preparations 
for identifying fungi. Am J Ophthalmol 100:719. 

Brinsser JH, Burd EM (1986) Principles of diagnostic ocular 
microbiology. In Infections of the Eye. Eds, KF Tabbara 
and RA Hyndiuk. Boston: Little Brown, pp 73-92. 

Dade HA, Gunnell J (1969) Class Work with Fungi: Notes for 
Teachers, 2nd ed. Kew: Commonwealth Mycological In- 
stitute. 

Dasgupta LR, Gupta AK, Ray BG, Sundaraj T, Rama- 
murthy S, Lamba PA (1973) Mycological studies in ker- 
atitis. Indian J Med Res 61:165. 

Emmons CW, Binford CH, Utz JP, Kwon-Chung KJ (1977) 
Medical Mycology, 3rd ed. Philadelphia: Lea and Febi- 
ger. 

Finegold SM, Martin WJ (1982) Bailey and Scott's Diagnostic 
Microbiology, 6th ed. St. Louis: CV Mosby. 

Forster RK, Rebell G (1975) The diagnosis and manage- 
ment of keratomycosis. I. Cause and management. Arch 
Ophthalmol 93:975. 

Forster RK, Wirta MG, Solis M, Rebell G (1976) Methe- 
namine-silver-stained corneal scrapings in keratomy- 
coses. Am J Ophthalmol 82:261. 

Hendrickson DA (1985) Reagents and stains. In Manual of 
Clinical Microbiology, 4th ed. Eds, EH Lennette, A Bal- 
ows, WJ Hausler Jr, and HJ Shadomy. Washington DC: 
American Society for Microbiology, pp 1093-1107. 

Johns KJ, O'Day DM (1988) Pharmacologic management 
of keratomycoses. Surv Ophthalmol 33:178. 

Jones DB (1980) Strategy for the initial management of 

suspected microbial keratitis. In Symposium on Medical 
and Surgical Diseases of the Cornea: transactions of the New 
Orleans Academy of Ophthalmology. Ed, JI Barraquer. St. 
Louis: CV Mosby, pp 86-119. 

Kashyap BP, Prasad BN (1982) Keratomycosis in Chotta 
Nagpur. Afro-Asian J Ophthalmol 1:76. 

Liesegang TJ, Forster RK (1980) Spectrum of microbiol 
keratitis in South Florida. Am ] Ophthalmol 90:38. 

McGinnis MR (1980) Laboratory Handbook of Medical My- 
cology. New York: Academic Press. 

Moore MB (1988) Acanthamoeba keratitis. Arch Ophthalmol 
106:1181. 

Rebell G, Forster RK (1980) The fungi of keratomycoses. 
In Manual of Clinical Microbiology, 3rd ed. Eds, EH Len- 
nette, A Balows, WJ Hausler Jr, and JP Truant. Wash- 
ington DC: American Society for Microbiology, pp 553- 
561. 

Robin JB, Nielson S, Trousdale MD (1986) Fluorescein- 
conjugated lectin identification of a case of human ker- 
atomycosis. Am J Ophthalmol 102:797. 

Sommer A (1980) Epidemiology and Statistics for the Ophthal- 
mologist. New York: Oxford University Press. 

Thomas PA (1989) Keratomycosis (mycotic keratitis). In 
Tropical Fungal Infections: Bailliere' s Clinical Tropical Med- 
icine and Communicable Diseases, vol 4, no. 1. Ed, RJ Hay. 
London: Bailliere Tindall, pp 269-286. 

Thomas PA, Kuriakose T (1990) Rapid detection of Acan- 
thamoeba cysts in corneal scrapings by lactophenol cot- 
ton blue staining. Arch Ophthalmol 108:168. 

Wilson LA, Sexton RR (1968) Laboratory diagnosis of fun- 
gal keratitis. Am J Ophthalmol 66:646. 


