
Keratomycosis
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Ten cases of mycotic corneal ulcer are

reported with species identification of
the fungi cultivated. Two of the 7 organ-
isms were pathogens, 1 of them the anae-

robic Actinomyces bovis; the remaining
5 were usually saprophytic molds. Ster-
oid administration was recognized as a

contributory etiologic factor in 7 of the
10 cases. This medication is definitely
contraindicated in corneal trauma open
to contamination. Therapy of superficial
keratomycosis can be accomplished with
ready available preparations of sulfacet-
amide and/or thimerosal with little or

no visual loss. Deep keratomycosis re-

quires much higher concentrations which
may be achieved by iontophoresis with
sulfacetamide repeated frequently be-
cause it is fungistatic (not fungicidal)
and by specially prepared 1:1000 thimer-
osal ointment applied adequately. Visual
loss is severe and perforation may re-

quire urgent measures.

FUNGI have become prominent as the cause of
corneal ulcer in recent years for 2 reasons: be¬

cause of medications which are very effective
against bacterial infection but quite inactive against
mycoses, and because other medications favor the
development of fungi in the eye. Since Leber's
classic demonstration of Aspergillus glaucus as the
cause of hypopyon keratitis,1 more than 30 species
of usually saprophytic fungi have been identified
as the agents causing various instances of primary
exogenous keratomycoses. A partial list of these is
given in Table 1. However, many fungi, although
isolated in culture, were not identified specifically,
and in many cases the fungous nature of the infec¬
tion had been determined only in pathological sec¬
tion. It is becoming increasingly evident that only
through patient, thorough cultivation and species'
identification, as well as pharmacological and other
studies, can any effective management of keratomy¬
cosis be accomplished.

The appearance and behavior of mycotic corneal
ulcers have sometimes been considered typically as
an opaque mass, whitish, yellowish, or grayish,
slightly raised plaque, or ulcer with well-defined
borders, surrounded by more or less infiltrate asso¬
ciated with hypopyon and running a very slow
course. However, without reviewing numerous
cases here, it is now well recognized that the same

species of fungus (Candida albicans) can produce
quite different lesions varying from a benign course
with slow recovery to progressive necrosis, perfo¬
ration, and endophthalmitis.'1'7 The great variety of
forms of treatment used over the years ranges from
simple removal of the sequestrum, scraping the cor¬

nea, paracentesis, keratotomy, keratoplasty, physi¬
cal and chemical cautery, to innumerable topical
therapeutic agents. Potassium iodide perorally has
been beneficial for certain conditions (especially
blastomycosis ), and sulfonamides have been used
both systemically and topically. At times, some of
these measures appeared to benefit certain cases,
and then in other instances they seemed to be of no

avail. The lack of definite effective treatment for
most of these cases is one of the incentives for the
investigations reported here.

Material and methods used in these studies re¬

quire mere mention, to be reported in detail else-

where. Corneal scrapings were found definitely
superior to conjunctival secretion for isolating or¬

ganisms from corneal infections. Retrobulbar block
for anesthesia was often performed to avoid the an¬

tiseptic properties of topical anesthetics. In addi¬
tion to routine blood agar and supplemented choc¬
olate agar for bacteria, multiple plants onto
Sabouraud's agar (without antibiotics) were made
regularly, and on other media as indicated.
Anaerobic cultures were obtained in thioglycollate
and deep meat broths.

Our interest in cultivation for fungi in corneal
ulcers was first elicited by the findings of fungus
elements in the pathology section of an eye with
absolute glaucoma. Regular cultures for ordinary
pathogens had yielded no growth. The profusion
of hyphae and racquet mycelium in the corneal
stroma in the absence of any bacterial masses il¬
lustrated in Figure 1 leaves no doubt that the fun¬
gus was the primary invading organism in this
case. Although failure of culture and, therefore,
subsequent studies for a suitable therapeutic agent
were of no consequence to the patient in this case,
it demonstrated dramatically the necessity of
searching for fungi as well as bacteria in order to
determine the etiology of corneal ulcers.
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Report of Cases
Case L—A 53-year-old male presented with a characteris¬

tic history of 2-months duration following corneal abrasion
of the left eye by a cotton plant and poor response to anti¬
biotic therapy. The ulcer appeared to be about 3 x 5 or 6
mm. over the lower border of the pupil, gray, with in¬
distinct borders, and reaching into superficial stroma. There
was some deep as well as superficial vascularization, marked
ciliary injection, minor hypopyon and hyphema, and pos¬
terior synechiae. Vision was reduced to recognition of hand
movements. Cultures were taken and the patient was placed
on therapy including sulfacetamide 30% drops every hour.
After 5 days the cultures yielded an aerobic actinomyeete,
Nocardia sp., probably asteroides. Within one week there
was marked improvement with no epithelial defect, and
after another month of continued topical sulfacetamide
30%, all signs of the patient's condition were minimal with
vision improved to 20/50 with pinhole. The intensive, fre¬
quent (every hour), simple topical medication over a long
period (40 days) cured the infection, whereas the same

drug as well as others administered less frequently (4 times
per day) had been inadequate.

Table 1.—Ty^es of Fungi Isolated in Culture
as OAiJse of Keraiomycosis

Species No. Cases'
Aetiiioinyces bovis. 1
Noeardiasp. 8
N'ocardia asteroides. 1
Aspergillussp. 2j

ïuniigatus. S
tlavus. 1
glaueus. 2
niveus. 1
versicolor. 1

Pénicilliumsp. 5
erustaceum. ó
spinulosuin. 1

Absidia (Mucor) corneulis. 2
tthizopus parasiticus. 1
Monosporiuni apiospeimuni (Allesheria Boydii). 1
Aerostalaginus cinnabarensis. 1
Scopulariopsis Bloclii. 1

brevicaulis. 2
taenosporiuinsp. 2

graphii. 2
Cephalosporiuinsp. 1

Serrae. j
Acremoniumsp. 1
Botrytissp. 1
Candida albicans. 8

parapsilosis. 1
Trichosporon rugosum. 1
Oryptococcus neofonnans. 1
Hlastomyces dennatitidis. 5
Sporotrichum schenckii. 5
Periconia kcratitidis. 2
Fusarium oxysporum. 4
Ourvularia Innata. 1
Gibberella iu<rikuroi. 1
Pusidiuni terrícola. 1

* Collected from many authors Including references 2-tí.

Case 2 was remarkable since the microorganism
was identified as the anaerobic Actinomyces bovis:

Case 2.—A 53-year-old male was first seen 2 weeks after
getting a fragment of oyster shell in the right eye. Therapyfor the ensuing corneal ulcer had been a topical antibiotic
and steroid. The eye when first seen was grossly inflamed,
with a large central corneal ulcer with descemetocele
threatening perforation. Biomicroscopy indicated loss of one-
half to two-thirds of corneal substance in the center of the
ulcer with irregularly sloping margins, hypopyon, 3 +

aqueous flare, posterior synechiae, and some cortical lens
opacities. Vision was reduced to inconsistent counting of
fingers at one foot. There was considerable lacrimation,
photophobia, and complaint of pain. During the course of
the illness the right preauricular, submental, and anterior
cervical lymph nodes became palpably enlarged, but the pa¬
tient remained afebrile and the blood counts were all with¬
in normal limits.

Cultures for usual pathogens incubated aerobically and
under partial CO2 and multiple cultures on 4 media for
fungi kept at room temperature aerobically all yielded no
growth on 2 occasions. Later, cultivation in thioglycollate
broth incubated at 37° C. (98.6° F. ) produced luxuriant
growth of a filamentous organism within 48 hours. Further
study identified it positively as A. bovis, anaerobic and of
the animal type.

The course of illness had remained approximately un¬
changed for 10 days when the nature of the organism be¬
came evident and therapy directed specifically toward it
was instituted. This included iontophoresis with sodium
sulfacetamide 15% solution 13 times over a period of 11
days, as well as frequent topical sulfacetamide, supple¬
mented with penicillin daily for a total of 16,800,000 units,
and sulfadiazine, 8 gm. daily for 18 days. Within 4 days
the descemetocele had receded, the hypopyon disappeared,
and 10 days later the cornea had healed sufficiently to show
no epithelial defect and to retain a deep anterior chamber.
On discharge 3 weeks after this therapy, the patient was
able to see 3/200 through his corneal leukoma and some¬
what eataractous lens, and all signs of active disease pro¬
cess had disappeared for some time.

This is the only known record of an anaerobic A.
bovis corneal ulcer.10 The disease was systemic
with the unusual portal of entry of a corneal for¬
eign body, which is a most uncommon site for in¬
fection with an anaerobic organism. The case fur¬
ther illustrates the advantage of intensive therapy
with sodium sulfacetamide iontophoresis supple¬
mented with systemic medication.

Case 3 was our first encounter with another new

fungus as the cause of corneal ulcer, Fusarium oxy-
sporum. The course of this disease ran from No¬
vember of one year (1955) to April of the follow¬
ing year, during which time we sought urgently to
identify the organism, find a satisfactory therapeu¬tic agent, and eventually effect a cure.

Case 3.—A 44-year-old white male sustained a rustymetal foreign body to the cornea of the right eye 10 daysbefore he was referred to us, during which time he had
been treated with a preparation containing antibiotic and
steroid. At the time of hospitalization, the ulcer involved
an oval area 4x7 mm. into the superficial corneal stroma
just below the pupillary region. It appeared gray, some¬
what depressed, with borders not too well defined, with
hypopyon and ciliary hyperemia and associated lacrimation,
photophobia, and blepharospasm. Visual acuity was reduced
to 20/70. Following demonstration of fungus elements in
KOH preparations from corneal scrapings and isolation in
culture, a series of sensitivity tests indicated good inhibi¬
tion by nystatin. Meanwhile, the ulcer had progressed
slowly with vision reduced to 10/200. When frequent topi¬cal administration of a saline suspension of nystatin was
instituted, within 12 days the corneal healing progressed
well to the extent that slightly irregular epithelium com¬
pletely covered the gray leukoma with visual acuity re¬
turned to 20/70 and improved to 20/50 with pinhole.Corneal scrapings for culture taken at this time were nega¬
tive, and the therapy was continued for a total of 18 days
at which time vision was improved to 20/30 with pinhole.



Four days later biomicroscopy revealed minute gray spots
in the posterior stroma, even though the anterior stroma
was not involved and the epithelium was intact. This led
to the suspicion that the infection might have extended
deeply, and that nystatin could control only the most super¬
ficial infection and that it could not penetrate even as much
as to mid-stroma. The suspicion of recurrence was con¬
firmed when the patient appeared a week later, at which
time there was a small central epithelial defect, numerous
gray "colonies" scattered through all depths of the cornea,
and a small hypopyon with vision reduced to 20/200. With
the information available at that time, the only agent
which was known to penetrate cornea and had some fungis-
tatic properties was sulfacetamide. This we used topically
and with iontophoresis, but treatment became quite irregu¬
lar as the holidays approached.

On Dec. 26 the patient presented with the central 6 mm.

of cornea very thin and the periphery studded with micro¬
scopic fungus colonies (Fig. 2) and bearing blood vessels
and a hypopyon occupying one-fourth of the anterior
chamber. Sulfacetamide topically and by iontophoresis and
nystatin topically were used for treatment while a wide
search for better medication was begun. During this time
there was intermittent microscopic perforation, iritis, and
cataractous changes of the lens. By late February we had
learned that thimerosal had very good fungicidal activity,
and it was added to the regimen. On March 15, specially
prepared thimerosal 1:1000 ointment was available and re¬

placed the usual 1:5000 preparation. The final form of treat¬
ment of iontophoresis of sodium sulfacetamide solution and
frequent topical 1:1000 thimerosal ointment effected a cure

in April. By this time the cornea had healed well so as to
retain a deep anterior chamber, but there was a dense
adherent leukoma with some vessels in the ring of clear
peripheral cornea. Six months later the eye had light per¬
ception and was a fair enough functioning unit ( Fig. 3 )
so that a tonogram could be performed indicating a facility
of aqueous outflow of 0.09.

Case 4.—A 48-year-old male was referred to us 3 weeks
after removal of a steel foreign body from the cornea of
the right eye. He had been treated with topical antibiotic
and steroid with progression of the ulcer to an oval area of
3x4 mm. with evident involvement of deep stroma.
Mycotic infection was suspected, and treatment with thi¬
merosal was begun as soon as corneal scrapings had been
taken for culture. A fungus was isolated readily in several
days and eventually identified as F. oxysporum. There was

fair improvement of the cornea over the first week to 10
days, and topical steroid was given to minimize corneal
opacity. The steroid administration plus concurrent poor
application of the fungicidal ointment led to a relapse.
Treatment was then intensified to the use of a 1% solution
and iontophoresis. This treatment evidently was excessive
as it contributed to eventual perforation, even though the
infection had been eradicated.

Case 5.—This was our third case due to the same fungus,
F. oxysporum. It occurred in a 36-year-old white male one

week following working with a grindstone. Topical anti¬
biotic-steroid therapy had been applied. Almost the whole
cornea was abscessed with a descemetocele of about 8 mm.

wide, marked hypopyon, and some vascularization. Thera¬
peutic regimen was, first, reduction of fungus activity by
sulfacetamide sodium iontrophoresis 5 times daily for 3
days, then converting to thimerosal 1:1000 solution bath 5
times daily for 4 days, and finally the special thimerosal
1:1000 ointment for 5 days. Cure was apparently attained
and topical steroid was then given to reduce inflammation
and vascularization. Although the large area of cornea was

extremely tenuous, there was no apparent perforation; but
certainly leeching of aqueous through this thin remnant oc¬

curred freely, as the anterior chamber had been very flat
for many days. Upon healing there was a large leukoma
with adherent iris and vision of recognizing hand motion.

The species of fungus of these 3 cases (3, 4, and
5), F. oxysporum, is probably far more frequently
a cause of keratitis than is recognized at the pres¬
ent time. Case 3 here is the first one ever recog¬
nized (mentioned briefly in 1957)," and Mikami
and Stemmermann 12 reported one from Hawaii.
The organism was insensitive to antibiotics except
nystatin, which failed to penetrate the cornea so
that it was unsatisfactory for therapy. Sulfaceta¬
mide sodium is fungistatic only, and even then only
in concentrations attainable by iontophoresis. But it
has a very great margin of safety against damage
to cornea, whereas thimerosal in the high concen¬
trations and iontophoresis (much higher than usual¬
ly available) used in Case 4 can have an injuriouseffect.

Two of the cases had species of Aspergillus asso¬
ciated with the etiology. In both, repeated cultures
were required to establish the fungus nature of the
lesion, as bacteria were also present. They illustrate
the difficulty of isolating fungi and the poor man¬

agement when the etiology is not definitely
established.

Case 6.—A 59-year-old white male had had trichiasis for
many years. He also had a right trigeminal neuralgia for
which he had undergone a rhizotomy 3 months previously.
He developed a corneal ulcer of the right eye which was
treated for 2 weeks with an antibiotic-steroid combination
during which time his condition became worse. Cultures
were taken, and he was then placed on a regimen of topical
sulfacetamide and systemic therapy. The ulcer appeared to
improve for a week. When the laboratory report of Dipla-
coccus pneumoniae sensitive to chloramphenicol was
learned, the topical sulfacetamide was discontinued in favor
of the antibiotic—which certainly seemed logical, except
that the ulcer did not resemble previously known pneu-
mococcic ulcers. At the time of our evaluation then, the
deeply excavated central ulcer extended over two-thirds of
the cornea, the floor was opaque grayish-white, and hard
for so thin a remnant. The margins were punched out, and
the peripheral cornea was gray to hazy and vascularized.
Vision was reduced to bare light perception. Cultures
yielded a fungus later identified as Aspergillus ftavus. Treat¬
ment included thimerosal 1:500 iontophoresis 12 times over
a period of 5 days and topical special thimerosal 1:1000 for
an additional 10 days. With the infection cured, healing
occurred as well as such a large defect permitted, and
vision was recognition of hand motion. Eventually a large
staphyloma developed, and 10 months later the eye was

enucleated.
Case 7.—A 50-year-old white female got a corneal foreign

body in the left eye and neglected treatment for 2 weeks.
The 4 mm. ulcer had sharp borders, extended into anterior
stroma and possibly deeper, and was associated with marked
hypopyon. The original cultures from secretion, corneal
scrapings, and aqueous all remained negative, except that
one quite belatedly (2 weeks) yielded an Aspergillus
fumigatus. Meanwhile, a second series of cultures produced
Hemophilus infliienzae. A round of treatment gave con¬
siderable improvement, but later relapse led to descemeto-
cele. Final treatment consisted of sulfacetamide sodium
30% iontophoresis 4 times daily for 4 days followed by
aqueous thimerosal 1:1000 bath 4 times daily for 4 days,
and then thimerosal 1:1000 special ointment for 2 weeks.
Three months later the cataractous lens was extracted, and
after 18 months a corneal transplant gave her hand-motion
vision.



C .

 r a

J s

e fe.2 S
S ai

1-1 «

-

oí a
c I
o 2

80
 a s>
« B

Svi oCI **

U »
>— 3

fa's

41 *"

»_
» «
a 4>

*1S 8
* '-I-

oo ja

él
a9 cj



The following case is an example of what is pos¬
sible to save vision of an only eye:

Case 8.—A 75-year-old man had had trichiasis for many
years and had no light perception in the right eye. His left
eye had developed a corneal ulcer of about 2 weeks' dura¬
tion, and the fungus culture sent by referring physician
along with the patient certainly facilitated diagnosis and
therapy. Our own cultures as well as the accompanying
one were eventually identified as Cephalosporium Serrae.
The 5 to 6 mm. circular ulcer had well-defined margins, a

subtriangular abscess in its base, and was associated with
marked hypopyon and vascularization of peripheral cornea.
Following the indication of a recent favorable report on
amphotericin B,9 treatment with this antibiotic in aqueous
thimerosal 1:1000 (5 mg. per milliliter) as very frequent
drops was begun immediately and continued for 9 days.
Although the hypopyon disappeared and the peripheral
cornea became somewhat clearer over the first 5 days, it
was observed that the central abscess extended deeply all
the way to Deseemet's membrane. In the search for more
effective therapy to avoid further possible loss of corneal
substance, it was considered that the only additional safe
and effective treatment was sulfacetamide iontophoresis.
This was carried out 14 times over the next 4 days, and at
this point all the remaining central stroma sloughed away
leaving a 6 to 7 mm. deseemetocele. Only infrequent topical
applications of thimerosal and sulfacetamide were admin¬
istered for one day. The following day the cornea had a

large perforation and the lens was extruded on the pad, 10
days after the beginning of our treatment. This might have
been the end, except that it was the patient's only eye, so

as a last resort a search was made for a donor eye. Fifty-
six hours after the perforation and with no further treat¬
ment, a corneal transplant was performed. At the time of
operation, the hyaloid membrane of the vitreous appeared
to be intact and the rim of peripheral cornea ranged from
0.5 to 1 mm. in width ( Fig. 4 ). Subsequent recovery was

quite satisfactory, with vision of hand motion 2 months
later.

In this instance it is likely that we were attend¬
ing the final dissolution of cornea already affected
by the fungus and its potent proteolytic enzyme,13
and that the process progressed even though the
infection had been eradicated. The accomplish¬
ment of a corneal transplant following so great a

destruction of cornea is indeed remarkable.
The last 2 cases occurred in infants and were

caused by Candida (Monilia) albicans:

Case 9.—A 22-month-old white female had been hos¬
pitalized for adrenal insufficiency and monilial stomatitis
and was on cortisone when seen on consultation. She was

found to have bilateral corneal ulcers about 3x6 mm. with
minor involvements of Bowman's membrane and possibly
the most superficial stroma. The duration could have been
several days or more, and the areas involved suggested the
possibility of exposure to drying as predisposing factor. The
condition was really a keratoconjunctivitis. Smears revealed
numerous gram-positive yeasts, and cultures yielded C. albi¬
cans from both eyes. The culture was lethal for a rabbit
inoculated intravenously, and the organisms were recovered
from the rabbit kidneys. Following treatment with the
ordinary thimerosal 1:5000 ointment 4 times daily for 3
days, there was no epithelial defect in either eye; and with¬
in a few more days, there was no trace of previous ocular
infection, although the stomatitis was still present but im¬
proved.

Case 10.—An 11-day-old infant had severe stomatitis and
"diaper rash" which was actually moniliasis. There had
been some redness and secretion of the eyes for a few days

previously. At the time of examination, she had had kerato¬
conjunctivitis of both eyes for a few days with a small
superficial ulcer of the right eye. Cultures of conjunctival
secretion produced C. albicans. Therapy was the same as in
the previous case, thimerosal 1:5000 ointment 4 times daily.
Within 3 days there was apparent complete cure.

Both of these cases were quite superficial and
responded very quickly to very simple therapy. The
rapid response was undoubtedly due to both the
superficial nature of the ulcers and to the effective
fungicidal properties of thimerosal.

Comment
The cornea is ordinarily veiy resistant to micro-

bial infection, and various insults are necessary for
central ulcer to become established. In this series
corneal foreign body was a contributory factor in "

cases, corneal abrasion in 1, disordered lashes
brushing the cornea (trichiasis) in 2, conjunctivitis
in 2, and possibly drying in 1. Neglect of removal
of the foreign body and simple antiseptic care was

present in 1 case. Adrenocorticosteroids were given
in 7 cases. The relation between the use of topical
steroids and fungus corneal infection is now well-
established both experimentally '4 and clinically.15
The antibiotics combined with steroids in these
preparations have no significant fungicidal or

fungistatic properties. In addition to their role in
the initiation of fungus infection, topical steroids
can contribute to relapse during fungicidal therapy
(Case 4).

Of the 7 species of fungi implicated in these 10
cases (Table 2), only 2 are regular pathogens and 1
of these, Actinomyces bovis, is so rare as to be the
only reported occurrence in keratomycosis. The
other pathogen among our cases was Candida albi¬
cans, which has been proved the cause of corneal
ulcer several times. The great majority of fungi
responsible for keratomycosis (Table 1) are sapro¬
phytes, but some of them occur more frequently in
human pathological conditions, as Aspergillus
fumigatus, Nocardia asteroides, and Sporotrichum
schenckii, and may have more invasive parasitic
properties than others. Cephalosporium Serme has
a potent proteolytic enzyme which was extracted
by Burda and Fisher,13 who demonstrated that in
rabbits it "produced corneal destruction in two to
four hours, manifested as ulcération, some opacifi-
cation and exudative liquefaction." This was most
likely the cause of perforation in Case 8. Fusarium
oxysporum is a new species to be demonstrated as

a cause of keratomycosis. Our Case 3 was the first
recognized as such, and was briefly mentioned in
1957." Since then there has been 1 case reported
from Hawaii,12 and we have encountered 2 addi¬
tional cases. This same fungus has been found as

the cause of meningitis and more recently of
onychomycosis.

The difficulty of cultivating fungi from corneal
ulcers is sometimes significant. In Cases 4 and 6 the
fungi grew in cultures of corneal scrapings and not



in those of secretions of the eye. Further difficulties
are added by mixed bacterial and fungus flora, as

occurred in Cases 6 and 7. Certainly special atten¬
tion is required concerning collection of material
for cultivation, the use of suitable media without
added antibiotics (cycloheximide, neomycin, and
chloramphenicol) and referral to experienced
mycologists.

Therapy of keratomycosis today is not too far
advanced compared to what it was 80 years ago.
Reviewing our own cases, it is obvious that the re¬

covery of good vision occurs only with superficial
lesions which respond readily to mild therapy, as in
Cases 1, 9, and 10. In contrast, the deep keratomy-
coses require special therapy whether by new

fungicidal agents or by unusually high concentra¬
tions of more generally effective chemotherapeutic
;. gents. Nystatin was effective for the early super¬
ficial Fusarium keratitis of Case 3, but it did not
prevent deep stromal extension and was ineffective
for the deep infection, probably because of poor
penetration. Only sulfacetamide and thimerosal
were found to have general activity against 25 fun¬
gi tested in vitro by ¡VI. L. Sigtenhorst, M. E. Pin-
kerton, and myself (unpublished). Sulfacetamide
had a lower order of activity (at 10 to 150 mg. per
milliliter for many species), but this concentration
in cornea can be approached by using iontophore¬
sis. Von Sallman '" obtained a concentration of 57
mg. per cent sulfacetamide in cornea with ionto¬
phoresis and (in unpublished studies with R. L.
Rock) we were able to increase the factors to 5
milliamperes for 10 minutes with 30% solution to
attain up to 20 mg. per milliliter without any per¬
manent injury to cornea. Because this drug is fungi-
static rather than fungicidal, the treatment requires
repetition every 6 to 8 hours to be effective—for
now many days remains to be determined.

Thimerosal inhibited growth of all of 25 fungus
cultures in concentrations from 0.0005 to 0.01 mg.
per milliliter indicating the greatest sensitivities of

Table 2.—Etiology and Therapeutic Agent in
Ten Cured Cases of Keratomycosis

Case No. Etiology Therapeutic Agent1. Noc&rdia (asteroides;) Kulíaeetamide sodium
:io% frequent topical2. Actinomyces bovis Sulfacetamide iontopho¬
resis & antibiotics3. Fusarium oxysporum Sulfacetamide iontopho¬
resis At thimerosal l:loou

4. Fusariuni oxysporum
.

Thimerosal 1:100 ionto¬
phoresis*5. Fusarium oxysporum Sulfacetamide iontopho¬
resis and thimerosal
i:iooo

fi. Aspergillus tlavus Thimerosal 1:600 ionto¬
phoresis^. Aspergillus iumlgatus Sulfacetamide iontopho¬
resis & thimerosal
1:1000

8. Cephalosporium Serrae Thimerosal l:looo ,V- sulfa¬
cetamide iontophoresist

0. Candida albicaiis Thimerosal 1:5000 oint¬
ment

10. Candida albicans Thimerosal 1 :.">ooo oint¬
ment

•Perforated: topical steroid and later intensive therapy considered
contributory causes.

+ Perforated, probably due to proteolysis by fungus enzyme: corneal
transplant healed well.

all the fungi to all the preparations tested. This
drug was administered to 8 of the patients in a

variety of ways, using the usually available oph¬thalmic ointment 1:5000, the aqueous stainless solu¬
tion (not alcoholic tincture) 1:1000, and a specially
prepared ointment of 1:1000, as well as some more
intensive forms of treatment not recommended. For
superficial lesions (Cases 9 and 10) simple topical
application of ointment accomplished cure prompt¬
ly, but for deep keratomycosis heroic measures
were necessary. Without going through all the
minutiae in arriving at this procedure, the effective¬
ness can be illustrated by brief consideration of
Case 5. This patient had the most grossly abscessed
cornea at first examination of all 10 cases, and the
organism, F. oxysporum, was a persistent invádel¬
as observed in 2 previous instances. Therapy con¬
sisted of sulfacetamide iontophoresis for 3 days,
then aqueous thimerosal 1:1000 bath for 4 days,followed by thimerosal special 1:1000 ointment for
5 days. Cure was accomplished, and healing
allowed the eye to function, although most of the
cornea is thin and opaque with some iris adhesions.

While this type of treatment affords a means of
curing ocular infections so serious that the eyes
would otherwise be lost, the need for further
microbiological and pharmacological research, as
well as search for new therapeutic measures, is so
obvious as to require no argument here.

Summary
In 10 cases of keratomycosis the fungi were iso¬

lated in culture and identified as to genus and
species with the aid of experienced mycologists.Establishment of these fungi as the etiological
agents of the keratitides and drug-sensitivity tests
of a wide range of therapeutic preparations made
it possible to cure all 10 of the infections. Of the 7
species of fungi responsible for these 10 cases, only
2 were obligatory pathogens, 1 of them a most un¬
usual instance of the anaerobic Actinomyces bovis
as causative agent of corneal ulcer, the other being
Candida albicans. Saprophytic fungi with faculta¬
tive pathogenic properties causing the keratitis of
7 patients included Nocardia asteroides, Aspergillus
flavus, Aspergillus fumigatus, Cephalosporium Ser¬
rae (producing potent proteolytic enzyme) and
Fusarium oxysporum, a new fungus for kerato¬
mycosis.

Contributory causes for these corneal ulcers in¬
cluded corneal abrasion, foreign body, trichiasis,
desiccation, and conjunctivitis. Seven of the 10 pa¬
tients had been given adrenocorticosteroids. As this
type of medication favors the growth of fungi in
the eye, every physician who attends a corneal in¬
jury open to contamination should know that topi¬
cal steroids are contraindicated.

Therapy for superficial keratomycosis can effect
cure simply with readily available preparations:
sulfacetamide for Nocardia and thimerosal 1:5000



ophthalmic ointment for any of the 25 fungi tested.
Deep keratomycoses require special treatment to
penetrate cornea adequately: sulfacetamide by
iontophoresis and thimerosal 1:1000 aqueous (not
tincture) stainless solution. The specially prepared
1:1000 ointment was used in Cases 3, 5, 7, 8 and in
subsequent cases not included. The former is only
fungistatic and requires repetition several times in
any 24-hour period, but it is nontraumatic to
cornea. Thimerosal is fungicidal but requires judg¬
ment for its administration to avoid corneal injury.
Although these measures permit saving eyes which
would otherwise be lost, better forms of treatment
are badly needed.

Addendum
Two additional cases have come under our care,

one caused by Aspergillus flavus (cured, retained
only light perception) and one by Fusarium oxy¬
sporum (cured, visual acuity 20/40).

From these experiences as well as consultations
on other cases it is now possible to offer recommen¬
dations for the sulfacetamide-thimerosal treatment
of severe, deep fungus keratitis: Instillation of topi¬
cal ophthalmic anesthetic of choice; sodium sulface¬
tamide 30% solution iontophoresis, negative elec¬
trode to the eye cup, 3 (or 5) ma., 5 (or 10) minutes
every 6 hours for 5 days; application of specially
prepared 1:1000 thimerosal ophthalmic ointment
at close of each iontophoresis and again 3 hours
later; continuation of same ointment 4 (or more)
times daily for 5 days, followed by ordinary 1:5000
thimerosal ointment 3 (or more) times daily for a
period to be determined by the physician. Cautions
include: (1) never less than 3 ml. sulfacetamide
solutions in eye cup to avoid rising pH to 9 or

above with consequent alkaline injury, (2) column
of solution must be directly over the cornea, and
(3) never lead the positive electrode to the eye
cup. Failure is known to occur by (1) substitution
of the ordinary 1:5000 thimerosal ointment for the
special stronger 1:1000 ointment, (2) intervals of
greater than 10 hours between sulfacetamide ionto¬
phoresis, and (3) all means of administeringsulfacetamide other than iontophoresis (drops,baths, continuous flow, ointment). Healing may re¬

quire weeks or months.
Amphotericin B has remarkable fungistatic prop¬

erties as demonstrated by Anderson and Chick '

who reported cure of 9 cases of mycotic cornea
ulcer (4 caused by Fusarium). Their method of
administration was hourly ('round the clock) dropsof an aqueous suspension (1 to 4 mg. per milliliter)
with lengthening of the interval as improvement
occurred, for as long as required (up to 286 days)for cure. Debridement of the ulcer facilitated
therapy by reducing the period of treatment from
an average of about 4 months to an average of
about 2 months. The drug was tolerated well.

Although these methods of treatment offer the
threatened patient and the anxious physician some
means of anticipating success, their mere descrip¬tion emphasizes necessity of further investigation.

The specially prepared thimerosal 1:1000 ointment was
supplied as Merthiolate by Eli Lilly and Company, Indian¬
apolis. The sulfacetamide sodium 30% solution was sup¬plied as Sulamyd by Schering Corporation, Bloomficld, N.J.Final identification of the Fusarium oxysporum in Case
3 and the Aspergillus flavus in Case 6 was made by Wra.
Bridges Cooke, Ph.D., Cincinnati.

Part of the investigations were supported by a research
grant from the National Institutes of Health, Public Health
Service.
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