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OHN M. GARBER, 0.D.

¥ AB ST{'?A CT — Since the introduction
@9 corticosteroids into the ophthalmic
f eld, the side effects of steroids in in-
ducing cataracts and glaucoma have
seen well discussed. This dru g family
j .also changed the etiology and in-
| Vaswveness of corneal ulcers and has
ja veenresponsible for many cases of cor-
1 le complications. The purpose of
this paper is to summarize the clinical
anifestations of infectious corneal
\ulcers and the effects that steroids
have on their etiology, course and
Prognosis.

—

L KEY WORDS — corticosteroids, glu-
Cocorticoids, infectious corneal ulcers,
Rypopyon,  iritis, angle closure
glaucoma, keratomycosis, herpes sim-
plex yirus

Introduction

The glucocorticoids are one of
the three groups of corticoadrenal
hormones. In eye care they are
used for their anti-inflammatory
effect.’ They have been useful in

postinfectious (sterile) ulcers,?
phylectenular keratoconjuncti-
vitis,® allergic conjunctivitis,*

burns,’ trauma,® uveitis’ and other
mmune-type reactions.* By dis-
upting the chemically mediated
athway, they decrease the host’s
1flammatory response to the ini-

tiating stimuli. However, steroids
have been dramatically implicated
in the changing etiology, course
and prognosis of the infectious
corneal ulcer.

When the cornea is attacked by
an infecting agent, the inflamma-
tory response is the method by
which the body repels the invad-
ing organism. Steroids can have
the following effects on ocular tis-

sue:

1) decrease vascular permeabil-
ity and the migration of poly-
morphonuclear leukocytes of
the jeopardized tissue,’

2) decrease the total number of
circulating T-lymphocytes,

3) reduce the quantity of lyso-
zymes in the tears,"

4) enhance viral replication,

5) allow bacterial and fungal
overgrowth

6) have an inflammatory re-

bound effect."

Takshima recently demonstrated
that corneas of laboratory animals
treated with prednisolone .5% five
times daily for three to fifty-six
days showed necrosis and loss of
superficial cells of the epithe-
lium.'? The body mobilizes its re-
sources to fight infection and ster-

Steroids’ effects
on the infectious corneal ulcer

oids can reduce its ability to do so.

Organisms that have previously
had little significance in corneal
disease have become dominant as
the infecting agent. Likewise, mi-
crobes that would rarely potenti-
ate corneal opacification are now
frequently  indicated. @ Many
authors agree that glucocorticoids
which were introduced into eye
care in 1952 take a large share of
the blame for these
facts. 131415161718  Qther factors
which have contributed in some
degree to these changing patterns

are:

1) improved diagnostic tech-
niques,

2) broad spectrum antibiotics
that are capable of altering
the normal bacterial flora,

3) an increase in ocular foreign
bodies in the general popula-
tion,' and

4) better reporting and com-
munication procedures.

However, glucocorticoids are
thought to be the major contribu-
tors to the problem. Before discus-
sing specific microorganisms and
how steroids have affected them,
the clinical signs of infectious cor-
neal ulcers will be discussed.
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Infectious corneal ulcers

Infectious corneal ulcers are
caused by the direct pathogenic
activities of living micro-
organisms located within the le-
sion. The infectious corneal ulcers
tend to migrate towards the apex
of the cornea regardless of their
initial location. This central dispo-
sition emphasizes the uniqueness
of the cornea’s defense mecha-
nisms. The attacking organisms
are moving away from the vascu-
larized limbus which provides the
circulatory defense mechanism
that can inhibit the infection. In
the central avascular cornea the
microbes can pursue a destructive
course relatively unchecked by an
effective humoral defense system.
The cornea’s most important pro-
tective mechanism is an intact,
smooth epithelium which is con-
stantly washed clean with tears
containing lysozymes and gamma
globulin protein fractions. Once an
organism attacks an abraded cor-
nea, the injured epithelial cells re-
lease proteolytic enzymes which
initiate the polymorphonuclear
leukocytes’ migration from the
limbal vessels to the damaged
site.” With its acute nonspecific
inflammatory reaction to infec-
tion, the avascular cornea func-
tions in a compromised state when
compared to vascularized tissues
which have the direct benefit of
the body’s humoral and cellular
defense mechanisms.??

The objective and subjective
symptoms of bacterial and fungal
corneal ulcers are dramatic while
herpetic ulcers have a unique clini-
cal presentation that will be dis-
cussed later. The typical patient
with a bacterial or fungal ulcer will
have intense pain, photophobia
and epiphora. The eye will be red
with ciliary flush, and the cornea
will have a grayish, edematous
area of cellular infiltrates that will
take fluorescein stain. Biomicro-
478
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TABLE 1
Thygeson’s series (1947) of 50 central bacterial corneal ulcers (8) 0
Pneumococcus 35 (70%)
Opportunists
Pseudomonas sp 5 (10%)
Moraxella sp 3( 6%)
Streptococcus 6 (12%)
Klebsiella sp 1( 2%) b
= M
Total 50 A 3 Be
I SR St
}Pe
ot
Ne
‘R
TABLE 2 R
Causes of 134 central bacterial corneal ulcers ‘_
(Proctor Foundation, 1948-1975 +).* %
T it e gged S s g0 1960-1967  19681975+" (
Pneumococcus 1 10 (31%) 11 (28%) 4 7:/o)
Opportunists 1 22 (69%) 28 (72%) 57 (93%) ‘“
Totals 2 32 39 T WG ‘fi
*Includes first four months of 1976. L
t
T T F
P
0

scopy reveals an anterior chamber
filled with flare and cells. This an-
terior uveitis is thought to be an
inflammatory response secondary
to diffusing bacterial toxins.?
(The role of fungal toxins in cor-
neal infections has not been es-
tablished.)* This secondary iritis
may become so severe that a hy-
popyon can result.

Hypopyon occurs when there is
heavy infiltration of inflammatory
cells from the iris vessels that re-
sults in an accumulation of pus in
the anterior chamber. It is usually
associated with bacterial and
fungal ulcers and tends to be
sterile in bacterial ulcers, since
bacteria find it difficult to per-
forate an intact Descemets mem-
brane. On the other hand fungi can
perforate an intact Descemets
membrane, and the anterior cham-
ber can become contaminated.?

Bacterial corneal ulcers

There are many bacterium that
have been isolated from corneal ul-
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cers, such as Streptococcus ’
pneumonia,
aureus, Staphylococcus epider
mis, Pseudomonas aeruginosa and
many more. Many of the mi
croorganisms can be isolated from
the skin, upper respiratory tract,
colon and other anatomical sites.
Some can be isolated from water, |
soil, and animate objects as wellas
inanimate.? Pseudomonas’ ability
to prosper in a multitude of me

Staphylococcus

diums has affected the ophthalmic
community in the past by its cor
tamination of fluorescein solu
tions.?” The time from inoculation
to the onset of clinical signs de-
pends on the pathogenicity and
virulence of the infecting bacte

rium (plus a variety of host fac |

tors) however, in most cases it is
rarely longer than 72 hours and
can be as short as 18 hours with
Pseudomonas.?

Ostler, Okumoto, and Wilkey
noted a changing pattern in the
etiology of bacterial corneal ulcers
from Thygeson’s studies in 1947

r
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TABLE 3
Opportunistic corneal pathogens in a series of 134 central bacterial ulcers

Strongly
Pathogenic
Organisms*

Pseudomonas
Moraxella
Beta-hemolytic streptococcus
Staphylococcus aureus

4 Peptostreptococcus

- | Other gram-negative rods
Nocardia

(Table 1). In Thygeson'’s series of
3 (fifty central bacterial ulcers, 70%
were pneumococcus; however, be-
, [tween 1968-1975, the Proctor
Foundation series revealed that
pneumococcus was involved in
: only 7% of the confirmed bacterial
; corneal ulcers (Table 2). Over a pe-
_tiod of approximately 30 years,
'd the percentage of pneumococcus
:
1

| had steadily decreased as the ma-

jor etiology of bacterial corneal ul-
ters. It still remained the single
most frequent bacterium in-
volved, but its percentage de-
treased due to an increase in cor-
leal ulcers caused by other
rganisms.?

| Reviewing the histories of these
' hatients, they found that pneumo-
toccus was the only infection
which had not required a massive
noculum or some type of immuno-
suppression of the host. Since it
Solely requires an abrasion to at-
itack the eye, pneumococcus was
tnsidered the only true corneal
lathogen. All other organisms
Wiere considered to be opportunis-
lic corneal pathogens which re-
! Quire predisposing factors to in-
ket the eye. The opportunistic
hicrobes were then subdivided
nto strongly pathogenic oppor-
linistic organisms which required
icorneal abrasion plus a massive

(Proctor Foundation, 1948-1975).

Weakly
Pathogenic
Organismst

Staphylococcus epidermidis

Alpha streptococcus

Gamma streptococcus

Unidentified gram-positive coccus
Acinetobacter sp (mimeae)
Branhamella (Neisseria) catarrhalis

‘Require corneal abrasion plus immunosuppression or a massive inoculation.
{Require corneal abrasion plus glucocorticoid or other drug immunosuppression.

inoculation or inherent immuno-
suppression of the host (such as in-
fancy, diabetes, tuberculosis, etc.)
and weakly pathogenic oppor-
tunistic organisms which required
corneal abrasion plus glucocorti-
coid or other drug immunosup-
pression (Table 3). Quoting the pa-
per in reference to these organisms
of low corneal pathogenicity, ‘“‘Of
particular interest was the fact
that all of the patients in whom
these avirulent organisms pro-
duced ulcers had been compro-
mised by treatment with glucocor-
ticoids.”’*® Important to note is
that Hoshiwara states that
pneumococcus is still the cause of
at least 70% of the infectious cor-
neal ulcers in the American Indian
population that he serves.®' The
IHS ophthalmic community has
continually emphasized the dis-
crete use of steroids in eye care.
From the Proctor Foundation
Study the adverse effects of ster-
oids on bacterial corneal ulcers are
dramatically illustrated. Not only
has the number of ulcers increased
but the main etiology has changed
from pneumococcus to oppor-
tunistic organisms. Many of the
ulcers in the study were caused by
weak pathogens, and it seems
probable that they would not have
occurred if glucocorticoids had not

been involved.

Fungal corneal ulcers

There have been as many as 100
species of fungi isolated from cor-
neal ulcers.* The genera most fre-
quently found are Aspergillus,
Candida, Fusarium, Cephalospo-
rium and Penicillium. Aspergillus
is still implicated more than any
other type.** Fungi have been
found in the alimentary tract and
related mucosa, house and agri-
cultural dust,** and water; how-
ever, soil is their most common en-
vironment.* Like all plants they
tend to endure.* Keratomycosis is
usually slow in developing and
sometimes takes as long as several
months after injury for its clinical
presentation. However, as with
bacteria, different fungal or-
ganisms have different degrees of
pathogenicity and virulence.

Clinically the affected person is
in great pain and has epiphora and
photophobia. The eye has a deep
ciliary flush with a heavy anterior
chamber reaction. Hypopyon has
been reported in 50% of the eyes
infected by mycotic ulcers. The
fungal ulcer typically has a dry,
shaggy appearance with one or
more elevated borders; and there
are finger-like processes extend-
ing in to the stroma.*” There can be
satellite lesions around its
margins and the ulcer takes stain
with the application of fluorescein.
However, it is difficult to differen-
tiate an advanced mycotic ulcer
from a bacterial ulcer by its ap-
pearance.® If there is a history of
vegetative-related injury to the
eye, a history of steroid therapy,
or a history of geographic herpetic
corneal ulcer (HSV corneal ulcers
can be the prelude to a secondary
mycotic infection), the clinician
should become more concerned
about the possibility of keratomy-
cosis.*

A study from the United States
Armed Forces Institute of Pathol-
ogy reported that before 1952,
there was only one case of kerato-

Volume 51, Number 5, 5/80 479



Photo 1: Herpes simplex the lower lid of a four year old
Male,
e —

1 HSY de_ndritic ulcer and inferior HSV ulcer
ter in sixty year old female.

B
holo o Centrafil
thoyt cobalt

e —

Photo 3: Central HSV dendritic ulcer and inferior HSV ulcer
of the same eye with cobalt filter.

mycosis for every 11,329 perforating corneal ulcers.
In the following six years it increased to one in every
777 perforating ulcers.* After steroids became part
of the eye care pharmacopoeia in 1952, keratomyco-
sis began to affect urban areas for which Thygeson
and Okumoto almost completely implicate glucocor-
ticoids.* Not only did this occur but fungi of weaker
pathogenicity became etiological agents besides As-
pergillus. The diagnosis of mycotic ulcers has in-
creased to approximately 300 cases yearly in the
United States.** Steroids and other immunosuppre-
sive drugs have been implicated as a major cause for
the changing nature of keratomycosis. #4454

Herpetic corneal ulcers

With almost 300,000 cases of ocular herpes
diagnosed yearly in the United States, the herpes
virus is the major etiology of viral corneal ulcers.

In the past herpes keratitis was thought to be
solely caused by herpes simplex virus-1, which is the
oral and ocular strain. HSV-2 previously involved in
genital infections is beginning to be isolated in cor-
neal infections. This might be explained by the in-
crease in sexually transmitted disease in recent
years*’ and perhaps by changes in

Volume 51, Number 5, 5/80 481



sexual mores. HSV-2 has been
shown to produce deep, scarring
corneal lesions in animal studies.
On the other hand HSV-1 corneal
ulcers are almost always limited to
the epithelium with no extreme
scarring.* Over 50% of these cor-
neal ulcers heal by themselves
within one week, and the remain-
der resolve in two to three weeks.*

The herpetic virus lies dormant
in the trigeminal ganglion that in-
nervates the cornea. With an ade-
quate triggering mechanism, it
migrates down the postganglionic
fiber and invades the cornea. An
elevation of body temperature,
over-exposure to the sun, and psy-
chological or physical stress can
activate the organism. All of these
triggering mechanisms can be con-
trolled to some degree, but the
success of control depends on the
cooperation and the motivation of
the patient.

The mild symptomatology of
the typical herpetic dendritic ulcer
may initially confuse the inexpe-
rienced clinician. The patient is
not in great pain as is expected
with other infectious corneal ul-
cers. Complaints of a low-grade
foreign body sensation and/or the
possibility of an abraded eye, even
though there is no recollection of
trauma, are common in case histo-
ries. There is mild ciliary injection
and a trace anterior chamber reac-
tion. The classical branching den-
dritic ulcer may be present, but
clinically many variations exist.
Many times it appears as a
hairline scratch surrounded by
corneal infiltrates and edema. The
scratch-like area stains with
f!uorescein. The non-eye practi-
tioner could easily confuse it with
a corneal abrasion caused by a
fingernail or other pointed object.
With these subjective and objec-
Li‘ve symptoms, the correct
diagnosis could be difficult. How-
ever, the cornea infected by a her-
Petic virusis hypesthetic resulting
in an attenuated response to touch
482
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by a cotton-tipped applicator
when compared to the uninvolved
eye.

Even though after one attack
the recurrence rate for herpetic ul-
cersis 25% to 50% over a two-year
period,® it is universally recog-
nized that it is usually not a blind-
ing disease when immunosuppres-
sion is not involved. Thygeson
points out, “No single case of
blindness from the disease (her-
petic keratitis) is described in the
medical history of the United
States Armed Forces in either
World War I or World War I1.”
During his four years of military
services in World War II, he
treated over 200 cases of herpetic
keratitis, and all these patients
were returned to full military serv-
ice.®

However in 1952 steroids were
introduced into eye care, and a
routinely benign, self-limiting dis-
ease was transformed into a poten-
tially blinding disease. Steroids
can enhance viral replication and
inhibit the defense mechanisms of
the cornea to limit the herpetic le-
sion to the epithelial layer. When
this occurs the organism can pene-
trate the deeper layers of the cor-
nea resulting in permanent scar-
ring and reduction of vision.
Today herpetic keratitis is the
leading infectious cause of corneal
scarring in developed coun-
f:ries.”-53 It is disconcerting to real-
ize that what was previously a
nonentity in corneal blindness is
presently the major cause due to
the improper use of steroids.

Summary

The dramatic role of glucocorti-
.c01ds in the changing etiology and
1nYasiveness of corneal ulcers is
evident. It is reasonable to state
t?lat the indiscriminate use of cor-
ticosteroids for any type of red eye
has resulted in many cases of un-
necessary corneal complications.
Simple cases of routine, benign,

self-limiting conjunctivitis and
mild abrasions have been fre
quently treated with inappre
priate steroid therapy. The per
sistent promotion and misleading
brand names of ophthalmic ster-

oid preparations by some drug [&

companies has played a role in the
problem. Glucocorticoids’ short:
term comfort for benign disease
does not balance the scale against

the potential corneal scarring and A

blindness that can be induced.
AOA
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FOCAL POINTS

___0> The avascular cor-

nea functions in a compromised
state when compared to vascu-
larized tissues which have the
direct benefit of the body’s hu-
moral and cellular defense
mechanisms.?

Since it solely re-
quires an abrasion to attack the
eye, pneumococcus was consid-
ered the only true corneal
pathogen. All other organisms
were considered to be oppor-
tunistic corneal pathogens
which require predisposing fac-
tors to infect the eye.

:0> Not only has the

number of ulcers increased but
the main etiology has changed

from pneumococcus to oppor-
tunistic organisms.

:0> Keratomycosis be-

gan to affect urban areas for
which Thygeson and Okumoto
almost completely implicate
glucocorticoids.*

:0> Steroids can enhance
viral replication and inhibit the
defense mechanisms of the cor-
nea to limit the herpetic lesion
to the epithelial layer.

:0> It is reasonable to

state that the indiscriminate
use of corticosteroids for any
type of red eye has resulted in
many cases of unnecessary cor-
neal complications.
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