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ABSTRACT

Purpose: Endophthalmitis caused by endogenous Candida and Aspergillus species has emerged as a visually threatening
complication in patients with immune deficiency of various causes. Twenty-five patients who underwent enucleation, 13
with endogenous Aspergillus endophthalmitis and 12 with endogenous Candida intraocular infections, were evaluated.
Both clinical features and intraocular spread of the fungi were studied to determine which clinical and/or histopathologic
features could help distinguish aspergillosis from Candida infections.

Methods: Clinical information was sought from each case to determine whether there was any underlying systemic con-
dition and to delineate the characteristic clinical features seen at initial presentation. The results of vitreous and other
tissue cultures for bacteria and fungi were evaluated. Patients with AIDS were excluded. The enucleated globes were
processed for histopathologic analysis to detect location of the fungal elements, inflammatory response, and vascular
invasion by the fungi.

Results: With respect to the various predisposing systemic conditions, Candida species endophthalmitis was noted in
patients with a history of gastrointestinal surgery, hyperalimentation, or diabetes mellitus, whereas aspergillosis was pres-
ent in patients who had undergone organ transplantation or cardiac surgery. The vitreous was the primary focus of infec-
tion for Candida, whereas subretinal or sub-retinal pigment epithelium infection was noted in eyes with aspergillosis.
Retinal and choroidal vessel wall invasion by fungal elements was noted in cases of aspergillosis but not in cases with can-
didiasis. The high rate of cerebral and cardiac infection in patients with Aspergillus endophthalmitis was not seen in
those with Candida infection.

Conclusions: The present study indicates that unlike Candida endophthalmitis, aspergillosis is seen in organ transplant
or cardiac surgery patients, and its initial clinical presentation includes extensive areas of deep retinitis/choroiditis.
Contrary to the findings in Candida endophthalmitis, vitreous biopsy may not yield positive results in aspergillosis.
Aspergillus endophthalmitis is usually associated with a high rate of mortality caused by cerebral and cardiac complica-
tions.
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INTRODUCTION

Endogenous fungal endophthalmitis has emerged as a
visually threatening complication in intravenous drug
abusers and in patients with immune deficiency of various
etiologies. In immunocompromised patients, intraocular
infection represents dissemination of invasive diseases
due to Candida species, Aspergillus species, Fusariuin
species, CrWjptococcus neoforanns, Pseuidallescheria boy-
dii, and other organisms.'-" Among these, Candida

'From the Doheny, Eye Instittite, Los Angeles (Dr Rao) and the Armed
Forces Inistituite of Pathology, Washington, DC (Dr Ilidavat). Suipported
in part by grant No. EY 03040 from the National Inistitutes of Health
and Researclh to Prevent Blindniess, NeNw York.

species is the most common, followed by Aspergillus
infection. 12

Clinically, host factors suich as parenteral hyperali-
mentation, gastrointestinal surgery, hematologic malignan-
cies, organ transplantation, and immunosuppressive thera-
py have been reported to predispose patients to the devel-
opment of endogenous fungal endophthalmitis.'"5 The
histopathologic changes in the various fungal infections
have been documented in individuals with these predis-
posing host factors."6-" Most of these studies have been
isolated case reports suggesting the occurrence of Candida
endophthalmitis in association with such predisposing host
factors as hyperalimentation, gastrointestinal surgery, cor-
ticosteroid therapy, and lympphomas, whereas aspergillosis
has been found in organ transplant recipients and those
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with granulocytopenia.16-2 Moreover, it appears that
Candida species have a predilection for invasion of the vit-
reous, whereas Aspergillius preferentially invades the reti-
na and choroid. Furthermore, retinal and choroidal vas-
cular invasion with resulting infarction appears to be a pre-
dominant feature in Aspergilltus endophthalmitis, but not
in Candida intraocular infections.'-'

Although the clinical features of both Candida and
Aspergillus intraocular infections have been described in
detail, the clinical features and histopathologic changes
that occur with these 2 fungal infections have not been
correlated to delineate characteristic clinical and
histopathologic changes that could help distinguish
Candida infections from aspergillosis.

In the present study, we evaluated the clinical fea-
tures and patterns of intraocular fungal invasion in cases
of fungal endophthalmitis to determine those distinguish-
ing features that may be helpful in clinically differentiat-
ing between Candida infections and aspergillosis.
Furthermore, an attempt is made to address the factors
that play a role in the preferential growth of Catndida in
the vitreous and Aspergillus in the retina and choroid.

MATERIALS AND METHODS

Histopathologically, acute endophthalmitis was character-
ized by the infiltration of polymorphonuclear leukocytes
into the vitreous cavity with the inflammatory process
involving retina and/or uvea as well. Special stains,
including periodic acid-Schiff (PAS), Gomori-
methanamine silver (GMS), and a combination of PAS,
GMS, and Gridley fungal stains were used to confirm the
presence of the infectious agent. In selected cases, alcian
blue and mucicarmine were used.

The globes were examined to detect the type of
inflammatory process: acute suppurative, chronic non-
granulomiatous, or granulomatous. Location of the fungal
elements was determined using sections stained with PAS
and GMS. Clinical information was souight from each
case to determine the clinical features at initial presenta-
tion and any underlying systemic condition such as
abdominal surgery, hyperalimentation, organ transplanta-
tion, immune suppression, diabetes, malignancies, or
treatment with multiple antibiotics or systemic corticos-
teroids and/or cytotoxic agents. The results of vitreous
and other tissue microbial cultures for bacteria and fungi
were evaluated.

RESULTS

Enucleated globes from patients with a diagnosis of
endogenous fungal endophthalmitis caused by dissemi-
nated Candida or Aspergilluts infection were obtained
from the files of the Armed Forces Institute of Pathology
and the Ophthalmic Pathology Laboratory of the Doheny
Eye Institute. Patients with acquired immunodeficiency
syndrome and cases with mycotic endophthalmitis due to
perforating ocular injuries or corneal ulcers were exclud-
ed. Cases of endophthalmitis caused by other
mycotic organisms were rare and were excluded.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ....... ..........;... :

FIGURE

Fundus photo of case 22 showing retinitis and vitreous exudate.
Retinlitis was (liagnosed clinically as acute retinal necrosis.

A total of 25 patients were identified; 13 had endogenous
Aspergillus endophthalmitis, and 12 had endogenous
Candida intraocular infection. Demographic features and
underlying systemic diseases are summarized in Table I.
The median age of patients with Candida infection was 60
years, with a mean age of 56 years and a range of 20 to 83
years. In patients with aspergillosis, the median age was
48 years, with a mean age of 45 years and a range of 24 to
79 years. Both infections were more common in men
than in women (Table I). There were 11 men and 1
woman in the candidiasis group and 9 men and 4 women
in the aspergillosis group.

Patients initially presented with diagnoses of granulo-
matous anterior uveitis, vitritis, vitreoretinitis, panuveitis,
chorioretinitis, or endophthalmitis (Table II). Only 1 case
ofAspergillus endophthalmitis presented with clinical fea-
tures of a granulomatous anterior uveitis. Vitritis or vitre-
oretinitis was diagnosed in 7 patients with Candida infec-
tion and 2 patients with aspergillosis. A diagnosis of chori-
oretinitis was reported in 2 cases of aspergillosis. Two
other patients with aspergillosis presented with clinical
features suggestive of acute retinal necrosis (Fig 1).
Three patients with Candida infection and 2 patients with
aspergillosis presented with clinical findings of panuveitis.
Endophthalmitis was a presenting feature in 4 cases of
aspergillosis and in 2 cases of candidiasis (Table II).

Conditions preceeding the development of fungal
endophthalmitis included gastrointestinal surgery or
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TABLE IA: CLINICAL SUMMARY OF 12 CASES WITH ENDOGENOUS CANDIDA ENDOPHTHALMMS

CASE AGE SEX SYSTEMIC CONDITION INTRAOCULAR INFLAMMATION EYES ENUCLEATED AT

UNILATERAL BIIATERAL SURGERY AUTOPSY*

1 69 M Abdominal Surgery OD - + -

complicated by pyelonephritis
2 41 M Abdominal Sx for OS - + -

intestinal fistula
3 75 M Diabetes, Lymphoma OS - + -

4 56 M Hyperalimentation, OS - + -

indwelling catheter
5 70 M Abdominal Sxfor OS - + -

small bowel fistula
6 33 M Abdominal Sxfor OS - + -

duodenal ulcer
7 20 M Abdominal Sxfor OS - + -

ulcerative colitis
8 60 M Diabetes, OS - + -

epiglottis carcinoma
9 83 M Diabetes OD - + -

10 73 M Not known OD - + -

11 23 M Pneumonia treated with OD - + -

triple antibiotics
12 75 F Temporal arteritis + - +

treated with corticosteroids

Case 12 autopsy revealed a large cerebral abscess containing Candida.

TABLE IB: CLINICAL SUMMARY OF 13 CASES WITH ENDOGENOUS ASPERGELLUS ENDOPHTHALMITIS

INTRAOCULAR INFLAMMATION EYES OBTAINED AT AUTOPSY FINDINGS*
CASE AGE SEX SYSTEMIC CONDITON UNILATERAL BILATERAL SURGERY AUTOPSY

13 61 M Coronary artery bypass OS - - + Brain, heart
& rheumatic disease

14 26 M Wegener's vasculitis OD - +
treated with
cyclophosphamide

15 30 F Renal transplant - + - + Brain, heart, Lung,
thyroid, GI

16 37 F Renal transplant OD - +
17 48 M Renal transplant - + - + Not available
18 52 M Renal transplant - + - + Brain, heart, lung
19 79 M Aortic valve - + - + Brain, heart, lung

replacement
20 39 M Aorticvalve - + - + Heart

replacement
21 60 F Immunosuppression from OS - +

chronic steroid treatment
22 58 M Aortic valve - + - + Brain, heart

replacement
23 24 F SLE, treated with OS - +

corticosteroids,
methotrexate;
pancytopenia

24 37 M Alcoholic cirrhosis OD - - + Brain
25 59 M Sarcoidosis & chronic - + - + Brain, heart

obstructive lung disease;
treated with corticosteroids

SLE, systemic lupus erythematosus.
° Presence of Aspergillus in the organs on histologic examination.
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TABLE II: INITIAL CLINICAL PRESENTATION OF ENDOGENEOUS FUNGAL

ENDOPHTHALMITIS IN 25 CASES

DIAGNOSIS CANDIDA ASPERGILLUS

Granulomatous anterior uveitis 1
Vitritis or vitreoretinitis 7 2
Chorioretinitis 2
Acute retinal necrosis 2
Panuveitis 3 2
Endophthalmitis 2 4

hyperalimentation, organ transplantation, cardiac surgery,
diabetes mellitus, and treatment with high-dose systemic
corticosteroids (40 to 120 mg/day) or cytotoxic agents
(methotrexate or cyclophosphamide) (Table I). Candida
infections were mainly present in patients who had had
gastrointestinal surgery or hyperalimentation, whereas
aspergillosis was noted mainly in organ transplant recipi-
ents, cardiac surgery patients, or individuals treated with
immunosuppressive agents (Table III).

Ofthe 25 cases, 15 had the globes enucleated at surgery
and the remaining 10 at autopsy. Of the 15 surgical cases,
11 revealed histopathologic features of Candida endoph-
thalmitis and 4 showed features of aspergillus intraocular
infection. Of the 11 globes with the morphologic features
of Candida endophthalmitis, vitreous cultures were
obtained in 6; growth of Candida was noted in all 6. In 5,
the organisms were Candida albicans, and in 1, Candida
tropicales. These 6 culture-positive globes, as well as the
remaining 5 globes (in which cultures were not obtained),
showed virtually identical histopathologic changes. These
consisted of PAS-positive oval or round organisms with
budding yeast forms, as well as pseudohyphae. These
organisms stained well with GMS and Gridley stains (Fig
2). Alcian blue and mucicarmine did not stain the organ-
isms. Vitreous cultures were obtained in 3 of the 4 cases
with the morphologic features of aspergillosis. In 2, the
cultures were positive for Aspergillus; the third was nega-
tive. Further speciation from 1 of the positive cases
revealed Aspergillusfumigatus. The patient with the neg-
ative culture died from cerebral complications; autopsy
revealed invasion of the middle cerebral vessel by septate
branching hyphae. Cultures from this site grew
Aspergillus species. Cultures were not obtained in the

remaining case. Morphologically, all 4 cases revealed sim-
ilar features, consisting of GMS-positive structures with
distinct septae (Fig 3) and dichotomous branching with
regular intervals at a 450 angle. There were no conidio-
phores. The fungal elements also stained positive with
PAS. Gridley, alcian blue, and mucicarmine stains were
not performed.

In 9 of the 10 cases in which eyes were obtained at
autopsy, the eyes revealed the presence of mycotic organ-
isms, morphologically consistent with Aspergillus as noted
above. In 5 of the 10 cases, cultures were obtained prior
to death; 4 had vitreous cultures and 1 had cultures of an
embolus removed from a femoral artery. Ofthe 4 vitreous
cultures, 1 was negative and 3 were positive for
Aspergillus. Of these, further speciation of a case
revealed A fumigatus. All 3 positive cases also revealed
the growth ofAspergillus from the heart, lungs, and brain
at autopsy. The femoral artery embolus grew Aspergillus.
Autopsies of 3 other patients showed positive cultures for
Aspergillus from heart, brain, or other organs (Table IB).
In 1 of the 2 remaining autopsy cases, histologic examina-
tion of the left eye revealed Candida organisms in the vit-
reous, retina, subretinal space, and choroid, and cultures
of the vitreous grew Candida albicans (Table IA).
Cultures were not obtained in the remaining case.

Histopathologic examination of all 25 cases revealed
the presence of an acute suppurative inflammation in the
vitreous cavity. The inflammatory cell infiltration, howev-
er, was variable. Involvement of the retina and uvea was
minimal in all but 1 of the eyes with Candida infection
(case 12). In contrast, eyes with aspergillosis showed
heavy infiltration of acute inflammatory cells in the retina,
subretinal space, and choroid (Fig 4). Sections stained for
fungi revealed differences in the distribution of fungal
elements in eyes with Candida endophthalmitis com-
pared to those with Aspergillus endophthalmitis. The for-
mer organisms were' mainly localized to the vitreous
abscess with the presence of few organisms in the retina.
There were 2 cases that showed Candida in the vitreous
as well as in the retina and choroid (Table IV).

Although mycelia of aspergillus were noted at the site
ofvitreous suppurative inflammation in all cases diagnosed
as Aspergillus endophthalmitis, involvement of retina and
choroid by these organisms was a prominent feature in 8

TABLE III: PREDISPOSING CONDMONS IN THE DEVELOPMENT OF FUNGAL ENDOPHTHALMITIS.

TREATMENT WITH
FUNGI ABDOMINAL SURGERY/ ORGAN CARDIAC CORTICOSTEROIDS DIABETES ANTIBIOTICS UNKNOWN

(NO. CASES) HYPERALIMENATION TRANSPLANTATION SURGERY ±t CYTOTOXIC AGENTS

Candida (12) 6 1 3 1 1
Aspergillus (13) 4 4 4 1
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TABLE IV: LOCALIZATION OF THE FUNGI IN 25 CASES OF ENDOGENOUS
ENDOPHTHALMITIS

MYCOTIC IRIS/CB VITREOUS VITREOUS VITREOUS,
AGENT NO. OF NO. OF AND RETINA RETINA

NO. OF CASES CASES NO. OF SUBRETINAL
CASES CASES SPACE AND

CHOROID
NO. OF
CASES

Candida (12) 1 7 2 2
Aspergillus (13) 0 3 2 8

CB, ciliary body.

cases (Table IV). In all cases the organisms showed
growth primarily within the subretinal space, with abun-
dant organisms between the retinal pigment epithelium
(RPE) and Bruch's membrane (Fig 5). The retinal and
choroidal vessels (Fig 6) and the choriocapillaris showed
the presence of organisms, but these fungal elements
were most numerous between Bruch's membrane and the
RPE. The latter was detached from Bruch's membrane
by infiltration of mycelia (Fig 5). These organisms were
also seen in the subretinal space or extending into the reti-
na and choroid (Fig 7). However, they were more
numerous in the sub-RPE and subretinal space than in
the choroid. At the sites of heavy infiltration of the organ-
isms, the choroid, RPE, and retina were necrotic. These
sites also revealed the presence ofnumerous acute inflam-
matory cells. The mycelial structures stained well with
PAS and GMS in the subretinal and sub-RPE sites despite
the inflammatory cell infiltration (Fig 8). In contrast, in
the choroid, these organisms were disintegrated and
stained poorly with either PAS or GMS (Fig 9).

Distinct granulomatous inflammation was not
observed in either Candida or Aspergillus endophthalmi-
tis (Table V). However, foreign body multinucleated giant
cells and several histiocytic cells were seen around the vit-
reous abscess. None of these giant cells contained fungal
elements. The abscesses were multiple and relatively
small in eyes with Candida infection (Fig 10), whereas the
abscesses were large, with 1 or 2 filling the vitreous, in
cases of aspergillosis.

Among the cases of intraocular aspergillosis, there
were 6 that revealed mycelia in the walls of retinal and
choroidal vessels (Fig 6). In the retina, these fungal ele-

TABLE V: TYPE OF INFIAMMATION IN 25 CASES OF

ENDOGENOUS FUNGAL ENDOPHTHALMIS

MYCOTIC ACUTE COMBINED PRESENCE OF

AGENT SUPPURATIVE ACUTE & CHRONIC GIANT CELLS

NO. OF CASES NO. OF CASES NO. OF CASES

Candida (12) 11 1 4
Aspergillus (13) 12 1 5

ments appeared to extend from the luminal side and
invade the surrounding extravascular retinal tissue and the
vitreous (Fig 11). These cases also showed thrombosis of
retinal vessels with focal areas of hemorrhages and exu-
dates. Moreover, the retina was necrotic at these sites.
Except for 1 case (case 12), such histologic changes were
not observed in eyes with Candida infection.

Of the 10 autopsy cases, 9 patients died from dissem-
inated mycotic infection. Autopsy findings were unavail-
able for 1 patient, but this patient was believed to have
died from disseminated aspergillosis. Autopsies revealed
disseminated aspergillosis in 8 cases and candidiasis in 1.
Of the 8 cases of aspergillosis, 7 revealed cerebral vascu-
lar invasion by fungi (Fig 12). All of these cases showed
cerebral infarction or hemorrhage in association with the
infiltration of acute inflammatory cells in the brain or
meninges. Six cases also revealed fungal endocarditis, and
3 showed the presence of septate, branching hyphae in
the lungs, thyroid, and kidneys. One of the 8 cases of
aspergillosis showed fungal endocarditis without cerebral
mycosis. The lone case belonging to the Candida group
revealed a large cerebral abscess containing organisms
with features of Candida.

DISCUSSION

The present clinicopathologic study of endogenous
mycotic endophthalmitis reveals differences in the clinical
presentations and histopathologic features of Candida
endophthalmitis and aspergillosis. These include systemic
predisposing conditions, extent of retinal and choroidal
involvement by the fungi, invasion of retinal and choroidal
vessels by the organisms, variations in vitreous abscess for-
mation, and mortality from central nervous system
involvement. Gastrointestinal surgery and hyperalimenta-
tion were primarily noted in cases of Candida endoph-
thalmitis; aspergillosis was seen mainly in individuals who
received immunosuppressive agents or those who under-
went organ transplants or valvular cardiac surgery. On the
basis of such clear differences in predisposing conditions
for the development of these 2 entities, it may be possible
clinically to suspect Candida endophthalmitis in postop-
erative gastrointestinal surgery cases, whereas aspergillus
infection would be expected in those with drug-induced
immune suppression or in patients who have had cardiac
surgery. Although individuals treated with high-dose sys-
temic corticosteroids or cytotoxic agents such as
methotrexate or cyclophosphamide are known to develop
disseminated Candida or Aspergillus infection, diabetes
seems to be a predisposing systemic condition for the
development of Candida endophthalmitis, whereas
leukopenia appears to be a predisposing condition for the
occurrence of systemic aspergillosis.

187



Rao et al
AW

- .._.__|_._ .... a-_ _ .'.A.:..- _._% _'.: .: L.......... .1.

FIGURE 2
Gridley stain exhibits typical features of Candida (x300).

FIGURE 3

Note branching septate hyphae of Aspergillus (GMS, x240).

_ ."I^I & *
.F ,t

irl

FIGURE 5
Distribution of fungi primarily between Bruch's membrane and retinal
pigment epithelium. Inflammatory cells are present in choroid and sub-
retinal space (PAS, x240).

FIGURE 4
Top, Enucleated eye exhibiting chorioretinitis with hemorrhages.
Bottom, Histologically, chorioretinal lesion reveals extensive hemor-
rhages in retina with infiltration ofinflammatory cells in subretinal space
and choroid (hematoxylin-eosin, xlOO).

The major underlying predisposing condition for the
development of disseminated aspergillosis appears to be a
prolonged granulocytopenia.29-3' In the absence of granu-
locytopenia, factors such as chemotherapeutic agents or
exposure to various antibiotics or corticosteroids were not
associated with invasive aspergillosis, even in patients with
leukemia. However, in leukemia patients, granulocytope-
nia persisting longer than 3 weeks was a major risk factor
for the development of invasive pulmonary aspergillosis.
Furthermore, recovery from neutropenia was generally
associated with the elimination of such fungal infection.?O
Moreover, experimental animal studies revealed that dis-
seminated aspergillosis was seen mainly in animals with
granulocytopenia rather than in animals that were
immunosuppressed with cyclosporine and methylpred-
nisolone.3'
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FIGURE 6
Top, Necrotizing retinitis shows invasion of retinal blood vessel by fun-
gal elements (PAS, x300). Bottom, Choroidal vessel shows presence of
fungal hyphae in vessel wall and adjacent choroidal tissue (GMS, x300).

a~~~~~~~~-

Systemic candidiasis, including endogenous Candida
endophthalmitis, is seen in individuals with diabetes melli- .4
tus or those treated with broad-spectrum antibiotics, or
corticosteroids. Similarly, ileus associated with abdominal ?-
surgery may encourage the overgrowth of these organisms, d.a

with tissue invasion allowing access to the circulation.32 In ;
the present study, Candida endophthalmitis was seen
mostly in patients who had undergone abdominal surgery '
or those with diabetes. In contrast, aspergillosis was noted
in organ transplant recipients. The latter are typically
treated with various cytotoxic agents to prevent rejection, IiiEIR .
and such treatment is known to be associated with granu-
locytopenia. Although our study shows the association of FIGURE 7
renal transplantation with the occurrence of Aspergillus Top and Middle, Section of retina and choroid

r nalpimnepteimadetninofugendophthalmitis, Hunt and Glasgowi6 reported cases of pigment epithelium and extension of fung
Aspergillus endophthalmitis in individuals with rthotopc (hematoxylin-eosin, x120 and x360, respectively)

Aspergillus endophthalmitis in individuals with orthotopic reveals distribution of fungi along Bruch's memb
liver transplantation. Similarly, the endogenous retina (GMS, x225).

-...-. I -

showing disrupted reti-
ral elements into retina
). Bottom, Fungal stain
zrane and extension into
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FIGURE 10
Multiple microabscesses in vitreous (H&E x15).

FIGURE 8
Top, Acute inflammatory cell infiltration is present in subretinal space
(top) and choroid (bottom) (H&E x160; arrow indicates Bruch's mem-
brane and arrow head pointing to choriocapillaris). Bottom, GMS-
stained section (of region shown in Fig A) shows distribution of fungi
along anterior surface of Bruch's membrane (GMS x160; arrow head
pointing to choriocapillaris).

F.IGUIRE :J
Note well-stained hyphae of Aspergillus in sub-RPE area and poorly
stained hyphae in choroid (GMS x300; arrow and arrowhead pointing
RPE and choriocapillaris).

Aspergillus endophthalmitis has been reported to occur in
cardiac and lung transplant patients.9

It is apparent that neutrophils are the most important
line of defense against invasion of Aspergillus hyphae.
These phagocytic cells can eliminate the hyphae by gen-
erating oxidants such as superoxide, hydrogen peroxide
and related metabolites.3', These oxidants can also dam-
age Candida and other infectious agents. However, the
occurrence of Candida endophthalmitis without
granulocytopenia in postabdominal surgery patients or in
individuals with diabetes suggests that the overgrowth of
these organisms in the gastrointestinal tract or in diabetes
(with increased availability of glucose, which is an impor-
tant nutrient for Candida) may be important factors pro-
moting the growth of these organisms.' It has been
reported that glucose concentration is higher in the vitre-
ous than in the blood of patients with insulin-dependent
diabetes. Such increased levels in the vitreous appear to
be due to the increased entry of glucose from plasma.3536
This increased concentration of glucose may play a role in
the growth of Candida, particularly in patients with dia-
betes. The latter disorder is a well-recognized predispos-
ing condition for development of endogenous Candida
endophthalmitis.

Intraocular structures are endowed with abundant
quantities of antioxidant enzymes. For example, the RPE
is loaded with superoxide dismutase, catalase, glutathione
peroxidase, and other antioxidant enzymes. Moreover, we
have found that the RPE generates a protein, related to
the transferrin family, known as retinal pigment epithelial
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FIGURE 12
Top, Section of brain reveals thrombosis of cerebral vessel with inflam-
matory cell infiltration in adjacent tissue (H&E 100). Bottom, Cerebral
vessel shows invasion of vessel wall by fungi (GMS xlOO).

-' ..

4 . .

IGuuiRE 11

Top, Section of retina showing infiltration of acute inflammatory cells in
retinal vessel and surrounding tissue. Note presence of erythrocytes in
retina and inflammatory exudate (H&E x234). Middle, Adjacent section
of retina reveals apparent extension of fungal elements from retinal ves-
sel into vitreous (GMS x117). Bottom, Note thrombotic vessel, hemor-
rhages and exudates in retina (H&E x160).

protective protein (RPP).37 This protein is unique in its
ability to suppress superoxide generation by neu-
trophils.37'- The characteristic and overwhelming growth
of Aspergillus mycelia in the subretinal and sub-RPE
spaces (Figs 5, 7 through 9) suggests a role for RPE in
enhancing the growth of these organisms.37 It is possible
that the distribution of antioxidant enzymes as well as the
generation of RPP by RPE could prevent oxidatively
mediated damage of the fungi despite the infiltration of
neutrophils at these sites. Since the elimination of
Aspergillus requires functioning neutrophils, while the
growth of Candida requires nutrients such as glucose and
a low pH, Aspergillus is most abundantly seen at the sub-
retinal and sub-RPE region, whereas Candida is noted
primarily in the vitreous. Therefore, vitreous biopsy or
culture may yield negative results in some cases of
intraocular Aspergillus infection.

Another important feature of aspergillosis was vascu-
lar invasion. Six of the 13 cases revealed fungal invasion of
retinal vessels and growth along the choriocapillaries. This
was not a feature in cases with Candida endophthalmitis.
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Vascular invasion was associated with retinal necrosis and
hemorrhages (Figs 6A and 11). In addition, foci of retina
were invaded by fungi extending from the subretinal
space. At these sites the retina was also necrotic and infil-
trated by acute inflammatory cells. Such a finding indi-
cates that the retinal necrosis can be either from vascular
invasion or from direct tissue invasion by the fungal ele-
ments. Two cases with extensive retinal necrosis were
misdiagnosed clinically as herpetic acute retinal necrosis.
Both patients were treated initially with acyclovir.

Unlike the extensive retinal necrosis and choroidal
damage noted histopathologically in eyes with Aspergillus
infection, eyes with Candida showed small foci of retinal
damage from invasion of the organisms. However, in
Candida endophthalmitis, most of the inflammatory
response was in the vitreous in the form of multiple
microabscesses surrounding the organisms (Fig 10).
These histopathologic findings provide an explanation for
the relatively fair prognosis for eyes with Candida com-
pared with the poor prognosis noted in Aspergillus
endophthalmitis.

Although the diagnosis of Aspergillus endophthalmi-
tis was made in some patients prior to their demise, most
of the globes were obtained at autopsy. In contrast,
Candida-infected globes were obtained at surgery. The
present study, as well as several previous case reports,
revealed that the death rate is high in patients presenting
with Aspergillus endophthalmitis, particularly in those
organ transplant recipients or cardiac surgery
patients.3'9"16"1821 Autopsy findings revealed that the cause
of death was cerebral involvement, with invasion of cere-
bral blood vessels (Fig 12) in particular. Even in patients
with cardiac valvular aspergillosis, death was attributed to
cerebral abscess and infarction from vascular invasion by
the hyphae.

The initial clinical presentation of intraocular
Candida infections differed from that of aspergillosis.
The former presented primarily with signs of vitritis or of
vitritis associated with retinitis. In contrast, features of
acute retinal necrosis or chorioretinitis and endoph-
thalmitis were observed in patients with aspergillosis
(Table II). Such differences in clinical presentation
appear to be due to preferential localization of the organ-
isms in the vitreous in cases of Candida and to the pres-
ence of septate hyphae in retina and choroid in the eyes
with aspergillosis. Although all of the specimens exam-
ined were enucleated eyes with marked damage to the vit-
reous and surrounding tissues, in the aspergillosis cases
there was extensive retinal damage in the form of retinitis,
retinal necrosis, and retinal and choroidal vascular inva-
sion by fungal elements. These findings are consistent
with the reported poor ocular prognosis in aspergillosis
compared with Candida intraocular infections.

Despite the above differences between Aspergillus
and Candida endophthalmitis, histologically both the
infectious agents induced an acute suppurative inflamma-
tion. The organisms were surrounded mainly by neu-
trophils with sparse infiltration of histiocytic cells. The
latter were seen admixed with foreign-body type multinu-
cleated giant cells. These giant cells did not display
infectious agents in their cytoplasm. There were few lym-
phocytes in the inflammatory infiltrate. These histologic
changes indicate an acute fulminating inflammatory
process without significant protection against the organ-
isms by cell-mediated immunity. The latter is known to
play an important role in the generation of various
cytokines, such as TNF-oa, interferon-y , and interleukins,
that can enhance the oxidative burst of neutrophils. Such
an oxidative burst may play a role in eliminating fungi.

Both infectious agents were associated with acute
suppurative inflammation in the vitreous cavity: In cases
with Candida, the abscesses were multiple and small; in
eyes with aspergillosis, in contrast, multiple abscesses
were rarely noted and the abscesses were large. It is not
clear why such a difference existed in the formation of vit-
reous abscesses even though both infectious agents
induced suppurative inflammation.

CONCLUSION

Clinicopathologic analysis of enucleated globes harboring
Candida or Aspergillus has revealed that there are distinct
differences in the presentation of Candida intraocular
infection compared with that of aspergillosis. Unlike
Candida endophthalmitis, aspergillosis was seen in organ
transplant recipients with granulocytopenia or in cardiac
surgery patients. Clinically, aspergillosis presented as
large foci of retinal necrosis or chorioretinitis and was
associated with a high mortality rate. Although there is no
substitute for culture-based diagnosis of fungal endoph-
thalmitis, the above clinical and histologic observations
indicate that it may be possible in some cases to differen-
tiate Candida from Aspergillus endophthalmitis on clini-
cal grounds.
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DISCUSSION

DR ALAN FRIEDMAN. Drs Rao and Hidayat have sought to
elucidate a difference in the clinical or histopathologic
appearance of Aspergillus sp. and Candida sp. endoge-
nous endophthalmitis. They studied 25 enucleated (surgi-
cal or autopsy) eyes. Thirteen had endogenous Aspergillus
endophthalmitis while 12 had endogenous Candida
endophthalmitis. They concluded that Candida sp. were
causative agents of endophthalmitis in patients with a his-
tory of gastrointestinal surgery, hyperalimentation or
Diabetes Mellitus while Aspergillus sp. were causative
agents in patients who had undergone organ transplanta-
tion or cardiac surgery. Candida sp. appeared to infect the
vitreous primarily while Aspergillus sp. primarily affected
the subretinal or subretinal pigment epithelial area with
foci of retinal or choroidal vascular wall invasion. In addi-
tion there was a high rate of cerebral and cardiac infection
in patients with Aspergillus endophthalmitis.

Since the early part of the 20th Century, isolated case
reports of endogenous fungal endophthalmitis appeared
in the literature. At first, sporadic cases were noted in oth-
erwise healthy individuals. In the later part of the 20th
Century, a trend developed in which patients were
immune suppressed as a result of chemotherapy or in
association with lymphoma/leukemia, metastatic carcino-
ma, following bone marrow, renal or liver transplantation,

193



Rao et al

severe burns, Diabetes Mellitus, hyperalimentation, intra-
venous drug abuse, chronically ill or debilitated and post-
operative on antibiotics. AIDS patients seemed to account
for rare cases. Though many fungi have been observed as
causative agents of endogenous endophthalmitis, Candida
sp. and Aspergillus sp. have been the leading culprits.
Curiously though, unlike Drs Rao and Hidayat's experi-
ence with equal numbers, we found that candida-related
infections were nearly 4 times more common than
aspergillus-related cases.

As to the clinical and histopathologic appearance of
endogenous fungal infections of the eye, it was common
for Aspergillus sp. to produce a retinitis which rapidly
evolved into an extensive endophthalmitis while Candida
sp. were more likely to cause fluffy white-yellow non-dis-
crete or discrete retinal lesions which spread into the vit-
reous producing one or more intravitreal abscesses.
Candida sp. were sometimes associated with inflammato-
ry precipitates along vessels in the uveal tract.

Is there a definite and definable pattern to various
causative fungal agents that produce Endogenous
endophthalmitis? Can one make an etiologic diagnosis on
the basis of Clinical appearance? Rao and Hidayat give
ample evidence that this may be so. However a few illus-
trations would seem to contradict their results leading one
to conclude that a multicenter clinical trial would be in
order. I would like to thank the authors for sending the

manuscript in ample time for review prior to the meeting.

DR NARSING A. RAO. Thank you very much Dr Alan
Friedman for your wonderful comments and for sharing
your experience regarding the cases of Candida as well as
the Aspergillus. The cases we reported here are in a way,
mostly terminal, particularly those with aspergillus.
Unlike your cases, the criteria for inclusion in our study
were those who underwent enucleation, or, the eyes
obtained at autopsy. Based on our cases, it appears that
the aspergillus spreads from the chorio-capillaries into
sub-RPE and subsequently, they invade the retina.
Subsequent to the retinal involvement, the organisms
extend into the vitreous cavity. Candida may also spread
similiarly but most of the organisms reach the vitreous
cavity and rarely do the enucleated globes show presence
of Candida in the retina or in the choroid. Our study
shows that there is preferential growth of Aspergillus
along Bruch's membrane under the RPE whereas
Candida are generally seen in the vitreous. Of course as
you mentioned, future studies are required to test our
hypothesis. But one takes into consideration, host factors
like diabetes, corticosteroid treatment, GI surgery and
granulocytopenia, the later seems to be the main predis-
posing factor for the Aspergillosis whereas the former
conditions are seen in patients with Candida infection.
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