
ABSTRACT

Background: This case demonstrates the early stage of
Aspergillus endophthalmitis and is the second ultrastructural
study of endogenous Aspergillus endophthalmitis. It is the
first description of phagocytosis of Aspergillus fungi by
retinal pigment epithelium (RPE).

Methods: A case report and detailed light- and electron
microscopic findings are presented.

Results: Histopathological examination of serial sections of
the affected right eye displayed a spread of Aspergillus 
fumigatus fungi along two separate paths: via the retinal
and choroidal vessels. The retinal and choroidal lesions
were not contiguous. The organisms penetrated blood
vessel walls, Bruch’s membrane and the internal limiting
membrane, but not the RPE layer. A curious accumulation
of the Aspergillus fungi was present on the internal aspect
of Bruch’s membrane, where the RPE acted as a barrier
and the subretinal space was not invaded. Phagocytosis of
fungi by the RPE was observed. No inflammatory cells
were present between Bruch’s membrane and the RPE.

Conclusions: This report describes a remarkable barrier
function, possible local immunosuppression and phago-
cytosis by the RPE cells in a case of early Aspergillus
endophthalmitis.
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microscopy, phagocytosis, RPE.

Aspergillus fungi are ubiquitous organisms that can, for
example, be found in soil or water. They were first described
by the Florentine botanist Micheli, in 1729, who named the
organisms Aspergillus (= rough head) because of the micro-
scopic shape of the spore-bearing structure.1

Endogenous Aspergillus endophthalmitis is a rare event.
About 40 well-documented cases have been reported in the
literature, 25 of which were examined histologically.2

This is the second ultrastructural study of Aspergillus
endophthalmitis with involvement of the posterior pole3

and the first report about phagocytosis of Aspergillus fungi by
retinal pigment epithelium (RPE) cells. Two other ultra-
structural studies have been reported on cases with Aspergillus
keratitis.4,5

CASE REPORT

A 47-year-old female with presumed autoimmune necrotizing
hepatitis was transferred for liver transplantation to the 
Johns Hopkins Hospital in Baltimore, USA, in January 1997.
Despite high-dose steroid therapy with 60–80 mg prednisone
per day, she deteriorated rapidly due to progressive liver
failure. The patient had a low white blood cell count of 2800
WBC/mm3. In the last 2 weeks she received fluconazole and
broad spectrum antibiotics because of signs of septic spread,
originating from Aspergillus fumigatus pneumonia. Two weeks
before her death, she complained of blurred vision OD; an
eye examination could not be performed, however, because
the patient collapsed shortly before. The patient died in
February 1997. An autopsy revealed disseminated Aspergillus
infection affecting the lungs, heart, kidneys, oesophagus,
stomach, small bowel and brain. In most areas of the infec-
tion, infarction with haemorrhages and necrosis were
present. The lungs were remarkable for Aspergillus fungi
invading through the visceral pleura. In the brain, Aspergillus
organisms were found only within blood vessels, suggesting
a very recent dissemination in this organ.

PATHOLOGICAL FINDINGS

Gross examination of the right eye revealed yellowish dis-
coloration and thickening of the posterior pole, including
the macular area (Fig. 1). Flame-shaped haemorrhages were
present at the optic nerve head and temporally along the
great blood vessels (Fig. 1). The remainder of the eye
appeared unremarkable.
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Microscopic examination of 6-µm-thick serial sections
through the eye showed an intense inflammatory cell infil-
trate in the submacular choroid composed mostly of
myeloperoxidase-positive neutrophils. No lymphocytes or
macrophages were detected using immunostaining for CD3,
CD20 and KP1. Numerous large septate branching hyphae
that stained with PAS and Gomori’s methenamine-silver
stain were present in the choroid, the walls of choroidal
blood vessels and occasionally within Bruch’s membrane.
Some choroidal vessels were thrombosed. A curious accu-
mulation of parallel orientated hyphae with up to five layers
was conspicuous on the inner aspect of Bruch’s membrane

(Fig. 2, 3). The overlying RPE was intact. Ultrastructurally,
phagocytized Aspergillus fungi were present in several RPE
cells (Fig. 4). Fungi were found neither in the subretinal
space nor in the deep retinal layers. In the retina only the
ganglion cell and nerve fibre layers were affected.
Dichotomous branching of the fungi at 45 degree angles was
frequently observed (Fig. 5). Mild invasion of some large
superficial retinal vessels (Fig. 5) and of the central retinal
vein at the optic nerve head was present, with Aspergillus
hyphae also in the surrounding tissue and the overlying vit-
reous (Fig. 5). In these areas there was also some haemor-
rhage in the nerve fibre layer under the internal limiting
membrane (Fig. 5). Ultrastructurally, Aspergillus fungi were
present within the internal limiting membrane as well
(Fig. 6). The fungi displayed a thick cellular wall with a
typical electron-transparent layer of chitin (Figs 3, 4, 6).6,7

The retinal and choroidal lesions were not contiguous.

DISCUSSION

Endogenous Aspergillus endophthalmitis has been rarely
described in immunocompetent persons.8 It has been far
more often reported in immunocompromised patients fol-
lowing drug abuse,9 alcoholism, heart transplantation, lung
transplantation,10 renal transplantation, liver transplanta-
tion,2,10 leukaemia, tuberculosis and after Goodpasture’s 
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Figure 1. Right eye after removal of the superior cap. Flame-
shaped haemorrhages along the blood vessels and at the optic
nerve head. Yellowish discoloration of the central choroid.

Figure 2. Intense infiltration of the choroid (C) by neutrophils.
Curious accumulation of Aspergillus fumigatus hyphae at the inner
aspect of Bruch’s membrane (arrow). The overlying retinal pigment
epithelium is intact (R). (PAS; × 240.)

Figure 3. Transmission electron micrograph of Bruch’s membrane
displaying Aspergillus fumigatus hyphae (A) along the inner aspect of
Bruch’s membrane (B) with overlying retinal pigment epithelial cells
(R). Some fungi are invading through Bruch’s membrane from the
choroid. Note the thick chitin cell wall of the organisms. (Uranyl
acetate and lead citrate; × 3000.)



syndrome treated with steroids.11 To our knowledge,
Aspergillus endophthalmitis has not yet been observed in
AIDS, however, and Aspergillus infection in general is also
rare in AIDS.12 In our case, immunosuppression by high-

dose steroids and liver failure were apparently predisposing
factors for the infection.13

Widespread dissemination of the fungi into multiple
organs was present as is typical, the lungs often being the
first and most severe site of manifestation.12–14 In the eye,
Aspergillus infection can occur as endogenous endophthalmi-
tis, orbital aspergillosis following sinusitis or keratitis after
trauma to the cornea.13

Invasion of blood vessels and angiocentric spread, as in
our case, are typical for Aspergillus infection. From the vessels
the fungi can invade across the vessel wall into the sur-
rounding tissue.15 Aspergillus organisms have been reported
to pass through anatomical barriers like Bowman’s and
Descemet’s membrane,16 the lens capsule,17 internal limiting
membrane,18 Bruch’s membrane,17 pleura, cartilage and even
bone.13 Accordingly, elastases and collagenases have been
demonstrated in Aspergillus.19 Typically, the fungi are orien-
tated parallel to membranes, as along Bruch’s membrane in
our case. An accumulation and adherence of Aspergillus
organisms on the inner aspect of Bruch’s membrane has also
been reported in other cases with Aspergillus endophthalmitis
and seems to be a typical feature.2,3,11,18 Adherence of
Aspergillus fungi to polystyrene membranes has also been
demonstrated experimentally.20 Remarkably, the fungi had
not yet traversed the RPE cell layer into the subretinal space,
which has not been described before. We think this is due 
to the relatively early stage of the eye involvement and
demonstrates a remarkable mechanical barrier function of
the RPE in early Aspergillus infection, probably due to the
tight junctions between the RPE cells.21
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Figure 4. Phagocytosis of Aspergillus fumigatus fungi (A) by a
retinal pigment epithelial cell (R). Note again the chitin layer
(arrowhead) of the fungus and a mitochondrion (arrow) within the
fungus. (Uranyl acetate and lead citrate; × 12 000.)

Figure 5. Fungal invasion (Aspergillus fumigatus) of the retinal
blood vessels (B), the superficial retina and the adjacent vitreous
(V). Marked haemorrhage under the internal limiting membrane
(arrow). (Gomori’s methenamine-silver stain; × 400.)

Figure 6. Transmission electron micrograph demonstrating
Aspergillus fungi within the internal limiting membrane of the retina
(arrows) and the overlying vitreous. (Uranyl acetate and lead
citrate; × 3000.)
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No inflammatory cells were present between Bruch’s
membrane and the RPE. This might be due to local immuno-
suppression by RPE cells which has been shown in experi-
mental studies.22,23 Phagocytosis of Aspergillus fungi by the
RPE might partly take over the role of the cellular defence,
as in our case. Phagocytosis of Aspergillus fungi has also been
previously described in tracheo-bronchial epithelium and
vascular endothelial cells.24 The capability of phagocytosis
by RPE cells has already been reported for rod outer seg-
ments or Staphylococcus aureus organisms.25 Phagocytosis of
Aspergillus fungi by macrophages has also been nicely demon-
strated in Aspergillus keratitis.5 Neutrophils, and at more
advanced stages macrophages and granulomatous inflamma-
tion with multinucleated giant cells, have been described in
Aspergillus endophthalmitis.2 In our case, the inflammatory
cells in the choroid, retina and vitreous were exclusively
neutrophils.

For treatment of endogenous Aspergillus endophthalmitis,
vitrectomy, intravitreal and systemic treatment with ampho-
tericin B are usually recommended.9 New antifungal drugs
are also available.26 However, treatment with fluconazole
was not successful in our case, demonstrating the remarkably
aggressive potential of Aspergillus organisms.

REFERENCES

1. Micheli PA. Nova Plantarium Genera. Florentiae, 1729; p. 234.
2. Hunt KE, Glasgow BJ. Aspergillus endophthalmitis. An unrec-

ognized endemic disease in orthotopic liver transplantation.
Ophthalmology 1996; 103: 757–67.

3. Bodoia RD, Kinyoun JL, Qingli L, Bunt-Milam AH. Aspergillus
necrotizing retinitis. A clinico-pathologic study and review.
Retina 1989; 9: 226–31.

4. Searl SS, Udell IJ, Sadun A, Hyslop NE, Albert DM, Kenyon
KR. Aspergillus keratitis with intraocular invasion. Ophthalmology
1981; 88: 1244–50.

5. Hanselmayer H, Roll P. Licht- und elektronenmikroskopische
Untersuchungen bei der tiefen Keratomykose (Aspergillose).
Graefes Arch. Clin. Exp. Ophthalmol. 1978; 206: 203–16.

6. Tokunaga M, Tokunaga J-I, Harada K. Scanning and transmis-
sion electron microscopy of sterigma and conidiospore forma-
tion in Aspergillus group. J. Electron Microsc. 1973; 22: 27–38.

7. Ghiorse WC, Edwards MR. Ultrastructure of Aspergillus fumiga-
tus conidia development and maturation. Protoplasma 1973; 76:
49–59.

8. Valluri S, Moorthy RS, Liggett PE, Rao NA. Endogenous
Aspergillus endophthalmitis in an immunocompetent individ-
ual. Int. Ophthalmol. 1993; 17: 131–5.

9. Lance SE, Friberg TR, Kowalski RP. Aspergillus flavus endoph-
thalmitis and retinitis in an intravenous drug abuser. A thera-

peutic success. Ophthalmology 1988; 95: 947–9.
10. Ng P, McCluskey P, McCaughan G, Glanville A, MacDonald

P, Keogh A. Ocular complications of heart, lung, and liver
transplantation. Br. J. Ophthalmol. 1998; 82: 423–8.

11. Jampol LM, Lahav M, Albert DM, Craft J. Ocular clinical find-
ings and basement membrane changes in Goodpasture’s syn-
drome. Am. J. Ophthalmol. 1975; 79: 452–63.

12. Denning DW, Follansbee SE, Scolaro M, Norris S, Edelstein
H, Stevens DA. Pulmonary aspergillosis in the acquired
immunodeficiency syndrome. New Engl. J. Med. 1991; 324:
654–62.

13. Bodey GP, Vartivarian S. Aspergillosis. Eur. J. Clin. Microbiol.
Infect. Dis. 1989; 8: 413–37.

14. Young RC, Bennett JE, Vogel CI, Carbone PP, DeVita VT.
Aspergillosis. The spectrum of the disease in 98 patients.
Medicine 1970; 49: 147–73.

15. Jampol LM, Dyckman S, Maniates V, Tso M, Daily M,
O’Grady R. Retinal and choroidal infarction from Aspergillus:
Clinical diagnosis and clinicopathologic correlations. Trans.
Am. Ophthalmol. Soc. 1988; 86: 422–40.

16. Naumann G, Green WR, Zimmerman LE. Mycotic keratitis.
Am. J. Ophthalmol. 1967; 64: 668–82.

17. Khurana AK, Mathur SK, Ahluwalia BK, Jain K, Sood S. An
unusual case of endogenous aspergillus endophthalmitis. Acta
Ophthalmol. Scand. 1989; 67: 315–8.

18. McDonnell PJ, McDonnell JM, Brown RH, Green WR. Ocular
involvement in patients with fungal infections. Ophthalmology
1985; 92: 706–9.

19. Lee JD, Kolattukudy PE. Molecular cloning of the cDNA and
gene for an elastinolytic aspartic proteinase from Aspergillus
fumigatus and evidence of its secretion by the fungus during
invasion of the host lung. Infect. Immun. 1995; 63: 3796–803.

20. Tronchin G, Bouchara JP, Ferron M, Larcher G, Chabasse D.
Cell surface properties of Aspergillus fumigatus conidia: correla-
tion between adherence, agglutination, and rearrangements of
the cell wall. Can. J. Microbiol. 1995; 41: 714–21.

21. Spitznas M. The fine structure of the chorioretinal border
tissues of the adult human eye. Adv. Ophthalmol. 1974; 28:
78–174.

22. Liversidge J, McKay D, Mullen G, Forrester JV. Retinal
pigment epithelial cells modulate lymphocyte function at the
blood–retina barrier by autocrine PGE2 and membrane-bound
mechanisms. Cell. Immunol. 1993; 149: 315–30.

23. Griffith TS, Ferguson TA. The role of FasL-induced apoptosis
in immune privilege. Immunol. Today 1997; 18: 240–44.

24. Paris S, Boisvieux-Ulrich E, Crestani B, Houcine O, Taramelli
D, Lombardi L, Latgé JP. Internalization of Aspergillus fumigatus
conidia by epithelial and endothelial cells. Infect. Immun. 1997;
65: 1510–14.

25. Hayashi M, Matsumoto A, Hamashima Y, Tsukahara I.
Phagocytic activity of cultured retinal pigment epithelium.
Uptake of polystyrene spheres and Staphylococcus aureus. Exp.
Eye Res. 1979; 28: 427–34.

26. Graybill JR. New antifungal agents. Eur. J. Clin. Microbiol. Infect.
Dis. 1989; 8: 402–12.


