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Summary: In following a formerly successful protocol desi-
gned to produce antibodies to A. fumigatus (Fres.) we obser-
ved a disseminated, lethal fungal infection in healthy, specific
pathogen-free (SPF) rabbits. The pathomorphological fin-
dings included multiple miliary to avenaceous whitish nodu-
les in the livers and kidneys, mycotic mesencephalitis, nephri-
tis, hepatitis, myocarditis, hemorrhagic enteritis, and splenitis.
The hyphae were surrounded by necrosis, which also occur-
red in the liver without the hyphae. Comparative gas chroma-
tographic and metabolic investigations on this strain and some
environmental A. fumigatus strains showed significant diffe-
rences. The findings are discussed with particular reference to
the pathogenicity of A. fumigatus.

Zusammenfassung: Ein von uns mehrfach erfolgreich
eingesetztes Protokoll zur Gewinnung von A. fumigatus-Anti-
korpern fiihrte zu einer disseminierten letalen Aspergillose
bei spezifisch pathogenfreien Kaninchen. Die pathomorpho-
logischen Befunde umfafiten multiple miliare bis haferkorn-
groBe, grau-weile Herde in der Leber und Nieren, mykotische
Mesenzephalitis, Nephritis, Hepatitis, Myokarditis, hdmor-
rhagische Enteritis und Splenitis. Die Hyphen waren von Ne-
kroseherden umgeben. Letztere waren in der Leber auch ohne
Hyphen, trotz Serienschnitte zu beobachten. Vergleichende
gas-chromatographische und metabolische Untersuchungen
des eingesetzten Stammes mit anderen Umweltisolaten von A.
fumigatus zeigten signifikante Unterschiede. Die Befunde
wurden unter besonderer Beriicksichtigung der Pathogenitét
von A. fumigatus diskutiert.

Introduction

Aspergillus fumigatus is an ubiquitous mould occurring com-
monly on decaying leaves and wood, compost, feed and air dust
(Kane and Mullins, 1973; Solomon and Burge, 1975; Piens et
al., 1993; Millner et al., 1980; Ellis, 1980; Ogundero, 1980; Jo-
nes and Cookson, 1983; Mullins et al., 1984; Abdel-Hafez et al.,
1986). Because disseminated A. firmigatus infections are often ob-
served in association with underlying diseases such as AIDS (Bo-
natz et al., 1991; Sigh and Rihs, 1991; Roux et al., 1992), malig-
nant cancers (Niimi et al., 1991; Cohen and Heffner, 1992), stress
situations (Lucet,1897; El-Kouly et al., 1992), or involving immu-
nosuppression (Rippon and Anderson, 1978; Solomon and Burge,
1975; Jensen et al., 1991; Rabin; 1992), the fungus is called an
,-opportunistic“ pathogen. Reports of primary disseminated A. fi-
migatus infections are very limited, and in most cases an exact sta-
tement about the immunologic status of the patients is not possible
on account of the spontaneous nature of the infection (Lucet, 1897;
Roux et al., 1992; Korbel et al., 1993).

We report here a case of disseminated A. fumigatus infection
in SPF rabbits, describe its pathomorphological lesions, and
present the results of a comparative study of the subjet strain
with environmental strains.

Case history

In order to produce A. fumigatus antibodies we inoculated each
of two healthy, female SPF rabbits (case 1 & case 2; race: Fle-
mish giant) intravenously with 10 live A. fumigatus (Fres.) co-
nidia (strain # 30A) according to a procedure previously descri-
bed (Mohan et al., 1980). This procedure was formely
successful in our laboratory for development of antibody used

in common Fluorescent Antibody reactions. The strain was iso-
lated 28 years ago from human aspergillosis.

On the morning of the sixth day post inoculation, one animal
(case 1) showed inappetence, apathy, and a bending of its head
to the left. Skittishness, torticollis, and circular movements were
observed. In the afternoon the animal lay crumpled in its cage.
At 3:00 p.m. the 2nd animal (case 2) showed light clinical signs
similar to those observed in the first (case 1). Following the re-
commendations of the Institutional Animal Care And Use Com-
mittee, the first rabbit (case 1) was euthanised the same day.
The second (case 2) died overnight. We examined both rabbits
pathologico-anatomically, histologically, immunohistological-
ly, and microbiologically.

Other, non-infected animals, raised in the same pen remained he-
althy. There was no evidence for concurrent viral or bacterial infec-
tions. We studied the A. fumigatus strain used in the present investi-
gation, and 6 environmental A. fumigatus strains, isolated from bio-
waste, compost and chicken litter, for their ability to assimilate va-
rious C- and N-compounds. The strains were also examined by gas
chromatography according to the procedure previously described
(Szepesy, 1970). These investigations were done in triplicate.

Results

The autopsy findings in both animals were nearly identical. Multi-
ple miliary to avenaceous, whitish nodules were present in the
liver and kidney in both cases, and in the cecal serosa in case 2.

Histologically, hyphae were seen in all organs, but with varying
intensities.The kidney showed extensive tubulonephritis and the
hyphae often appeared in stellate formations (Fig. 1). The hyphae
were included in a cell detritus and surrounded by neutrophils and
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Fig. 1 Kidney. Note the stellate, centrifugal radiating hyphae surroun-
ded by necrotic focus. (PAS-Stain, x400)

eosinophils. The glomeruli were almost always intact, although
they were inside or close to necrotic foci. Some glomeruli were
damaged per diabrosin (Fig. 2) and the glomerular capillaries showed
thrombosis. Rare hyphae were observed atthe Bowman’s capsules and
cell accumulations in the Bowman’s space. Intertubulary inflammato-
ry hyperemia and dichotomously branching hyphae were particularly
noted in the renal medulla.

The lesions in the liver were multifocal, without consideration of
the hepatic architecture. While the constellations of the cell detritus,
hyphae, and foci of necrosis were similar to those in the kidney,
more necrosis of hepatocyte groups was detected without the pre-
sence of the etiologic agent (Fig. 3). Some foreign body giant cells
were present in the cell detritus.

The brain, particularly the mesencephalon, showed focal necro-
tizing processes beginning from the 3rd ventricle (Fig. 4).

Thelesionsinthe spleen, lymphnodes, lungs, and myocardium were
not extensive. While the lesions were concomitant with necrosis in the
spleen, lymph nodes, and myocardium, the agent was seen in the lung
interstitium causing a histiocytic accumulation.

An extensive hemorrhagic typhlitis was seen. Foreign body giant
cells were noted also in the intestine. The hyphae extended from the
submucosa to the top of the villi, concomitant with an accumulation
of histiocytes, neutrophils, and eosinophils.

A. fumigatus was isolated from all organs by standard micro-
biological methods.

i ; b 5
Fig. 2 Nephritis mycotica with capillary thrombosis in the glomerulum
(arrows). (PAS-Stain, x200)

e Rl

phae, GMS-Stain, x400)

Physiologic Activities: None of the strains was able to assimilate
urea, nitrate, or lactose. However the rabbit strain assimilated su-
crose and trehalose after 20 h incubation at 37 °C, and 48 h incuba-
tion at 25 °C, faster than the environmental strains did. Under the
same conditions, trehalose was assimilated by 4 environmental
strains (# 91301, 88602, 84013 and 36003) after 48 to 72 h. On
Blood agar strain 30A showed a 2 cm larger hemolytic radius at
42 °C than did the other strains. Gas chromatography revealed, that
the environmental strains were quantitativly and qualitativly inca-
pable of producing a large number of compounds (Fig. 5).

Discussion

Lucetin 1897 attributed a pyrogenic effect to metabolic products
of A. fumigatus. Recent investigations have revealed that the fungal
toxins are also nephrotoxic, dermonecrotic, hemolytic, and cytoto-
xic (Spreadbury et al., 1989; Rau et al., 1961; Tilden et al., 1961;
Korbel et al., 1993), and inhibit ribosomal translation (Lamy et al.,
1991). Not only does the mechanical destruction by the hyphae
have a pathogenetic importance, but also the damages caused by the
toxins. These damages (e.g., necrosis without the presence of hy-
phae) were particularly seen in the liver in this study. In contrast to
reports of other investigators (Lucet, 1897; Zook and Migaki, 1985;
El-Kouly et al., 1992) and in spite of the hemorrhagic enteritis, we
observed no diarrheal signs in the animals.

Death of the animals is attributed to disseminated A. fumiga-
tus infection, but the unexpected lethality could presumedly
have been influenced by due to physiological activities which
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Fig. 5 Gas chromatograms of the strain #
30A (above) and an environmental strain (#
+91301) (below) 1 = Hexacosan, 2 = Hep-
tacosan, 3 = Octacosan, 4 = Nonacosan, 5
= Triacontan
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were absent in the environmental strains (e. g. rapid assimila-
tion of sucrose and trehalose, hemolysis -and production of va-
rious C-compounds, detected by the gas chromatography). Ino-
culation with raising of antibody had been performed without
lethal or pathogenic effects 11 years earlier under identical condi-
tions, including culture and rabbit strain, inoculum concentration,
and rabbit weight (Gordon, pers. observation). Pathologico-anato-
mical findings are indistinguishable from those of other septicemic
infections (e.g., salmonellosis). Only the histology, particularly
with the GMS stain, reveals the fungal etiology.

Rippon et al (1971) found significant differences between
soil and human isolates of A. ferreus in regard to virulence, and in
vitro growth rate. An intravenous inoculum of 10* spores of human
isolates in mice led to exitus lethalis, whereas 107 to 108 of soil
isolates were required for the same results (Rippon et al., 1971).

These investigations demonstrate that A. fumigatus, depen-
ding on the strain, can be lethally pathogenic even without un-
derlying diseases and predisposing factors.

Acknowledgments

The authors wish to express their thanks to Dr. Mehdi Shayegani
(Albany, N.Y.) for providing the facilities for this investigation.

References

Abdel-Hafez, S. I. 1., A. A. M. Shoreit, E Abdel-Hafez, O. M. O
Maghraby (1986): Mycoflora and mycotoxin-producing fungi of
air-dust particles from Egypt. Mycopathologia 93, 25-32.

Bonatz, K., A. Weiss, R. Hehlmann, H. P. Assmus, M. Heine (1991):
Gram-negative bacterial pneumonia with secondary aspergillosis in
an AIDS patient. Klinische Wochenschrift 69, 853—-856.

Cohen, R., J. E. Heffner (1992): Bowel infarction as the initial manife-
station of disseminated aspergillosis. Chest 101, 877-879.

El-Kouly, A. B., F. A Gadir, D. D. Cluer, G. W. Manesfield (1992):
Aspergillosis in camels affected with a specific respiratoric and
enteric syndrome. Austr. Veter. Jour. 69, 182-186.

Ellis, D. H. (1980): Thermophilic fungi isolated from some antarctic
and sub-antarctic soils. Mycologia 72, 1033-1034.

Jensen, H. E., H. Schonheyder, A. Baase (1991): Acute disseminated
Aspergillosis in a cow with special reference to penetration and
spread. Jour. Compar. Pathol. 104, 411-417.

Jones, B. L., J. T. Cookson (1983): Natural atmospheric microbial condi-
tions in a typical suburban area. Appl. Environ. Microbiol. 45, 919-934.

Kane B. E., J. T. Mullins (1973): Thermophilic fungi in a municipal
waste compost system. Mycologia 65, 1087-1100.

Korbel, R., J. Bauer, B. Gedek (1993): Pathologico-anatomic and
mycotoxicologic studies of aspergillosis in birds. Tierdrztl. Praxis,
21, 134-139.

Lamy, B., M. Moutaouakil, J. P. Latgé, J. Davies (1991): Secretion of a
potential factor, a fungal ribonucleotoxin, during human aspergillo-
sis infections. Mol. Microbiol. 5, 1811-1815.

Lucet, A. (1897): De I’ Aspergillus fumigatus chez les animaux et dans
les oeufs en incubation. Paris: Charles Mendel, Librairie-Editeur.
Millner, P.D., D. A. Bassett, P. B. Marsh (1980): Dispersal of Aspergillus
fumigatus from sewage sludge compost piles subjected to mechanical

agitation in open air. Appl. Environ. Microbiol. 39, 1000-1009.

Mohan, S. B., R. C. Warren, M. D. Richardson (1980): Sero-diagnosis
of invasive aspergillosis: attempts to determine antigen and antibody
relevance to infection. Mycopathologia 70, 37-41.

Mullins, J., P. S. Hutcheson, R. G. Slavin (1984): Aspergillus fumiga-
tus spore concentration in outside air: Cardiff and St Louis compa-
red. Clinical Allergy 14, 351-354.

Niimi, T., M. Kajita, H. Saito (1991): Necrotizing bronchial aspergil-
losis in a patient receiving neoadjuvant chemotherapy for non-small
cell lung carcinoma. Chest 100, 277-279.

Ogundero, V. W. (1980): Fungal flora of poultry feeds. Mycologia 72,
200-202.

Piens, M. A., J. Troncy, M. C. Nicole, A. Mercatello, M. Mojon (1993):
Aspergilloses invasives chez des patients d’hémopathies malignes. A
propos de 29 observations. Journ. de Mycol. Médicale 3, 79-93.

Rabin, R. (1992): Compost fungus blamed in death. Newsday, wednes-
day, Dec., 23, pp. 3 & 92.

Rau, E. M., E. B. Tilden,. V. L. Koenig (1961): Partial purification and
characterization of the endotoxin fron Aspergillus fumigatus. Myco-
pathologia 14, 347-358.

Rippon, J. W., D. W. Anderson, M. Soo Hoo (1971): Aspergillosis: compa-
rative virulence, metabolic rate, growth rate and ubiquinone content of soil
and human isolates of Aspergillus terreus. Sabouraudia 12, 157-161.

Rippon, J. W., D. N. Anderson (1978): Experimental mycosis in immu-
nosuppressed rabbits. II. Mycopathologia 64, 97-100.

Roux, J. P., A. Koussa, M. A. Cajot, F. Marquette, L. Goullard, B.
Gosselin, A. Pol, H. Warenbourg, G. Soots (1992): Primary Asper-
gillus endocarditis. Apropos of a case and review of the international
literature. Annales de Chirurgie 46, 110-115.

Singh, N., V. L. Yu, J. D. Rihs (1991): Invasive aspergillosis in
AIDS. Southern Medical Jour. 84, 822-827.

Solomon, W. R., H. P. Burge (1975): Aspergillus fumigatus levels in- and
out-of-doors in urban air. Jour. of Allerg. Clin. Immunol. 55, 90-91.
Spreadbury, C. L., T. Krausz, S. Pervez, J. Cohen (1989): Invasive
aspergillosis: clinical and pathological features of a new animal

model. Journ. Med. Veter. Mycol. 27, 5-15.

Szepesy, L. (1970): Gas chromatography. Budapest: Akadémiai Kiadd,
pp- 25-158. .

Tilden, E. B., E. H. Hatton, S. Freeman, V. L. Williamson Koenig
(1961): Preparation and properties of the endotoxins of Aspergillus
fumigatus and Aspergillus flavus. Mycopathologia 14, 325-346.

Zook, B., G. Migaki (1985): Aspergillosis in animals. In: Y. Al-Doury,
G. E. Wagner (eds.): Aspergillosis. Springfeld, Illinois, USA: Char-
les C. Thomas Publisher, pp. 207-256.

Author for correspondence: Dr. Th. Vissiennon, Institute fiir Tier-
hygiene und Offentliches Veterinérwesen, Veterindrmedizinische
Fakultit, Leipzig, Semmelweisstrale 4, D-04103 Leipzig.



	Viss Gordon et al_Case report rabbit_1
	Viss Gordon et al_Case report rabbit_2
	Viss Gordon et al_Case report rabbit_3

