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INTRODUCTION 

ASPERGILLOSIS in birds was first recognised during the latter half 
of the eighteenth century. In this country the first published record 
appears to be that by Richard Owen (1832) who, when dissecting 
a flamingo, observed " a green vegetable mould or mucor" lining 
" vomicae " in the lungs. Owen recognised the parasitic relationship 
and concluded that internal parasites are not derived exclusively 
from the animal kingdom. Since that time there have been many 
records of aspergillosis in man and animals, but particularly in birds, 
from all parts of the world (see Lesbouyries, 1941). In this country, 
where the disease is well known, there are a number of records, but 
the fungi involved have frequently not been examined critically and 
few observations have been made on the pathology of the disease. 
The present study is an attempt to make good this deficiency. 

Avian aspergillosis is characteristically a disease of captivity. The 
data obtained have yielded information on the incidence of the 
disease in relation to the species of bird and the length of time in 
captivity, the identity of the fungi involved and the pathological 
changes induced. In addition, a few observations have been made on 
the relation of aspergillosis to tuberculosis. 

MATERIALS AND METHODS USED 

The cases recorded here are all those in which mycosis of any 
degree was found in birds at the Zoological Gardens in Regent's 
Park, London, during the two years from September, 1946, to Sep­
tember, 1948. All vertebrate animals dying in the Gardens are 
submitted to necropsy unless markedly decomposed. In the present 
series careful note was made of the type and site of the lesions and 
cultures and sections taken, except where decomposition rendered 
them unlikely to be of use. The cultures were all made on Sabouraud's 
or Czapek's medium. Paraffin sections were prepared and stained 
with haematoxylin and eosin and by Heidenheim's method. Gram's 
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stain was used also at first, but no advantage found in it. Sometimes 
the features of the disease were seen better with one of the two 
stains, sometimes with the other. 

The material from the Zoological Gardens was supplemented by 
cultures from poultry and other birds received at the Ministry of 
Agriculture's Veterinary Laboratory, Weybridge, from centres widely 
scattered throughout England and Wales. 

MORBID ANATOMY 

Distribution of Lesions. This is almost entirely in the respiratory 
system, and even here the incidence is highest in the air-sacs. The 
anterior thoracic ones are involved the most frequently and the 
most heavily. This localisation may depend on some mechanical 
factor in the arrangement of the air-passages as, for example, the 
fact that the ostia leading to them, are larger than those to the other 
sacs, so that they receive more spores; alternatively, they may form 
a particularly favourable site for germination. However, in some cases 
other sacs than the anterior thoracics are involved more heavily. 

Next in frequency come the lungs themselves, but these are 
seldom involved alone. In four cases (1, 2, 8 and 20), however, a 
single abscess only was found in a lung, and in one case (20) its true 
nature was only revealed by sections. The syrinx was involved 
twice (32 and 37), together with the lungs and air-sacs. In one, case 
(28) mycotic granulomatous tissue filled the trachea when no lesions 
were found elsewhere. Two mycetomas of the mouth of uncertain 
aetiology are recorded (6 and 7). 

In only three cases (3, 35 and 51) did the process appear to affect 
the abdominal viscera—and here direct spread was obvious-—despite 
their proximity to some of the affected air-sacs. It can be stated 
emphatically that in birds, caseous lesions of the lungs are almost 
certain to be mycotic, while those of the liver and spleen are almost 
certain to be tuberculous. This is well seen in the cases of mixed 
infection recorded (12, 38, 70, 72, 75 and 76). 

Appearance of the Lesions. This varies in accordance with their 
site. Those which are the easiest to recognise are found on the 
surfaces of the air-sacs. They consist of raised, white nodules on 
the serous surfaces which, even in their earliest stages, have a 
" woolly" surface different from that of tubercles. They may 
coalesce, producing large patches resembling white or greenish 
plush, while in the most advanced state of all, the whole sac becomes 
lined with the process. Then the surface appears to be rubbed 
down while the underlying tissues are fibrosed. The sac thus 
becomes converted into a stiff bag with walls which have lost all 
elasticity and have the appearance of felt, with a wrinkled, yellowish 
internal surface. It is obvious how markedly such a change must 
interfere with the function of the air-sac. 

The second type of lesion is found in the lungs and resembles 
tuberculosis very' closely. The lesions are scattered and generally 
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small with a white, necrotic centre, differing from that of the 
tubercle in being much more friable and in shelling out whole in all 
but the smallest lesions. The feel and appearance of the lesions is 
what would be expected from their composition of tangled hyphae, 
■especially when opposed to the more homogeneous necrotic material 
found in the centre of a tubercle. The lesions of mycosis may 
coalesce to form large necrotic masses and sometimes the centres 
of these may become so liquid that they are hard to distinguish from 
a pyogenic abscess. 

Sometimes, air-sacs which show no gross lesions, although such 
■are present in other sites, contain a quantity of free, milky fluid 
containing large numbers of polymorphs, but no hyphae. This may 
possibly be an early stage of mycosis. We have found no free fluid 
in any air-sac with gross lesions in the walls. 

MICROSCOPICAL APPEARANCES 

A very wide range of appearances is found, but fundamentally, 
these can be referred to modifications of a quite simple pattern. 
The spores must gain entry by the respiratory passages, and wherever 
a lesion starts the mycelium spreads into the underlying tissues. 
T h e extent to which it does this varies much, however, depending 
on the consistency of the tissue. Thus hardly any deep spread 
occurs with lesions in the thin serous bags of the air-sacs. Here the 
surface endothelium is denuded and a layer of chronic granulation 
tissue is laid down. More superficial'to this, a very thick layer of 
tangled hyphae is seen, sometimes arranged into definite arcades. 
The tangle gets looser as the surface is approached where a number 
of conidial heads may be seen (Fig. 1). Where direct spread to 
organs such as the kidneys occurs, the lesions resemble those described 
below. 

The other types of lesions are found mainly in the lungs and their 
.structure depends on the degree of reaction of the tissue to the 
infecting fungus, and this depends to some extent on the precise 
■situation. In one type the hyphae are easily seen spreading in all 
•directions throughout the lung tissue. The inflammatory exudate 
varies enormously in amount. The hyphae emerge from the alveoli 
and are seen ramifying within the vestibulae. It has been noticed that 
they may even penetrate into the parabronchi. (Fig. 2.) In some 
cases, however, the inflammatory exudate is great in amount and of 
a chronic type and all degrees of severity of the process can be seen. 
Often the hyphae are difficult to find, or may not be seen at all in 

f. such lesions, even when the gross appearance and the result of 
culture make the diagnosis certain. It might be thought, and indeed 
it has been stated, that the density of the inflammatory exudate 
hides the hyphae from view, but that this is not always so is evident 
from the fact that hyphae may be seen even in the vestibulae 
when the inflammatory exudate is most obvious. Hyphae are easy 
to recognise and in some cases occur only in a few groups in each 
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section where they stand out clearly enough. Prolonged search of 
serial sections might reveal them more often. It is possible that such 
lesions with much reaction and little infecting agent represent the 
later stages of the disease, or they may be the result of over-action 
by certain hosts. The parallel to secondary tuberculosis of man is 
evident, but must, not be over-stressed. There is always a most 
intense congestion of the whole lung, however young the lesions 
may be. 

The last type of lesion is the nodular or mycetomatous. These 
may occur in organs with generalised lesions as well, or they may 
be separated by relatively normal lung, in which cases the generalised 
congestion is still very marked. The earliest change is simply a small-
area of necrosis with surrounding inflammatory exudate. Such early 
lesions are often found in the very margins of vestibulae, a fact which 
is manifestly compatible with invasion of the lung by inhalation of 
spores (Fig. 3). The process is a slow one and later a typical chronic 
abscess is produced with a necrotic centre surrounded by recent 
granulation tissue and then fibrous tissue outside which lies the con­
gested, but otherwise normal lung. In birds, where giant cells are 
usually absent from tuberculous lesions, the tuberculoma and the 
mycetoma are often difficult to distinguish from each other and 
from a simple chronic abscess, especially in the later stages of all 
three. The presence or absence of acid-fast bacilli, hyphae or 
endotheliod cells are of value in diagnosis. Once again, however, 
hyphae may be difficult to find or be prominent only in small regions 
near the periphery. Sometimes, however, a dense mycelium, and 
even conidia may be found, in the inner layers or the centre, with 
extremely little reaction at all on the part of the surrounding tissues. 

The presence of giant cells in a mycetoma is very variable. They 
are found usually at the periphery and may form an almost complete 
ring round the lesion. In one case, the very earliest lesions found 
contained numbers of these cells. Usually they are of the ordinary 
foreign-body type, but quite often they are of a rather unusual 
cylindroid or " epithelioid " shape. However, it must be stressed 
that these granulomas are by no means the only lesions found in 
mycotic infections, although some of the older descriptions stressed. 
them to the exclusion of the more widespread types. 

The appearances described above would appear to be referable 
to differences in the invasiveness of the organism and the resistance 
of the host tissues. Where the fungus is highly virulent and the 
host not very resistant, the mycelium may spread throughout the 
tissues with little inflammatory reaction, whereas, with a resistant 
host and not so invasive an organism, the mycetoma will result. 
The occurrence of the colony of fungus, resembling a mycetoma 
but with little surrounding reaction, might be explained as the effect 
of some toxic product of the fungus preventing the migration of 
inflammatory cells to the area. 


