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SUMMARY

In 262 chest patients at the City Hospital, Edinburgh, sputum
< \ i \ v i

samples were examined microscopically for aspergi1lus-type

mycelium and sputum eosinophilia and cultured for aspergillus.

Prick-skin and intradermal hypersensitivity tests to A.furnigatuo

antigens were carried out and the production of immediate and

late reactions noted. A serum precipitin test to A.fusigatus

antigens was performed, and precipitation reactions were observed

after staining the medium in the agar gel double-diffusion test.

Swabs from the upper respiratory tract were cultured for aoper-

gillus.

Of the 262 patients 31 were selected as regards a probable

diagnosis of bronchopulmonary aspergillosis and 231 were un-

selected.

Two types of growth of A.furaigatus in sputum cultures was

observed* abundant growths considered significant and light

growths not so considered. Contamination of culture plates with

atmospheric A.fumigatus spores was a problem. There was a

seasonal variation, with a winter peak, in the incidence of light

growths of A.furaigatus from cultures of sputum and swabs and in

the incidence of contaminant growths on culture plates.

There was no association between isolation of A.fumigatus

from swab cultures and abundant growths of A.furaigatus from
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sputum.

Among unselected cases the incidence of significant growth

of A.fusigatus from sputum was 10.8% and of other species of

aspergillus 2.6%. The incidence of serum precipitating anti¬

bodies to A.funigatus antigens was 3.4% and of positive reactions

in skin hypersensitivity tests to A.fumigatus antigens 16,5%.

Significant growth of A.funigatus from sputum was associated

with purulence of sputum and sputum eosinophilia. The intra¬

dermal test was considered superior to the prick-skin test in

terms of the number of positive reactions obtained. The serum

precipitin test appeared as the most reliable diagnostic index

of bronchopulmonary aspergillosis,

22 cases were considered to have bronchopulmonary asper¬

gillosis and factors in their environment and symptomatology are

discussed. The Incidence of known bronchopulmonary aspergillosis

among chest patients at the hospital was 1.0%, mid among unselect¬

ed cases intensively studied 3»9%*

A method for obtaining constant end-points in assessing the

minimal inhibitory concentration of pimaricin for A.funigatus

strains is described.



SECTION I

Introduction and Review of the Literature



IFTRQ'-DUCTIOH AND RBVIBW OF THE LITERATTOB

Moulds of the genus Aspergillus are ubiquitous in nature,

perennially distributed, and with an ability to grow on many

different substrates under a vide range of environmental con¬

ditions. Although essentially free-living saprophytes, their

colonisation of living tissue has been implicated as being

responsible for many forms of disease in man and in warm- and

cold-blooded animals. They are best known, however, as patho¬

genic invaders or as agents of saprophytic superinfection in the

inspiratory tract of the host.

Description and Morphology

These organisms take their place in the plant kingdom as

Buraycetes or True Fungi. They are further grouped (Smith, G.,t

Introduction to Industrial Mycology) according to the fact that

their hyphae are septate, and are generally assigned to Class ?

of the Bumyceteo, the Fungi Imperfecti, since, although a few

sexual sporulating species of the genus Aspergillus are known,

(Orie and de Vries, i960), the majority of the species, including

Aspergillus fumigatus Fresenius, have no perfect fruiting stage,

but reproduce solely by means of asexual spores or by fragment¬

ation of vegetative structures.
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FIG. 1 - Structure of fruiting as'pernillug head
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Aspergillus colonies grow as a mass of septate mycelium,

partly submerged in the substrate and partly aerial. Under

conditions of adequate oxygenation, fertile aerial stalks or

conidiophores, which hear the fruiting heads, arise from and

more or less perpendicular to specialised, thick-walled, en¬

larged mycelial cells (the foot-cells).

The structure of the fruiting Aspergillus head is shown

diagranatically in Fig. I, which is adapted from that of Thorn

and Raper (1945)» anci of Raper and Fennell (1965)* The

conidiophore can he seen to terminate in a swelling or vesicle.

Specialised spore—bearing cells, the sterigmata, produced

simultaneously, radiate from the whole or the upper part of the

vesicle, and these either bear spores or conidia directly, or

each primary sterigma bears a cluster of secondary sterigmata,

which latter then bear the conidia. The conidia are success¬

ively cut off by cross walls from the continuously elongating

tips of the sterignata, forming unbranched chains variously

shaped and of a characteristic colour.

Kicheli in 1729 was the first to distinguish the con¬

idiophores and spore heads which form the definitive feature

of moulds belonging to this genus, for this roason often known

as the genus Aspergillus Kicheli. Because the spore chains

or columns, radiating from a central structure, formed a

pattern reminiscent of the brush or aspergillium used for



sprinkling holy water with which he, as a priest, was familiar,

he applied the generic name Aspergillus to these moulds.

Since then the number of groups and species recognised

within the genus has progressively increased. Raper and

Ferine11, (1965)» recognise 132 species and 16 varieties.

As relatively few of the aspergilli produce cleistothecia

and ascosporos, identification of cultures is generally based

on the character of the colonies and on the details of

morphology of the spore—bearing structures. Raper and Fennell

and Thorn and Raper list detailed criteria for such identification

based on finced criteria of culture media and temperature of

incubation.

As the work of this thesis is mainly concerned with the

species Aspergillus funigatus Fresenius, a sore detailed des¬

cription of this organism will now be given.

A broad differentiation of groups within the genus can be

made on the basis of whether the vesicle bears a single

(uniseriate) or a double (biseriate) row of sterigmata. The

sterigmata of the Aspergillus fumigatus group are strictly

uniseriate, and may be readily distinguished from other groups

with this distinction by the characteristic colour of the

conidial heads, and by the non-cylindrical character of the

conidia when young. Within the A.fumigatus group the

A.fumigatuc series is distinguished from the A.fiecheri series
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"by the absence of eleistothecia in the former.

In 1863 Fresenius described and illustrated the species

A.fumigatus so well that there has never been any doubt as to

the morphology of the mould present in lung material of birds

dying of aspergillosis. Although the species description was

based upon an isolate of known pathogenicity, it became

apparent (T?aper and Fennell) that the general type of

conidiophore and head depicted by Fresenius characterised a

multitude of saprophytic and potentially pathogenic forms that

may be isolated from soil and decaying vegetation and from

most organic materials undergoing aerobic decomposition.

Thorn and Raper (1945) regarded Aspergillus fumigatus Fresenius

as a variable species including many different strains, and

thus most of the literature which pertains to human aspergillosis

can be inferred to regard an isolation of "Aspergillus fumigatus"

as synonymous with "Aspergillus fumigatus Fresenius". However,

Raper and Fennell (1966) dignify four variations of A.funigatus

as separate species, distinct from A.fumigatus Fresenius,

within the non-cleistothecia-bearing A.fumigatus group. Those

are characterised mainly by an asymmetrical arrangement of the

vesicle on the conidiophore or of the sterigmata on the

vesicle. In addition these authors distinguish a variation

of Aspergillus fumigatus Fresenius which they term A.fumigatus

Fresenius var elliptieus on the basis of its production of



elliptical, smooth or nearly smooth, conidia, They note that

such a variation has "been frequently observed by them in some

isolates which often are of pathological origin.

Particular Morphology of the Species Aspergillus Fumigatus

Fresenius

The following description is talien from Paper and Fennell!

Colonies upon Caapek solution agar, at a temperature of 24 to

25 degrees Centigrade, spread broadly over the substratum, with

surface character varying from strictly velvety to deeply

felted or extremely floocose. They are white at first, becoming

green with the development of conidial heads but varying from

graphalium to lily green or even castor gray in age. The

reverse side of the colony and the substratum is uncoloured in

some strains, while in others thoy show varying amounts of

yellow, green, or even dark red-brown shades.

The conidial heads are columnar, compact and often densely

crowded varying in measurement from strain to strain up to 400

by 50 microns, but usually much shorter, and occasionally very

small.

The conidiophores are short and smooth, ant. p
microns (in occasional strains up to 500 microns) in length

and 5 to 8 microns in diameter. They are usually more or less



green in colour, especially in the upper part, arising directly

from submerged hyphae or as very short branches from aerial

hyphae, gradually enlarging upwards and passing almost impercept¬

ibly into the apical flask-shaped vesicle.

The vesicles are up to 20 to 30 microns in diameter, are

often coloured as the conidiophores, and are usually fertile on

the upper half only.

The sterigmata are in one series and are also coloured,

generally measuring about 6 to 8 microns (varying from 5 to 10

microns) by 2 to 3 microns. They are crowded together, with

axes roughly parallel to the axis of the conidiophore.

The conidia or spores are green in the mass, echinulate,

globose to subglobose in outline, and mostly 2.5 to 3 microns in

diameter, with extremes ranging from*2 to 3.5 microns.

Sclerotia or oleistothecia are not found.

Colonies on malt extract agar resemble those on Caapeck

agar, but tend to grow somewhat more rapidly and are often looser

textured and slightly heavier sporing. The reverse side of

the colony is variable in appearance, as on Czapek agar.

Strains isolated from human and animal tissues, while tend¬

ing to show characteristic growth on malt agar, commonly develop

restricted and convoluted colonies on Caapek agar, and may show

differences in morphology of the spores and spore-bearing

structures.
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Occurrence of A.Fumigatus in Natural Surroundings

Aspergillus fumigatus (a term which will from this point he

used to denote A.fumigatus Fresonius, with the possible inclusion

of the modifications introduced by Ft aper and Fennell) is an

extremely cosmopolitan mould, and occurs with particular frequency

in soil containing appreciable amounts of organic materials, upon

vegetable matter undergoing slow decomposition and upon imperfect-
it

ly dried, stored grains. It is an important agent in many

decomposition processes, especially at temperatures above 37

degrees Centigrade. Growing successfully at 45 to 50 degrees

Centigrade, within the lower reaches of thermophilic decomposition,

it is able to survive and thrive within a temperature range where

most fungi are excluded (Thorn and Raper, Raper and Fennell).

On the other hand Cawley notes thaJ A» fumigatus has been

demonstrated to survive prolonged temperatures as low as -12

degrees Centigrade.

Ilinson et alia noted the frequent occurrence of aspergilli

in general on compost heaps, on proprietory hop manures, in

granaries, and on hay, straw and rotting wood. James and

Lejeune (1952) reported A.fumigatus to be particularly abundant

in the microflora of heating damp wheat in commercial storage,

and Wallace and Sinha (1962) reported similar findings in "hot

spots" in stored grain. Von Klopotek found that A.fumigatus



represented. 70% of the fungus population in compost undergoing

thermophilic decomposition. It is recorded "by Fergus as being

abundant in mushroom composts, and by Hensenn in stable manure,

at temperatures up to 50 degrees Centigrade.

The situation regarding the distribution of A.fumigatus

spores in the general 5 tmosphere will be discussed later

(see p. 92).

Occurrence and Pathogenicity of the Aspergilli in the Respiratory

Tract of Lower Animals

The first report of a fungus growing within a living

animal was made by Montague (1813), who found a "mould or blue

nucor" within the thoracic air sac of a Scaup duck. Two years

later Mayer and Snanert reported a similar condition in the lungs

of a jay, and in l8l6 Jager saa a green fungus in the thoracic

air sacs of 2 swans. The first recognition of the association

of an aspergillus with such lesions was by Rayer and Montague in

1842. These workers isolated and identified A.candidus from the

air sac of a bullfinch. In 1841 the first observation of

aspergillosis in a mammal was made by Rousseau and Serrurier

when they described mycotic lung lesions in an axis deer.

It is generally considered that the main species of

aspergillus involved in these early cases was probably A.-
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funigatus, although prior to the definitive description of this

organism "by Fresenius, which was "based on its isolation by him

from the bronchi and air sacs of a great bustard which died in

the Frankfurt Zoological Gardens , inadequate descriptions prevent

the identification of the species of aspergillus involved in many

of the earlier reports. By 1900 the occurrence of aspergillosis

had been recognised in most species of domestic animals.

Since these days A.funigatus has become well known as an

animal pathogen, and recognised as occurring with particular

frequency in birds. Although there are a few records of

infection in free—living wild animals and birds (Austwick, 1966),

this mould is of major importance as a lethal respiratory

pathogen among captive wild creatures in Zoological gardens.

This is particularly so in the case of water birds, and the

disease is especially lethal to penguins (Fiennes, 1962$ Lancet,

1966). Austwick indicated that very heavy losses also occur in

newly hatched chicks, in which the disease is known as "brooder

pneumonia" or "pneumonie de couveuse".

Outbreaks of acute pulmonary aspergillosis may be of con¬

siderable economic importance generally in poultry exposed to

heavy concentrations of air-borne conidia. Austwick also cited

instances of the disease in ostriches and in free-living wild

herring gulls exposed to decaying vegetation on mud flats, as

well as in rabbits, guinea-pigs and the oat.
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Affected "birds "become listless, gasp for "breath, frequently

develop foetid diarrhoea and die in a very short time. Accord¬

ing to Austwick, the lungs are characteristically filled with

small greyish or yellowish lesions up to 3 mm. in diameter. In

young mammals up to 3 weeks old, such as lambs or piglets, the

lesions may be up to 5 mm. in diameter and are generally

accompanied by extensive congestion of adjacent lung tissue.

Inhaled conidia penetrating to the alveoli of mammals or the

tertiary bronchioles of birds appear to germinate rapidly and

produce wide, globose or oval—celled hyphal branches character¬

istic of acute pulmonary infection in young mammals (Austwick).

This author described how this stage of the infection is usually

associated with a dense polymorphonuclear infiltration into the

affected part. Straight or spiralling unbranched hyphae arise

from these large cells 4 to 6 days after infection, and may

indicate that initial resistance to infection has been overcome.

Distally, "actinomycetoid" hyphal branches soon develop, and the

hyphae become surrounded by a chronic reaction consisting of

epithelioid cells, occasional eosinophils, and eventually foreign

body-type giant cells.

Chronic pulmonary aspergillosis due to A.funigatus occurs

sporadically in adult animals and has been reported in horses by

Tohernial: (1928), in sheep by Van Hellene (1902-1903) and in a

cow by Pearson and Ravenel (1900), In 1930 Scott described
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cases in captive monkeys. Adult "birds may manifest either con¬

solidation of the lungs, probably due to confluence of descrete

nodules, or characteristic air sac infections in which plaque¬

like lesions 1 mm. or more in diameter develop and eventually

coalesce, lining the whole serosal surface with a fibrinocaseous

deposit up to 5 thick. This deposit may have a smooth or a

honeycombed surface on which A.fumigatus conidiophores frequently

develop. The whole air sac may thus "be lined with a cast on

which a green felt of fructifications is formed.

Some cases of generalised A.fumigatun infection have been

known in animals, the initial lesion almost always having been

thought to be pulmonary.

Although numerically far less important, other aspergillus

species can cause disease in animals and birds, again with a

predilection for the respiratory system.

It is noteworthy that, in contract with the situation

pertaining in man, no case of allergy induced by any of the

aspergilli in lower animals has yet been proved (Austwick).

Human Bronchopulmonax-y Aspergillosis

The aspergilli were among the first micro-organisms to be

recognised in pathological conditions in man, as well as in

animals, and played no inconsiderable role in the etiological
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controversies which dominated, nineteenth century medicine.

Opinions then, as they do now, varied from placing a causal

significance on the presence of aspergillus speciee within

lesions, to dismissing them as common moulds which could be in no

way involved in a disease process. With the rapid advance of

bacteriological knowledge and the conquest of bacterial diseases

during the present century the subject of the aspergilli as a

significant cause of human disease tended to fade into obscurity,

to become a renewed focus of general interest only in recent

years.

The first account of human infection by these fungi is

generally accredited to Hughes Bennett of Edinburgh in 1842, but

there exists considerable doubt as to the identity of the

organism which he isolated from a case of phthisis. lie himself

thought the infecting agent was a penicillium, and the details

which he gave were not descriptive of an aspergillus. A

similar case was reported by Bayer in 1842.

It was Sluyter who, in 1847, in a woman dying of an un¬

specified pulmonary infection, described the first case of human

pulmonary aspergillosis in which an aspergillus was definitely

identified. It formed a fungal mass within a lung cavity.

Kuchenmeister in 1855 identified a fungus infection in a man

with cancer of the lung, but his description of this agent was

poor. Virchow in the following year first described the post-
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mortem findings in pulmonary aspergillosis, in four cases of

dysentery, pneumonia, emphysema and gastric carcinoma respect¬

ively. He regarded the pathogenic role of the aspergillus as

secondary to the main disease. Also in 1856, Freidreich,

followed "by Furhringer in 1876, reported the finding of an

aspergillus growing in human tuberculous pulmonary cavities, and

in 1865 Cohnheim had recognised an aspergillus in the pulmonary

alveoli of a man who died of a pulmonary infarction. Lichtheim

in 1882 reported a similar case.

Austwick considered that the main species of aspergillus

involved in these early reported cases was probably A.fumigatus

Fresenius.

In I89O, at an International Conference in Berlin, Dieulafoy,

Chantemeose and Widal described the prevalence of what they con¬

sidered to he pulmonary aspergillosis in the pigeon crammers

("gaveurs de pigeons") of Paris, and termed the condition

"maladie des gaveurs". These "gaveurs" force-fed pigoons by

talcing a mixture of water, millet and vetch in their mouths and

ejecting it into the beak of the pigeon. Some workers dealt

with as many as 4,000 to 6,000 pigeons per day in this way, and

the occupation had long been known to be associated with a

chronic lung condition. The progress of the disease, as des¬

cribed by Dieulafoy et alia in three pigeon crammers, resembled

that of chronic phthisis, with dyspnoea, cough, purulent sputum,
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repeated small haemoptyses and pleurisy. The sputum was negative

on examination microscopically for tubercle bacilli, but

A.fursigatus was isolated from the sputum in each case. The

authors suggested that the grain used to feed the pigeons, which

was known to be heavily contaminated with the fungus, had caused

the disease, which they further termed Mpseudotuberculoee

mycosique". ho postmortem data were given, and presumably none

of their eases had cose to necropsy.

Six years later Tenon examined one of these cases. He

found him to be in reasonable health, was unable to isolate

either tubercle bacilli or fungi from his sputum and therefore

concluded that he had recovered from the pulmonary condition.

A somewhat similar case was described in 1894 by Gaucher and

Sargent.

In 1893 Renon described two further similar cases, both of

whom were also pigeon-crammers. He found that the sputum of the

first was negative on examination for tubercle bacilli but that

it contained A.fumigatus. He followed this case up in 1897 &nd

reported that numerous tubercle bacilli had appeared eventually

in the sputum, while in the following year he attributed the dis¬

appearance of both A.fumigatus and tubercle bacilli from the

sputum to healing and fibrosis. The second case had chronic

chest symptoms and a skin tuberculide, but no haemoptyses. The

sputum contained tubercle bacilli and A.furaigatus. This case
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came to necropsy, and Renon reported the necropsy findings as

followsj the lungs were considerably fibrosed and some caseous

foci were present, but no aspergilli or tubercle bacilli were

seen histologically. Renon considered that the fungus was res¬

ponsible for a secondary tuberculous infection, but that the

primary fungal invasion had tended to ensure that the latter con¬

dition progressed slowly and with marked fibrosis.

Renon also described three cases consisting of a father,

mother and 16 year old son who were hair combers ("peigneurs de

cheveux") and who in their work, which was carried out in a very

dusty atmosphere, used rye flour for removing grease from hair

prior to making it into wigs. The son had chronic tracheitis,

but no evidence of aspergilli or tubercle bacilli in his sputum.

Both parents had chronic coughs and repeated haemoptyses, but,

although the sputum of both contained A.fumigatus, no tubercle

bacilli were found. The father in addition exhibited clinical

signs of a marked pulmonary fibrosis.

Renon, from his clinical and experimental studies, evolved

the concept of primary and secondary pulmonary aspergillosis.

He considered that A.funigatus could become established as a

secondary saprophytic infection in a pre-existing lung lesion,

such as bronchopneumonia, carcinoma or tuberculosis, but that it

could also of its own accord initiate a serious pulmonary

fibrocaseous disease which might prove fatal, and which was



- 17 -

clinically indistinguishable from pulmonary tuberculosis. As

evidence for a primary form of infection with this fungus, he

cited his failure to isolate tubercle "bacilli from most of his

cases, and also his animal experiments, in which rabbits and

pigeons died 10 to 20 days after intravenous injection with

spores* of A.fumigatus. Ho also failed to find aspergilli in
/

the sputum of various control subjects.

As Hinson et alia (1952) remarked, the conditions described

by Renon were not substantiated by post-mortem evidence, and

Macartney (1964)wao of the opinion that the only real fact to

emerge from the reports by Renon and by Meulafoy et alia was

that all the subjects concerned were engaged in occupations

which, by their nature, exposed then to a high concentration of

fungal contamination. Eeverfcheless these papers focused medical

attention on pulmonary aspergillus infection, which later came

to be detected or suspected in patients of widely varying

occupations. Also, as Orie et alia pointed out, the fact that

Dieulafoy dedicated ten pages of his celebrated "Manuel de

Pathoiogie Interne" to this condition, and only four to broncho¬

genic carcinoma, gives some indication of the importance ascribed

to pulmonary aspergillosis at the turn of the last century.

Renon also in 1897 mentioned an association between

bronchial asthma and pulmonary aspergillosis. The first report

of an allergic type of pulmonary aspergillosis had previously
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"boon given by Popoff in 1887. This author described a 21 year

old woman with symptoms of bronchial asthma whose sputum was

negative for tubercle bacilli, but which contained many bronchial

casts road© up,of the mycelium and spores of A.fumigatus. In

the same year Osier reported the case of a 29 year old woman who

for eleven years, at intervals of roughly three months, had

coughed tip dark bodies approximating in siae to a bean, and con¬

sisting almost entirely of the mycelium and spores of an asper-

gillus. A similar case was later described by Young (1926), in

which a man coughed up a body of about the size of an almond,

again consisting largely of the mycelium and spores of an asper-

gillus.

The first reference in the English literature to human

pulmonary aspergillosis was by theaton in I89G, after his dis¬

covery of an aspergillus inv ding the lungs and lymph nodes of a

2 year old child who died of pneumonia.

After this early period of interest in the subject, pulmonary

aspergillus infection tended to be forgotten for some time, with

only sporadic references appearing in the literature, until it

recently again became a topic of interest on a world-wide scale.

The bulk of the reported cases have been European, and mostly

from Prance, Belgium and the Eetherlands. Until the 1950's,

with the clinical cases reported by Einson et alia and the

immunological research of Pepys and his co-workers, British



reports were few, and Orie, in i960, was able to find only an

occasional reference to the subject in the American literature,

the clinical entity being either omitted fron text-books on the

lung or only very briefly mentioned.

In all the world literature the overwhelming majority of the

infections reported have been due to A.furaigatus. Aspergillus

niger, implicated as the infecting agent by, for example,

Bethune and lloffatt (1934)» Cannon (1935)» Eetherington (1943),

Utz et alia (1959)» Toigo (i960), and by des Autels et alia and

Villar, Pimentel and Freitas e Costa (1962) is, as Hughes, Gourley

and Burwell (1956) pointed out, the species of aspergillus of

next importance in this respect. The case described by kahl in

1928 was due to A.flavus, as were also those discussed by Argen,

Leslio and Leslie (1962) and by Seabury and Samuels in 1963.

The latter authors also mentioned a case attributed to colonis¬

ation by A.niveuo. In 1915 Holden ascribed importance to the

isolation of A.nidulano from the sputum of a patient, while

Helsh and Buchness in 1955 isolated this latter species from a

lung abscess. Kirsky in 1903 and Steele in 1926 isolated A.-

versicolor from human sputum. Plihal and his co-workers in 1964

cited a case of aspergillosis due to A.tcrreus and Rippon et

alia, in 1965* reported the isolation of A.eydowi from a sputum

sample, to which they attributed pathological significance.

Orie et alia stated that the involvement of species other
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than Aspergillus fumigatus in a pulmonary lesion is so rare that

the presence of the latter can he inferred, with a reasonable

degree of certainty on the histological finding of fungal mycel¬

ial masses in such a lesion,before recourse to culture.

The classification of human bronchopulmonary aspergillosis,

in the forms in which it is now recognised, has been attempted

by various workers, including Einson, Moon and Plummer, (1952),

Hughes, Gourley and Burwell (1956), Pinegold, ¥ill and Murray

(1959)» Mann and Pasha (1959)» Belcher and Plummer (i960),

Segretain (196"), Spencer (1962), Eahner, Eepper, Anderson and

Weed (1963), Edwards and La Touche (1964), Ikemoto (196*1), and

Macpherson (1965). A leading article in the Scottish Medical

Journal (1965) also discussed the question. In the opinion of

Campbell and Clayton (1964), none of the suggested classific¬

ations are entirely satisfactory as the clinical features of the

disease may alter with changes in the host defence mechanisms,

and they considered that too much attention may have been focused

in trying to distinguish so-called primary forms of the infection

from secondary infections superimposed upon pre-existing lung

lesions of various types, or arising from radical lowering of the

body's defence mechanisms against infection.

Pron the various classifications and observations in the

literature, based variously on considerations of clinical

details, pathology, the pathogenic role played by the fungus,
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whether it may he considered a primary or a secondary infection,

and on prognosis, the following general picture emerges:

Types of Hunan Bronchopulmonary Aspergillosis

1. In which the fungus is inferred to play a "benign saprophytic

role

(i) The fungus grows within pre—existent "broncho¬

pulmonary lesions, especially in those giving rise

to cavity formation, such as healed tuberculosis

and bronchiectasis, to form a mycelial mass or

fungus ball - the mycetoma or aspergillona.

(ii) The fungus colonises pre-existent lung lesions as

ir. (i), but docs not form a circumscribed mass or

fungus ball.

Thus the above forms of the condition are generally con¬

sidered to represent a secondary invasion by the fungus, the

growth of which is localised and non-invasive. Some authors,

however, have ascribed a primary role to the fungus in these

e tegories and consider that it can of itself lead to broncho¬

pulmonary cavity formation. Rarely also these forms of asper¬

gillosis can overlap with those described under (2) below, to

the extent that asthmatic symptoms or bronchopneumonia and dis-
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seminating infections have occasionally "been reported to super—

vene in cases with the above types of disease.

Leakage of the contents of on aspergilloma cavity into the

pleural space can result in a pleural infection with the asper-

gillus.

2. In which the fungue infection results in pathological changes

in the host

(i) The fungus grows upon the surface of the bronchial

epithelium without penetrating beneath it, whex^e

it either causes an acute aspergillary bronchitis

without allergic manifestations, or it gives rise

allergic bronchopulmonary aspergillosis with

pulmonary eosinophilia and frequently with

asthmatic symptoms.

In this category the question of whether to

ascribe a primary or secondary infective role to

the fungus is more problematical.

(ii) The fungus gives rise to the very rare acute

bronchopneumonia form of aspergillosis, either

primary in type or secondary to a marked impair¬

ment of the body*s defence mechanisms against

infection. This type of disease is associated



with invasion of tho lung tissue leading to narked

pulmonary necrosis, and often forms part of a

generalised systemic and disseminating and septic-

aemic infection "by the aspergillue. It is usually

fatal.

3. Very recently attention has been drawn in Britain to an

aspergillus as a cause of extrinsic allergic alveolitis.

The various types of bronchopulmonary aspergillosis will now

be discussed in more detail.

!

THE ASPERGILLOKA 0 ; MYCETOMA

This is by far the most frequently reported form of asper¬

gillosis in the world literature. It occurs in all races

throughout the world (Finegold et alia). Cawley stated that it

occurs most often in warm, damp climates, and also cited Conant

et alia as mentioning that, in common with many other mycoses,

it is more common in males than in females. Villar, Pimental

and Avila, however, noted an even sex distribution in their cases.

The first case of a pulmonary intracavitary fungus ball was

described by Deve in 1938, when the phenomenon was termed

"megamycetome intrabronchiectasique" or negamycetoma, later to

become known as "l'asper; lllone bronchiectasiant" or aspergillosis.
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Levin, writing in 1956, counted only 23 of such cases reported in

the literature, in addition to the four oases presented hy him¬

self, since 1938, hut Plihal et alia in 1964 were able to find

about 200 cases of bronchopulmonary aspergillosis, most of which

were anpergillom&s, in the world literature at that later date.

Pathology

Aspergillomas have been most frequently reported growing in

open-healed cavities of pulmonary tuberculosis, with bronchi-

ectatic cavities next in frequency as the site of growth. Many

authors have also noted their occurrence in cases of lung

abscess, cases of sarcoidosis which have reached the stage of

pulmonary fibrosis, in bronchial cysts, and frequently in broncho¬

genic carcinomas, either in a cavitated neoplasm (Mays and

Hawkins, 1967)' ot behind a carcinomatous bronchial obstruction

(Orie and de Vries, i960, Campbell and Clayton, 1964).

Less frequently, as has been pointed out hy Campbell and

Clayton, an aopergilloma may form in areas of necrotic pulmonary

tissue, as in infarcts or areas of bronchopneumonia, and in these

situations the typical radiological appearances of a fungus ball

may be absent. Pre-existing pulmonary bullae may likewise be

colonised by the fungus, as mentioned by Longbottom, Pepys and

Clive (1964). Villar, Pimento1 and Freitas e Costa (1962)



- 25 -

recorded a fungus ball in a case of post-pneumonic pneuir.atocoele

and in one of silicosis with bronchiectasis. Its occurrence in

aebestosis is reported by Hinson, Moon and Plummer (1952) and by

Citron and Pepys (195&)» and in 2 cases of coal-worker*s pneumo¬

coniosis by Heppleston and Gloyne (1949)* Kacpherson (19^5)

mentioned that it has been found in an echinococcal cyst space

and Riddell (1956) observed that it has been met with in cases of

mechanical trauma to the lung. Procknow and Loewen (i960)

recorded the finding of a fungus ball superimposed upon cavitary

histoplasmosis, and Schwartz, Baum and Straub in 1961 confirmed

this by reporting 4 more such cases, although they noted that in

them they found the cavities to have been most often of bronchi-

ectatic origin.

The intracavitary aspcrgilloma occurs in the vast majority

of cases in the upper lobes of the lungs (Campbell and Clayton),

but some have been situated in the apex of a lower lobe (Haussmam^

1958)* 1964 Campbell and Clayton presented a case in which

the middle lobe of the right lung was involved, and this case

they considered unique, but in fact such a finding had previously

been reported in 1962 by Villar, Pimentel and Freitas e Costa,

the causative organism in this latter case being A.niger.

Villar, Pimentel and Avila in 1967* reviewing Portuguese cases,

found that 607' of aspergillomas had occurred in the right lung,

of which 0O * were in the upper lobe. In the right lung, the
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fungus showed a definite preference for the anterior segment of

the upper lohe (24'/'), followed "by the apical segment (17, )• In

the left lung, the apico-posterior segment of the upper lobe was

most often involved (25%)* In the lower lobes of both lungs,

the great majority of cases (75 ) involved the apical segment.

In only 5% of cases was the right middle lobe involved.

By far the largest number of aspergillomas recorded have

been solitary. Multiple fungus balls involving one lung only,

were first reported by Hinson et alia in 1952. !Multiple bi¬

lateral aspergillonas were recorded first in 1953 by Lageze,

Eeirard, Oaly and Touralne and later by several other workers,

including Eoulet and his associates in 195® and Plihal et alia in

1964, the latter authors citing a case in which there were six

intrapulnonary cavities, each contained a fungus hall, the organ¬

ism implicated being A.terreus.

Prom the cases reported in the literature a strikingly

uniform picture (llaji, 1959) of the typical aspergilloma lesion

emerges. It consists of a mass of sentate aspergillus mycelium

lying free within a cavity which usually (Golberg, 19621 Fraser,

1965) lies in apposition to a pleural surface, the intracavitary

mass occupying 25% to 95/' of the total volume of the cavity.

The fungus ball, usually of a moist, crumblir g, pasty or putty¬

like consistency, but sometimes of a dry .and granular appearance,

is generally brown or dark brown in colour, but less often
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reddish-brown, black, greyish-yellow or greyish-green.

Belcher and Flummer (i960), according to the nature of the

cavitary wall and the surgical prognosis, distinguished simple

and complex aspergillomas. Simple aspergillomas, wh5ch would

seem to form the majority of such lesions, grow in isolated thin-

walled cysts of bronchial origin. There is little or no ab¬

normality in the surrounding lung tissue, and the cyst wall it¬

self is usually smooth, and lined by ciliated respiratory epithel¬

ium. Complex aspergillomas, on the other hand, have irregular

walls and develop in cavities with gross disease in the surround¬

ing lung tissue.

Golberg (1962) reported the occasional occurrence of raulti-

locular cavities.

The aspergilloraa cavity can usually be shown to communicate

with one or more bronchi, but this is not invariably the case.

The usual smooth—walled type of cavity is sometimes obviously

bronchiectatic in origin. The ciliated epithelium lining asper¬

gilloma cavities is derived presumably from a bronchus or bronchi¬

ole, and may form the entire lining or may be interrupted by

areas of squamous metaplasia (Segretain, 1962; Ikemoto, 1964),

or patches of granulation tissue. Ikonoto and Golberg described

cases of cavities lined entirely by granulation tissue, and the

latter author also mentioned a case in which the entire wall

lining was composed of bronchogenic carcinoma tissue.
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Beneath the lining of the aspergilloma cavity the wall is

composed of fibrous connective tissue with perhaps, as Hinson et

alia (1952) and Villar et alia (1962) have observed, the in¬

clusion of some smooth muscle, mucus glands and plates of

cartilage. These latter featux-es, when present, confirm the

bronchiectatic nature of the cavity. The fibrous tissue is in

most cases infiltrated, sometimes extensively, with inflammatory

cells of various types. Most authors describe this infiltration

as being composed of plasmacytes, large mononuclear cells,

including macrophages and mast cells, and polymorphonuclear

leukocytes in varying numbers. Occasionally, as described by

Finson et alia and by Yesncr and Hurvitz (1950), there may also

be a fair number of eosinophils. ciddell (1956) has pointed

out that necrosis and vascular thrombosis arc the main histo¬

logical features of tissues in proximity to the growing fungus

colonics, and Fesle and Konod (1954) describee haeiaorrhagic

areas, infiltrated by polymorphonuclear leukocytes, in the region

contiguous to the dilated bronchial cavity. According to

Se? retain (1962), artoritic lesions with rupture of the elastic-

laminae may be found. Nevertheless, as Campbell and Clayton

observed, despite the frequency of haemoptysis in this condition

(vide infra), frank bleeding points are rarely, if ever, seen

histologically.

The pulmonary tissue, up to the wall of the cavity in direct
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contact with the fungus, is normal except in so far as it rnay-

show pathological changes consonant with the primary disease

process, e.g. tuberculosis, bronchiectasis or sarcoidosis, thus

indicating the non—invasive properties of the aspergillus in

this form of aspergillosis.

In the cases described by Villar et alia (1962), the larger

diameter of the aspergilloina cavities varied from 3 to 7*5 CE*

The aspergillus fungus ball, as already indicated, lies

loose within the cavity, although mycelial fragments may be

fixed to the cavity wall, either in direct contact with it or

separated from it by a polymorphonuclear exudate (pesle and

honod). The hyphae do not penetrate the wall at any point.

Villar, Pimentel and Freitas e Costa observed that where the

periphery of the fungus hall is in direct contact with a part of

the cavity lining formed by loose granulation tissue, patho¬

logical sections may suggest invasive properties of the mycelium

which subsequent careful serial sectioning proves false. These

authors also pointed to the finding of foreign body type giant

cells in areas of cavity wall coming into direct contact with

the fungal mycelium. Einson et alia and Pesle and Monod

remarked that the surface of the fungus ball may be covered with

an outer zone of fresh blood, blood clot or blood products, des¬

quamated epithelium and inflammatory cells.

The aspergilloma itself is composed of a solid mass of
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septate vegetative hyphae. There is general agreement that

fruiting structures and spores are rarely seen in histological

sections. Zimmerman (1950)* commenting on A.fumigatus in

tissues generally, was of the opinion th; t a number of photo¬

micrographs of tissue sections in the liter ture, which were

described as showing aspergillus spores, actually shoved hyphae

cut in cross—section. nevertheless some workers, including

Villar et alia (1962), have observed entire fruiting heads in the

peripheral region of fungus balls. '.here this occurs it it.,

generally assumed (Orie and de Vries) to be associated with a

greater oxygen tension, as'where the cavity is in direct com¬

munication with a main bronchus.

In the depths of the asr-cuv illom , Vellioc end his co¬

workers observed that different regions revealed differences in

the intensity with which the fungal elements too! up stains, and

concluded that in the more vc- kly staining ureas, the mycelium

was probably not viable. Polymorphonuclear lei k>cytes may be

seen in relation to the hyphae (Peslc. and Ilonod* Ikemoto).

Frequently, as described by Hinson et alia, similar mycelial

mass on may be pre-: out in bronchi opening off the aspergillosis,

cavity, and these, as noted by Pesle and r.onod, may be associated

with an effusion of blood from the cavity.

Fadiologicul features
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Earlier papers on this subject remarked on non-specific

changes in roentgenograms of the lung in cases described as

pulmonary aspergillosis, usually on the basis of the culture of

aopergillus from the sputum. Thus, Sayers and Kerrivether in

1932, Fawcitt in 1938, and Twining and Kerley in 1951 referred to

the presence of fine mottling in chest X-rays, and Sayers and

kerriwether in addition described a miliary calcification,

attributed to aspergillosis, which has never been confirmed in

later publications. Van Ordstrand (1940) described a pulmonary

shadow radiating from the hilum which he termed the "sun-burst"

appearance.

However, many of the earlier reports ere suspect on diagnos¬

tic grounds, and it is possible that some in fact described the

radiological appearances in the bronchopneumonia or allergic

forms of pulmonary aspergillosis rather than the "saprophytic"

fungal lesions.

As late as 1958, ITinshaw and Garland stated that asper¬

gilloses as such could not be fecognised radiologically, and that

thoy were seen as smooth, dense lesions, often with cavities, the

picture being indistinguishable from that prouueed by tuber¬

culosis and other diseases. Hughes et alia in the same year

asserted that the most frequent X-ray finding in aspergilloma

cases was an increase in the size of the hilar shadows with web¬

like infiltrations radiating peripherally, and perhaps with



cavitation. nevertheless, Ketras and Thomas (1946), Hemphill

(1946), Gerstl et alia (1948), and Twining and Kerley (1951)

provided the first descriptions of what is now accepted as the

typical appearance of the mycetoma in roentgenograms of the lung.

This consists of a homogeneous, ball—like opacity occupying 25

to 95',» of an ovoid or rounded or trabeculatea cavity, which is

usually thin-walled and may sometimes show some scalloping of the

outline. As indicated in the pathological description, the

cavity walls are sometimes seen to be thick and irregular. The

lesion is usually in an upper lobe and lies ir apposition to a

pleural surface. As Levin (1956) remarked, the usual thin-

walled type of cavity is seen to be sharply demarcated from the
I

remainder of the lung, and the surrounding pulmonary parenchyma

may appear normal or cho;. a decrease in volume, as evidenced by

displacement of the hilum or of a pulmoru ry fissure. This

author also stated that in the pulmonary segment containing the

aspergilloma, a few fibrotic strands or linear areas of infiltrate

are generally seen.

The definitive radiological feature of an aspergilloma,

however, is the presence of an air space which takes the form of

a clearly defined crescentic area of translucency outlining the

superior limit of the fungus ball within its cavity. This Has
first described by Ketras and Thomas in 1946 as producing a bell¬

like image ("!•image en grelot") of the lesion. The air crescent
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has since been variously described as "la callotte aerienne",

"sign of the tegmentum", air cap, air halo or air meniscus.

Macartney (1964) regarded this classical picture, of a

rounded intracavitary opacity topoed by an air crescent, as

absolutely diagnostic of an aspergilloma. However, Fierce

(1956) pointed out that a similar picture might occasionally be

produced by a cavitatod neoplasm (although he remarked that it is

extremely rare for cavitation to occur around the periphery of a

tumour), by a blood clot in a pulmonary cavity, or by a dead,

shrinking hydatid cyst. He observed, however, that in these

latter conditions the radiological appearances might be expected

to show changes with tine, either in the direction of enlargement

and spread in the case of neoplasm or of shrinkage and ultimate '

disappearance in the case of a haenatona or a dead hydatid cyst.

Conversely, an aspergilloma cavity with its contents persists

generally unchanged in appearance for weeks or months.

Levin, and Orie and de Vries, also asserted the relative

stability of the radiological appearances in aspergilloma, and

noted that in many cases these remain stationary over a number

of years. However, the latter authors also observed that X-ray

changes may result from an intermittent evacuation of parts of

the fungus ball via the sputum. Sometimes also the cavity may

show enlargement, owing perhaps to the fact that the fungal mass

nay act as a ball-valve mechanism (Villar et alia, 1962).
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Levin (1956), Pierce (1958) and Schwartz et alia (1961)

stated that the radiological diagnosis of aspergilloma is made

even more certain if the fungus hall can he shown, hy changing

the position of the patient, to he mobile and lying unattached

within its cavity. Thus Levin observed that if the tangential

beam afforded by fluoroscopy with spot-film radiography is

utilised with the patient both upright and in the recumbent

position, not only will the mobile character of the mass be clear¬

ly demonstrated, but the diagnostic radiolucent air crescent,

details of which might not otherwise be seen in routine chest

X-rays, especially if the fungus ball occupies almost the entire

volume of the cavifcy, will then be rendered visible. In 1967

Yillar, Pimentel and Avila noted, in 35/ of their cases of asper¬

gilloma, that on preliminary X-ray only pulmonary condensations,

generally segmental but sometimes involving one or more lobos,

were seen. In these cases tonography from different angles, and

with the patient in different positions, either showed up a mass

within a cavity or a thin transparent air halo which revealed the

diagnosis.

Villar and his co-workers (1962, 19&7 ) also described the

visualisation of calcified foci, within aopergillary fungus balls,

which may sometimes be quite plentiful.

Levin (1956) and Golberg (1962) pointed to the fact that, in

general, bronchography in caseE of aspergilloma has not added any
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significant information as the contrast medium rarely enters the

cavity. However, Villar et alia in 1967 reported that in 38'y

of their cases in which "bronchography was performed, the contrast

medium penetrated into the cavity, displaced the fungus ball and

revealed the diagnosis.

As indicated "by Schwartz et alia, it is only since the

advent of the i idespread use of photofluorogrnms and of mass X-

ray surveys that these lesions have been sighted with any degree

of frequency. Prior to this the typical appearance of the

aspergilloma was regarded as a rare phenomenon, and Lughes et

alia, writing in 1956) ecu d find only nine such c; see reported

in the world literature, to thirl they addoa a tenth.

T.ongbotton, Pepys and Olive ( ' ,64) h- vr found that the early

development of an arpcvgillomr l ight 1c cu^gcctc 1 ladiologically

by the appearance of an iufiltrction of gradually increasing size

ii a damaged lung.

Bac trriological and mycological finding ;s

Orie and de Vries have recorded that, in cases of asper-

gillona, other concomitant infections of the respiratory tract

do not as a rule exist. Especially does this seem to apply in

the case of the tubercle b acillus. A leading article in the

Scottish Medical Journal (1965) observed that it is r re for an
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asperciliary mycetoma to develop in cases of pulmonary tubercul¬

osis within two yearn of the contraction of tho infection, so

that such a fungal lesion is rarely seen while antituberculous

chemotherapy is being given. The early researches of Vaudromer

(1912» 191?)» on guineas-pigs, showed that a filtered extract of

A.fumigatus lessened both the virulence of the tubercle bacillus

and the activity of tuberculin in these animals.

Villar et alia (1956) stated that active tuberculosis or a

bactori; 1 suppurative process is noarlj always associated with

dead fungus, as either the fungus overpowers the associated

infection or it is 0von.-helmed by it.

In the cases in the literature of asporgilloma, very varying

degrees of success in culturing the acpergilluo from sputum

sar.ples end. from "brand ial secretions " vc been recorded. J:;:,

those cases in which negative cultures are obtained, tl is has been

generally attributed to non-conrrunieation of the cavity with tie

bronchial tree or to non-viability of the fungal structures

expectorated. In one case cited by Macartney (1964) oven suction

applied to the orifice of the upper lobe which contained as arper-

gilloma produced an aspirate which was negative on culture.

"Rven direct cul tu.ro of portions of the fungus ball obtained

from surgical specimens has often yielded negative results

(Saliba et alia, 1961), presumably due to a large number of non¬

viable organisms within the mass. Pesle and Honod (195b)
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recommended that, in order to increase the chances of a success¬

ful culture, large portions must ho removed from such specimens

and Inoculated into at least twenty culture preparations, while

Fors et alia (1966) advocated the removal of culture specimens

from different parts of the fungus tall, since they noted that

mycelium removed from the centre of such structures tends to he

sterile. Velllos et alia (1957) expressed a similar view.

rorphological phases oi' tbr- aspergilloma

Yillar and his co-workors (l>64, 1567) have performed pat1 o-

logical studies to follow up the moiphologleal development of

aspei£,i 11 omas. Firstly, in 4 out of 370 pulmoru.ry resection

spec Irons-, they found, in cavities similar „o those in which

asper^'illomas are prone to develop, clumps of fungal hyphae much

smaller tlrn the containing cavities, culture of which yielded a

growth of A.fumigatus. They postulated that these clumps, no

bigger than an olive, prohahly represented the initial stages in

the formation of an aspergillt ry fungus hall. ihe rarity of

this finding they attributed to the absence of clinical or radio¬

logical signs at this stage, and to the s: ort time interval which

they considered existed between this early stage and the time

taken by oho fungus to grow to form a fully developed asper-

gilloma.
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The aspergillosis in its early stage consists largely of liv¬

ing mycelium, "but as it grows it enters a second phase during

which a progressively larger portion of its mass becomes de¬

vitalised and dies. Yillar et alia {1962) have recognised the

following changes as being characteristic of dead hyphaes part¬

ial or total fragmentation, loss of structure, partial or com¬

plete hyalinisation, and eosinophilic affinity sometimes to the

extent of forming amorphous, densely staining eosinophilic

masses. Kontes (1963) has confirmed these latter observations.

Villar et alia (1962) have al#p found it possible on occasion to

show up "hyphal ghosts" within dead amorphous areas, these being

dead hyphae outlined by means of the metaminine-silver nitrate

staining method of Gomori. Quite often focal calcification is

seen in degenerating areas of the aspergilloma,

Pinentel (1966) stated that death of the fungus can be

hastened and its growth stopped by bacterial suppuration or a

reactivation of latent tuberculosis within the cavity.

Regressive changes within the aspergilloma when there is

simultaneous serious bacterial infection might be accompanied by

a process of softening and liquefaction, resulting in the greater

part of the fungal mass being eliminated in the sputum. Only

small masses of necrotic tissue then remain within the cavity,

and the aspergilloma loses its typical radiological appearance

and may assume the appearance of a chronic lung abscess.
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Horizontal fluid levels are never seen, but rather a crescent-

shaped ihtracavitary shadow. Tiny air bubbles may be seen vith¬

in the necrotic tissue at this stage. The fungal remnants may

calcify with time. Yillar et alia (1967) found that X-ray films

of surgical specimens of bronchiectatic or of "healed" tuber¬

culous cavities sometimes showed up tiny broncholiths, generally

widely dispersed throughout the bronchial tree of the resected

lobe, and that these concretions, after decalcification and

staining by Gomori's silver impregnation method were seen to

contain aspergillus-type hyphae. These workers therefore

believed that the endobronchial proliferation of aspergillus is

in fact a very frequent occurrence in damaged lungs, although

true aspergilloinas only develop when the right environmental

conditions are present. The residual asperglllary broncholiths

might then be interpreted as a frustrated attempt at prolifer¬

ation on the part of the fungus.

Fungus balls might also, even if largely devitalised,

persist unchanged, so far as their radiological appearance is

concerned, for a number of years. Montes (1963) cited a case,

supposedly due to A.niger, in which the condition was thought to

have been present for as long as thirty-one years, before finally

becoming disseminated. A rare occurrence, observed by Villar

et alia, is the development of § MpergilloBa, in which
the whole ball becomes converted to a solid mass of calcium, its
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original structure feeing evident only fey the showing up of "ghost"

hyphae as described above.

Clinical features

The characteristic physical sign in cases of acpergilloma is

the occurrence of haemoptysis (llaji, 1959)» and this is often the

presenting feature (Orie and de Tries, i960). Villar et alia

(1967) stated that haemoptysis had occurred in 85>' of their cases

and was the only clinical sign in 58/'. In a review of the

literature Levin (1956) observed that bouts of haemoptysis were

usually repeated at intervals of a few months, but that in a few

cases they were separated fey periods of many years. One of the

cases described fey Einson et alia (1952) had had recurrent haemo-

ptyses for over ten years. Campbell and Clayton (1964) recorded

that frequent mild haemoptyses arc the general rule. While none

of the cases which they studied had succumbed to a severe haemo¬

ptysis, they cited one case in whom urgent lobectomy was required

for recurrent severe haemorrhage. Eochberg et alia (1950) also

described a case, in a controlled diabetic, which came to surgery

as a result of recurrent severe haemoptyses, during one of which

bouts the patient lost between two and three pints of blood with¬

in eight hours. However, these authors did not definitely

identify the nature of the fungus ball by culture of the mycelium.
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Villar et alia (1962) testified to the fact that in some cases

the condition can result in an acute anaemia.

Although Orie and de Vrieo remarked that, in fifteen of their

cases, it was reasonable but not necessary to attribute the haemo¬

ptysis only to the fungus grotrth, Macartney stated that in these

cases haemoptysis is usually regarded as being a direct result of

the presence of the aspergilloma. Further, Villar et alia (1962)

stated that in their cases blood streaking of the sputum had

appeared as soon as the first sign of an aspergilloma was seen

radiologically.

The mechanism by which the fungus ball can cause haemoptysis

is not clear. Macartney was of the opinion that an endotoxin

which has been isolated from A.funigatus, and which is known to

cause tissue necrosis (vide infra), might be responsible for the

bleeding. Eiddell (1956) considered that the occurrence of

haemoptysis depends largely on the extent to which epithelial-

isation of the aspergilloma cavity from a connecting bronchus

occurs. Villar and his co-workers (1962) favoured the view that

bleeding results from a purely mechanical action on the part of

the fungal mass? thus the progressive growth of the latter with¬

in the cavity and the friction caused by its displacement due to

respiration, cough or changes in position of the patient might

lead to atrophy of the epithelium lining the cavity, and later to

erosions or even ulcers. Denuded areas of the cavity walls

become covered with vascular granulation tissue from which
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haemorrhage might he supposed to occur. The tendency of dead

mycelium to "become calcified might he expected to aggravate the

condition.

Other symptoms and signs of aspergilloma, apart from haemo¬

ptysis, are not definite. Vellios et alia (1957) stated that,

in the absence of haemoptysis, these cases are generally a^yrapto*-

matic. Macartney recorded that, although asymptomatic cases
»

have been described, repeated intermittent haemoptysis are cften

associated with a chronic productive cough, but without obvious

deterioration in the general condition of the patient. Levin

(1956) and Yillar et alia (1957) also attested to the good

general condition of these patients. The former remarked that,

while cough and expectoration were frequently encountered, they

were rarely significant elements of the history, but the latter

workers found signs of pulmonary suppuration in 32* of cases,

and general symptoms such as fever, weakness and anorexia in 28$,

IIinsha%7 and Garland (1956) associated the condition with a severe

cough and the expectoration of purulent and often bloody sputum,

and Argen and his associates in 1962 also gave prominence to the

occurrence of coug! and expectoration. Fors et alia (1966),

from their study of three cases, concluded that, in addition to

cough and heavy expectoration, fever, weight loss and even heart

failure may be associated with the condition. Gerstl, Veidman

and Lewman (1948) found febrile episodes in one case, while
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Campbell and Clayton (1964), recording that the sputum of their

cases was generally mucopurulent or purulent, asserted that these

patients usually had associated weight loss and sometimes overt

cachexia,

Villar et alia (1967) noted that physical examination in

these cases rarely gives a clue to the diagnosis. There are no

authoritative descriptions in the literature regarding the occur¬

rence of finger clubbing, or of the blood leucocyte picture or

erythrocyte sedimentation rate in these patients, probably be¬

cause of the difficulty in differentiating the effects of the

aspergilloma from those of other associated pathological con¬

ditions.

Etiology of the aspergilloma cavity

The aspergilloma is generally considered to arise from

saprophytic colonisation hy the aspergillus of pre-existing lung

cavities, as has already been discussed, nevertheless there

exists a school of thought, notably among French authors, which

postulates that the fungus ball itself, probably as a result of

pressure exerted by its expansion on the bronchial walls, but

perhaps as a result of a toxic or inflammatory action, can result

in dilatation of previously normal bronchi. Thus Konod, Pesle

and Segretain in 1951 stated the following reasons for their
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belief that the bronchial dilatation is secondary to the develop¬

ment of the fungus. In the first place, they remarked on the

frequency with which the aspergilloma cavity is solitary, and the

fact that they had only observed it in the apex of a lobe (upper

or lower), and they compared this with the generalised nature of

bronchiectasis, which is further a condition typically occurring

in the lower part of a lobe. In addition, aspergilloma is a

rare condition and bronchiectasis a frequent one. furthermore,

in some known cases of aspergilloma with bronchiectasis, they

noted the occurrence of inflammatory infiltration of the tissue

adjacent to the growing mycelium, which might be supposed to

indicate some interaction between the fungus and the host tissues.

They also observed that the process of bronchial dilatation

secondary to a tumour is known in the case of a hydatid cyst.

Pesle and Monod (1954) and Pesle (1956) stated that, in compar¬

ison with other tumours which might obstruct a bronchus and lead

to atelectasis, they had observed cases in which the bronchial

wall seemed to be receding before the growing aspergilloma mass.

Pontes (1963) stated that in his case the bronchus containing

an aspergilloma showed distinct evidence of compression, dilat¬

ation, erosion and destruction by the growing fungal mass, and

his opinion was therefore that an aspergilloma can cause bronchi¬

al dilatation as well as compression and destruction of the

bronchial walls. Several authors, including Yesner and Hurvfitz
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(1950) and Ikemoto (1964), have cited cases which they considered

were a result of primary invasion of the fungus on the grounds

that they could find no evidence of any other underlying disease

to account for the cavity formation.

On the other hand Orie and de Vries, in favour of the essen¬

tial saprophytic nature of this infection, cited the facts that

the process often remains stationary for years, that frequently

in a case wich aspergilloma other cysts exist within the same or

the contralateral lung without any sign of fungus growth therein,

and that their opinion was that usually there was no production

of sputum in these cases unless, as is known to bo rare, con¬

comitant bacterial infection or asthmatic symptoms are also

present. They also remarked on the absence of any significant

inflammatory reaction in the surrounding lung ptrenchyma in the

great majority of cases, although they admitted that such in¬

flammatory reaction is also absent in the case of infection with

the definitely pathogenic cryptococcus. They also regarded the

occurrence of frequent haemoptysis as militating against the

consideration of an aspergilloma purely as a harmless saprophytic

infection.

Vellios et alia (1957) were also among those who favour the

idea that aspergillomas represent a superinfection of a pre¬

existing lung cavity since they thought it unlikely, in view of

the relatively soft texture of the fungus ball and the looseness
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with which it frequently lies within its cavity, that it could

cause "bronchial dilatation by reason of its expansion. Yillar

et alia (1J6?) wore in accord with this. These latter workers

also cited cases in which the filling up with fungus of previously

"clean" "bronchial cavities has been followed up radiologically.

Similarly, in one of llacartney*s cases which he followed up

radiologically over a seventeen-year period, during which the

aEpergillona was "undisturbed by drugs or surge r;, ", the earliest

film showed cystic changes in an upper lobe with a small, des-

crete intracavitary opacity 0.5 cm. in diameter. Pine years

later this opacity had grown to a mass 4 X ?.5 cm. in diameter,

contained within a cavity 5X5-5 cm. in sise.

Villar and his associates, commenting on tJe reports of

those who had found no evidence of bronchiectasis around the

bronchial cavity containing the fungus, recorded that among 61

cases of bronchiectasis they had found solitary bronchial dilat¬

ations in 7- Regarding the dictum that bronchiectasis is much

more frequent in the lower lobes of the lung, they asserted that

it is not the actual bronchial dilatation which is more rare in

the upper lobes where, tuberculosis being its most usual cause,

they considered it to be even more frequent. father it is the

clinically significant bronchiectasis, that is the infected type,

which predominates in the lower lobes. They considered that the

higher incidence of infection and the speed with which it
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develops in lower lobe "bronchiectasis, together with the antagon¬

ism which exists "between the aspergillus and bacterial growth,

can transform an incipient aspergilloma into a residual form not

easily recognised. They observed that they had seen three

residual aspergillomas of this type occurring in cases of lower

lobe bronchiectasis.

CASFf. OF TIP1 S.-.PdOi'HTPIC TYPk OF ASPf. GTLLUS II FpCTIO! IT r'I'*T

ito ci:;cui.:ccAirfi) fupgus hill il roniPD

Orie and de Vries remarked that these cases, in which class¬

ical aspergilloses are not found, bat in which aspergillus is

isolated from the sputum or is discovered in operation or

necropsy specimens, arc perhaps more frequently seen than the

cases in which true aspergilloma formation occurs. In such

patients there are localised fungous processes as well as local¬

ised masses in more or less scattered lesions. These authors

also recorded that such a process sometimes develops behind a

bronchial stenosis. Golberg (1962) noted the occurrence of

aspergillus infection in cases of lung abscess or bronchiectasis,

without mycetoma infection, and Seabury and Samuels (1963)

observed that aspergillus mycelium may frequently be found when

looked for, growing in chronic abscesses either loosely in the

necrotic cavitary contents or tightly applied to the abscess wall



Pierce sug,jested that the thickened fungus—infected wall of such

a cavity nay "become displaced and thus constitute a focus for

further "bacterial growth.

Being less dramatic and more difficult of precise diagnosis

than cases in which the classical aspergilloma ic. seen, such

cases are less well documented in the literature. Cannon in

1235 described a case of bronchiectasis in which A.niger was

cultured repeatedly from the sputum. Here the lung thought to

be affected by the fungus showed on radiology a moderate amount

of infiltration and fibrosis scattered throughout its lower half,

Corpe and Cope (1956) described a case which came to surgery in

whom bronchogenic cysts were half filled with debris, culture of

which grew A.fumigatus. A similar case was documented by Heilson

(1955) in a woman who pre—operatively manifested increasing

lassitude, fever, and a severe cough productive of copious muco¬

purulent sputum. The case recorded in 1942 by Donaldson, Koert.h

and KcCorkle was probably of a similar nature.

Vantrappen et alia (1959) described an interesting case in

which, or. radiology, the left lung was seen to be virtually

destroyed, with opacification of the whole parenchyma and diffuse

bronchiectasis. The clinical manifestations were cough, puru¬

lent sputum and haemo?1^3- ^ bronchography the left main
bronchus was seen to be irregularly stenosed, and the whole of

the left bronchial tree showed extensive saccular and cystic
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bronchiectasis. In many of the cystic dilatations irregular

filling defects were noted. Left pleuro—pneumonectomy was

performed, and on pathological examination the whole of the left

bronchial tree was found to be filled with a dense network of

mycelium identical to that seen in aspergillomas. The hyphae

were interspersed with and separated from the bronchial wall by a

layer of pus. Vantrappen and his associates considered this

case to represent a special form of megamycetoma; namely an

endobronchial fungal mass superimposed upon pre-existent bronchi¬

ectasis.

Fors, Eillerdal and Viman (1966) also recorded a case with

extensive bronchiectasis in which fungal hyphae, subsequently

proved by culture to be those of A.fumigatus, were discovered at

autopsy in the bronchial cavities. Although death was due to

bacterial bronchopneumonia they considered that the fungus had

played a significant part in wasting the strength of the patient,

and thought that it might also have encouraged bacterial infection

by maintaining the bronchial cavities.

In 1952 Abbott, Fernando, Gurling and Meade presented a case

of fatal post-influenzal cavitating bronchopneumonia, complicated

latterly by Infection with A.fumigatus. The wall of the cavitary

process was found at necropsy to be lined with mycelium.

A case described by Stevenson and Peid (1957) was seen

radiologically to have a large abscess cavity with a contained
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fluid level in the left lower lobe, there "being also scattered

infiltrative changes throughout the remainder of "both lurg

fields. The patient had a trot blesome cough productive of

copious mucopurulent sputum, progressive exertional dyspnoea and

marked lassitude. There was no history of haemoptysis. At

bronchoscopy the mucosa of the left main bronchus was seen to be

severely congested and there were copious purulent secretions.

A random mucosal biopsy showed severe non-specific inf1; minatory

change. A.fumigatus was isolated in pure culture from the

broncl ial aspirate.

Einson, Iloon and Plummer (1952) described a case of bronchi¬

ectasis in whom a recent pulmonary infarct was discovered on

post-mortem examination. In sections of the infarct, fungal

hyplu e and large numbers of the fruiting heads and spores of

A.fuciigatus were seen in the necrotic bronchi, bronchioles and

alveolar spaces, and permeating the thrombi in tiro blood vessels.

The fungus appeared to be proliferating most freely just inside

the necrotic zone. These authors thought that the association

of the aspergillus with blood clot in cases of mycetoma, and its

occurrence in infarcts, suggested that blood or blood products

might be necessary for the production of infection in resistant

hosts, but they failed experimentally to confirm this view.

ASPERGILLUS IKFLCTIOE OF TE PLEUP/L SPACE
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Cleland, in 1924, reported the first case of an aspergillus

infection of the pleural cavity, which in this instance was

superimposed upon an empyema due to a gunshot wound. The second

case in the literature was recorded hy Barlow (1954) in a patient

with bronchiectasis involving the whole of the left lung and with

active pulmonary tuberculosis and a large left apical cavity.

During a left pneumonectomy this cavity was opened into, it being

only realised in retrospect that bronchograms had shown an asper-

gilloma contained therein. Post—operatively the p tiert develop¬

ed a pleural infection with aspergillus, and a broncho-pleural

fistula. It was etc ted that she became sensitised to the fungus,

developed a persistent high pyrexia arid became steadily more ill

and emaciated. In the same year Eiddlesone et alia cited a case

of active tuberculosis in which a mass of blood clot overlying

a small bronchopleural fistual was found to contain masses of

fungal mycelium and the fruiting heads of A.fumigatus, culture

yielding a dense uniform growth of that organism.

Orie and de Vries (l?60) stated that empyemas from which

aspergillus is isolated, either mixed or unmixed with other

organisms, are observed once in a while, probably as a result of

spilling of the contents of a cavity containing aspergillus into

the pleural space, this happening either as a result of a surg¬

ical procedure or of a spontaneous pneumothorax.

In 1958 Golebiowski cited a case in which aspergillus
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infection of the pleural epace followed segmental resection for

pulmonary tuberculosis. At thoracoplasty the space was seen to

contain some thin, "brownish fluid criss-crossed with a thin

membrane covered with small yellow flecks. Culture and bi¬

ological examination of this revealed the presence of A.funigatus.

Kenning and P.obertson (I95f) reported a c;-se of secondary infect¬

ion due to k.fumigatus in a long-standing pyopneumothorax,

following an artificial pneumothorax and lobar resection for

pulmonary tuberculosis. In the same year Kelmenson made a

similar report on a case with a bronchopleural fistula and in¬

active tuberculosis, and Sochocky described two cases of infect¬

ion of a pneumonectomy space with the same organism.

Einson in l>'5t cited a difficult lobectomy, performed to

eradicate an aspergilloma, during/which the cavity ruptured into

the intrapleural space and a bronchopleural fistula and empyema

developed. Culture of the empyema revealed a mixed infection

with proteuc, staphylococcus and A.fumigatus. This case came to

necropsy, when the glistening wall of the empyema space was found

to be studded with sparing colonies of the fungus.

That pleural aspergillosis need not necessarily follow, how¬

ever, upon spilling of the contents of an aspergilloma cavity

into the intrapleural space is indicated by the report of Hauscman

(1958). Ik this case a large amount of greenish material,

reported pathologically to contain the fungal mycelium, was
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spilled. The pleural space was immediately thoroughly irrigated

with normal saline solution and the patient made an uncomplicated

conva lescence.

TVr AC I3VIJ BRGFC K0P1» BU1-' OK IC /Id) FTA11IC FGHKS OF AtlF". .GILL00I3

This form of aspergillus infection, despite its extreme

rarity, is worthy of attention because of the bizarre and drama¬

tic picture which it presents of the clinical and pathological

potentialities of the aepergilli, given appropriate conditions,

acs instilments of lethal disease in the human subject.

An important group of patients in whom the fungus manifests

this oapacity arc those with neoplastic conuitions of the lympho-

roticular system, especially when treatment with steroid or

radiominotic drugs has been given (Gowing and Hamlin, i960).

These authors founu the rate of secondary infection with asper-

gillus to be of the order of 7 to 8£ in cases of leukaemia and

lymphadenoma studied by thein at autopsy. They described the

following pathological picture produced by the fungus when

manifesting this unequivocally pathogenic aspect of its nature.

In the first place it was seen to produce spreading lesions in

bronchopulmonary tissue, in which acute necrotic change occurred

virtually unaccompanied by any inflammatory response. Gowing

and Hamlin came to the conclusion that the fungus reached the
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pulmonary alveoli in two ways; firstly by aspiration of spores,

the means by which the other forms of pulmonary aspergillosis are

contracted, but secondly in their cases also by spread of the

fungal mycelium through the bronchial walls, after colonisation

of the bronchial mucosa.

After aspiration into the respiratory bronchioles and alve¬

olar ducts, with subsequent direct spread into the associated

alveolar sacs and alveoli, the fungal growth forms typical early

foci consisting of central areas of necrosis containing hyphae,

surrounded by a cone of fibrouc consolidation, with an outer

region of peripheral hyperaemic and haemorrhage. As the asper-

gillus grows ana thrusts hyphae outwards the surrounding zone of

necrosis enlarges.

In the bronchial lesions the fungus may bo seen growing with

sporing fructifications on the mucosal surface. From this

situation the mycelium invades and extends through the bronchial

wall, including in many instances the cartilaginous plates, a

wave of necrosis preceding immediately before it, to reach the

underlying lung parenchyma.

In all tissue lesions involvement of small to medium-sised

arteries and veins is seen to take place. The smooth muscle and

connective tisSUG cells of the vessel walls undergo coagulative

necrosis, enabling the fungus to slice through the wall, leaving

only vague structural outlines in its wake, in a manner which
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Gowing and his associate likened to the appearance produced by

the earth1s shadow crossing the moon during a lunar eclipse. In

their cases, after the vessel wall had been breached by the aeper-

gillus the lumen was occluded by material made up of fungal

mycelium and an eosinophilic granular precipitate, with very

little fibrin, in comparison with the fibrin content of ordinary

vascular thrombi.

Regarding the pathogenesis of the tissue necrosis Gowing and

Hamlin, while conceding that mechanical vascular obstruction

might be an important factor, nevertheless considered that the

direct action of toxic products produced "by the fungus might also

cause tissue death. Symmcrs (1962) also expressed the opinion

that necrotising aspergillary pneumonia is due to the action of

toxic fungal products.

Gowing and Hamlin's paper also described a suppurative type

of pulmonary lesion produced by the fungus in their cases. These

lesions consisted of numerous small, widely scattered foci of

bronchopneumonia, the involved alveolar ducts and their associat¬

ed alveoli being filled with an exudate rich in polymorphonuclear

leucocytes, among which swollen fungal hyphar could be identified.

Sidransky and Pearl (1961) confirmed the pathological appearances

of this type of infection with, the fungus, stating that the

pattern of growth of the mycelium shows almost complete disregard

for natural tissue planes or pre—existing anatomic structures.
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J fatter et alia (l$64)» in a study of cases of leukaemia and

malignant lymphoma under treatment with radiominetic drugs or

steroids, pointed to the fact that where aspergillus infection

"becomes disseminated throughout the body in these patients, the

lung is almost invariably one of the organs involved, end when a

single organ is involved that organ is always the lung. Rankin

(1953), Kaji (1959) •• bmith and Cchultz (196b) also described

the occurrence of acute bronchopneumonia aspergillosis in patients

with blood dyscrasias. I.aji, i-qviewing the literature on this

type of aspergil osis, found that out of 17 ouch cases, the lungs
v 1 **

were bilaterally effected in , and h.furriigatus was the infect¬

ing species in 10 oases. The ru iologic 1 appe rnr.ee c were

generally those of non-specific pneumonitis.

Cawley (1946), Orio and do Vries (i960), oeabury ...nd L ami .els

(1963), 1. or tea (i960), and Spans and Tat tereal1 (1965) testified

to the occurrence of an acute aspergillary pneumonic process

occurring secondarily to a chronic pulmonary focus of asper¬

gillosis. The case cited by Car/ley concerned a child of 6 years.

Orie and do Vries and Spans and Tattersall also gave examples of

the apparent predilection of the fungus for the brain as a

"metastatic" site under these circumstances.

Other instances of this condition were cited by Lapham

(1926), Delikat and Dyke (1945)» Cooper (1946), Gerstl, eidman

and Fewman (1946), Grekin, Cawley and Zheutlin (1950), Toigo
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logical changes in their case resembled the spread and metastasis

of cancer, but took place over a period of less than two months.

Some of these cases were apparently primary in type, there being

no obvious debilitating conditions to account for the fungous

disease, and many occurred in farmers or agricultural workers.

Disturbing reports have also appeared of apparently primary

and fatal cases of acute bronchopneumonia aspergillosis in young

children. Thus Hertzog et alia, in 1959» described such a con¬

dition in two siblings who lived on a farm. The disease in one,

a 5 year old boy, pursued a. pneumonic course with low-grade fever,

and diffuse bilateral pulmonary infiltration was seen radiolog-

ically. Death rapidly supervened and at necropsy descrete and

confluent greyish-white nodules, up to 2 cm. in size, were seen

scattered diffusely throughout the whole of both lungs. It is

of interest that microscopic examination revealed, included in a

widespread patchy and granulomatous inflammatory process contain¬

ing the hyphae of A.fumigatus, the presence of tubercles compris¬

ing a central area of neutrophil leukocytes with a peripheral

zone of epithelioid cells and large multinucleated giant cells.

Such lesions, from this description, closely resemble those seen

in the fatal pulmonary aspergillus infections of birds and

animals (see p. 11), Almost simultaneously the boy's sister,

aged 7 years, became ill and died of a similar disease.



A strikingly similar phenonu non in two sisters aged 4 years

and 14 months, also farm children, was described in 1$66 by

Strellin.-; et alia from Dundee. Again the onset of the illness

was almost simultaneous in both siblings and in both c sen it

proved rapidly fatal. Doth were severely dyspnoeic with a

neutrophil leucocytosis and a low-grade pyrexia which never

exceeded 100 degrees Fahrenheit. Tuberculoid lesions were not

seen at necropsy, but the typical picture of a widesp^e^d necrot¬

izing process contaiuii g tie fcyphae of /.. fumigr tus vfs present.

The infection wc.c uninfluenced by therapy with a rulphonnr.ide,

nystatin or prednisolone. / . fujr.igatur was also recovered from

cattle-cake Let no r whe e tie cl iidrcn had pi.ye.'. r'he node

of infection was thought to h-ve been by inhalation, although it

was notod that both subjects had shortly before had paronychias

drcined by their father. Poth children were previously in normal

health and in none of the family was a deficiency of immuno¬

globulins deilonstrated. An annotation in the Lancet (1966),

commenting on this paper, noted that the occurrence of a viral

pneumonic process could not be excluded, but that there was no

positive evidence to indicate that such had been present.

ACUTE BKOKCHI 13 DUI-l TO Af T^GTLLUS

Occasional references to an acute bronchitic condition, due
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to infection with an aspergilluc species and occurring without

allergic manifestations, are met with in the literature. It ie

mentioned in a leading article in the Scottish Fedical Journal

(1565} > and also "be Ff c: hereon (1965)» who distinguished it, from

the allergic "bronchopulmonary aspergillosis first described in

detail by Tinson et alia (vide infra). Cempbell and Clayton in

1964 stated that in so—called "acpergill^ry bronchitis" the

fungus grow- l r " eporing mycelium 0-:' the surface of the bronchi-

l1 rv'.corr but is rarely invasive. T putum cultures yield profuse

growth.' of the fui -us.

Yesncr rnd Fur itz (1950) classified a mild form, of asper¬

gillosis chf ran.erirrd bj an r cv.tc tracheobrorchilis: which rune

a benign course. Fighes et ali: (1 95< ) mentioned a bronchi tic

type of aspergillosis with symptoms refer, hie to those of an

acute "bronchitis. "'ho Inch of detail contained, in these latter

two references, however, ~nd the f ct that hughes et alia in

their classification of bronchosulr.on ry aspergillosis omitted

to mention the cases described four years previously by Finson

et alia, raises doubt an to whether what they described was in

fact a separate disease entity.

.again, although Cowing and Hamlin cited the description

given by togrotsin (1958) of &n aspergillus bronchitis, and in¬

cluded this condition in their classification of bronchopulmonary

aspergillosis as a condition distinct from Hinson's cases, the
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details which Segretain gave, of the expectoration of bronchial

casts and compact fungal manses, arc strongly reminiscent of

Einson's cases, and in fact Segretain himself (1062) apparently

considered that he was describing the same condition as Einson.

nevertheless Oegretain referred in his papers to the broncho¬

seopic observation of the fungus growing perpendicularly as

sporulrting patches of varying sizes on the surface of the

bronchial lining, the unde: lying mucosa being red and congested.

Such sporulation is not typical of allergic branchoruInon ry

aopergillopis, A. probable explanation of this apparent dis¬

crepancy is that the cases which ''egretain described were due to

infection with snecies of erncr, illus other than .funigatus.

la hie 1962 paper he considered that P .fuaigatus is responsible

f >r "deep" puInon org loeione, producing little if any evidence of

sporuletion, whereas other species of aspergillus grow super¬

ficially within the bronchi with abundant sporulation. Hinson's

allergic canes ver- all due to /.fumigntus and Segretain conceded

that, in aspergillus bronchitis with asthmatic manifestations,

tl ere "*<s little or no eporulation of the fungus in the bronchi.

The impression which emerges from these observations is that

there is a form of non-allergic aspergillus bronchitis, in which

fructifications of the fungus appear in vivo, but that it is

usually, if not always, cue to infection with fungi of the asper-

gillus genus other then A.fumigatus. However hepys (1966) does



- 61 —

not include referance to such a condition in his authoritative

paper on the various forms of "bronchopulmonary aspergillosis.

"
1 /

ALLERGIC BR0HCE0PCTA1GHARY ASPERGILLOSIS u {
i

This syndrome was definitively described for the first tine

in 1952 "by JTinsor, TToon and Pluauner. These authors acknowledged

however, that the early observations of Popoff and P.enon, record¬

ed on p. 17, may have alluded to this condition.

Tn this important paper Einson et alia presented three cases

of a chest disease manifested by pyrexial attacks over months or

years, with varying intervals between the attacks, associated

with a severe cough productive of purulent sputum. Although

haemoptysis was rot a prominent feature of the condition the

sputum was noted to "He blood-stained on occasion. Two of these

cases had severe attacks of bronchial asthma whilst the third

exhibited bouts of wheezing rot considered to constitute a true

asthmatic state. In the acute episodes dyspnoea was experienced

with sometimes vague chest discomfort not typical of pleuritic

pain.

A striking feature of this condition was the discovery of

transitory pulmonary shadowing on chest X-rays associated with

segmental or lobar collapse and consolidation. These shadows

developed and faded, to reappear in another area of the same or
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the contralateral lung, and It was noted, that such involvement of

a fresh pulmonary area usually ooincided with a recrudescence of

pyrexia. The shadows sometimes cleared within a week, but more

often persisted for 4 to 6 weeks, and in one case the collapse

persisted for nearly a year. From the authoritative account of

Crofton et alia earlier in the same year, Hinson and his assoc¬

iates recognised that these shadows represented a condition of

pulmonary eosinophilia, and this was confirmed by the finding of

a persistent blood eosinophilia of over 1000 eosinophil leuco¬

cytes per c.mm. in all three oases.

In addition, however, the acute febrile episodes described

by Einson et alic were accompanied by the expectoration of tough

descrcte "plugs", forming rounded masses about 1 cm. in diameter,

of a granular aspect and dull brownish in colour. Histolog¬

ically , in sections stained with haematoxylin and eosin, the

plugs were seen to consist of an amorphous pale staining eosino¬

philic material separated into layers by thin sones of in¬

flammatory and desquamated epithelial cells. With higher

magnification the eosinophilic material was seen to be composed

of fibrin strands, Curschmann*s spirals, Charect—Leyden crystals,

eosinophil leucocytes and pus cells. Within this material,

using a silver impregnation stain, were seen fungal hyphae of the

aspergillus type. Culture of the plugs yielded a growth of

A.fumig&tus.
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Einson et alia also found in the sputum of their cases white

or brownish flecks, just visible to the naked eye, which were

also demonstrated to contain aspergillus mycelium. They con¬

sidered that the sputum "plugs", when found, represented a con¬

glomeration of these flecks with the other tissue constituents

described above. They noted that the eosinophils, Charcot-

Leyden crystals and Curschmann's spirals were found not only in

the plugs hut in the sputum generally. A.fumigatus could also

be cultured from most sputum, samples, although it was recorded

that t-fce fungus might be found only intermittently in the sputum

between acute clinical episodes. It was observed that, after

expectorating one or more sputum plugs, the clinical condition

of the patient and the X-ray picture would sometimes improve.

bronchoscopy in two of the.patients revealed a polypoid mass

obstructing the lumen of a bronobus, leading to collapse or con¬

solidation of the affected lobe or segment. Oedema of the

bronchial mucosa and the presence of tenacious laminated material

or mucopuei filling the lumen of the bronchus was noted. Sub¬

sequent bronchoscopy showed the polypoid R&se to have disappeared,

although culture of aspirate revealed that the bronchus was still

infected by the fungus. The histological structure of the

material occluding the bronchi was found to be identical to that

of the sputum plugs. The fungal mycelium did rot appear to be

invading the bronchial lining tissue, although bronchial biopsy
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in one case showed the organism in the crypts of the mucous

glands.

In two of the cases saccular "bronchiectasis was demonstrated.

Hinson et alia considered that the syndrome which they des¬

cribed, caused "by the production of an allergic exudate following

sensitization of the host to the aepergillus, warranted defin¬

ition as a distinct disease entity, namely allergic broncho¬

pulmonary aspergillosis. They distinguished it from the broad

tern pulmonary eosinophilic, defined by Crofton et alia as being

characterised by transient pulmonary migratory shadows, accompan¬

ied by a blood eosinophilic of or more of the total white cell

count, by the following criteria:

(1) Sputum "plugs", with the relationship of the clearing

of pulmonary shadows to the expectoration of the plugs

were hot recorded in simple pulmonary eosinophilic.

(2) The bronchoscopic picture in the two conditions

differed. In simple pulmonary eosinophilic only

bronchial spasm and oedosaa of the mucosa was seen,

without obstructing masses. ITor was the macroscopic

appearance of dilated bronchi filled with laminated

exudate recorded by Crofton et alia.

(3) 'hiIs Finson et alia had formed the opinion that ill¬

ness in oases of allergic bronchopulmonary asper¬

gillosis continued for years, Crofton et alia recorded
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that pulmonary eosinophilia often resolved in less than six weeks.

Since 1952 various workers have recognised further cases of

allergic bronchopulmonary aspergillosis. Mann and Pasha (1959)»

describing a case associated with Eenoch-Schonlein purpura,

recorded that a remarkable feature was the well-being of the

patient in the presence of extensive migrating pulmonary shadows.

Contained in the copious groen sputum expectorated in this case

were hard, yellow-brown plugs which could be crushed to the con¬

sistency of toothpaste. The sputum was repeatedly shown to con¬

tain a profuse amount of eosinophils.

Hummer in I960 presented a total of 11 cases of the synu-

romc. "anerkir., Seal anc Leopold (1962), describing a further

cr.ce, noted the similarity of the condition to those of plastic

bronchitis and mucoid, impaction of tie bronchi in that in all

three conditions the basic pathological lesion is an allergic

inflammation of the bronchial submucosa, constituting an allergic

bronchitis, which gives rise to the production of a character¬

istic intrabronchial exudate which plugs the bronchi. They

noted that this allergic bronchitis might be clinically mani¬

fested as bronchial asthma, or might present as a non-specific

respiratory disease. In either case there might occur episodes

of extensive cast formation (plastic bronchitis) or mucoid

impaction. They considered that all three conditions were

comparatively rare, and that all were merely variants of the same
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pathological process, allergic "bronchopulmonary aspergillosis

"being distinguished "by precise identification of the responsible

allergen.

These authors also emphasised the fact that in "broncho¬

pulmonary aspergillosis it is the conglomerate mass of allergic

exudate, the constituents of whioh have already "been described,

which leads to bronchial obstruction and not the fungal mycella

themselves, which nay be so sparsely distributed as to require

diligent search for their recognition. Kiddell (1956) also

testified to this point. In their diagnosis of their case

Sanerkin et alia employed the prick-skin hypersensitivity test

and serum precipitin test to A.fumigatus antigen publicised by

Pepys et alia (vide infra).

Golberg in 1962, investigating 12 cases from the radio¬

logical point of vie\i, found that 7 had been asthmatic prior to

the diagnosis of the condition and that 5 had. asthma of recent

onset. He found that the average age (29 years) of the long¬

standing asthmatics was lower than that of the second group

(44 years), and that there was a predominance of females in both

groups. He observed that the roentgenological picture of

pulmonary eosinophilia was similar in the two groups, differing

mainly in degree. In the cases of late asthmatic onset attacks

of pulmonary eosinophilia with pyrexia were more fr@Q.uen"''» and
the expectoration of "plugs" was a more marked feature and vas
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associated, with snore typically segmental areas of consolidation-

collapse on X-ray. Conversely, in the long—standing asthmatic

subjects, the roentgenological lesions were more patchy, mottled

or streaky, and often occurred in already emphysematous lungs.

In the cases of recent asthmatic onset it was noted that assoc¬

iated changes were more often bronchiectatic, sometimes develop¬

ing as a result of an attack of pulmonary eoeinophilia.

llearns, Young and Batten in 1965» reporting two cases in

which the condition, diagnosed with the help of Pepys* immuno¬

logical tests, was superimposed upon cystic fibrosis, mentioned

that a family history of allergy has been recorded in about half

the cases of allergic bronchopulmonary aspergillosis in the

literature.

Ellis in 1965 gave the first report, in two cases, of total

collapse of a lung, as opposed to lobar or segmental collapse,

in this condition. Typical "plugs" were not expectorated, but

the diagnosis was confirmed by immunology tests to A.funigatus

antigen. In 1967 Spotnitz and Oversholt recorded a case in which

pleuritic chest pain and weight loss were ascribed to the con¬

dition. In the same year Stark reported a case, associated with

asthmatic symptoms, in which dyspnoea on slight exertion and at

rest was a striking feature. Also in 1967 Elder and Smyth, from

their experience of three cases confirmed by culture of asper-

gillus from the sputum together with positive results to immuno-
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logical tests, remarked on the excess of eosinophils found in the

sputum.

The etiology and occurrence of bronchiectasis in allergic

"bronchopulmonary aspergillosis

Campbell and Clayton (1964) described what they regarded as

a specific type of bronchiectasis found at bronchography in these

patients. This has the appearance of a localised saccular

dilatation occurring proximally in the bronchial branches at the

site of a previous segmental pulmonary infiltration observed

radiologically, the more peripheral branches filling normally.

They suggested that the localised nature of the delatation might

indicate that it arose as a result of a direct toxic action on

the part of the fungus, and that the permanent pathological

changes which result might encourage persistent infection with

micro—organisms, or fungal saprophytic growth leading to progres¬

sive damage. Elder and Smyth considered that bronchiectasis,

characteristically affecting primarily the proximal part of the

bronchial tree, might well be a direct result of damage to the

bronchial walls by repeated allergic episodes. These authors

observed in one of their cases that, after evacuation of thick

grisly sputum "plugs", cyst-like spaces were seen in chest X-

rays. In one of their cases there was seen a pre-existing
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pulmonary apical cyst or cavity containing a knob-like projection,

suggesting that early fungus infection had preceded the develop¬

ment of hypersensitivity to the fungus.

Hinson and his associates themselves were uncertain as to

the sequence of events in relation to the allergic condition and

the bronchiectasis observed. While conceding that the bronchial

blockage by the exudate, if occuring in a previously normal

bronchus, might readily give rise to bronchial dilatation by

virtue of the induction of secondary infection, they observed

also that pre—existing bronchiectasis might provide the stag¬

nation and breach of surface necessary for implantation of the

fungus, to which hypersensitivity might then develop.

Clinical diagnostic criteria in allergic bronchopulmonary asper¬

gillosis

Hinson et alia stated that it was clearly insufficient to

base a diagnosis of this type of bronchopulmonary aspergillosis

merely upon the finding of A.fumigatus in the sputum. They

thought also that histological confirmation was too rigid a

criterion to demand. They considered that diagnosis should be

based on the presence of all the characteristic factors, namely

recurrent pyrexial attacks, X-ray evidence of recurrent con¬

solidation and collapse in different areas of the lungs, purulent
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sputum containing "plugs" and the fungus, and a blood eosinophilia

of 1000 cells/e.BHtt# or more. Bronchoscopy might offer valuable

contributory evidence.

EXTRIKSIC ALLERGIC ALVEOLITIS -< *
\.

In 1968 Riddle et alia described a case of allergic alveo¬

litis, or extrinsic allergic alveolitis, in a maltworker, the

condition being due to inhalation of large amounts of A.clavatus

spores. This was the first time in Britain that an aspergillus

species had been implicated as a cause of this condition, which

is also seen, for example, in farmer's lung and bird fancier's

lung. In extrinsic allergic alveolitis the peripheral gas-

exchanging tissues of the lung are affected, with dyspnoea some

hours after exposure to the causative organisms, crepitations,

diffuse micronodular opacities on chest X-rays, and reduction in

both the vital capacity and the carbon monoxide transfer factor.

In most instances there is no clinical or physiological evidence

of an obstructive disease of the airways, such as wheesing, or a

reduction in the ratio of the FEV to the FVC.

In the case described by Riddle et alia A.clavatus was isol¬

ated from the sputum. There was a positive bronchial provo¬

cation test to A«clavatus, and a late reaction to an intradermal

test and a positive serum precipitin test to A.clavatus antigens.
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However, a paper by Horejsi et alia had been previously

published in Britain in i960, describing a syndrome resembling

farmer*s lung in workers inhaling large amounts of aspergillus

and penicillium spores.

IMMUNOLOGICAL FINDINGS IN BROHCHOFUIKOKAKY ASPERGILLOSIS

The recent immunological researches of Pepys and his

colleagues at the Brompton Hospital, London, have opened up a

new field of insight into the pathology of bronchopulmonary

aspergillosis, and have provided valuable aids to diagnosis of

the main forms of this disease. In addition, the findings of

these workers indicate the importance of the role of A.fumigatus

in some cases of bronchial asthma to an extent not hitherto

suspected. However it must be pointed out that, apart from

Renon, Storm van Leeuwen in 1924 was first to call attention to

fungal spores as a cause of asthma, with emphasis on the asper-

gilli, and Feinberg (1935) endorsed this view. Hinson et alia

themselves performed skin hypersensitivity tests with extracts

of A.fumigatus in two of their cases of allergic bronchopulmonary

aspergillosis, and also in several control subjects, but found

the results to be inconstant and unreliable.

In 1959» Pepys, Riddell, Citron, Clayton and tihort attempted

to cori'olate the relationship, in patients suffering from various
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aspergillus and the results of prick-skin hypersensitivity tests

and serum precipitin tests to asporgillus antigens. Their

material consisted of 2,080 chest patients, of whom 1,060 had

"been investigated in a previous raycological study. Among all

the cases, a large proportion of whom thus formed a highly select¬

ed group as regards the possibility of the existence of broncho¬

pulmonary aspergillosis, sputum culture was positive for asper¬

gillus in approximately 1% A.fumigatus was the species of

aspergillus cultured in the majority of cases, only 1.2/S of all

cases yielding sputum positive on culture for other species of

the genus, and a significant proportion of these latter cultures

also grew A.fumigatus, with perhaps a third aspergillus species

in addition. Precise details of the profusion and frequency in

the individual case with which aspergilli were cultured were not

given by the authors, who remarked that the profusion of A.fumi¬

gatus sputum cultures was not necessarily related to the clinical

or hypersensitivity findings, and that frequent examinations of

sputum in some cases was necessaxy before this fungus could be

isolated. They argued that this made elucidation of hyper¬

sensitivity and precipitating antibody reactions essential in

order to gain evidence to support a diagnosis of bronchopulmonary

aspergillosis. They reported that A.fumigatus was cultured with
a statistically highly significant greater frequency from the
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sputum of asthmatic subjects than from the sputum of non-

asthmatic chest patients. These figures were based on a number

of patients from both groups, each of whom yielded only one

sputum culture positive for A.fumigatus out of a quantity of

total cultures which numbered up to seven.

These workers performed prick-skin hypersensitivity tests,

using extracts of various aspergillus species as antigens. They

found that of 170 asthmatic cases 41 gave positive immediate

reactions to these extracts, and that A.fuaigatus was the species

which gave rise to the most frequent and vigorous xsrheal and flare

responses. In almost all cases these aspergillus—sensitive

subjects reacted also to prick-skin tests to other common aller¬

gens used in the routine testing of asthmatics.

The aspergillus extracts used in these tests were prepared

in three waysI firstly from a carbol—saline extract of dried

defatted mycelium, secondly a culture medium filtrate derived

from one month old cultures grown in a liquid medium, after

removal of the mycelium and Seits filtration of the medium, was

used, and lastly a cell-sap derived from the washed mycelial mats

of one month old cultures, after pulping, separation and Seitz

filtration of the fluid fraction, was employed. Both the culture

medium filtrate and the cell-sap preparations were used in

dialysed and non-dialysed form, freeze-dried preparations of both

being reconstituted in carbol—sal?no. It was found that the
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culture filtrate was more potent than the cell-sap, and in each

case the dialysed preparation was more efficacious in yielding

positive immediate skin reactions than the non—dialysed prepar¬

ation*

In certain instances the immediate wheal and flare re¬

action to prick-skin testing with A.fumigatus antigen was follow¬

ed 3 to 12 hours after testing by a "late" reaction consisting of

a local swelling which sometimes extended over a large part of

the forearm, with a poorly defined but definite central indur¬

ation. The swelling was maximal after 24 hours, after which it

began to resolve. Skin biopsy of one such area of reaction

showed a cellular infiltration composed almost entirely of eosino¬

phils. Pepys et alia suggested that this "late" response to

prick—skin testing was an Arthuo type reaction, which Cannon and

Marshall had shown in experimental animals to be related to the

presence of serum precipitating antibodies.

In two cases in which "late" reactions to A.fumigatus anti¬

gens were produced the skin tests were repeated after systemic

corticostex-oid therapy had been instituted. It was found that

the "late" reaction was completely suppressed by the steroid while

the immediate response was unaffected. Further testing of the

same cases after cessation of steroid therapy produced the dual

response of immediate and late reactions once more.

Using asporgillus extracts similarly prepared from culture
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medium filtrates and cell-sap, Pepys et alia performed precipitin

tests with human sera, utilising the Ouchterlony agar—gel double-

diffusion technique. Among their subjects 13 were shown to have

serum precipitins to A.furaigatus antigen, all of whom yielded

sputum cultures positive for A.fumigatus and positive results

with prick-skin testing to extracts of the same organism, ITo

precipitins were demonstrated in 14 other cases, despite the fact

that A.fumigatus was cultured from the sputum and positive

immediate skin reactions were obtained to A.fumigatus antigens.

Again, no precipitins were demonstrated in cases with either

A.fumigatus in the sputum or with positive skin hypersensitivity

reactions, but not both.

The authors concluded that their results demonstrated an

association between a positive serum precipitin test to A.fumi-

gatus antigen, A.fumigatus in the sputum and a positive skin

hypersensitivity test to A.funigatus antigen together, but not

separately. They also suggested that the role of serum pre¬

cipitating antibodies to A.fumigatus antigen in patients yielding

sputum cultures positive for that organism, was related to the

occurrence of pulmonary eosinophilia, and that the pulmonary

infiltrations in the latter condition were of the nature of an

Arthus reaction, produced in an identical manner to the "late"

reactions in skin hypersensitivity testing.

Citron and Pepys (195&) had previously reported, in asthma-
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tic subjects yielding sputum cultures positive for A. fumigatus,

that an immediate reaction to prick—skin testing with A.fumigatus

antigen was associated with a positive reaction to direct bronch¬

ial sensitivity tests in which inhalations of A.fumigatus anti¬

genic extracts were given, thus demonstrating that in these

subjects the skin hypersensitivity was no isolated inconsequential

finding, but actually reflected a definite hypersensitivity to

A.fumigatus antigen of the respiratory mucosa itself. This

hypersensitivity of the respiratory tract was shown by measure¬

ments of the volume of air obtained from the subject on forced

expiration during one second (the FHVl) before and after in¬

halation of the antigenic extracts, a positive result being

denoted by a fall in the FEY1 after inhalation. In some cases a

frank asthmatio attack was provoked which was rapidly relieved by

isoprenaline inhalation. Sometimes, however, asthmatic symptoms

recurred later, and in other cases there was no immediate

bronchospastic response to inhalation, yet asthma developed after

an interval of some hours — a variety of "late" response. In

one case transient diffuse lung shadows were produced by the

inhalation. Occasional systemic reactions with flushing, pallor,

nausea and faintness were evoked, but were rapidly relieved by

isoprenaline inhalation.

In 1964 Longbottom and Pepys expanded research into the

occurrence of serum precipitating antibodies and immediate prick-



- 77 -

skin hypersensitivity reactions to A.furoigutus antigen by exam¬

ining these factors in a series of patients with pulmonary dis¬

orders, from different areas of Britain, and with or without

evidence of infection "by A.fumigatus. Their results may be

summarised as followss-

(1) In patients with bronchial asthma without pulmonary

eosinophilia, 9$ had serum precipitating antibodies to

A.fumigatus antigen while 38$ (including 77$ of those

with precipitating antibodies) produced positive

immediate reactions to the prick-skin test. Since

the immediate hypersensitivity reaction is mediated by

the presence of reaginic antibody, an association of

precipitins with reagins to A.furaigatus antigens in

these patients was thus demonstrated.

In the agar-gel double diffusion test used for

demonstrating the serum precipitating antibodies, 5$

of the positive reactors yielded 1 to 2 precipitation

arcs, 3$ gave 3 to 5 precipitation arcs, and in only

1$ were more than 5 such arcs demonstrated..

(2) In patients with bronchial asthma and concurrent pul¬

monary eosinophilia, 63$ had serum precipitating anti¬

bodies and 87$ (including 96$ of those with precipitins)

yielded an immediate prick-skin reaction. This showed

a marked association of reagins with precipitins, and
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also a high incidence of skin test reactivity even in

those without demonstrable precipitins, in this group

of patients. In addition, the presence of a greater

number of precipitating antibodies to the fungus in

cases of asthma associated with pulmonary eosinophilia

than in asthma without this complication was shown by

the fact that in this group 29$ yielded 1 or 2 pre¬

cipitation arcs, 32$ gave 3 to 5 arc3 and 2$ yielded 6

or more arcs in the double—diffusion test.

In this group of patients, 10$ of those exhibiting

a positive immediate prick-skin response also showed a

"late" skin reaction to the antigen.

(3) In patients with a pulmonary mycetoma, 98$ were shown

to have precipitating antibodies, in every case to

A.fumigatus antigen with the exception of one, in which

serum precipitins to A.nidulans antigen were found.

Among these cases, in 4 out of 18 with uncomplicated

mycetoma, a positive immediate prick-skin response was

shown to be present. Of 9 patients in this group who

had bronchial asthma in addition, 7 gave immediate

prick-skin reactions and 3 of these also had pulmonary

eosinophilia.

This group yielded the greatest number of serum

precipitation arcs to the antigen. In 2$ there were
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1 to 2 arcs, in 20% 3 to 5 arcs, and in 77$ there were

6 or more arcs.

Longbottom and Pepys also demonstrated that in

patients in whom a mycetoma had been present hut in

whom this had been removed surgically or expectorated

in the sputum, serum precipitin tests gave weaker or

absent reactions, and they compared these findings with

the results of serial testing for serum precipitins in

oases with a mycetoma in situ, which showed a serial

Increase in the number of precipitin arcs in the agar-

gel medium,

(4) In patients suffering from various types of pulmonary

disease, &% were shown to have serum precipitating

antibodies to A.fumigatus antigen while 14$ demonstrated

an immediate skin hypersensitivity reaction to antigens

of this organism. A high proportion of the positive

cases in this group had chronic tubercular or abscess

cavities, or had had A.furoigatus cultured from sputum

plugs.

The immunological results reported in this paper were not

correlated with sputum culture for aspergillus.

The authors suggested that the presence together of reaginic

and precipitating antibodies to A.fursigatus antigen in asthmatic

patients was related to the appearance of pulmonary eooinophilia



- 80 -

in such oases, and probably mediated this occurrence.

It was found that individual differences in patients and the

variation in the antigens of different cultures of A.fumigatus

made it desirable to use a battery of various antigenic extracts

both for serological and skin hypersensitivity testing, in order

to achieve a maximum number of positive results. Growth of the

fungus on a suitable medium at 37 degrees Centigrade appeared to

yield the optimal antigenic content of the medium. An indication

of the number of potential antigens in A.fumigatus was given by

Riguet et alia, who in 1962 found that rabbits which had been

intensively immunised with this organism subsequently produced up

to 16 precipitins. Reactions to aspergilluo antigen are specific

(Longbottom and Pepys) and have been shown by immun©-electro¬

phoresis and by tests against the gamma globulin obtained on DRAB

cellulose column fractionation (Hayvard, Augustin and longbottom,

I960) to occur with the gamma globulin of the sera. The

researches of Longbottom and Pepys also showed that the majority

of sera containing precipitating antibodies to A.fumigatus antigen

also demonstrated precipitins to antigenic extracts of several

other species of aspergillus. Common antigens giving precipi¬

tation lines of identity on double-diffusion were present in the

extracts of A.fumigatus and those of the other species, but re¬

actions with a few of the sera indicated the presence of specific

antigens in the different species. In virtually all sera the
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precipitation reactions to A.fumigatus antigens were stronger

than those to the antigens of the other species.

Campbell and Clayton (1964) embarked on a separate evalu¬

ation of clinical, mycological and immunological findings in 272

patients at the Bronpton Hospital thought possibly to have

bronchopulmonary aspergillosis. All had sputum cultures posit¬

ive for A.fumigatus or serura precipitating antibodies to A.fumi-

gatus antigen or both, and in a large number pulmonary eosino-

philia was present. These workers used the immediate prick-

skin hypersensitivity test in diagnosis, but did not investigate

the occurrence of "late" reactions to the test. For the agar-

gel double-diffusion test for serum precipitins they used six

preparations of A.furaigatus antigen in each case but found,

however, that when serum precipitins were present precipitation

arcs were almost invariably produced to all six antigens.

These authors grouped their cases under the following head¬

ings i

(1) Aspergillosis - diagnosed when possible on histo-

pathological findings, but failing this on the X-ray

appearances associated with serum precipitins to

A.fumigatus antigen and, in some cases, culture of

A.fumigatus from the sputum. 8.5/- of the cases were

included in this group,

(2) Allergic bronchopulmonary aspergillosis - diagnosed
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using the criteria of Hinson et alia plus the presence

of a positive immediate reaction to the prick-skin

test. 32/S of cases fell into this category.

(3) Possible allergic bronchopulmonary aspergillosis - in

which many of the typical features of (2) were present

but in which some element of doubt existed (l0/» of

cases).

(4) Contributory - where A.fumigatus was repeatedly cultur¬

ed from the sputum and in some cases precipitins were

demonstrated, but the typical features of aspergilloma

or allergic bronchopulmonary aspergillosis were absent.

(5) Coincidental — where occasional isolations of A.fumi¬

gatus from the sputum were made, with no evidence that

the organism was contributing to any disease process.

It was considered that the culture results were due to

recent inhalation of air-borne spores (32>* of cases).

(6) Others — in 15 cases (5.serum precipitins were

present,but no aspergillus was cultured from the sputum

and there was no clinical evidence of aspergillosis.

The high proportion of definite or suspected cases of

allergic bronchopulmonary aspergillosis reported in this paper is

explained by the fact that the presence of pulmonary eosinophilic

was one of the criteria of selection of the cases for investig¬

ation, and also by the intimation of the authors that a large

J-
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number of bronchial asthmatics at their hospital were routinely

screened for aspergillosis by the performance of sputum cultures

and serum precipitin tests.

The high proportion of "coincidental" cases is of interest

in that it indicates the paucity of the cultural grounds for

investigating many of these patients. Again, as in the paper

of Pepys et alia (1959)* criteria of significance as regards

the frequency or profusion of aspergillus cultures from sputum

were given. Campbell and Clayton stated that in only 19 out of

23 cases of mycetoma were they able to culture A.fumigatus from

the sputum, and then often in scanty amounts. They considered

that more reliance should be placed on clinical and immunological

data in arriving at a diagnosis than on the results of sputum

culture.

These workers confirmed that immediate reactions to prick-

skin testing with aspergillus extracts appear to be intimately

related to the occurrence of asthma and the other manifestations

of allergic bronchopulmonary aspergillosis. However, they

questioned the view of Pepys et alia that the pathogenesis of

the transient pulmonary infiltrations in allergic aspergillosis

was based on an Arthus-like reaction, since in their study the

appearance of such infiltrations did not seem to be directly

related to the presence of sex*um precipitating antibodies. They

made an alternative suggestion that the phenomenon might result
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from anaphylactoid hypersensitivity associated with non-

precipitating antibodies. They further stated, however, that

if the latter view were cqrrect the typical picture of allergic

bronchopulmonary aspergillosis might be expected to be produced

only when sufficient fungal antigenic material to result in a

gross allergic response, leading to bronchial obstruction, were

present, and that the relatively small amounts of A.fumigatus

mycelium in the sputum plugs of these patients militated against

this. They also challenged the conviction of Citron and Pepys

(1958) that "late" developing pulmonary infiltrations after direct

bronchial sensitivity testing constituted an Arthus-type reaction

since, in their view, these might equally well have resulted from

an immediate asthmatic response which took several hours to

produce bronchial obstruction.

Campbell and Clayton also considered the possibility that

the presence or absence of serum precipitating antibodies in

cases of respiratory aspergillosis might respectively indicate an

active pathological role of the fungus or a purely commensal

growth.

These authors, also investigating blood and sputum eosino¬

philic in their cases, came to the conclusion that neither was a

typical feature in aspergilloma, but recorded that of their cases

of allergic bronchoPulmonary aspergillosis 46$ had a blood eosino¬
philic of over 1000 cells/c. ram, , and 52$ of them had over 10$ of
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eosinophil leucocytes in the sputum, of whom 30',' had over 20>.

Pepys, in a separate paper published in 1964, commenting

upon the fact that be+h the pulmonary infiltrations of allergic

aspergillosis and the "late" skin reactions observed in these

cases are rapidly abated by corticosteroid therapy, considered

this to constitute a further indication that the same medium,

namely an Arthus (Type III allergic response), was responsible

for the t-.ro phenomena.

Longbottom, Pepys and Clive (1964) re-emphasised the fact

that cases of aspergilloma. rarely exhibit positive immediate

prick—skin reactions unless asthma be present in addition.

In a previous paper Pepys (1963) discussed the difficulty of

determining the role of antibodies when these were present, and

the unresolved question of whether the serum precipitins in cases

of mycetoma played an active part in a disease process or whether

they indicated merely that the subject had sustained a previous

infection with the fungus.

It is noteworthy that in none of the series of investigations

which have been discussed were intradermal hypersensitivity tests

to aspergillus antigen employed. Longbottom (1964) gave her

view that the prick-skin test was superior to an intradermal test

in terms of specificity, intradermal testing giving rise to more

non-specific immediate reactions, smaller in sise, with little

erythema and no itching. Pepys (1966), however, stated that an
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intradermal test was more efficacious in yielding "late" skin

reactions to A.fumigatus antigen.

By 1966 Pepys was able to express the view that the great

majority of cases of pulmonary eosinophilia associated with

"bronchial asthma, seen in Great Britain, are due to ptilmonary

aspergillosis. In most of these cases A.fumigatus is the species

of aspergillus implicated, the occasional cases being due to

other members of the genus such as A.flavus, nidulans, niger and

terreus.

The serum precipitin test to aspergillus antigens was used

by the British Tuberculosis Association (1968) in their survey

of patients with open-healed pulmonary tuberculous cavities, in

which it was found that aspergillomas were present certainly in

11$ of these cases, and probably also in another 4$.

The significance of cultures of A.fumigatus from sputum and

other clinical sources

Pepys et alia (1959) and Pepys (1966) were of the opinion

that culture of A.furaigatus from sputum is of limited value in

the diagnosis of bronchopulmonary aspergillosis since atmospheric

spores of this organism are inhaled by the population at large,

and can therefore be present in the sputum of unaffected subjects.

Wahner et alia (1963) also stated that growth of aspergilli from
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sputum cultures often presented the physician with a problem in

diagnosis, since these organisms might form part of the sapro¬

phytic flora of the respiratory tract without causing significant

disease. They found a number of cases in which the presence of

aspergillus in the sputum was not associated with any significant

pulmonary disease, or in which the relationship between positive

aspergillus cultures and a pulmonary disease process could not be

clearly identified. Macartney (1964) observed that the isolation

of A.fumigatus from sputum does not carry the same significance

as a single culture of a clearly pathogenic fungus such as

Eistoplasma capsulatun. Hughes et alia (1956) considered the

isolation of A.fumigatus from sputum to be clinically unimportant.

Mann and Pasha (1955) raised the point that the fungus grown from

sputum cultures might have originated in the nasal sinuses.

An even more serious obstacle to assessing the significance

of aspergillus cultures is the vexatious frequency with which

the atmospheric spores of these organisms contaminate laboratory

cultures. This is attested to by a large number of authors,

including Cawley (1947), Ilinson et alia (1952), Keye and Magee

(1956), Bruce (1957), Vellios et alia (1957), Finegold et alia

(1959), Uta, German, Louria, Emmons and Bartter (1959), Naji

(1959), Toigo (I960), Saliba et alia (1961), Seabury and Samuels

(1963), Hinshaw and Garland (1963), Plihal et alia (1964),

Campbell and Clayton (1964), and Hut^er et alia (1964).
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Because of these difficulties Plihal et alia (1964) and.

Spotnitz and Oversholt (196?) felt that culture of aspergillus

from repeated sputum samples was necessary before any significance

could be attached to the isolation. Chick (1962) considered that

such isolates had more significance if obtained from a number of

sputum samples obtained on separate days. FinegOld et alia

stated that, whilst repeated isolation of an aspergillus from

clinical material, in the absence of a more obvious pathogen, was

good evidence of the existence of aspergillosis, it was not con¬

clusive. They preferred to rely on the evidence of histological

examination. A leading article in the Scottish Medical Journal

(1965) stressed that clinical, radiological, bacteriological and

immunological factors must be assessed in conjunction with the

results of sputum cultures, and Fors et alia (1966) were in

accord with this. Mann and Pasha considered that a diagnosis of

aspergillosis was certain only if the fungus could be recovered

from bronchoscopy or tissue biopsy specimens,

Campbell and Clayton thought that the culture of A.funigatus

from sputum "plugs" or from the sputum produced at the height of

an allergic episode might be taken as strong evidence of allergic

bronchopulmonary aspergillosis. Utz, German, Louria, Emmons

and Bartter considered that, in addition to positive cultures,

the repeated presence of fungal hyphae in the culture material

should be demonstrated.
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Few workers have attempted to resolve the problem of the

doubtful significance of aspergillus cultures by applying quanti¬

tative measures. Fors et alia (1966), in performing cultures of

portions of aspergilloses, did colony counts of the fungal growth

obtained from the homogenised inoculate. English et alia (1967),

in their culture of sputum samples for A.fumigatus, divided the

growth of this fungus obtained into two arbitrary classifications.

"Scanty growth" from a patient denoted culture of only one or two

colonies of A.fumigatue from only one sputum sample whilst the

term "abundant growth" was uftod to indicate either any culture of

the fungus from more than one sputum sample or a heavy growth from

a single specimen.

The methods employed by various workers to culture A.fuiaigatus

from clinical material were variable. Most authors have prefer¬

red to culture on Sabouraud medium or malt extract agar. Hinson

et alia (1952) were of the opinion that equally satisfactory

growth of A.fumigatus oould be obtained on blood agar. Pepys et

alia (1959) and Campbell and Clayton (1964) incubated their

cultures at 37 degrees C. whilst other workers, including Yellios

et alia (1957) and Procknow and Loewen (i960) isolated A.fumigatus

at room temperature. Orie and de Fries incubated cultures of

A.fumigatus at 37, 25 and 20 degrees C. and found no variation in

the amount of growth obtained at the different temperatures.

Regarding the degree to which A.fumigatus spores might be
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remarking that this was a field of study not sufficiently-

investigated, recorded a very low incidence of growth of A.fumi-

gatus from cultures of throat swabs and mouth washings taken from

normal control subjects, miscellaneous patients and cases of

pulmonary tuberculosis. Kaji, on the other hand, recorded

demonstration of the spores of A.fumigatuo in the saliva and

nasal mucus of many healthy persons selected at random.

The production of biologically active substances by /ufumlgatus

Various antibiotics have been shown to be produced by this

fungus. Chain et alia in 1943 isolated a substance from «.

strain of A.fumigatus which was found to be active bacterio-

statically against Gram positive organisms. In 1944 aksman and

Geiger isolated three antibiotic substances from A.fumigatus.

These were named furnigatin, fumigacin and gliotoxin in ascending

degree of activity against Gram positive organisms. Gliotoxin

was found in addition to be active against various Gram negative

bacteria. These authors noted that fumigacin was in fact the

same substance as helvolic acid. They observed that it was far

less active against Gram positive organisms than penicillin.

Gliotoxin also acts against Rhizoctonia and other fungi (Raper and

Fennell, 1966). In 1946 Stanley reported an antibiotic named
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aspergillin which was ir fact identical with gliotoxin.

The only antibiotic produced "by A.fumigatus which has

achieved the status of a clinical drug is fumagillin, which was

isolated from the fungus by Eble and Her3on in 1951 ^4 shown in

the sane year by McCowan et alia to be strongly amoebicidal.

This drug is effective in the treatment of amoeblasls, but

doseage must be carefully regulated because of its toxicity.

The substance phagopedin signa, derived from A. fumigatus, was

reported as an antiviral agent by Asheshov et alia in 1948* and

was shown by them in 1952 to bo identical with fUmagillin.

A.funigatus has also been shown to produce toxic sub¬

stances. It has already been mentioned that Macartney (1984)

considered that a fungal endotoxin night be responsible for

bleeding in cases of asperigilloma.

In 1939 Henrici prepared a toxic cell sap from the fungus

which, after centrifugation and Seitz filtration, was found to

b© lethal to rabbits, guinea pigs and chickens. Although the

chemical nature of the cell sap was not determined, the results

of precipitation experiments suggested that it was not a

protein or a polysaccharide. Ilenrici (1940) regarded this sub¬

stance as a true endotoxin, and stated that it resembled the

poison of the mushroom .Amanita phalloidos in many of its

properties. Clayton confirmed Henrici*s work by demonstrating

the production from A.fumigatus of an endotoxin highly lethal
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for mice and haenolytic for human erythrocytes, and possessing a

proteolytic activity in gelatine. Other species of aspergillus

were found to have similar properties hut to lesser degrees.

Clayton considered that this might partly explain why A.fumigatus

is the most common species of aspergillus responsible for in¬

fection in man. Ehe noted that trypsin, given in aerosol form

to bring about mucolysis of sputum, has been shown to have a mild

inflammatory action leading to metaplasia of the bronchial

epithelium. Since trypsin-like proteolytic enzymes have been

isolated from species of aspergilli Clayton suggested that the

persistence or even the growth of aspergilloma cavities might be

the result of the secretion of such an enzyme on the part of the

fungus.

Reilly and Stock in 1951 extracted from the culture filtrate

and mycelial pads of A.fumigatus preparations having the ability

to inhibit the growth of sarcoma 18Q in mice. In the following

year Peterman et alia confirmed a tumour-inhibiting property of

A.fumigatus in mice, and reported that both its activity and

toxicity were associated with a highly basic protein or group of

proteins with isoelectric points near pH 10.

The atmospheric distribution of aspergillus spores

The natural media on which A.fumigatus spores have a pre-
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evident that investigation of the occurrence of aspergillus

spores in the atmosphere is pertinent to any consideration of the

etiology of bronchopulmonary aspergillosis*

Richards (1956) reported the results of a census of atmos¬

pheric mould spores in Britain during the period of April to

October, 1952. Settle plates of Sabouraud agar were exposed for

a fixed time out of doors in nine different British centres,

including London and Edinburgh. The results indicated that

spores of aspergillus species grown were more abundant at

centrally situated "catch" stations in London, Liverpool and

Cardiff than at less urban stations in other centres. At

Cardiff it was found that the main "mould season" for atmospheric

fungal spores in general occurred between June and September, but

that spores of asporgillus species did not contribute to this

increased summer incidence. At all stations, by contrast, there

was a marked Cladosporium "season" extending over the period of

June to September.

In 1954 Richards, during a period of one year, compared the

atmospheric moulds obtained from culture of settle plates exposed

in an unventilated bedroom of a "dry, average house" with those

obtained from plates outside the house. He found in general

that throughout the year the outdoor catch of spores was more

than five times as great as the indoor catch, and that the same
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moulds, in approximately similar proportions, were grown from

plates exposed at the two sites. In those moulds shoving a

higher summer incidence of distribution, this higher incidence

was found both in the indoor and outdoor catches. However,

spores of the genus aspergillus, in company with spores of

Oospora, were the only fungal spores to show a higher incidence

out of doors in the winter. In the case of Oospora this in¬

creased outdoor winter incidence was i*eflected in the indoor

catch rate, but this was not so in the case of the aspergilli.

Richards further noted that fungal spores are caught on surface

traps with a lower efficiency in air moving at low wind speeds

than in still air. This effect is more pronounced the smaller

the mass of the spore. He therefore concluded that in a normal

house the most important source of air-borne mould spores is the

outside air, and that indoors relatively few spores are produced

and released into the air.

Orie and de Vries (i960) in Holland isolated A.fumigatus in

three out of five houses by the settle plate method. Sherman

and Merksamer (1964) in America isolated by the same method

atmospheric spores of asporgillus species from 49d of" the homes

of atopic subjects who displayed hypersensitivity to various

moulds on skin testing, as compared with an isolation rate of

25$ from the homes of control subjects who evinced no such

hypersensitivity. Ho significant correlation was found between
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skin hypersensitivity to aspergilluo species and the atmospheric

incidence of these organism® in the home.

In 1956 Hyde, Richards and Williams recorded that aspergillus

spores were more prevalent in the atmosphere in Britain during

the winter months, and found the peak concentration of A.fumigatus

spores to he between October and March. These authors found also

that the concentration of atmospheric spores of penicillium

varied little at all seasons of the year. Youssef and El

Tarabishy in Cairo reported the catch rate of aspergillus species

on settle plates during one year to be 13$ of all fungal species

grown. Although A.niger represented 90$ of aspergillus species

cultured, they also found a high incidence of aspergillus spores

in the atmosphere during the winter months and in March.

IToble ana Clayton (1963) reported from London their results

of a study of fungi in the air of hospital wards, during a period

of 78 days, hy the slit-sampling technique, They found that

while in the spring and summer months the number of colonies of

A.fumigatus grown was 0.01 to 0.2 per cubic foot of air sampled,

during the autumn and winter months colony counts of up to 35 per

cubic foot of air were obtained during sampling periods of two

hours, and peak counts of 70 colonies per cubic foot of air during

ten minute sampling periods were obtained. This marked autumn

and winter increase in the incidence of atmospheric A.fumigatus

spores extended from near the end of October to the end of January.
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Overall there was an approximately hundredfold increase in the

atmospheric incidence of the spores between October and February.

The fact that A.fumigatus is present in the atmosphere pre¬

dominantly as single spores is indicated by the finding of TJoble

and Clayton that the mean equivalent diameter of the trapped

particles corresponded with the diameter of A.fumigatus spores

measured microscopically.

The same workers, investigating the atmospheric spore con¬

centration of A.fumigatus in the vicinity of four patients with

the hypersensitivity type of bronchopulmonary aspergillosis and

of one patient with an aspergilloma, and comparing the results

of blanket sweep cultures from the beds of those patients with

those obtained from the beds of control patients, came to the

conclusion that there was probably no dissemination of asper-

gillus particles into their surroundings by these five cases.

Regarding the atmospheric concentration of aspergillus

spores in mycological laboratories Ctallybrass, in 1961, com¬

paring the settle plate catch rate of aspergillus species in an

animal provender mill with that at urban sites in the neighbour¬

hood of the mill at the same time of year, found that the catch

rate of aspergillus spores in his laboratory, where the cultures

were handled, was equivalent to that at sites in the neighbourhood

of the mill. The concentration of atmospheric aspergillus spores

in the laboratory therefore presumably reflected the general
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atmospheric concentration in the tovn»

Among the factors likely to influence the profusion with

which the spores of aspergillus species are present in the air at

different seasons are humidity and rainfall. Boughy in 1949

pointed out that the germination and production of mould conidia

is favoured "by free water or high humidity, and Gelfland observed

that fungi require for optimal growth a humidity in excess of

70Dworin (1966) noted that in America areas of high humidity

were associated with the prolific production of fungal spores,

and that in the relatively dry state of Arizona there was a

significantly lower incidence of moulds as a cause of hay fever

and asthma. He also found a definite correlation Between

atmospheric humidity and monthly outdoor atmospheric fungal spore

counts.

Treatment and Prognosis of Bronchopulmonary Aspergillosis

The treatment of choice in cases of aspergilloma is surgery,

whilst in the treatment of other forms of "bronchopulmonary asper¬

gillosis recourse must be had to the various antifungal drugs

available.

Pepys (1966) stated that surgical removal of an aspergilloma

is not necessary in asymptomatic cases. Macartney (1964) ob¬

served that the prevailing tendency is to resect an aspergilloma
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once this has "been diagnosed., and that there are few recorded

instances of the fungus "ball "being left undisturbed. This is

mainly due to the fact that in most cases of aspergilloma form¬

ation the process is irreversible, the fungus ball appearing

invulnerable to both the host defence mechanisms and to anti¬

fungal drugs. Even when the fungus is no longer viable it

frequently remains entombed within its cavity, as has already

been discussed. Belcher and Plummer (i960) also recommended

surgery whenever the diagnosis is in doubt in order to exclude

carcinoma. Therefore since the first successful resection of

an aspergilloma in 1943 by Gerstl et alia the claims of surgery

have been pressed as the only form of treatment for this con¬

dition (Pesle and Monod, 1954)*

successful lobectomy or segmental resection for aspergilloma

have been reported by various authors, including Yesner and

Hurwita (1950), Kochberg, Griffin and Bicunas (1950), Graves and

Killman (I95l)» Friedman, Kishkin and Lubliner (1956), Hughes,

Gourley and Burwell (1956), Foushee and Eorris (1958), Levene,

Kivarola and Blue (1965) aR(i Filson and Kunro (1967). The

importance of excising the aspergilloma cavity in toto is

illustrated by the experience of Corpe and Cope (1956)» who

reported the development of a persistent post-operative air leak

into the pleural cavity, after the contents of an aspergilloma

cyst and the cyst wall were removed without segmental resection.
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Belcher and Plummer (i960), as has been already discussed,

distinguished a difference in the incidence of post-operative

morbidity in cases of simple and of complex aspergilloses. They

observed from their own experience and from a study of the

relevant literature that surgery in cases of simple aspergilloma

carried little risk, and was therefore justified if there had

been a great increase in the size of the lesion or troublesome

haemoptysis. They considered that in cases of complex asper¬

gilloma resection should be avoided if possible because of the

high incidence of post-operative complications, although they

acknowledged that repeated bacterial infection of an affected

lobe might make surgical intervention necessary. These authors

had formed an impression that where A.fumigatus was found in the

sputum of aepergilloma patients, the post—operative morbidity

rate was high. They considered, however, that this was more

probably due to the severity of associated lung disease than to

the presence per se of the fungus in the sputum.

The post-operative complication of pleural infection with

aspergillus in cases of aspergilloma has already been mentioned.

In cases in which more extensive surgery is contraindicated

Henderson and Pearson (1968) have reported that evacuation of the

aspergilloma througn a small local thoracotomy incision, followed

by the administration locally and by inhalation of the antifungal

agent natamycin, has proved effective and practicable.
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The more diffuse pulmonary forms of saprophytic infection

with aspergilius are naturally lees amenable to treatment by

surgery than are the aspergillomas. Hughes, Gourley and Burwe11

(1956) expressed the opinion that treatment in these cases is

better directed towards the primary pulmonary disease, since

they considered that if this were controlled the fungal super¬

infection would usually be annihilated. Plummer (1958) ex¬

pressed a similar view. Edwards and la Touche (1964), however,

disagreed with this, and supported the contention of Seabury and

Samuels (1963) that the aspergilius is a facultative parasite,

producing lung disease in the absence of host factors of pre¬

disposition. Fdwards and la Touche considered that these fungal

infections are initially saprophytic, but that once the infection

gains a hold it progresses to give pathological symptoms.

Active measures to treat the fungal infection should therefore

be attempted. Yantrappen et alia, in 1959» reported a success¬

ful pleuro-pneumonectomy in their case of a diffuse endobronchial

fungal mass superimposed upon pre—existent bronchiectasis.

Belcher and Plumraer in i960 advised against any attempt at

surgical treatment of the allergic form of bronchopulmonary

aspergillosis. Yhile remarking that resection of a bronchi—

ectatic lobe conGaining the fungus, or of a lobe which has

remained collapsed for many months, might be considered with the

object of removing the supposed primary source of the fungus
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infection and arresting the progress of the disease, they stated

two reasons for their view that such a step is inadvisable. In

the first place they cited three cases of allergic broncho¬

pulmonary aspergillosis in which surgical resection was followed

by further pneumonic episodes in the remaining lung tissue, con¬

tinued blood eosinophilia and persistence of aspergillus in the

sputum. Secondly they cited Plummer*s study of eleven such

oases, including the original three described by him and by

Hinson and Koon in 1952, with others in the literature. Plunmer,

after a ten year folloif up study of his cases, stated that the

prognosis in this type of aspergillosis was good, with the ex¬

ception of one death from asthma. The hypersensitive state

tended to die down within a period of one to five years leaving

the patient with an underlying bronchiectasis, irrespective of

treatment. Plummer also noted, however, in 195&t that while

after years of illness with recurring symptoms the blood eosino¬

philia and pulmona,ry infiltrations might disappear, A.funigatus

frequently continues to be isolated from sputum samples.

Chemotherapy with various antifungal agents has been attempt¬

ed in oases of the diffuse saprophytic and allergic forms of

bronchopulmonary asp*"gillosis, in the treatment of pleural

aspergillus infections and as an adjuvent to surgery in cases of

aspergilloma.

Reports vary as to the prognosis and efficacy of treatment
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in cases of pleural aspergillus infections. Golebiowski in

1958 remarked that contamination of the pleural space with

A.fumigatus might resolve spontaneously ox* might persist over

long periods of time and lead to complications. He reported a

case of pleural aspergillosis, following resection for pulmonary

tuberculosis, which was successfully treated "by thracoplasty and

"by intrapleural instillations and intravenous injections of

hydroxystilbamidine. Plummer (195&) considered that treatment

of an empyema infected secondarily with A.fumigatus was very

difficult. He cited several cases in which instillation of an

antifungal drug into the pleural cavity was unsuccessful.

Macartney (19&4) stated that pleural aspergillosis might he more

resistant to treatment than an empyema due to infection with

other organisms, and cited the case of Cleland (1924) in which a

successful result was only achieved after partial rib resection,

"scraping" of tie empyema- cavity anu excision.

However, Manning and Robertson, in 1959» reported the

successful treatment of a case of A.fumigatus infection of a long¬

standing pyopneumothorax by repeated intrapleural Instillations of

nystatin. Sochocky (1959) also recorded the successful treatment

of two cases of infection with A.fumigatus of a pneumonectomy

space with intrapleural instillations and inhalations of nystatin.

Kelmenson, in the same year, reported good results from iodide

therapy together with intravenous amphotericin B. Haussman
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(1958) managed to avert the development of this complication,

after an infected ahccoss ruptured into the pleural space at

operation, by thoroughly irrigating the thorax with normal

saline.

In 1963 the American Thoracic Society Committee on Therapy

reported on the relative values of various therapeutic agents in

fungal diseases. While making it clear that there is no ideal

drug in this respect, they rated amphotericin B as the most

effective agent available at that time. This drug, being poorly

absorbed from the gastrointestinal tract, must he given as a

colloidal dispersion hy intravenous infusion in the treatment of

mycoses. It is a toxic drug which is usually given on alternate

days or thrice weekly. The maximum tolerated doses rarely ex¬

ceed 1.5 Eg. per kilogram of body weight. The total duration

of therapy given is usually from 16 to 36 weeks. The less

severe limiting factors in the use of this drug are anorexia,

nausea, vomiting, fever, chills, anxiety, headache and thrombo¬

phlebitis. With the exception of the last complication,

antipyretic drugs, antihistamines and hydrocortisone may be used

to minimise these side-effects of therapy. Major toxic effects

of amphotericin B consist of anaemia, hypokalaemia, raisedblood

urea and creatinine levels, haematuria, albuminuria and urinary

casts. Whilst the nephrotoxic effect is usually apparently

reversible, evidence of permanent renal tubular damage has been
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shown by kidney biopsy. The American Thoracic Society Committee

on Therapy considered that the necessary prolonged hospitalisation

and the toxic effects associated wiuu the use of amphotericin B

militated against its employment except for severe or progressive

fatal fungal infections. In certain circumstances, however, it

could be life saving. An annotation in the Lancet (1966)

suggested that amphotericin B might be indicated in the dis¬

seminated form of bronchopulmonary aspergillosis because of the

high death rate in this condition.

The American Thoracic Society Committee listed the value of

nystatin, iodides, hydroxystilbaraidine and the drug 5-507SC as

only fair. They considered griseofulvin and the use of vaccines

to be of questionable value, while sulphonaaides, penicillin,

erythromycin, broad-spectrum antimicrobial agents and me thy1-

rosaniline were ineffective.

Ilinson et alia in 1552 attempted to treat allergic broncho¬

pulmonary aspergillosis with the sulphonamide drug M&B 933, since

they had found A,fumigatus to be sensitive to this agent in vitro.

They found the therapeutic effect difficult to assess and the

drug, when given intravenously, caused quite severe hypotensive

symptoms.

Another therapeutic agent which has been used to treat

pulmonary aspergillosis is the dye bi'illiant green, given by

inhalation or bronchial instillation, as mentioned in a leading



— 105 *•*

article in the Scottish Medical Journal (1965). Riddell (1956)

recommended its use by inhalation in cases of allergic broncho¬

pulmonary aspergillosis, Mann arid ?asha in 1959» however,

reported a case of allergic bronchopulmonary aspergillosis which

relapsed after brilliant green inhalations in a concentration of

Is500,000, supplemented by courses of nystatin and prednisolone,

had been given.

Ramirez in 1964, having demonstrated in animal experiments

that amphotericin B, in concentrations of 5 rag. per ml,, might

be atomized with safety into the tracheobronchial tree, proceeded

to treat three cases of aspergilloma by infusing amphotericin B

Into the involved pulmonary segments, using a semipermanent

endobronchial catheter. Poor absorption of the amphotericin B

thus given into the circulation, and therefore lack of systemic

toxicity, was demonstrated. In all three cases bronchitic

symptoms improved after therapy. In one case the aspergilloma

was still present two months after amphotericin B was dis¬

continued, but had disappeared ten months later. In the other

two cases endobronchial amphotericin B did not eradicate asper-

gillus from the sputum despite symptomatic and X-ray improvement,

•The sputum became negative for fungi only after the endobronchial

infusion of sodium iodide.

Ikemoto in 1964 treated a case of aspergilloma with endobron¬

chial amphotericin B, instilled by tracheal puncture. The
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aspergilloma remained., "bat the giving of the drug was associated

witl) the expectoration of "several fragments" of the fungus.

Stanley in 1965 reported the treatment of a case of aspergilloma

with intravenous amphotericin B and nystatin "by inhalation.

The use of nystatin was commended by Riddell (1956)» 'by &

leading article in the Scottish Medical Journal (1965) an<* "by an

annotation in the Lancet (1966). Gero and bzekely in 195S

reported that, in a case of what was probably the allergic form

of "bronchopulmonary aspergillosis treated by nystatin inhalations,

the chest X-ray cleared after six months and the patient was well

two years afterwards. Macpherson (1965) treated a cose of

aspergilloma with nystatin inhalations and. oral iodide. Over a

period of two months the general condition of the patient improved

markedly, and the aspergilloma and its cavity became reduced in

size. Stark (1967) treated a case of acute asthma due to

allergic bronchopulmonary aspergillosis with a suspension of

nystatin administered by intermittent positive pressure in¬

halation, This resulted in an apparent cure 5 two years later

there had been no recurrence of asthma and repeated chest

roentgenograms were normal. The serum precipitin test to

A.fumigatus antigen, however, remained positive.

Einshaw and Garland considered that treatment of broncho-

,,, . , „ . ,. , latively successful,
pulmonary aspergillosis with 10d1a.es was re>

Good results with iodide therapy in the non-localising forme of



- 107 -

the disease were reported "by Wahl (1928), Donaldson, Koerth and

McCorckle (1942) and Bellkat and Dyke (1945)« Pesle and Monod

(1954)> however, considered in one case of aspergilloma that

iodide therapy produced an exacerbation of haemoptysis. Utz and

Tregar (1959) did not consider that iodide therapy "by itself was

greatly effective in aspergillosis, and stated that large oral

doses were needed. Utz, German, Louria, Emmons and Bartter

(1959) reported that in large' dosage iodide therapy was associ¬

ated with abnormalities of serum electrolytes, and in one case

with mental disturbance.

Diddell (1956) considered that hydroxystiruamiuine, given

by inhalation, was effective in suppressing or removing A,fumi—

gatus from the bronchial secretions. Atevenson and Aeid (1957)

obtained considerable and sustained improvement in the clinical

and X-ray picture, in a case of an abscess cavity infected with

aspergillus, on treatment with intravenous hydroxystilbamidine

and oral nystatin,

Tn 1961 Utz, Andriole and Emmons treated cases of asper¬

gillosis with the polypeptide antifungal agent X-5Q7$C, produced

by a species of streptomyces (Grunberg et alia, I96I5 Emmons,

1961), Their initial report was encouraging. However,

Andriole, ITtz and Sabesin (I96I) showed the drug to be hepato-

toxic, and Macartney commented in 1964 that the original encourag¬

ing reports on X—5°79C had not been sustained. -itorsch,
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An&riole, Emmons and Uta in 1966, after treating three cases of

aspergillosis with, the drug, obtained no response in one case and

subsequent relapse in the two others who had shown initial

improvement.

In 1963 McAllister, Stark, Korman and Boss reported that the

effect of hyperbaric oxygen was toxic to A.funigatus.

Attempts have been made to treat the allergic form of

bronchopulmonary aspergillosis by desensitisation, Pepys (1966)

stated that in cases of bronchial asthma without pulmonary

eosinophilia, but with aspergillus hypersensitivity, subcutaneous

injection of extracts of A.fumigatus for treatment purposes are

tolerated well and appear to be of value. However, injections

of these extracts in similar cases of asthma who manifest in

addition pulmonary eosinophilia tend to give rise to increasingly

severe local and focal reactions, and commonly have to be dis¬

continued. This i*as reflected in the early experience of

Bemton, who in 1930 attempted to desensitise a case of asthma

due to A.fumigatus. A leading article in the British Medical

Journal (1968) commented that the same problem applies to patients

with allergic alveolitis in whom serum precipitins are present.

The search for a drug unequivocally effective in the treat¬

ment of bronchopulmonary aspergillosis, yet .with an acceptably

low toxicity, still continues. To find such a drug is especially

important in the case of the allergic form of the condition, for
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not all workers take the confident view of Plunder regarding

prognosis in allergic "bronchopulmonary aspergillosis. Hiddell :

stated in 1956 that withou.t effective treatment the prognosis is

not good, since exacerbations are liable to continue indefinitely

and might lead to death in status asthroaticus. Henderson (1968)

stated, like Plummer, that it is probable that the host response

to the fungal antigens becomes modified with time, and with corti¬

costeroid therapy, so that episodes of asthma and pulmonary

eosinophllia no longer occur. If there is little permanent lung

damage the nidus of fungal infeotion will be expectorated as the

asthma is relieved. Henderson also noted, however, that if

permanent lung damage has resulted from earlier episodes of

pulmonary eosinophilia, fungal colonisation of the diseased air

spaces might be expected to persist.

Pepys (I966) was of the opinion that part of the difficulty

in attempting to eradicate the fungus in these cases is that re¬

infection is apt to occur, especially during the winter mohths,

when the atmospheric concentration of A.fumigatus spores is at a

peak. He reported that corticosteroid therapy appears effective

in controlling the pulmonary Infiltrations of allergic broncho¬

pulmonary aspergillosis, and that use of corticosteroid drugs is

indicated where asthma is severe and persistent. It might be

hoped that the prevention of pulmonary infiltre ciono would also

prevent the appearance of bronchiectasis. In his experience the
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amount of sputum produced, in these cases decreased rapidly on

steroid therapy, thus showing the importance in them of the

hypersensitivity reaction as opposed to that of the presence

per se of the aspergillus. As Henderson and Pearson pointed out

in 1968, however, while these drugs might depress the hyper¬

sensitive state they were not only ineffective in eradicating the

fungal infection but might actually encourage its growth. These

latter authors considered that mucolytic agents such as acetyl

cysteine, might be of use in helping to clear tough viscid

secretions from the bronchial tree, an opinion with which

Spotnitz and Qversholt (1967) concurred. Physiotherapy also

plays an important role in this respect (Elder and Smyth;

Henderson and Pearson). Ellis in 1965 poihted to the fact that

sometimes tough obstructive mucus plugs may be removed by bronchi¬

al aspiration. Plummer in 1958 and Henderson and Pearson in

1968 remarked that antimicrobial agents should not be withheld in

these cases as they may eradicate bronchial infection distal to

areas of bronchial occlusion.

Interest has recently been aroused in the use of the anti¬

fungal drug pimaricin (natamycin, Pimafucin) in cases of broncho¬

pulmonary aspergillosis. This drug (Edwards and la Touche, 19^4)

is a tetraene fungicidal antibiotic without significant bacteri¬

cidal activity. It is a crystalline substance related to, but

not identical with, rimocydin, nystatin and antimycoin. Its
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action is similar to the haptaenes, such as amphotericin B,

trichoraycin. candicidin and other members of the polyene series.

It was first Isolated (Naranjo and Hidalgo) in 1955 "by Strucky

and Paisnisz, in the Netherlands, from a culture of strepto-

myces natalensis. It exhibits a broad spectrum of antifungal

action, being effective in inhibiting the growth of many yeasts

and saprophytic ana pathogenic fungi. It is also active against

T.vaginalis and other flagellata. According to Newcomer et alia

(I960) the drug may be given orally, but the development of

nausea, vomiting and diarrhoea limits the adult dosage to 600 to

1,000 microgm. per day. It is unsuitable for intramuscular

injection since it gives rise to a painful tumescence at the

injection site.

In 1964 Bdwards and la Touche gave a very favourable report

on the use of inhalations of pimaricin in nine cases of broncho¬

pulmonary aspergillosis, some of whom had been previously treated

with other antifungal agents without success. Among these

patients were five cases of the allergic form of the disease,

three of the diffuse saprophytic type and one case of asper-

gilloma. All had aspergillus in their sputum. Pimaricin was

given as an aerosol, as a 2.5$ suspension diluted in an alkaline

agent, in doses of 2.5 nig. twice or thrice daily for an average

of six weeks. The drug thus given appeared to have virtually

no toxic effect. One patient died due to the lung condition,
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"but after six weeks the condition of seven of the remaining ei^it

patients was completely controlled. Clinical symptoms abated,

the chest X-ray appearance resolved or "became static, and the

sputum became negative for aspergillus. Partial control only

was achieved in the case of one patient. Six months or more

after completing a course of treatment five of the patients were

still completely controlled, one was uncontrolled, and one who

was previously controlled had relapsed. These encotiraging

results were commented upon favourably by a leading article in

the Scottish Medical Journal (1965) an<^ an annotation in the

Lancet (1966). Henderson and Pearson in 1968, however, formed

the impression that pimaricin alone was not of marked value in

the treatment of allergic bronchopulmonary aspergillosis, but the

dosages which they employed may have been inadequate. Edwards

and la Touche remarked that dosage and duration of pimarijin

therapy in their own cases might with benefit have been increased

Another factor which might influence the response to therapy

with pimaricin is the wide variation reported in the minimal in¬

hibitory concentration of the drug required in vitro to inhibit

the growth of A.fumigatus. Thus ITaranjo and Hidalgo (i960)

found the minimal inhibitory concentration necessary to complete¬

ly inhibit growth was 25 microgm. per ml. TJewcomer et alia

(i960), on the other hand, recorded that the minimal inhibitory

concentration varied between 1 and 10 microgra. per ml, Edwards
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and. la Touche found the value to be between 1.2 and 20 microgm.

per ml. These variable results might lead to the supposition

that there might exist a wide variation between strains of

A.fumigatue in respect of the concentration of pimaricin required

to inhibit growth.

Causative and precipitating factors in the development of

bronchopulmonary aspergillosis

The fact that there has been a considerable increase in

diagnoses of bronchopulmonary aspergillosis in recent years has

been remarked upon by Sidransky and Pearl (1961), Drouhet et

alea (1963), Symjsers (1964), Ikemoto (1964), Plihal et alia

(1964), and Levene, Rivarola and Blue (1965)* This reoent

increased incidence has also been noted to apply to fungus

infections in general (Spens and Tattersall, 1965, Eraser,

1965).

The increase in cases of bronchopulmonary aspergillosis

seems to be limited to those forms of the condition occuring

secondary to pulmonary damage and to debilitating diseases, par¬

ticularly the leukaemias and malignant lymphoma. Darke ot alia

(1957) observed that bronchopulmonary aspergillosis as a primary

infection remains rare* Other conditions believed to encourage

infection x*ith asperglllus are malignant conditions and blood
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dyscracias in general, agajam&globulinaemia (International

Symposium on Opportunistic Fungus Infections, 1962), diabetes

mellitus (Sidransky and Pearl), recent surgery and splenectomy

(Finegold et alia, 1959)j renal transplantation (Bifklnd et alia,

1967)* irradiation (Finegold et alia5 Beilson (1959)5 Huttor et

alia, 1959)» and drug addiction (Siomeman, 1950; ITaji, 1959)*

li^^gbe opinion of Symmors, however, the role played "by the

above conditions in predisposing to this form of infection is

email compared to that of the now widespread use of steroids,

broad-spectrum antibiotics and cytotoxic agents in the treatment

of disease. The risk of developing aspergillosis is greater

when these drugs are used in combination, and with higher dosage

and longer treatment. This view is shared by a number of

authors, including Graves and Killraan (1951), Abbott et alia

(1952), Syverton ct alia (1952), Bankin (1953), Zimmerman (1955),

Levy and Cohen (1955), Eaji (1959), Baker (1962), Stanley (1965)

and Pena (1967).

Torack (1957) observed that antibiotics tend to produce re¬

duction of competitive bacterial flora in the bronchial tree and

&I30 irritative tissue injury, whilst steroids cause an alter¬

ation of leukocytic activity. JTo considered that therapy with

antibiotics alone tends to promote surface proliferation of

fungi in the respiratory tract and elsewhere, and that treatment

with antibiotics and steroids in combination encourages in-
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vesiveness of fungi into tiebug3. In 1959 Sidransky ani

Friedman performed well-controlled experiments in mice, which are

normally resistant to infection with aspergillus species. The

animals died of haemorrhagic mycotic bronchopneumonia after

breathing a high concentration of A.flavus spores, while receiv¬

ing concomitantly either cortisone alone or cortisone and anti¬

biotics in combination. Ho such result was produced in animals,

subjected to the same spore concentration, and either without

drug treatment or receiving antibiotics alone.

Iwata et alia (1961) observed that the spores of A.fuxaigatus

are phagocytosed in vivo and in vitro by normal rabbit leuko¬

cytes. They found that cortisone had no effect on the phago¬

cytic process in vitro, using leukocytes and sera obtained from

normal, rabbits. With leukocytes and sera from cortisone-

treated rabbits, however, impaired phagocytosis and digestion of

the spores was noted.

Nevertheless a leading article in the Scottish Medical

Journal (1965) stated that a conclusive relation between human

bronchopulmonary aspergillosis and antibiotic and steroid therapy

had yet to be established, and Fine-gold et alia were unable to

demonstrate in their cases a relationship between the dose and

duration of steroid therapy and the severity of the asper¬

gillosis.

A leading article in the British Medical Journal (1968)
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stated that bronchopulmonary aspergillosis seems to be sore

frequent in persons heavily exposed to aspergillue spores, such

as agricultural workers. Incidences of the condition in farmers

and workers in dusty occupations were cited "by Corpe and Cop©

(1956), Stevenson and Reid (1957), Bruce (1957), Toigo (i960),

and Snelling (1963). Einson, Moon and Plumnor cited other

references to the association of aspergillosis with various

occupations involving the handling of grain, flour and other

vegetable matter. In their own 8 cases of bronchopulmonary

aspergillosis were included a stable man who also kept budgeri¬

gars, a gardener and a farmer's wife. Another had worked in

asbestos and cardboard box factories, a fifth had handled hop

manure and a sixth had previously worked in a flour still.

Henderson (196O) alleged that, in cases of bronchial asthma of

late onset in whom allergy to A. fUnigatus was demonstrated, a
i > v * , * i % v » 1

history of exposure to or; increased atmospheric spore concentr¬

ation could usually be deduced.
\ , > 1 * 1 »

Coe (1945) reported the only case in which industrial com¬

pensation for bronchopulmonary aspergillosis was awarded, to a
■ s \ . \ • \

man who contracted the condition after working in contact with

hay, grain straw and com for many years. A leading article in

the Scottish Medical Journal of 1965, however, noted that colon¬

isation and invasion of the lungs and bronchi with aspergilli is

comparatively rare even in those exposed, by their occupation,
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to a heavily spore-laden atmosphere.

Whatever the relative importance of the factore predisposing'

to the disease Symmera stated that, although sufficient data for

statistical study are not available, clinical irprersions l^ave

no doubt that there has hoen a true increase in its frequency

recently. As Fraser (1965) remarked, howevei, an increased

awareness of the possibility of fungus infections and the une

of improved techniques in their diagnosis might partly explain

the increase.
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STUDIES OH A.FOKIGATUS II? RELATION TO PUUSQEARi' DISEASE

This investigation was carried out at the City Hospital,

Edinburgh, during my tenure of the post of Registrar in Bacteri¬

ology at the Wellcome Laboratory of the hospital.

Aims of the study

It was considered that the City Hospital, Edinburgh, con¬

taining specialist medical and surgical thoracic units, and

admitting patients from Edinburgh and from a wide geographical

area around it, might be expected to provide optimal material

for a study of this nature. It was therefore decided to carry

out an investigation of the relative value and inter-relationship

between the several laboratory indices employed in the diagnosis

of bronchopulmonary aspergillosis, to make an appraisal of the

clinical symptoms and signs which might lend support to this

diagnosis, and to gain an indication of the incidence of this

condition among respiratory patients admitted to the City

Hospital within the period of the investigation.

Material

It was arranged that all patients, admitted with a diagn-
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osis of respiratory disease to a certain number of beds within

one medical chest unit of the City Hospital, should be invest¬

igated by myself, using methods to detect the presence of

bronchopulmonary aspergillosis. In addition, all patients

attending at a weekly asthmatic out-patient clinic attached to

the unit would bo similarly investigated. These investigations

were carried out by myself apart from the routine work of the

■'ellcome Laboratory. It was further arranged that I should

independently study all patients admitted to the hospital, within

the period of this investigation, in whom one or more of the

following criteria were presents

(1) Two or more routine bacteriological laboratory

cultures of sputum on Sabouraud agar had been reported to

yield a growth of A.fUmigatus.

(2) A routine laboratory agar gel serum precipitin test to

A. furnigatus antigens had yielded a positive result.

(3) The case had been referred to me by the clinician in

charge for investigation regarding the likelihood of a

diagnosis of bronchopulmonary aspergillosis.

Procedure of investigation

The following tests were carried out on all patients

otudiedi
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(1) Whenever possible 6 specimens of sputum were obtained.

In those cases in whom this was not possible, mainly because

of the difficulty experienced by the patient in producing so

many sputum samples for this study in addition to those

required for routine bacteriological examination, but also

in a few cases because of the short period of their stay in

the ward, as many sputum samples as possible were collected.

All sputum samples were examined microscopically for asper-

gillus-type mycelium and cultured on a selective medium for

fungi. In addition 3 samples of sputum from each patient, or a

lesser number if 3 samples could not be procured, were examined

microscopically for eosinophil leukocytes.

(2) Three swabs from each patient, taken respectively from

the anterior nares, the soft palate and the faucial regions,

were obtained and used to inoculate a selective medium for

fungi.

(3) A serum precipitin test to A.fumigatus antigens.

(4) A prick—skin and an intradermal hypersensitivity test

to A.fumigatus antigens were performed, and the production

of immediate and late reactions was looked for and recorded.

In a few eases of bronchopulmonary aspergillosis material

obtained on bronchoscopy or surgery was procured for investigation.

This material was examined microscopically for aspergillus-type

mycelium and cultured for aspergillus.
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In those cases in who®, after study, a diagnosis of "broncho¬

pulmonary aspergillosis was made, an evaluation of the clinical

history, obtained from the case record, was carried out, and

chost X-rays were studied. A questionnaire was then filled in

"by the patient, giving details of occupation, environmental

factors which might have led to their contracting the condition,
V i i > \ » i

and a personal or family history of any allergic predisposition.

The number of patients studied in whom a diagnosis of

bronchopulmonary aspergillosis had been made was then compared

with the total number of patients admitted to the hospital with

a diagnosis of a respiratory condition, whether medical or

surgical, within the period of this investigation. This data

was obtained from a study of the hospital records, which were

also checked for any cases of known bronchopulmonary aspergill¬

osis which might have been overlooked in the investigation.

Methods

I. Examination of sputum

The sputum specimens were collected in sterile screw-

topped bottles. In the case of most of the ward patients each

sample was collected on a separate day in order to increase the

chance of culturing an aspergillus which might he present in

the respiratory tract (Chick, 1962). Each bottle was given to
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the patient with instructions to expectorate into it once on the

following morning, and then to replace the cap securely.

Specimens were collected for examination within 3 hours of

expectoration. "Wherever it was desirable to collect the speci¬

mens quickly, because of an anticipated short stay of the patient

in the ward, or because of imminent chest surgery, 6 bottles were

presented to the patient, who then expectorated once into each as

this became possible during the working day. The samples were

again collected within 3 hours of expectoration.

The asthmatic out—patients were presented in the clinic with

similar bottles. They were instructed to expectorate once into

each bottle on a separate day, and to post the specimen to me

immediately afterwards. There was therefore a delay of up to

24 hours in these cases between the expectoration of the sample

and its arrival in the laboratory. It was not anticipated,

however, that this would influence the subsequent microscopical

examination or culture results in view of the following experi¬

ment.

Ten fresh samples of sputum from different patients were

selected at random. On the basis of their caoroscopical appear¬

ance 4 could be classified as mucoid, 3 as mucopurulent and 3 as

purulent. These specimens were initially shown to contain no

aspergi1lus-type mycelium after direct microscopical examination

(vide infra), and cultures of them prepared before the experiment
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subsequently produced no growth of an aspergillus, Six sub¬

cultures of A.funigatus, 2 of A.niger and 2 of A.flavus, obtained

from different sputum cultures or as laboratory contaminants on

culture medium, were then prepared on malt extract agar and

incubated at 25 degrees C. for 3 weeks. At the end of this time

the aspergillus colonies were mostly in a dry, powdery form, from

which it was easy to piok up material consisting largely of spores

on a wire loop moistened with water. This material from each

culture was then mixed liberally with one of the sputum samples,

still contained in the original sterile bottles. A wire loopful

of each specimen was then examined beneath a cover-slip under the

high power of the microscope, when numerous aspergillus spores

and a few fragments of aspergillus mycelium and fruiting heads

were seen. The specimens were then left at room temperature and

the microscopical examination was repeated at 24 hours and 48

hours after inoculation with the material. After 24 hours it

was found that none of the spores had germinated, and that the

mycelial fragments appeared unchanged in appearance and quantity.

After 48 hours many of the spores had begun to put forth a small

stalk of mycelium, but the mycelial fragments again appeared un¬

altered. It was therefore inferred a) that it was most unlikely

that sputum samples received after 24 hours would yield quantit¬

atively misleading culture results due to the germination of

aspergilluo spores which might be contained in them and b) that
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any interlacing aspergillus-type mycelium which might be seen

microscopically in such specimens could be taken to have been

present in the sample since expectoration, and not as a result of

the germination of aepergillus spores.

j
(l) Direct microscopical examination of sputum for aspergillus

mycelium

Initial experiments were made in staining smears of

A. fiimigatus mycelium, obtained from cultures end mixed with

sputum, using the periodic acid Sehiff stain for nucopoly-
t

saccharides and a silver impregnation stain. The results were

found to bo inconstant and unreliable. Much more dependable and

easily obtainable results were produced simply by examining

microscopically a fresh wet sample of sputum.

A sufficient amount of unhomogenised sputum was transferred

to a microscope slide, using a sterile xrire loop, to encompass

the area of a glass cover-slip measuring 18 mm. square when this

was placed on top of it. Where the sputum specimen did not

appear homogeneous in consistency the material for examination

was taken from the denser part of the sample, in order to mini-

mine the amount of saliva contained in the material. Where the

sputum specimen was very viscid, or in the form of a tough plug

as in cases of allergic bronchopulmonary aspergillosis (see
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Plate l), a portion of it was prepared as above after teasing the

material out on a microscope slide with sterile dissecting need¬

les.

The fresh unstained preparation was then examined under the

high power of the microscope. The use of a phase contrast

adjustment was found to be an advantage. The entire area of the

cover-slip was scanned for aspergillus-type mycelium. A.fumig—

atus mycelium, when present, was recognised, apart from the fact

that specimens of sputum containing it almost invariably yielded

a significant growth of A.fumigatus on culture, by the following

characteristics. Clumps of interlacing septate hyphae, giving

off branches at acute angles, were seen. Their appearance

differed from that of the vegetative mycelium of A.fumigatus

cultures, grown on malt extract agar at 25 and 37 degrees C., in

that the hyphae in the former were thicker and the septae less

widely spaced. The hyphal branches were short and stubby,

presenting a relatively stunted appearance. The A.fumigatus

mycelium seen in sputum samples also differed from Candida

albicans in that the clumping and interlacing of the hyphae was

more marked in the former, the mycelium did not present the

typical "nipped-in" appearance of the latter at the septae, and

blastospores were absent.

The appearance of A.fumigatus in sputum samples is shown in

Plate 2.



PLATE 1

Sputum plus? (times ^ approve,} expectorated "by Case 15
"TiJectioa III of thesisj.
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(2) Examination of sputum for eosinophil leukocytes

The sputum sample was homogenised by shaking with sterile

glass beads on a mechanical shaker. This is the routine method

of sputum homogenlsation employed in the Wellcome Laboratory,

Shaking wag continued until the sample was of uniform fluid, con-

sisteney, which on average took 30 minutes but in the case of

very viscid samples took up to $0 minutes. Homogenieation of

frank sputum plugs was not attempted.

After homogenieatior. a wire loopful of the specimen was

used to make a smear on a microscope slide. In the case of

frank sputum plugs, a small portion of the plug was teased out

and smeared on to the slide.

The films thus produced were allowed to dry in air and then

stained with Leishman*3 stain, prepared and used as described by

Cruickshank. The undiluted stain was dropped on to the film

with a pipette and rubber teat and allowed to act for one minute.

By this means the film became fixed by the methyl alcohol con¬

tained in the stain. The stain was then diluted by adding

double the volume of neutral distilled water to the slide, the

fluids being mixed by alternately sucking them up in the pipette

and expelling them. The diluted stain was allowed to act for

12 minutes, after which the slide was flooded gently with neutral

distilled -rater until the film appeared bright pink in colour.



PLATE 2

Asper/"illus~u.ype nycelium (tinea tOQ) seen in sputus plug
ocpectorateA Ly Ccce 14 (Section III of thesis';'*
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The excess of water was then shaken off and the film allowed to

dry in the air.

The film was then examined under the high power of the

microscope, using the oil immersion lens, for eosinophil leuk¬

ocytes. These were recognised "by their cytoplasmic content of

"bright red granules. A precise differential eosinophil count

was not attempted, because it was considered that the proportion

of fragmented cells would render such a count inaccurate.

Instead, those samples of sputum which were shown to contain an

appreciable amount of eosinophils were classified as containing a

"moderate" or "profuse" amount of these cells, in a similar way

to the asthmatic cases of Livingstone and Davies (1961). For

the purpose of this investigation a "moderate" amount of eosino¬

phils meant that the specimen showed eosinophils constituting

approximately 10$ and more of the total leukocytes seen. A

"profuse" amount of eosinophils indicated that these cells were

the dominant feature of the film, to the virtual exclusion of

other types of leukocyte.

(3) Culture of sputum for aspergillus

It was anticipated that the predominant species of asper¬

gillus obtained from sputum cultures would be A.fumigatus, "but it

was decided to record also the growth of other species of aspor-
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gillus.

On the advice of Dr. W. Blyth, mycologist in the Department

of Botany, University of Edinburgh, the cultures were made on

malt extract agar incubated at 25 degrees C.

The culture of each sputum specimen was made in duplicate,

using homogenised and nonhomogenised inoculates, in order to

increase the chance of culturing an aspergillus contained in the

sputum. The sputum sample was classified, according to its

macroscopic appearance, as "being mucoid, mucopurulent or purulent.

A nonhomogenieed inoculum consisting of a portion of the denser

part of the sputum, contained within a wire loop measuring 4 nun.

in internal diameter, the latter "being first sterilised "by heat¬

ing in a Bunsen flame and then allowed to cool, was then used to

inoculate the culture medium. The sputum sample, in the

original sterile "bottle, was then homogenised "by shaking with

sterile glass "beads as described in I (2) above. The same

sterilised loop was then used to transfer an Inoculum of homogen¬

ised sputum to the culture medium.

The malt extract medium was prepared as follows:

Distilled water 1000.0ml.

Malt Extract 30.00.

Mycological peptone $.0G.
%

Agar 15.00.

(pH - 5.4)
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The mixture me sterilised at 15 p.s.i. and 120 degrees C.

for 20 minutes. It was then, in a draught-free room set aside

for the preparation of culture media, poured into standard

covered culture plates to a variable depth, and allowed to cool

and solidify. The plates were then dried in an incubator for

2 hours at 43 degrees C. They were then covered and kept at 4

degrees C. ready for use.

In plating out the inocula it was decided that a different

method was needed to that routinely employed in bacteriological

cultures. In the latter case, the objective is to achieve

maximum separation of colonies from an inoculum heavily charged

with the organisms under investigation. The method of inocul¬

ation is therefore as depicted in Pig, 2 (a), which is adapted

from Cruiekshank. A well-inoculum is first made by streaking

out the inoculum liberally at A, Successive streakings, B, C, D,

and S are then made, the wire loop used being sterilized between

each sequence.

When culturing on selective medium for aspergillus, however,

the objective is to obtain growth of an organism expected to be

sparsely distributed in the inoculum. Separation of oolonies is

therefore not a primary consideration, and growth of bacteria is

not encouraged on malt extract agar at 25 degrees C, The inocul¬

ations in this investigation were therefore made as in Pig. 2 (b).

Ten inoculation lines were quiokly made with the wire loop, which
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FIG. 2 - Methods of Inoculation

a) culturlnff for "bacteria

b) In culturinr- for as-per/rillus
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was not sterilized "between the making of each line as it was

considered that speed of inoculation was essential in order to

out down contamination of the plate with atmospheric fungal

spores. The peripheral region of the plate was not inoculated,

in order to facilitate the recognition of contaminant organisms.

The cover of the plate was then replaced, and the preparation

was cultured for 8 days in an incubator regulated to 25 degrees

C.

The culture plates were inspected daily for growth of fungal

colonies. When the first signs of growth appeared, evidenced by

small clumps of white, semi-transparent mycelium radiating from a

central focus, a ring was made in grease pencil on the trans¬

parent surface of the culture dish, opposite to each colony, with

an indication of the number of days after inoculation on which

the growth appeared. Ey the time that the colonies had begun to

sporulate, revealing their identity as an aspergillus or as a

Cladosporium or Penicillium (colonies of these latter fungi being

identical in appearance to the naked eye to those of an asper¬

gillus in the initial stages) they had spread considerably over

the culture medium, yet a precise record of their initial site of

appearance, in relation to the lines of inoculation, remained.

It was usually found possible to detect the first appearance of

fungal colonies brewing them #^ough the closed plate, with¬
out having to remove the cover.
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Since the culture medium was well dried initially and the

plates ifere incubated in an inverted position, so that accum¬

ulation of moisture on the surface was minimal, all aspergilluc

colonies appearing on one of the culture lines was counted, for

the purpose of this study, as having "been grown from the sputum.

All such colonies appearing outwith the culture lines were

judged to "be atmospheric contaminant organisms#

Growths of A.fumigatus were recognised initially, after

sporulatlon had occurred, by the typical macroscopic appearance

of the colonies on malt extract agar at 25 degrees C. The

fluffy, powder puff aspect of the colonies is well seen in

Plate 3. This photograph does not accurately portray, however,

the characteristic deep bluish-green colour of the fruiting heads

seen in aggregate in the centre of the colony, with a white ring

of mycelium peripherally. Cleistothecia are, of course, absent.

This macroscopic colony appearance, at the conditions of culture

described, was found to be so typical of A.fumigatus that growth

of this organism could be asserted with confidence on the basis

of this alone. Nevertheless, a representative colony from each

culture showing a growth of A.fumigatus was in addition examined

microscopically. A small portion of the colony taken from the

green fruiting area was picked up with a sterile wire loop,

moistened, with sterile water, and transferred to a microscope

slide. A few drops of sterile water were then added, and the
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specimen was examined "beneath a cover-clip under the high power

of the microscope. Aspergillus conidiophoree, bearing uni-

seriate rows of sterigmata over the upper part of the vesicle,

were then seen as shown in Plate 4, making the recognition of

A.fumigatus certain.

In the early part of the investigation, before final ident¬

ification of a growth as A.furaigatus, a cubculture of the growth

was made on to Csapek*s solution agar, since it was on this

medium that the diagnostic criteria of such growths was described

by Thorn and Paper and by Paper and Fennel1. This was done by

picking up a very small volume of material from the fruiting area

of a colony, using a sterile wire loop moistened with sterile

water, and impressing the loop firmly against the surface of the

medium, which was then incubated at 25 degrees C. until chara¬

cteristic growth had appeared. It was then examined micro¬

scopically as described above. The growth of A.fumigatuo colo¬

nies, on this medium was found to exhibit less exuberant sporul-

ation than on malt extract agar, but the characteristic colour of

the fruiting heads was unchanged. It was found that no extra

knowledge was gained from the additional microscopical examination

of the colonies grown on Czapek*s solution agar. The routine

use of Czapek»e solution agar in the identification of A.fumigatus

colonics was therefore abandoned. In the case of cultures

yielding a significant growth of the organism, however, (see
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section on results) subcultures were subsequently made on to

Czapek#s solution agar to confirm the nature of the growth.

The Csapek's solution agar was prepared according to the

following formula:
\

Water ....................................... 1000 ml.

Sodium nitrate 2.0 G,
. ■ • ^ i i \ \

Potassium sulphate 0.356*
> '

Magnesium glycerophosphate .................. 0,5 g®.

Potassium chloride 0.5 6.

Perrons sulphate O.Olgm.

Sucrose 30.0 gm.

Agar 12.0 G.

(pH "6.8)

The mixture was sterilised, dried and stored for use in the

sane way as the malt extract agar.

Growths of species of aspergilitis other than A.fumigatue

were identified from the macroscopic appearance of their colonies

and the characteristics of their conidiophores seen microscopic¬

ally, after reference to the keys and illustrations provided by

Thorn and Raper and by Raper and Fennell.

Although all cultures were incubated at 25 degrees C. for

8 days, it was found that virtually all growths of A.fumigatus

first appeared by 48 or "J 2 hours after incubation. In the

assessment of results, therefore, any colonies first appearing
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after 5 4ayg wr>ro counted, contaminants.

XI. ffaaal. soft palate and fauclal swabs

It was desired to investigate the incidence of cases in which

A.fuiaigatus and other aspergillus species could he cultured fro©

swabs taken from the anterior nares and other regions of the

upper respiratory tract. As has "been mentioned in the intro¬

ductory section, the situation regarding the incidence of asper-

gillus spores in the upper respiratory tract has "been little

explored. It x*as also considered that some correlation might

he obtained, in the individual patient, between cultures for

aspergillus of sputum samples and of these swabs.

Three swabs we?e taken from each patient examined. Routine

sterile swabs, consisting of a small amount of cotton wool wound

round the end of a thin wooden stick, were used. Immediately

before use the swabs -ere dipped into terile physiological

sarine, it being considered that wetting of the swabs would

facilitate the picking up by them of dry aspergillus spores.

The first swab was used to rub gently around the inside of both

anterior nares. The second swab was rubbed over the area of

the soft palate. The third swab was lightly applied to both

faucial regions. Swabs from the soft palate and faucial

regions were preferred to mouth washings since any aspergillus
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picked up would be concentrated on the swab, which could then be

used to make fixed inoculation lines on the culture medium, thus

facilitating the detection of atmospheric contaminant organisms

on the medium.

The swabs were replaced in their sterile containers and

dealt with immediately upon their arrival in the laboratory.

They were used to streak out inoculation lines on malt extract

agar plates as described in I (3) above. The incubation temper¬

ature, time of incubation and method identification of aspergillus

colonies used in culture of the swabs were identical to those

employed in the examination of sputum, but only one culture was

made from each swab,

III, Examination of material obtained from bronchoscony or

surgery

Swabs of bronchoscopy material were cultured as described in

II above. In Case 10, described in section III of the thesis, a

small amount of necrotic material was obtained at bronchoscopy.

A portion of this material was first examined microscopically for

aspergillus-typo mycelium beneath a cover-slip, after being teased

out with sterile dissecting needles and nixed with a few drops of

sterile water. The specimen was then homogenised with sterile

water in a Griffith's tube. The homogenate was streaked out on
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malt extract agar in the some way as the sputum samples.

The contents of mycetoma cavities, obtained at surgical

operations, consisted of a soft, friable mass of interlacing

mycelium to the virtual exclusion of all other elements. This

material appeared macroscopically as shown in Plate 5« A

portion of the material was first teased out and examined under

the high power of the microscope in a few drops of sterile water.

Inoculation on malt extract agar was then made by streaking out

a small piece of the material, picked up with a sterile wire

loop, on to the surface of the medium.

The specimens from case 10 and the mycetoma material were

cultured at 25 degrees and 37 degrees C., cultures at both

temperatures being made in duplicate. It was found that at

37 degrees C. most A.fumigatus colonies had appeared by 24 hours

after inoculation. The green colour of the colonies was ident¬

ical to that produced at 25 degrees C., but sporulation was more

rapid. The colonics were flatter, and did not present the same

characteristic fluffy appearance seen at 25 degrees C.

Environmental conditions of study

All the techniques described above were performed in a
• > i

single room laboratory set apart for this investigation. It

was normally but not excessively ventilated. While not being
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specifically adapted for mycological work, it might bo said to

have been representative of normal bacteriological laboratory

working conditions.

It was unfortunately not possible to have a separate labor¬

atory devoted to the examination of cultures, apart from the room

used for plating out and incubation of the cultures. In order

to minimise atmospheric contamination with aspergillus spores
< i * < * «

released from cultures under examination, handling and micro¬

scopical examination of cultures was performed in batches on

Friday afternoons. All working surfaces and the floor were

thoroughly washed down with lysol solution on Saturday mornings.

From Monday to Thursday, when only plating out of the cultures

was carried out, the laboratory was wet-wiped with soap and

water.

IV. Serum precipitin test to A.fumigatus antigens

Since it was anticipated that all cases of bronchopulmonary

aspergillosis encountered would probably be duo to the harbouring

by the patient of A.fumigatus, only the presence of serum pre¬

cipitating antibodies to antigens of this species of aspergillus

was investigated.

An agar gel double-diffusion test on the Ouchterlony

principle was employed.
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The agar used in the test (Ionagar II, Oxoid) wag dissolved

by heating, at 3g concentration in isotonic saline (0.9^). It

was then added to an equal volume of warned Hcllvalue*s citric

acid phosphate buffer, pH 7,0 (constituted by 0.1 M citric acid

18 bI. , 2 II disodiust hydrogen phosphate 82 ml., and 0.2 gm.

sodium aside). The citrate was added to prevent the non¬

specific reaction which may occur with fungal extracts if C-

reactiva protein is present in the serum. The sodium aside was

added as a preservative.

The agar was then poured into standard flat-bottomed,

thoroughly cleaned glass Petri dishes to give a 5 mn. depth of

agar. It was then allowed to set for 24 bourn, after which it

was stored at A degrees C. ready for use.

A pattern consisting of a large central well, 12.5 nan. in

diameter, surrounded at a distance of 6 mm. by 6 peripheral wells

4 mm. in diameter, was then cut ir.to t- e agar with a Shondon gel

cut ter.

The patient's serum to be tested was separated from whole

blood, freshly obtained by venepuncture, after clotting and

centrifugetion. It was then transferred by means of a clean

ste die pipette to the large central well in the agar, in suffi¬

cient amount to fill the well.

The A.fusigatus antigens employed were those contained in

the Bencard Aspergillosis Scro-Diagnostic set marketed by the
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Bencard Allergy Unit of Beecham liesearch Laboratories. This

comprised 2 vials of mixed A.fumigatus antigens and a control

vial of 0,9% saline. The test vialE each contained an aqueous

solution of purified antigens at a concentration of 30 Eg,/ml.

0.1% sodium aside was included in all 3 vials as a preservative.

The extracts of the 2 test vials were selected to contain a

sufficient range of antigens for diagnostic purposes. The

antigens contained in the vials of one diagnostic set did not

necessarily correspond with those present in other sets, prepared

from a different "batch of material. A sufficient amount of the

contents of each of the 3 vials was transferred, by means of a

separate sterile pipette, to a separate peripheral well in the

agar.

The agar plate was then incubated for 7 days in an incubator

regulated to 28 degrees C., and observed daily for the appearance

of precipitin bands. At the end of this time the preparation

was stained according to the manufacturers as "a further check

for poorly visible reactions'1, and also to obtain a permanent

record of reactions readily visible before staining.

The staining was performed as follows. The gel was removed

from the Petri dish and washed in isotonic saline with 0.1%

sodium azide for 5 days, the saline solution being changed each

day. It was then dried between sheets of filter paper at 37

degrees C. The dried agar was next removed carefully from the
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filter paper by soaking in tap water and stained with azocamine.

This was prepared by dissolving aaocanrdne B 0.6£ in methanol;

glacial acetic acid; distilled water (5*1»4)« The agar was

stained for 20 minutes in thiD solution, and then washed in

successive changes of acetic acid (7$) until the "background was

colourless. Finally the agar was hardened in 10f° (v/v) glycerol

in ethanol for 15 minutes, after which it was blotted dry with

filter paper.

The above procedures wore carried out as instructed by the

Bencard Allergy Unit, in accordance with the recommendations of

Pepys and Longbottoia (1964).

The stained agar gel preparations showed a broad pale pink

3one surrounding the central well which had contained the serum.

Specimens in which interaction had occurred between A.fumigatus

antigens and serum precipitating antibodies to these antigens

showed sharply defined precipitation bands. These were seen,

stained a deep pink or red, superimposed upon the central acme

between the central well and one or both of the 2 peripheral

wells which had contained the antigenic material. These bands

represented precipitating or R—type reactions produced by inter¬

action between protein R—type antigens of the fungus and anti¬

bodies contained within the JS gammaglobulin fraction of the

3erura (Longbottoa, Thesis, Univ. of London, 19&4). The position

of the precipitates and their formations are dependent upon the
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diffusion coefficients and the concentrations of antigens end

antibodies.

The number of precipitation "bands in each preparation and

the fact of whether or not they were visible, when held against

a black background, as sharp whit® lines in the agar prior bo

staining, was noted. In some cases the scrum antibodies reacted

with only one of the antigenic sources, as shown in Plate 6(a),

In others they reacted with antigens from both sources, and in

these cases the 2 seta of precipitation bands were examined to

see whether their lines crossed at their points of intersection,

or whether paired bends from the different sources formed a

continuous band or loop of precipitate. The latter phenomenon

is termed a "reaction of identity" and indicates that the antigens

involved in the production of such joined bands are common or

closely related to each other (Raffel). In the former case the

antigens reacting to produce the 2 "crossed" lines are not

identical.

Therefore, in each preparation, precipitation lines from the

different antigenic sources which crossed at their point of intexw

section were each counted as separate bands. Pairs of lines

showing the reaction of identity were counted together as one

precipitation band. The specimen in Plate 6(b) denotes 3 pairs

of bands showing the reaction of identity and at least 3 other

lines which cross at intersecting points.
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V» Skin hyporsens11ivlty teste to A. funigatua an tigens

A prick—skin and an intradermal test were performed, using

the solutions of mixed A.fumigatus antigens marketed for the

purpose "by the Bencard Allergy Unit of Beechani Eaoearch

Laboratories. The solution for the prick-skin test is supplied

in vials with applicator stoppers, whilst that used in the

intradermal test is contained in rubber-capped vials. The 2

types of solution are not interchangeable.

Whenever possible it was ensured before tenting that the

patient was not receiving steroid therapy at the time, and that

he had not received treatment with an antihistamine drug for 48

hours before testing. In some cases, however, it was necessary

to perform the test while the patient was receiving steroid

therapy, owing to the urgent necessity for prompt treatment of

his condition.

The tests were performed on the r aterior surface of the

forearm. In the prick-skin test a drop of the test solution

was placed on the skin, using the applicator stopper. Similarly

a drop of the control saline solution provided by the manufact¬

urers was so placed. A separate Eo. 17 hypodermic needle was

then used to prick once, lightly but briskly, through each drop,

care being taken not to draw blood. Sxcese solution was then

wiped off with a separate piece of cotton wool. For the intra—
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dermal "test 0.02 ml. of the test solution was injected intra-

demally, using a Hantoux syringe and needle. The same amount

of a control saline solution provided was also injected in the

same way.

Immediate reactions to the tests were read 15 minutes after

testing. Where a wheal surrounded by a zone of erythema was

produced the diameter of the wheal was measured. Where an area

of erythema alone appeared its diameter was measured. In dermo-

graphic patients, in whom a sizeable reaction to injection of the

control solutions was produced, the reactions to the test solu¬

tions were discounted. These patients were few in number.

In accordance with the recommendations of the Bencard

Allergy Unit, the immediate reactions to the test solutions were

graded as shown in Table 1.

The appearance of the immediate reactions noted is shown

diagrammatically in Fig. 3(a). The central wheal was irregular

in outline and paler than the surrounding skin. Surrounding it

was a zone of erythema of variable diameter, sometimes with a

narked "flare" response. The reaction was generally accompanied

by marked itching. It tended to disappear within 2 hours.

The late reactions were larger than the immediate reactions.

They were not graded according to size since the precise time

after testing at which they appeared was variable. They were

looked for at 6 hours after testing and again at 24 hours, in
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TABLE 1

Grading of immediate reaction in skin hypcrccr.sitivi*y teats

to A.fucigatus antli.-c-r.g

FRICK-SKIN TEST

- Ho wheal, Erythema
absent or vory slight
(not more than 1 nan,
diameter).

+ Wheal absent or very
slight. Erythema
present (not more than
3 mm, diameter).

++ Wheal not more than 3 mm.

diameter? or erythema
not more than 5 mm.
diameter? or both.

+++ Wheal between 3 mm. and
5 mm. diameter, with
erythema.

++++ Any larger reaction.

INTRADERMAL TEST

- No increase in size of
bleb since injection.
No. erythema,

+ An increase in size of
bleb to a wheal not
more than 5 mm.
diameter, with associ¬
ated erythema.

++ Wheal between 5 mm, and
8 mm. diameter, with
erythema.

+++ Wheal between 8 mm. and
12 mm. disuseter, with
erythema, and possibly
pseudopodia,

++++ Any larger reaction.
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cases shoving an immediate reaction to one or "both of the skin

tests, and at 24 hours in cases shoving no immediate reaction.

In most cases they were not accompanied hy itching. In every

case in which a late reaction had "been produced in 6 hours it was

found to he still present after 24 hours, although its appearance

had altered somewhat. At 6 hours (Fig. 3h) it appeared ag a

variable area of "boggy oedema, often with a markedly raised edge,

which was not accompanied hy any marked degree of erythema.

After 24 hours the lesion had frequently spread over a wider area,
t . • * • t , . \ »

now appearing as a slightly raised region of erythema and oedema

whose edge "blended imperceptibly with the surrounding skin. In

the more marked reactions the erythematous lesion described above

at 24 hours was accompanied by a marked tense, non-pitting oedema

of the entire anterior surface of the forearm. The ap-nearance

of a moderate-sised late reaction after 24 hours is shown in

Fig. 3(c).

RESULTS OF THE STUDY

The investigation of cases admitted to beds in the medical

unit under comprehensive study, and of the out-patients attending

the weekly asthmatic clinic, took place over a 14 month period

from August, 1.966 to September, 1967* These cases were un—

selected regarding the possibility of their having broncho-
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FIG. 3 - Appearance of elrlr? hypersensitivity reactions to

A,fund pre tug antigens
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pulmonary aspergillosis. They numbered 231, of whom 194 were

ward patients (some of whom were also seen after discharge in the
■ • » ' . » \ • - \

asthmatic out-patient clinic), and 37 were asthmatic out-patients

studied only at the clinic.

The investigation of the cases included in the study "because
> \ • k . * i i

of routine laboratory findings of repeated culture of A.fumigatua

from sputum or a positive serum precipitin test to A. fur.igatus

antigens, and of those who were refei*red to me from other units,

covered a 17 month period from August, 1966 to December, 1967.

It is evident that this group were highly selected regarding the
> • * \ ^ ,

probability of bronchopulmonary aspergillosis. The number of

patients in this selected group was 31.
\ \ * -v * \ t - '

The total number of patients included in the study was

therefore 262. Their ages ranged from 10 to 85 years, with an
* \ \ ■ > • \ \

average of 54 years. hales numbered 135 and females 127.
• \ \ « * * * t

Table 2 shows the diagnosis of all the patients studied,
1 \ , t \ - *

subdivided into those with and those without asthmatic syrapto-
\ , I < . t v . » \

matology, as coded in the case records. Where more than one

respiratory disease was present in the same patient the main

respiratory diagnosis only has been listed. Cases of chronic

bronchitis admitted with an exacerbation of this condition,

manifested by superimposed acute bronchitis or bronchopneumonia,

have been included in the chronic bronchitis group. Broncho¬

pulmonary aspergillosis has been deliberately omitted from the
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TABLE 2 Ilain or underlying diagnoses of all
patients investigated

DIAGNOSIS BIMBER op
patxebts

BOB-ASTEMATIC CASES

Chronic "bronchitis 40
Bronchogenic carcinoma 26
Acute "bronchitis 15
Active post-primary pulmonary

tuberculosis 6
Inactive post-primary pulmonary

tuberculosis 7
Bronchopneumonia 4
Lobar pneumonia 4
Spontaneous pneumothorax 7
Bronchieo tasis 4
Lung abscess 2
Sarcoidosis 3
Pulmonary infarction 2

Rare pulmonary tumours 2
.Diffuse interstitial pulmonary

fibrosis 3
Pulmonary oedema 5
Other 9

ASTHMATIC CASES

Chronic bronchial asthma 73
Episodic bronchial asthma 17
Chronic bronchitis with asthmatic

features 21
Acute bronchitis with asthmatic

features 10

Pulmonary eosinophilia 2



- 150 -

list. Since all the cases subsequently considered to have

aspergillosis also had other basic bronchopulmonary pathology s...

only their underlying disease has been listed, to facilitate

comparison of their basic diagnosis with that of those patients

unaffected by aepergillus.

It is evident that the largest group of patients was formed

by those with chronic bronchial asthma, followed by cases of

chronic bronchitis with or without asthmatic features. Next

highest In frequency were cases of bronchogenic carcinoma and

acute bronchitis, both with and without asthmatic features. The

2 cases of pulmonary eosinophilic are included in the asthmatic

group because of the allergic nature of the eondition. They

were the only patients in whom pulmonary eosinophilia was coded

as the sole diagnosis, but not the only cases in whom pulmonary

eosinophilia was present. The 9 cases with "other" diagnoses

formed a miscellaneous group of conditions not included in the

other categories. They consisted of patients in whom the cause

of the respiratory symptoms remained obscure, and/or who present¬

ed with productive or unproductive eougli, dyspnoea or haemopt¬

ysis.

Examination of sputum

Of the 262 patients only 9 were unable to produce sputum,
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so that sputum samples for e tuciy were obtained from 253 indiv¬

iduals. The average number of sputum samples obtained per

patient was 5» (In a few cases of bronchopulmonary asper¬

gillosis more than 6 samples were examined at the request of the

clinicians).

In the initial stages of the investigation difficulty was

experienced in the attempt to distinguish what might be regarded

as significant growths of A.fumigaius from sputum cultures. A

large number of culture plates showed light growths of the

organism both on the inoculation lines ana outside the lines.

These growths invariably appeared as isolated colonies, or

occasionally with 2 colonies mingled together but ebill dis¬

tinguishable as separate colonies. The appearance of the

culture plates showing such growths of A.fumigatus is depicted

in Pig. 4.

The number of colonies growing on the inoculation lines of

these plates varied from 1 to 7» with an average of 2 colonies.

The number of colonies growing outside "Che lines, and therefore

judged to be atmospheric contaminant organisms, ranged from 1 to

6, with an average of 2 colonies.

The above form of growth was obtained from culture of sputum

from a large number of patients from virtually all the diagnostic

categories listed in Table 2. In the individual patient the

growths were sometimes obtained from several sputum samples and
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FIG, 4 - The appearance of llrht prou-thx of A, funi rectus on

inoculation lines
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sometimes from only one sample.

As the study progressed, however, another pattern of growth

of A.fumigatus in cultures of sputum began to be recognised.

This consisted of an abundant growth of the organism to the

extent that the fungal colonies, when first seen, were so close

together and so intermingled that they presented the appearance

of a confluent growth as opposed to isolated colonies, thus

rendering an accurate colony count impossible. In nearly all

of the plates showing such an abundant growth of A, fumigatus the

colonies covered a large proportion of the extent of the inocul¬

ation lines. The most striking feature of their appearance,

however, was that of colonies growing as a thick, continuous

fuzzy line. This is shown diagrammatically in Fig. 5,

Sputum yielding abundant growth of A.fumigatus was obtained

from 36 patients out of the 253 whose sputum was examined

(15.0^). The total number of sputum samples from which such

growth was obtained was 100.

It will be remembered that all sputum samples were cultured

in duplicate, using homogenised and non-honogenised inocula.

The total number of culture plates yielding abundant growth of

A.fumigatus was 179. The ratio of the total number of culture

plates yielding this form of growth to the total number of sputum

samples yielding the growth was therefore 179*100, or 1.79*

The maximum ratio which would have been obtained if each
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specimen of sputum had yielded the abundant growth from both the

homogenised and the rion—hoaogenieed inocula, is 2.00, Thus

there is a definite correlation between the culture results from

the paired series of cultures regarding abundant growth of

A.fuiaigatue, suggesting that such growths might be regarded as a

significant indication of viable A.fuaigatuo present in the

respiratory tract of the patient concerned.

Since it was thought that the light growths of A.fuaigatus

obtained might show a seasonal incidence, figures pertaining to

this latter type of culture were calculated on a seasonal basis,

taking cultures obtained during the period August, 1966 to

September, 1967. Light growths of A.fuaigatus obtained from

patients after this period have not been included in the calcul¬

ations.

Luring the 14 month period described above sputum samples

from 210 patients, this number being exclusive of those in whom

sputum culture yielded abundant growth of A.fumigatus, were

examined. Light growths of A.fumigatus obtained from patients in

whom other sputum cultures yielded abundant growth of the organism

are excluded from discussion.

The total number of culture plates showing light growth was

226, and the total number of sputum samples involved was 188.

The ratio of the total number of culture plates showing light

growth to the total number of sputum samples showing such growth
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vac therefore 226:183, or 1.20, The correlation between the

paired cultures regarding light growths of A.fumigntus is there¬

fore low, and considerably less than that between the paired

cultures shoeing abundant growth of the organism.

The light growths of A.fumigatus obtained on the inoculation

lines, and those obtained outside the lines (the latter judged

to bo atmospheric contaminants), are enumerated on a month by

month basis, between August, 1966, and September, 1967» in Table

3- The percci tage of culture plates showing light growths of

the fungus on the inoculation lines, together with the percentage

of those same plates showing contaminant organisms, is indicated

graphically In Fig. 6. Plates which showed contaminant oigan-

isias in the absence of colonies growing or. the inoculation lines

are not included.

It is seen that no growths of A.fumigatua on inoculation

lines, and no contamination of plates with the organism, occurred

initially in August, 1966, From then onwards, however, the

incidence of both light growths on the linos and contaminant

growtb-3 rose prog: essively to reach a pronounced peak in

February, 1967. At this time 50.Oy of all cultures yielded

light growths on the inoculation lines. The incidence of both

growths on inoculation lines and contaminant growths thereafter

fell sharply to reach a low level by May, 196?, with a further

slight rise from then until September, 1967• The incidence of
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TABLE 3 Sputum cultures which yielded light growth of
A.fumigatus Between August, i960 and"*"

September. 19of

Month

ITOu of
sputum

cultures

Cultures yielding
light growth of
A.fumigatus on

inoculation lines

Cultures contam¬
inated with
A.fumigatus

Mo. $ of
total

Mo. $ of
total

August, 1966 168 0 0 0 0

September, 1966 188 6 3.2 2 1.1

October, I966 144 9 6.2 7 4.9

Hoveraber, 1966 180 34 18.9 26 14.4

December, 1966 146 26 17.7 28 19.2

January, 1967 198 42 21.2 30 15.2

February, 1967 58 29 50.0 30 51.7

March, 1967 86 19 22.1 14 16.3

April, 1967 200 23 11.5 8 4.0

May, 1967 192 8 4.2 2 1.0

June, 1967 154 8 5.2 10 6.5

July, 1967 200 11 5.5 4 2.0

August -

September, 1967
86 11 12.8 8 9.3

TOTALS 2000 226 11.3 I69 8.5
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Seasonal incidence of lirrht fyoTrthc of A. funiflatus on inoculation

lines and of contaminant
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contaminant growths closely approximated to that of growths on

the inoculation lines throughout, and ir. December, 1066, and

February and June, 1567, it actually exceeded that of growth on

the linos.

That there is a statistically significant seasonal variation

in the incidence of light growths of A.fumigatue occurring on the

inoculation linos is shown in Appendix 1, which is calculated

from Table 3, taking figures fron August, 1966 to July, 1967
• - < 1 v \ ' \ \ ,

(p is less than 0,0005, which is more than could be accounted for

by chance variation). Similarly the seasonal variation in the

contamination rate of culture plates is statistically significant,

as show in Appendix 2, (p «= less than 0.0005).

The seasons during which abundant growths of A.fursigattts

were first obtained from culture of sputum samples from the 36

patients whose sputum exhibited this type of growth are shown

below:

MOUTH HO. OF CASES

August, 1966
September, 1966
October, i960 .

Hovember, 1966
December, 1966
January, 1967 .

February, 1967
March, 1967 ...

April, 1567 ...

May, 1967 .....

June, 1967 ....

July, 1967 ....

August, 1967 ..

September, 1967

2
1
2
3
4
2
9
3
3
1
1
2
1
0
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MQETE 110. OP CASES

October, 196'?
TTovember, 1967
December, 1967

1
0
1

'..'he above table shows that more patients were first die—

covered in February, 19^7, to bo producing sputum which yielded

abundant growth of A. fuaiigatus on culture than in the other

months. There is a fairly even scatter of cases first examined

throughout the other months, however. These figures are too

small to allow of statistical analysis.

Table 4 deals with the 36 cases from whose sputum abundant

growth of A.fumigatus was obtained on culture. It lists each

case in ascending order of the number of sputum samples which

yielded such growth. In each case are listed the total number

of sputum samples examined, the sputum type at the time of testing

(M » mucoid, MP « mucopurulent, ? « purulent) and the typo of

sputum (M, MP or P) normally produoed by the patient, as deduced

from a survey of the clinical case record. The consistency of

the sputum at the time of testing (lIV « non-viscid, V » viscid,

W * very viscid, or frank plugs) is also listed, as are the

number of sputum samples in which aspergiHub-type mycelium was

seen microscopically, the amount of eosinophil leukocytes in the

sputum, and whether or not the patient was on corticosteroid

therapy at the time of testing.

The moot striking fact which emerges from this table is



TABLE1,Cnaes1nvhomabundantgrowthnfftapenHlinafundratue onstratumnnlt,u>»eobtained
No.of sputum samples examined ineach case

Sputum type normally produced by patient

Sputum type when tested

Consis¬ tencyof sputum attime of testing

No.of sputum samples yielding abundant growthof A.fumigatus

No.of sputum samples
Inwhich aspergillus mycelium seen

Amount
ofeosi¬ nophils in sputum tested

Whether patienton corti¬ costeroid therapyat timeof testing

6

K

H

V

1

0

-

No

6

M

MP,K

NV

1

0

Moderate

No

6

K

PjMPjH

NV

1

0

Moderate

No

6

MP

P#MP,M

NV

1

0

Moderate

Yes

6

M

M

NV

1

0

Moderate

Yes

6

PjM

M

NV

1

0

-

No

5

P

MP,M

NV

1

0

-

No

6

P

HP

NV

1

0

Moderate

No

6

Unknown

MP,M

NV

1

0

Profuse

No

5

P,M

HP ,11

KV

1

0

-

No

6

P;»

M

NV

1

0

-

Yes

6

MP

P,HP,M

NV

1

0

Moderate

No

5

P/iP^M

M

V

1

0

Moderate

Yes

6

M

H

V

1

0

Profuse

Yes

*6

P,M

M

V

1

0

Moderate

<Yes

3

P

P

NV

1

0

-

No

6

P

M

NV

2

0

-

Yes

6

R

M

NV

2

0

-

No

Z
u

»# *'A

**

tt

Mtr i.«

*r.

0

-

"o

u

N

PI

NV

2

0

-

Yes

3

P

m

NV

2

0

Moderate

No

6

F,h

KV

3

XT'

——

"U

6

m

m

NV

3

0

-

No

6

P

P

NV

3

0

Moderate

No

6

P,M

kp,m

Plug

3

3

profuse

No

6

None

p,hp,m

W

1

-

No

6

P

p

Plugs

3

r'rofuse

Yes

6

P

MP

NV

k

1

Moderate

Yes

6

P

P

NV

5

0

Profuse

Yes

6

p

P

NV

5

0

Profuse

Yes

6

p

p

NV

5

2

Moderate

No

U

P

p,kp,m

Plugs

5

h

Profuse

Yes

6

P

p,mp

Plugs

6

2

Profuse

No

6

p

P

NV

6

1

Moderate

No

13

P

p,kp,m

Plugs

8

6

Profuse

Yes

12

P

P

NV

10

0

Drofuse

No
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that all 9 cases in which aspexgillus-type mycelium was soon

microscopically in the sputum' arc near the bottom of the table,

that is they wore among those cases from whom samples of sputum

most frequently yielded abundant growth of A,fumigatus on culture.

This observation is rendered more significant by the fact, that

the 23 samples of sputum from these cases in which the

aspergilius-typo mycelium was soon were the only sputum samples

in the entire investigation in which such mycelium was seen

microscopically.

In view of this close association between abundant growths

of A.fumigatus on culture of sputum samples and the detection of

asporgillua—type mycelium in these same camples, together with the

high general incidence of light growths of A.funigatue and the

olose approximation of the percentage of the latter to the

percentage of contaminant organisms on culture plates, it was

considered justifiable to regard the abundant growths of

A.fumigatus, relative to the patients concerned, as "significant"

growths. It was consxdored that the liSht crowths of A.fumigatus
on the inoculation lines, on the other hand, should be regarded as

"insignificant", in that they could provide no reliable indication

of growth of A.fumigatus in the respiratory tract of the patient.

A second point arising from Table 4 io that a greater number

of sputum samples yielding abundant growth of A,fumigatus on

culture is associated with a greater frequency of frank purulence
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of the sputum, both at the time of testing and prior to the

investigation.

The following table compares percentages of cases with puru-

lence of sputum, in the 36 patients who produced sputum yielding

abundant growth of A.fumigatus on culture, and in the remaining

217 (253-36) patients whose sputum was exarninod and found to yield

no such growth on culture.

With frank purulence (P)
of sputum at time of
testing.

With nucopurulence (MP)
only of sputum at tine
of testing.

With some degree of
purulence (P+KP) of
sputum at time of test¬
ing.

Of 36 patients
whose sputum
yielded growth of not yield
A. futaigatus on abundant growth

Of 217 patients
whose sputum did

culture.

Eo.

11

8

19

31.4

22.9

54.3

oi A.fumigatus
on culture.

Eo. %

18 8.3

41 18.9

59 27.2

With general purulence
(P) of sputum. 22 62.9

With general mucopurulenoe
(MP) only of sputum. 2 5*7

With some general degree
of purulence (P+MP) of
sputum. 24 68,6

70 32.3

8 3.7

78 35.9
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Thus the percentage of cases showing some degree of puru-

lence of sputum, "both at the time of testing and generally

(prior to the investigation), is approximately twice as high in

the group whose sputum yielded abundant growth of A.fumigatus on

culture as in the group whose sputum yielded no such growth on

culture. The same applies to frank purulence of sputum occurr¬

ing generally. Further, the percentage of cases showing frank

purulence of sputum at the time of testing is approximately 4

times as high in the first group as in the second.

Therefore there seems to "be an association between abundant

growths of A.fumigatus on sputum culture and purulence of sputum.

Reference to Table 4 also shows that a greater number of

sputum samples yielding abundant growth of A.furdLgatus on culture

is associated with the production of sputum plugs. Apart from

this, however, there does not seem to be any association between

viscosity of sputum and abundant growth of A.fumigatus from

sputum cultures.

It is noteworthy that in all 5 eases in which sputum plugs

were obtained, aspergillus—type mycelium was seen microscopically

in the plugs, which also contained a profuse amount of eosino¬

phils.
The number of cases, among the 36 patients whose sputum

yielded abundant growth of A.fumigatus on culture and among the

217 whose sputum did not, who exhibited sputum eosinophilia, is
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shown in the table "below, ho account has been taken of how

many of the 3 sputum samples examined in each case for eosinophil

leukocytes showed eosinophilia.

Of 36 patients whose Of 217 patients
sputum yielded whose sputum did

abundant growth of not yield abundant
A.fumigatus on growth of A,

culture. fumigatus on
culture.

So# lo. on corti-
of costeroid

cases therapy at
time of
testing.

2!o. Bo. on

of corticostcr-
cases oid therapy

at time of

testing.

With profuse
amount of eosin¬

ophils in sputum. 10 6 10 3

With moderate amount
of eosinophils in
sputum, 13 5 35

Total with sputum
eooinophilia. 23 11 45 21

With no sputum
eosinophilia, 13 3 173 53

It is not known to what extent corticosteroid therapy might

inhibit the presence or degree of sputum eosinophilia. The

above table suggests, however, that such therapy did not materi¬

ally influence the presence or absence of sputum eosinophilia in

the cases under consideration. Furthermore, the proportion of

cases showing sputum eosinophilia who were receiving corti¬

costeroid therapy at the time of testing was similar in the 2
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groups. Appendix 3 deals statistically with a comparison between

the number of cases with sputum eosinophilia among those whose

sputum yielded abundant growth of A.furaigatus on culture and among

those whose sputum did not yield such growth. It shows that

there is a statistically significant greater frequency of sputum

eosinophilia in the former group compared with that in the latter

group (p » less than 0.001).

Table 5 shows the basic diagnoses of the 36 patients whose

sputum yielded abundant growth of A.fumigatus on culture. These

are taken from the same diagnostic categories as in Trble 2.

Table 5 indicates that the number of cases with a basically non-

asthmatic diagnosis was 22, and this was greater than the number

of asthmatic cases.

Of the 36 cases yielding abundant growth of A.fumigatus on
!

sputum culture, 25 were from the unselected group of 231 patients

and 11 from the selected group of 31 patients. Therefore, among

the patients who were unselected regarding the possibility of

their having bronchopulmonary aspergillosis, 10.8^ produced sputum

which gave what might be regarded as significant growth of A.

fumigatus on culture.

The situation regarding growth of species other than A,

furaigatus from sputum cultures was as follows. Contamination of

culture plates with such organisms was relatively infrequent and

did not present a major problem. The sputum of 3 patients
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TABLE 5 Diagnosis of cases in whop abundant growth of
A. fumigatus was obtained on sputum culture

A « number of cases in whom culture of specimens
obtained at surgery or bronchoscopy yielded
abujid.aut growth of A.fumigatus.

B = number of cases with radiological evidence of
mycetoma.

C » number of cases in whom both A and B pertained.

ITumber
Diagnosis of cases A B C

HOB—ASTHMATIC CASES

Chronic bronchitis. 5 — — mm

Bronchogenic
(carcinoma. 2 _ - -

Inactive post¬ ( 1 )
primary pulmonary

(tuberculosis. 3 - 2 (previous) -

Spontaneous pneumo¬
thorax. 1 - - -

Bronchiec tasis. 3 - - 1

Lung abscess. 1 1 - -

Sarcoidosis. 2 - mm _

Carcinoid tumour. 1 1 - -

Pulmonary oedema. 1 - - -

Other. 3 "

ASTHMATIC CASES

Chronic bronchial
(asthma. 8 - - -

Chronic bronchitis
with asthmatic

(features. 2 - - am 1

Acute bronchitis
with asthmatic

(features. 3 - - -

Pulmonary eosinophllia. 1
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yielded an abundant growth of A.niger, while the sputum from 21

patients yielded a light growth (on the inoculation lines) of

A.niger. In one case a heavy growth of A.flavus was obtained,

with light growths of that organism in 23 cases, The sputum of

one case yielded abundant growth of both A.niger and A.terreus.

The sputum of a further 15 cases yielded a light growth of A.

terreus. In one case abundant growth of A.nldulans was obtained.

There were no light growths of the latter organism.

Thus the sputum of 6 cases yielded abundant growth of species

of aspergillus other than A.fumigatus. All 6 cases were in the

group of 231 unselected as regards the likelihood of their having

aspergillosis. The incidence of cases yielding such growths in

this group was therefore 2,6%,

basal, soft palate and faucial swabs

In culture of these swabs a situation analogous to that in

the culture of sputum swahs was experienced, with respect to light

growths of A.fumigatus on the inoculation lines and contaminant

growths of the organism outside these lines. This is shown in

Tables 6, 1 and 8 and graphically in Pigs. 7» 8 and 9, The

large number of swabs cultured is due to the fact that in many

patients swabs from the anterior nares, soft palate and faucial

regions were taken more than once.
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TABLE 6 Nasal swabs obtained from patients between An/rust,
1966 and Septemberi 1967

Month

Total
number

of nasal
swabs

cultured

Swabs yielding
growth of

A.fumigatus on
inoculation linos

Swab cultures
contaminated

with A.funigatus

No. is of
total

ITO. $ of
total

August, 1966 24 0 0 0 0

September, 1966 28 0 0 0 0

October, 1966 25 2 8 0 0

November, 1966 37 17 45.9 7 18.9

December, 1966 31 11 35.5 8 25.8

January, 1967 48 20 41.7 7 14.6

February, 1967 23 9 39.1 11 47.8

March, 1967 35 7 20.0 2 5.7

April, 1967 21 1 4.8 1 4.8

May, 1967 32 0 0 0 0

Jimo, 1967 19 0 0 2 10.5

July, 1967 31 1 3.2 0 0

August -

September, 1967 13 1 7.7 0 0

TOTALS 367 69 18.8 38 10.4
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PIG. 7 - Ifacr-: swabs

Seasonal iiicid.ei.co of' 11 r;ht nyoi-rthn on inoculation lines and

of contaminant orfrenlsrss
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TABLE 7 Swabs from soft palate of patients "between
"""August, 1966 arid September, 1967

Month

Total
number

of swabs

Swabs yielding
growth, of

A.funigatus on
inoculation lines

Swab cultures
contaminated

with A,funigatus

lo. $ of
total

Mo. io of
total

August, 1966 24 0 0 0 0

September, 1966 28 1 3.6 0 0

October, 1966 25 0 0 3 12

November, 1966 37 15 40.5 7 18.9

December, I966 31 6 19.4 5 16.1

January, 1967 48 10 20.8 10 20.8

February, 1967 23 9 39.1 12 52.2

March, 1967 35 6 17.1 2 5.7

April, 1967 21 2 9.5 1 4.8

May, 1967 32 1 3.1 0 0

June, 1967 19 0 0 1 5.3

July, 1967 31 0 0 2 6.5

August ~

September, 1967
13 0 0 0 0

TOTALS 367 50 13.6 33 11,7



- 172 -

owfche on inoculation lines

of contaninsnl onf^-nisran

(tM



- 173 -

TABLE 8 Faucial swabs obtained fro,r- patients letwe en
August, 1966 and"September, 1987

Month

Total
no. of

faucial
swabs

Swabs yielding
growth of

A.furaigatus on
inoculation lines

Swab cultures
contaminated

with A.fumigatus

Bo. fo Of
total

Bo. cr of
total

August, 1966 24 0 0 0 0

September, 1966 28 0 0 0 0

October, 1966 25 2 8.0 2 8.0

ITovembor, 1966 37 15 40.5 2 5.4

December, 1966 31 11 35.5 8 25.8

January, 1967 48 14 29.2 9 18.8

February, 1967 23 9 39.1 12 52.2

March, 1967 35 5 14.3 2 5.7

April, 1967 21 1 4.3 1 4.8

Jiay, 1967 32 0 0 0 0

June, 1967 19 1 5.3 3 15.8

July, 1967 31 3 9.7 1 3.2

August -

September, 1967
13 0 0 1 7.7

TOTALS 367 61 16.6 41 11.2
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Again a seasonal variation in the incidence of "both light

growths on inoculation lines and contaminant organisms is seen*

The incidence of contaminant organisms for each month does not,

however, approximate so closely to that of light growths on the

lines as was the case in sputum cultures. Further, the peak

incidence of light growths on the lines occurred earlier in the

case of the swah cultures, namely in Eovember, In swab as in

sputum cultures, however, the incidence of both light growths on

the lines and of contaminant organisms fell sharply after

February, to reach a low level by May.

That there is a statistically significant seasonal variation

in the incidence of light growths on inoculation lines in the case

of nasal, soft palate and faucial swabs is shown in Appendix 4,

5 and 6 respectively (p in each case is less than 0,0005).

Mo abundant growths of A.funigatus, or of other species of

aspergillus, analogous to those obtained in sputum cultures, was

obtained in culture of the swabs. As in the case of the sputum

cultures, growth of other species of aspergillus was relatively

infrequent.

Examination and culture of material obtained on bronchoscopy and

surgery

Microscopical examination of the contents of the mycetoma
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cavities of Cases 1 and 2 (see Section III of thesis) revealed

tangled, interlacing mycelium of the aspergillus type, identical

in appearance to that seen in the sputum plugs described in oomo

of the other cases. Such mycelium was also seen in the fcomo-

gonate of the necrotic material obtained from the first bronchial

biopsy in Case 10. Culture in duplicate of all these specimens

at 25 and 37 degrees C, yielded abundant growth of A.fumigatus.

There was no detectable difference in the profusion of growths,

when they first appeared, at the different temperatures.

Culture of the bronchial swab obtained from Case 6 yielded

abundant growth of A.fumigatus in the 2 cultures incubated at

25 degrees C., but only light growth in those incubated at 37

degrees C. This was probably due to the fact that the plates

incubated at the latter temperature were inoculated last, so that

most of the material on the swab had by then been rubbed off.

Serum precipitin test to A.fumigatus antigens

Of the 262 patients investigated 18 yielded a positive

result in the cerum precipitin test to A.fumigatus antigens. Of

this number 10 were in the group of 31 cases selected regarding

the probability of bronchopulmonary aspergillosis. The

remaining 8 cases were from the group of 231 unselected cases, so

that the incidence of positive serum precipitin tests to A.
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fumigatus antigens in the latter group was 3.4$*

Table 9 lists the 13 cases with positive serum precipitin

tests, in descending order of the number uf precipitation bands

seen in each case. The diagnosis is given in each case, together

with details of whether or not a mycetoma was seen, or had

previously been seen, radiologically. The case of bronchi¬

ectasis with chronic bronchial asthma has been listed in previous

tables as being in the non-asthmatic group, since the main

diagnosis coded in her case record was bronchiectasis. The case

of chronic bronchitis was subsequently considered, as a result of

the investigation, to have superimposed allergic bronchopulmonary

aspergillosis.

It is seen that a higher number of precipitation bands in

the agar gel medium is associated with conditions in which bronch¬

opulmonary cavitation is a marked feature: inactive post¬

primary pulmonary tuberculosis, bronchiectasis and lung abscess.

A smaller number of precipitation bands, on the other hand, is

associated with the asthmatic subjects, in most of whom only one

precipitation band was seen.

Also evident from Table 9 is that stronger reactions from

the point of view of there being a greater number of precipit¬

ation bands present, were seen in the medium prior to staining.

Most of the asthmatic subjects, with a smaller number of

precipitation bands, yielded reactions only visible after stain-



TABLE9CasesfoldingwnaltAneremit.insermtip^HHn test.hnA.fiirriTon.f.itRanfipens
Diagnosis

No.of bands seen

Bands seen before
orafter staining

No.of sputum samples giving abundant growthof A.fumigatus
'•Whether aspergillus mycelium seenin sputum

Inactivepost-primarypulmonary tuberculosis.Mycetomaseen radiologically.

6

Before

6

Yes

Inactivepost-primarypulmonary tubercuiosis.Mycetoma wasseenradiologically.
5

Before

5

No

Inactivepost-primarypulmonary tuberculosis.Mycetoma previouslyseenradiologically.
6

Before

1

No

Bronchiectasis.Mycetomaseen radiologieally.

h

Before

6

Yes

Lungabscess.

5

Before

3

No

Chronicsarcoidosis.Probable bronchiectasis.

6

Before

5

No

Bronchiectasis.

U

Before

10

No

Bronchiectasis.Chronic bronchialasthma.

2

After

h

Yes

Chronicbronchitis.

1

After

5

Yes

Episodicbronchialasthma. Parlybronchiectasis.

1

After

0

No

Chronicbronchitiswith asthmaticfeatures.

2

After

0

No

Chronicbronchialasthma. Recurrentacutebronchitis.
2

Before

0

No

Chronicbronchialasthma.
1

After

ft

Yes

Chronicbronchialasthma.
1

After

i

No

Chronicbronchialasthma.
1

Before

0

No

Chronicbronchialasthma.
1

After

i

No

Chronicbronchialasthma.
1

After

0

No
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ing the medium.

If staining of the agar had nob "been carried out 9i OT half,

of the total number of positive reactions obtained would not have

"been detected. Staining of the medium in serum precipitin tests

to A.fumigatus antigens was not carried out as a routine proced¬

ure in the Wellcome Laboratory, apart from the work of this

thesis, until late in 1967.

Table 9 shows no marked correlation between the number of

precipitation bands seen and the number of sputum camples which . \r:~

yielded abundant growth of A.fumigatus in these cases, or whether j,
*

aspergillus-type mycelium was seen microsoopieally in the sputum.

-v '' *
r 1

Skin hypersensitivity tests to A.fumigatus antigens

Among the 262 patients investigated 56 yielded typical

positive reactions, the appearance of which has already been des¬

cribed, to one or other or both of the prick-skin and the intra¬

dermal test. Of this number 18 were from the group of 31 cases

selected as regards the likelihood of their having broncho¬

pulmonary aspergillosis. The remaining 38 patients were from

the group of 231 uncelected in this respect. The incidence of

positive reactions in skin hypersensitivity tests among the un-

selected cases was therefore 16.5/»»

Those of the 56 patients giving positive reactions in whom
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no asthmatic symptomatology developed are listed in Tabic 10A,
O

They numbered 13. The remaining 43 patients who exhibited

asthmatic symptoms are listed in Table 10B. Thus positive

reactions in the skin tests were more than 3 times as frequent 7/

among asthmatic subjects than in non-asthmatic cases* One case

of inactive post-primary pulmonary tuberculosis with a roycetoma • >1 >•

present, and one case of sarcoidosis and probable bronchiectsis, 31/.;

were listed in previous tables as being among the non-asthmatic ^^

subjects, because of the diagnoses listed in their clinical case
r 'T"*,ri ,' •s-

records. These are listed here in Table 10B, however, because 1 '"V j> h

of superimposed asthmatic symptoms which they developed.

The following table shows the number of oases giving positive

immediate or late reactions in one or other or both of the prick-

skin and intradermal tests.

No. of cases No. of cases No. of Total
giving positive giving positive cases
reaction to both reaotion to giving
prick-skin and prick-skin test positive
intradermal alone. reaction
tests. to intra¬

dermal
test alone

Immediate
reaction 33 2 21 56

Late
reaction 6 0 14 20

From this it can be seen that all patients who yielded any

positive ekin tost reaction showed a positive immediate reaction.

No case exhibited a typical positive late reaction to either test
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table 10 Ptiti.gn.tiS. .iffLtfa. posiJitlss akin hmxasnsltlsdlg reactions
ta jLiaaigatna antigens

A. WITHOUT ASTHMATIC SYMPTOMATOLOGY

No.
of

cases
Diagnosis

1 Immediate
reaction

Late reaction

Prick-
skin
test

Intra¬
dermal
test

[Prick-
skin
test

Intra¬
dermal
test

1 Chronic bronchitis. 44 444 1 " Present

1 Bronchogenic carcinoma. 44 4 1 - -

1 Acute bronchitis. j mm 44 am

1 Spontaneous pneumothorax.1 «JS» 44 Present

1
Inactive post-primary
pulmonary tuberculosis. 1
Mycetoma seen.

- 44 1 -

1 Bronchiectasis. !
Mycetoma present. j

4 - Present

2 Bronchiectasis.
4 44 Present

44 444 -

1 Carcinoid tumour. 1 44 4 «•» -

2 lung abscess.
- 1 ■ mm -

- 4 - -

1 Haemoptysis, cause
unknown.

mm 4 - -

1
&tractable cough,
cause undiagnosed.

4 -|_l .1 rt ITnT | mm Present



table10FaUgnt.gT'rtfthnnnlftlvpskinhypmsCTrrifrlvltymxt.iqnn LaAJBaalgatoiaaoilgsna
b.withasthmaticsihptcmatologt

No. of cases

diagnosis

Immediate reaction

latereaction
Prick- skin test

Intra¬ dermal test

Prick- skin test

Intra¬ dermal test

23

Chronicbronchialasthma
44

-

-

-

444

-

-

mm

444

44+

-

-

tt>ITTTT'

444+

-

Present

-

4+44

-

Present

4444

4444

Present

Present

4

444

-

-

444

444

-

-

-

444

-

-

4444

4

-

•

+

44

mm

-

-

4

-

-

444

444

mm

Present

-

44

-

-

4444

4444

-

mm

-

4

-

-

-

4+

-

-

4444

4444

Present

Present

444

44

-

-

4

4444

•

-

44

T'f"if

Present

Present

4

4

—

Present

1

Chronicbronchia]asthma. Recurrentacutebronchitis.
44+

4444

-

Present

1

Chronicbronchialasthma. Chronicbronchitis.

4+

4+

■mm

-

1

Bronchiectasis.

44+

444

-

Present

5

-

444

-

-

Chronicbronchitiswithasthmatic features.

44+

44+4

-

-

4+

4+4

mm

-

-

44

-

—

-

444

-

-

U

Acutebronchitiswithasthmatic features.

-

444

■mm

-

''*'1"<"" TTTT

44-44

Present

'"resent

mm

4

-

-

4+

44

-

-

3

Episodicbronchialasthma.
-

444

-

-

mm

4

-

-

4+

44

-

Present

2

Pulmonaryeosinophilia.
j-M-

4+44

-

Present

-

44

-

Present

1

Chronicbronchitis.Allergic bronchopulmonaryaspergillosis.
44+

.11-»»TTTf

Present

Present

1

Inactivepost-primarypulmonary tuberculosis.Mycetomapresent.
J44.

nr*i

444

-

-

1

Sarcoidosis.Probablebronchi¬ ectasis.

4+

444

present

Present
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in the absence of a preceding positive immediate reaction. (in

9 other oases reactions consisting of a slightly raised red

plaque, 1.0 to 1.5 era. in diameter, with a well-defined edge and

no surrounding oedema, and seen 24 hours after testing in the

absence of a preceding positive immediate reaction, were produced
QAm 'q $<£!/*£

in response to the intradermal test. Because of their atypical , , ,
/UC >v'

appearance such reactions were disregarded). M.'-jA if

>i*. , < /, kto-
Only 2 cases exhibited a positive immediate reaction to the

prick-skin test in the absence of a positive immediate reaction

to the intradermal test. In 21 cases, however, a positive re¬

action to the intradermal test alone was elicited. Further, a

greater number of late reactions were seen in response to the

intradermal test compared with the prick-skin test.
s \

The average grading of the size of the positive immediate

reactions to the intradermal test was +++, while the average

grading of positive immediate reactions to the prick-skin tost

was ++. Thus there was a tendency for larger immediate reactions

to bo obtained with the intradermal test.

It war, not found possible to estimate precisely the pro¬

portion of patients who had received antihistamine therapy within

48 hours prior to the performance of the skin tests, but the

number of such cases was judged to be small. Of the number of

cases giving a positive late reaction to the prick-skin test 3

(50$) were receiving prednisolone therapy at the time of testing,
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compared, with 41.4% of those who showed only a positive immediate

reaction to this test. Of the number of oases giving a positive

late reaction to the intradermal test 6 (30%) were receiving

corticosteroid therapy at the time of testing, compared with

44*1% of those who showed only a positive immediate reaction to

this test. These figures are not such as to suggest that corti¬

costeroid therapy influenced the production or otherwise of late

reactions to any large extent.

Correlation between results of sputum culture, serur precipitin

test and slcin hyperseneltivity teats

The association between the 3 types of test used as diagn-
^ \ \ s * • % « , s \ » >\\ \ » v \ , , 1 v , 1

ostic indices to detect bronchopulmonary aspergillosis was as
v « ■ * t « \ v » \ ' * . ( • \ <

follows!

ITuraber of cases with significant growth of A.fumigutus from

sputum culture + positive serum precipitin test + positive

immediate skin reaction «* 12.

livuaber of cases with significant growth of A.fumigatus from

sputum culture + positive serum precipitin test only « 1.

Bunber of oaseo with significant growth of A.fuaigatus from

sputum culture + positive immediate skin reaction only » 7«

Number of cases with positive 3exun precipitin test +

positive immediate skin reaction only « 5»
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Number of cases with significant growth of A.fuinigatus from

sputum alone « 16,

llumber of oases with positive immediate skin reaction alone

» 32.

Number of cases with positive serum precipitin test alone

- 0.

Thus there were no cases with a positive serum precipitin

test alone, and only one case with a positive serum precipitin

test together with significant growth of A.funlgatus from the

sputum in the absence of a positive immediate reaction on skin

testing. Of the 16 cases with serum precipitating antibodies to

A.funigatus antigens 17 gave Pico a positive immediate reaction

on skin testing. Among the 36 cases yielding significant growth

of A.fumigtitus on sputum culture 16 yielded negative results in

the other tests. Of the 56 oases giving a positive immediate

reaction in skin hypersensitivity tests 32 yielded negative

resuite in the other tests.

That these figures, talcing into account the remainder of the

262 patients in the investigation for whom no positive result in

any of the 3 types of test was obtained, show a statistically

significant correlation between serum precipitating antibodies to

A.fumigatus antigens and positive immediate reactions in skin

hypersensitivity tests to A.fumigatus antigens is proved in

Appendix 7. Similarly, Appendix 8 shows that there is a
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statistically significant correlation "between the presence of
i"bij

serum precipitating antibodies^ positive immediate skin reactions
andt significant growth of A.funigatus from sputum. Appendix 9

deals with the relation between serum precipitating antibodies

(in respect of whioh nearly all the case3 had also a positive

immediate reaction on skin testing) and significant growth of

A, fuinigatus from sputum. In all these cases p » less than

0.0005, which is statistically significant.

Appendix 10, on the other hand, shows that there is no

statistically significant correlation between significant growth

of A.funigatus from sputum and positive immediate reactions in

Cases cor.oic.ered to have bronchopulmonary aspergillosis

All 18 cases in whom the presence of serum precipitating

antibodies to A.funigatus antigens was demonstrated were con¬

sidered to have bronchopulmonary aspergillosis. In addition 4

other oases, on the basis of other factors, were also considered

to have this diagnosis. These 22 cases considered to have

bronchopulmonary aspergillosis are described in detail in

Section III of the thesis.

Of these 22 cases 13 were from the group of 31 cases which

skin tests, in the absence of serum precipitating antibodies

(p m more than 0.60).

5^
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were selected, as regards the probability of their having broncho¬

pulmonary aspergillosis and 9 were among the unoelected group of

231 cases. These 9 cases were Cases numbers 13 to 20 and number
\ • x \ . »» * * >

22 in Section XII#

The incidence of cases considered to have bronchopulmonary

aspergillosis among unselected patients was therefore 3.9%»

Some of the 13 selected cases described in Section III were
l • \ » V i •. \ -• ' I > \

investigated initially by me because of routine repeated sputum
*

cultures positive for A.fumigatus, a routine positive serum

precipitin test to A.fumigatus antigens, or because of personal

referral by the clinicians. This latter referral in different
* ... , . , j > . \ * * , • ,

cases was because the X-ray picture suggested aspergillosis,

because a positive immediate reaction to aspergilius antigens had

been obtained in routine ward scratch-skin or prick-skin tests,

oi- as part of a full investigation desired. ITo specific element

in the symptomatology of these patients was suggested as a reason

for their referral for this investigation.

Incidence of bronchopulmonary aspergillosis ir. the City Hospital

as a whole

The case files of the City Hospital vqtc studied by me for

the total 17 month period of this investigation, from August,

1966, to December, 1967» During this time 2,086 patients with
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a disease of the lover respiratory tract were discharged from
V \ > \ *

chest units in the hospital. (Cases admitted and therefore die-
\ » •. H • •» v • • v * » >

charged more than once were naturally counted as only one dis-
\ ' « '• » 4 J • • \ ■ \ . \

charge}. It was discovered that, in addition to the cases

investigated by nie and considered to have bronchopulmonary asper-

gillosis, 4 further cases with a known previous diagnosis of
* * . . \ \ • i

aepergilloma had been discharged during this period. Of these,

3 had yielded no routine laboratory results to suggest that the
\ \ - \ ■ i » \

aspergillosis was still active. The fourth case yielded a
» « \ \ , ■ * • • • * * > *

positive serum precipitin test to A.rumigatus antigens on routine

laboratory testing, hut this patient*s stay in hospital was too
> 1 V * ■ \ ■ « *

short for him to be included in this investigation.
\ « » « » * * A

Of the 22 cases investigated by me, 3 had been seen by me

only in tho asthmatic out—patient clinic. If to the remaining

19 cases is adued the case not studied by me but who yielded the
» • v \ i • » » • , . \

positive seiutri precipitin test, the total number of patients, con¬

sidered to have bronchopulmonary aspergillosis, discharged from

hospital during the period of study was 20, or 1.0$».

IITVaSTIGATIQh OF SSKOITIvTTY OF STRAINS OF ^.FbhilCATUS

TO pnamcis

An additional study vas carried out to investigate the
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senslttvity^f strains of A. funigatus, obtained from culture of

the sputum of oases of bronchopulmonary aspergillosis and of

other cases whose sputum yielded abundant growth of A,furaigatue

on culture, to plmaricln (Pinafucir, Messrs. Hycofarm, Delft,

Holland). This is the antibiotic used, as on aerosol in the form

of a suspension of the drag in physiological saline, to treat

cases of bronchopulmonary aspergillosis at the City Hospital,

It was desired to investigate whether the wide range of

sensitivities of the organism to the drug, reported by various

workers, might represent a true difference between different

strains of A.fumigatus in this respect.

In initial experiments pimaricin was found to be insoluble

in water, ethanol, triethylene glycol, propylene glycol, poly¬

ethylene glycol, Mod formdimethylamide. An application to the

manufacturers for information regarding a suitable solvent, i.e.

one that would dissolve an adequate quantity of pimaricin without

itself being inhibitory, elicited no reply. Because of this

insolubility, high concentrations of the antibiotic were used in

the initial batch of tests,

Method

l). Initial batch of teats

Sabouraud agar (pit » 5»2) was used in the tests, and inocula
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consisting of loose spores pideed up from cultures were employed,

so that these tests wore carried out in the suae manner to those

of Edwards and La Touche (La Toucke, personal communication).

Sets of pctri dishes containing 12,5 microgn. of pinaricin,

increasing by twofold increments to 100 nicrogm., per ml. of

Sabouraud agar, were prepared. A control petri dish containing

the medium only was added to each set. Twenty strains of

A.fumigatus wore inoculated on half plates. The inoculum was

obtained by drawing a sterile wire loop carefully through a layer

of spores in the lid of the inverted culture plate in which each

strain had grown. Tbo sets of inoculated petri dishes were

incubated at 37 degrees C. (La Touche, personal coaiBuriic&tion),

and the presence of growth was recorded at 1, 2, 3, 4 and 6 days

after inoculation.

2). Pinal batch of tests

A second series of pctri dishes was prepared containing

pimaricin in concentrations ranging from 1.5 raicrogm. by twofold

increments to 25 sicrogm. par ml. of Sabouraud agar. Suspens¬

ions of the spores from 30 strains of A.furaigatus were made by

shaking a loopful of the spores, from the lid of the inverted

culture plate in which each strain had grown, in a bijou (7 ml.)

bottle containing 2 ml. of a 0.05$ solution of the surface-

active agent tt?een 80. (Lubes culture medium containing tween 80
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for cultivating dispersed growths of tubercle bacilli was, in

fact, used, since it was to band). Several loopfuls of this

suspension were added to a second bottle of tween 80 solution

until tbe latter had Just loot its crystal clearness. A

sterile loop of 3 mm. in external diameter which, when fully
. !

charged, will take up 0,01 ml. of liquid, was used to inoculate

half dishes with the second suspension. These inooula were thus

homogeneous in concentration in contrast to the non-homogeneous

spore inocula used in the first batch of tests. The dishes were

incubated at 37 degrees C., and growth was recorded daily for 10

days. As before a control dish containing the medium only was

added to each concentration set.

Sensitivity tests of strains of A,r.iger to pimarloin

Two strains of A.niger, grown in abundant amount from the

sputum of 2 patients, were dealt with exactly as described in

Method 2)above.

Stability of pimaricin at 37 degrees C,

The stability of pimcricin at 37 degrees C. was tested with.

2 strains of Candida albicans. Immediately after preparing sets

of petri dishes with the drug-containing medium as in Method 2)
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above* half plates were inoculated with each of the strains of

Candida. The inocula also were prepared in the sane way as

described in Method 2), In addition, sets which had been

maintained at 37 degrees C. were inoculated at 3 days and 8 days.

Growth was recorded daily for 10 days in each oaae.

Results

1)» The results in the initial batch of tests with A.fueigatus

strains are recorded in Table 11A. From this it will be seen

that growth of A.funigatus occurred erratically, and occasionally

appeared in high concentrations of pitaaricin when it was absent

in lower concentrations. On the second day after inoculation

one strain had grown at 100 nioroga. per ml, of medium, and on

the sixth day growths were scattered at from 25 microgm. to 100

microgra. per ml. ^he minimal inhibitor:/ concentrations of

pimaricin for these growths is shown and summarised in Table 11B.

2). In the second batch of tests on 30 strains of A.fundgatus,
... , . l 1 , , V . , > » >

with a carefully standardised and dilute inoculum of spores, very

constant end points were obtained, suggesting that with this

method sensitivity test results might be read as early as the

second or third day after inoculation, These results are

indicated in Table 12, in which minimal inhibitory concentrations

only are given, since growth occurred below these end points.



TABLE 11A Initial n1w.rir.-in sensitivity tests on A.ftrrtpatiiB strains nsinr non-hnmopcnenns inocnla

(G = growth, » «= no growth)

|

No. of days after inoculation of medivt

A.fim&gatus
strain no.

__

2 •9
J L 6

Pima]
1 in m.t

ricin concentration
sdium (micros./ml.)

Pimaricin concentration
in medium (ricrogjn./ml.)

"Imaricin concentration
in medium (mierogm./ral.)

Pimaricin concentration
in medium (rricrogm./ml.)

'imaricin concentration
in medium (microjm. /m"!.)

Cogjt- 12.5 25.0 50,0 100.0 Cont¬
rol

12.5 25.0 50.0 100.0 * 12.5 25.0 50.0 100.0 12.5 25.0 50.0 100.0 Cont¬
rol 12.5 PS n 0.0 1 bo.o

1 G Mft - - - G - mm mm - G G mm - # G G - - - G G G - -

2 G - - m mm G - G - G G G G - G G G G - 0 0 G G - G

3 : G - mm mm mm G - - mm - G - - - - G - - • - G G - - -

'

u G mm mm - m G - - mm G G - - - G G - - - G G G - -

5 G m - - mm G G - - -
nu G G G - G G G G - G § G G G

6 G - mm - - G mm - - - G G - G - G G - G * G G G G -

7 G G mm - - G G - - - G G - - - G G G mm 0 d ON G -

8 G - - - - G - G mm - G - G mm - G 0 G «■» - G G c - -

9 G mm - - - G G - - - G G - mm - G G - mm - G G «■» - -

10 G - *» - mm G «*■ mm - - i G - - - G G - - mm G G G 6 <rnm

11 G - - - mm G - G - mm G G G - - G G G - mm G G 0 - -

12 U G - - - - i - - - - G - - mm - G G - - - G G - - «■»

!3 ! 1 G - - - - G - - mm - G - - - - G G - - - G G mm «■» -

3 G - mm - mm G - - - - G G G - - G G G - mm 0 G G - -

15 G mm - - - G G - m • G G G - - G G G - - G G G - -

16 G mm m mm mm G - - • - G - - m mm G G - - - G G - mm 4U»

17 G - m - - G - - - - G - - <# - G - - - - G - - - -

18 G - m mm - G - - - mm G G - - - G G G - - 0 G G G -

19 G —m m mm • G G mm - - G G - - - G G - - G i G «■» - 0

20 G - - - - G G mm mm - G G - - - G G mm G G G G G G G
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TABLi- HB initial pimnrlcfri nenaitivlty sizing
Tni.anl.mB 1 Inhibitory senc?ntr^4sas-ja£
plmaricto for different strains off.

A'fnmigains

Pays afltor iriocni.nt1on

3t-
■p

c
<p
o

s
11

o
-p-

!o
*1

X-
C

d
b

*-

1 2 3 4 5 6

12.5 19 11 5 2 1

25.0 1 6 8 7 5

50.0 2 4 5 6

100.0 2 3 4

Over
100.0

1 1 3 4

20 20 20 20 20

Intel no. of A.figgtotfTO strains
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The minimal Inhibitory cono©ritrattons for the different strains

are almost identical (3.0 micro®®, per 21.1.), and quite stable

from the second to the fourth day after inoculation.

Strains of A.nlger

Similar results to the above wore obtained with the strains

of A.niger, as shewn in Table 13. Again the minimal inhibitory

concentration of piaariein was 3.0 micros®. per ml., and in¬

hibition of these strains appeared to be more stable.

Stability of piiaaxlcin at 37 degrees C.

The results of this test, using strains of Candida albicans,

showed that the antifungal activity of pinaricin, when stored in

medium at 37 degrees C., was reduced to a half in 3 days and to

between a quarter and an eighth at 8 days. This result might

have been anticipated from the results in A. fuirdgatus strains

shown in Table 12.

The results for strains of Candida, dealt with as described,

are shown in Table 14#
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tabid 12 ntawrlcln ^nrrifivlty teats vitti, atrains of
A.fi;rdgutus, usaner hrcriosmeourt inooijTfl

Days after- Inagul&tAflP

123A567B9 10

4:

c
c

I

c
4;

x
«r

X
c

c
•r

E

tC

1.5

3.0

6.0

12.0

25.0

vrmtaminntxti

6

2A 30 21 2 2 2 1

9 28 20 28 28 28 25 23

1 A h

1 1 1 3

SatalJta. 30 30 30 30 30 30 ?0 30 30 30
of strainr
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CASE I

Kale, aged 59.

Occupation
tiHiiii mini 111 i■1 ■ |>WI«

Plumber.

Environmental History

Ee had lived all hie life in the country, but had not worked

on a farm and had never handled hay, straw, manure or grain of

any kind. He had had no dealings with poultry or cage birds.

Family History

Eo asthma, hay fovei' or ecaeraa.

Past History

Ec had never suffered from asthma, ecaena or hay fever.

Eecent History

In Kay, 1966, he was admitted to a peripheral hospital whore

a transverse colostomy was performed subsequent to the develop¬

ment of intestinal obstruction due to diverticulitis. No chest

X—ray was performed prior to operation. Following the develop¬

ment of post-operative bronchitic symptoms chest radiography was

performed, as a result of which it was thought that he had dev¬

eloped a pulmonary abscess. After recovery from the operation

he continued to have a persistent and troublesome cough, product¬

ive of copious purulent sputum, despite courses of antibiotic

therapy. There had been no chost symptoms prior to operation.

In November, 1966, he developed acute intestinal obstruction



- 200

due to small bowel adhesions. Abdominal laporotomy was carried

out and the adhesions were undone. Because of the persistent

chest symptoms he was considered unfit for major surgery, and he

was therefore transferred to the chest unit of his local hospital

for investigation. Here, in January, 19^7» it was found that he

had consolidation of the upper lobe of the right lung. The

diagnosis was thought to be either an inflammatory process or a

neoplasm. Short courses of therapy with tetracycline and

ampicillin were given, but he continued to expectorate large

amounts of purulent sputum. Three sputum samples were negative

on examination for tubercle bacilli.

He was then seen by a thoracic surgeon from the City Hosp¬

ital and, on the radiological picture, a presumptive diagnosis of

pulmonary mycetoma was made. He was admitted to a thoracic

surgical unit of the City Hospital in February, 1967.

Investigation

He was seen to bo a thin, generally unwell man, but not

acutely ill. There was no cyanosis and no finger clubbing and

clinical examination indicated only consolidation of the apical

region of the right lung.

Respiratory function

The forced expiratory volume during 1 second (FEVl) was

2,170 ml. against a predicted normal value of over 2,440 ml.

The forced ventilatory capacity (FVC) was 2,630 ml., the pre-
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dieted normal level "being 3,050 ml,

Eaematology

lib « 11,2g/l00ml. PCV « 35& MCHC « 32& Total

IIBC » 7,200 cells/c.nim, with 66/b neutrophils, 24/° lymphocytes

and 5/' eosinophils. ESR « 55 Km. in the first hour (VJestergren),

Thcamination of sputum

Ho pathogenic bacteria were cultured.

Culture of 6 purulent sputum samples on malt agar yielded a

heavy growth of A. fumigatus from all specimens. On micro¬

scopical 'examination sparse aspergillus-type mycelium was seen in

one specimen. In 2 out of 3 Leishman films a moderate amount

of eosinophils were seen.

Serum precipitin test to A.fumigatus antigens

This yielded 4 strongly developed precipitin bands, visible

before staining the preparation.

Skin hypersensitivity tests to A.fumigatus antigen

ho reaction was observed in response to the prick-skin test.

The intradermal test produced an immediate reaction consisting

of a wheal 5 mm. in diameter with surrounding erythema (+ on the

Eencard scale). Twenty-four hours after testing a small late

reaction was seen.

Chest X-ray

Antero-posterior and lateral views showed che upper lobe of

the right lung to be shrunken and opaque, and contained within
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the upper anterior segment was a circular opaque mass surrounded

over a large part of its circumference by a crescentic area of

translucency. The right lower lobe showed increased "bronchial

markings with some streaky opacity. Tomograms of the right apex

confirmed the presence of a large solid "ball lying free within a

cavity. These appearances are shown in Plates 7 and 8.

Bronchoscopy

The larynx, trachea, main carina and left bronchus were

normal. Pus continually exuded from the right upper lohe

bronchial orifice, which appeared slightly oederaatous but was

otherwise normal. Parts of three segmental bronchial orifices,

normal in appearance, could be seen within the right upper lobe

bronchus.

Treatment

The sputum continued to be purulent, and the persistent

cough was unabated by a two week course of Crystamycin therapy.

Right upper lobectomy was performed. At operation the

right upper lobe was seen to be small arid rubbery in consistence.

During mobilisation of the anterior segment a large cavity, con¬

taining "brown pultaceous material, was inadvertently opened.

The pleural space was then washed out repeatedly with saline

solution in an attempt to remove any fungal contamination.

Pathology report

The right upper lobe weighed I85 g. and measured 12.5 X



PLATE 7

Chest X-ray, Case 1. Anteroposterior view 27th. Feb. t 196.?.
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5 X 4.5 cia, Cross-section revealed an irregular, ragged cavity

which extended from close to the hilura to the pleural surface

near the apex. The cavity measured approximately 5 cm. in

diameter and was surrounded "by indurated, mottled grey lung

tissue. The proximal bronchi were somewhat dilated and had

thickened grey walls.

Microscopical examination showed a marked degree of "bronchi¬

ectasis, The "bronchi were dilated and the lining epithelium in

places showed squamous metaplasia. The "bronchial vails were

intensely inflamed, "being heavily infiltrated with chronic in¬

flammatory cells. In some places there x*as also an acute in¬

flammatory process. The cavity was lined with granulation

tissue, acute inflammatory exudate, and here and there with

"bronchial epithelium. Within and at the margin of the cavity

fungal mycelium, composed of branching hyphae, was identified.

Ho conidiophores were seen. The lung tissue surrounding the

cavity showed an intense chronic interstitial inflammation.

Ho areas indicative of tuberculous infection were identified.

Mycological examination of cavitary contents

The dark brown doughy material was seen microscopically to

consist of densely interlacing septate hyphae, branching at acute

angles. Culture yielded a dense growth of A.fumigatus.

Subsequent Course

Post-operatively the patient was given a course of erythro-
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raycin and pimaricin 2.5 nig. thrice daily "by inhalation for eight

days. Recovery was uneventful, and from the time of operation

he had no cough and the sputun was no longer purulent.

Two post-operative samples of mucoid sputum contained no

eosinophils or fungal mycelium and yielded no growth of aoper-

gillus on culture.

Three further serum precipitin tests carried out in March,

July and December, 1967, produced a picture identical to that

seehi prior to operation, 4 precipitin bands being seen in them

all.

The patient was last seen in December, 1967» resection of

the sigmoid colon having by then been successfully performed.

There wore no respiratory symptoms and clinically and radio-

logically the condition of the chest was satisfactory.

Conclusion

The final diagnosis was bronchiectasis and pulmonary asper-

gilloma. The diagnosis was made pre-operatively on the radio¬

logical picture, together with the finding of aspergillus-type

mycelium in the sputum, which yielded repeated heavy growths of

A.fumigatus on culture, and a positive serum precipitin test to

A.fumigatus antigens. In addition, immediate and late reactions

were obtained with a skin hypersensitivity test to A.fuaigatus

antigens. Confirmation of the diagnosis was obtained at

operation, when an intracavitary fungus ball, which yielded
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growth of A.fumigatus on culture, was obtained.

CASE 2

Female, aged 31.

Occupation

Housewife.

Environmental History

She had spent all her life in a rural area. She had been

brought up on a farm and had helped with the farm work until the

age of 15 years. She had never since then handled straw, hay,

grain or manure, and did not keep poultry or cage birds.

Family History

An aunt and two siblings had had pulmonary tuberculosis and

two other- siblings had died of tuberculous meningitis in infancy.

The father had bronchial asthma and an aunt suffered from eczema.

There was no family history of hay fever.

Past History

She had had eczema of the hands and feet since the age of

14 years. There was no history of asthma or hay fever. At the

age of 11 years she had an isolated episode of pleurisy and

pneumonia.

Recent History
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Her general health was good. In November, 1965, she had a

small haemoptysis for the first time. There were two further

incidents of slight haemoptysis which occurred in January and

April, 1966. Chest X-rays following the latter two episodes

showed only a healed tuberculous primary complex, with calci¬

fication of the right hilar glands and a small calcified lesion

in the right upper lobe. It was noted that she had no true

cough, the haemoptyses having occurred upon "clearing the

throat", and she produced no sputum. There wore no other

respiratory synptoms or signs and no evidence of systemic upset.

Her weight had remained steady over the previous two years. The

ESK was 4 mm. in the first hour ( estcrgren).

From July, 1966, she had more frequent small haemoptyses.

Chest X—rays taken in September showed, in the posterior segment

of the right upper pulmonary lobe, a small round opacity with

central cavitation. It was observed that this lesion had

developed at the site of the small calcified focus previously

seen radiologically in the right upper lobe. The round opacity

subsequently became cavitated. She was then admitted to a peri¬

pheral hospital, where tomograms of the right upper lobe con¬

firmed the presence of a rounded mass lying free within a cavity.

The Heaf test was Grade III positive. Repeated samples of

mucoid sputum were negative on examination for tubercle bacilli

and aspergillus. The ESR was now 30 mm. in the first hour
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(Westergren), A serum precipitin test to A.funigatus antigens,

performed "by Dr. Riddell of the Bronpton Hospital, was negative.

She was then given antituberculous chemotherapy, "but over

the course of the next two months there was no radiological

change and the haemoptyses continued. It was thought that the

haemoptyses might have been caused by projection of the calcified

right hilar glands into a bronchus, resulting in erosion of a

blood vessel.

She was admitted to the City Hospital for thoracic surgery

in Kovember, 1966.

Investigation

She appeared generally well. 'There was no finger clubbing

and physical examination was otherwise entirely negative, apart

from eczema of the hands.

Respiratory function

The FEV1 and FVC were both greater than the predicted normal

levels.

Haernatology

Eb « 10.9g. /lOOml. PCV - 36%. MCHC - 30.5%. Total

WBC * 5»400 cells/c.mm. with 82% neutrophils, 11% lymphocytes and

6% eosinophils. The HSTi was not recorded.

Examination of sputum

One mucoid sputum sample was negative on culture for

pathogenic bacteria.
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Ho further sputum specimens were obtained to culture and

examine for aepergillus.

Serum precipitin test to A.fumigatus antigens

This was negative.

Skin hypersensitivity tests to A.fumi&atus antigens

Both the prick-skin and intradermal test yielded negative

results.

Chest X-ray

The findings on straight X-ray and on tomography were un¬

changed from the appearances in September, and are shown in

Platen 9 and 10»

Bronchoscopy and bronchography

The findings on bronchoscopy were negative and the broncho-

gram outlined normal bronchi showing no evidence of bronchi¬

ectasis.

Treatment

A right upper segmental resection was performed. At opera¬

tion scanty pleural adhesions were seen. A hard, partially

calcified and partially fluctuant suprahilar gland was observed

overlying the right pulmonary artery. The only palpable

abnormality in the lung was a soft, rounded lump, 2 to 3 cm. in

diameter, in the axillary subeegraents of the right upper lobe.

After the segmental resection the right hilar gland was dis¬

sected out and removed. It had at no point invaded a bronchus.
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Incision of the resected lung specimen revealed a cavity

2.5 cm. in diameter with smooth thick walls. Lying free within

the cavity was a brown ovoid mass.

Pathology Report

The small pulmonary cavity was lined by brownish material.

The surrounding lung tissue showed substantial fibrosis and

collapse.

Histologically the cavity was revealed to be partly epitheli—

alised and surrounded by an irregular zone of well—collagenised

replacement fibrosis of lung tissue. IIon-specific chronic in¬

flammatory cell infiltration, composed largely of plasma cells

and lymphoid aggregates, was present in the reactive fibrosis,

but no reaction in keeping with active tuberculosis and no

fibrocaseous foci were seen. Fungal mycelium was present within

the cavity and also plugged several bronchi within the fibrotic

zone. The mycelium was of a branched septate type in keeping

with an asporgillus, but no conidiophores wore seen. In addition

there wore changes indicative of mild acute bronchitis, as well

as a few small foci of bronchopneumonia and signs of organised

pneumonia. These latter changes were of minor degree.

The suprahilar lymph node showed inactive healed tuber¬

culous lymphadenitis with no evidence of fungi.

Mycologicul examination of cavitary contents

The brown friable mass was seen microscopically to be com-
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Chest X-ray, Case 2. TopOCTap gjf&t tapper lobe,
"l6th, Fov. , 1966,
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posed of interlacing branched septate hyphae identical to those

examined in Case 1. Cultures yielded dense growth of A.fumi-

gatus.

Subsequent Progress

The patient made an uneventful recovery from operation and

haemoptysis ceased.

Post-operatively, 6 samples of mucoid sputum were examined

for aspergillus. Ho eosinophils or fungal hyphae were seen, and

all cultures were negative for aspergillus.

After her discharge from the City Hospital the patient re¬

mained asymptomatic and with no further haeraoptyses.

Conclusion

Tie diagnosis was pulnionarv aspergillosis. This was suspect¬

ed prior to operation on the radiological picture, but was not

supported by the results of serum precipitin tests to A.fumigatus

antigen, and such sputum cultures as had been made for asper—

gillus. Skin hypersensitivity tests to A.fumigatus antigens were

also negative. The diagnosis was confirmed by the finding at

operation of an intracavitary fungus ball which on culture

yielded growth of A.fumigatus.

cast? ;
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Female, aged 43.

Occupation

She was a housewife who, as a young woman, had worked in a

rope factory.

Environmental History

She had spent all her life in towns. In the rope factory

she had handled flax and hemp and was exposed to very dusty con¬

ditions, "but she left this employment in 1941. She had never

worked on a farm, did not keep cage birds or poultry, and had

never handled hay, straw, manure or grain of any kind.

Family History

There was no family incidence of asthma, ec2ema or hay fever.

Past History

She had never had bronchial asthma or hay fever. At one

time she had eczema of the face, and she was allergic to elasto-

plast dressings.

In 1949» at the age of 26, she contracted pulmonary tuber¬

culosis, Subsequently she received sporadic treatment with

Sulphetrone for one month, P.A.S. intermittently for 5 months,

streptomycin alone for 6 weeks and isoniazid alone for 2 months.

She was first adroit ted to the City Hospital in 1953, when the

tubercle bacilli were found to be highly resistant to P.A.S. and

isoniaaid. Chest X-ray showed extensive bilateral pulmonary

tuberculosis, with cavitation of both upper lobes and a large
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cavity containing fluid at the apex of the right lower lohe.

The remainder of both lung fields showed scattered nodular

shadowing and fibrotic changes.

In 1954 Bhe developed acute right-sided heart failure which
%

responded to medication. She was subsequently treated with

streptomycin and terramycin but her organisms became strepto¬

mycin resistant. Dipasic., viomycin and pyrazinamide were then

given, but the sputum remained positive for tubercle bacilli,

which became resistant to all of the latter three drugs. In

1958 treatment with cycloserine and ethionamide was commenced.

In the following year the sputum became consistently negative for

tubercle bacilli on smear and on culture. Ethionamide and

cycloserine were finally withdrawn in I96I after therapy on these

drugs for nearly 3 years.

Owing to inadequate home care she was not discharged from

hospital until 1962. She still had large cavities in the upper

lobes of both lungs, with considerable pulling up of both

pulmonary arteries and pulmonary hypertension. She was severely

disabled by very poor respiratory function and became dyspnoeic

after walking a few yards. At this time no sputum was being

produced.

Keoent History

She remained as well as could be expected, receiving only

two short courses of tetracycline therapy to control inter-
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current, infection, until the beginning of 1964. From that time

she developed a persistent and troublesome cough productive of

copious and greenish purulent sputum, and these symptoms failed

to resolve on therapy with oxytotra-cycline and ampicillin.

Sputum samples were consistently negative on examination for

pathogenic bacteria, including tubercle bacilli. The respiratory

reserve decreased. In April, 1 $64, it was noted that chest X—

ray showed an apparent decrease in the sise of the left apical

cavity compared with the picture seen 10 months previously* In

the following month it was apparent that an increasing opacity

was forming in the cavity. At this time also A.fuuigatus began

to be consistently cultured from the sputum. She was then re¬

admitted to hospital for two months. A serum precipitin test to

A.fumigatus antigens, performed by Dr. Pepys of the Brompton

Hospital, was positive. Tomograms of th^ left upper lobe were

then performed. These indicated the presence of a lumpy opaque

mass or masses lying within the cavity. The appearance was

highly suggestive of a mycetoma, although a classical air cresc¬

ent was not present.

The X—ray appearances are shown in Plates 11 and 12.

She was treated with a diuretic for ankle oedema. Her

cough was very severe, but various cough suppressants were only

partially effective. She was started on nystatin inhalations,

but this therapy was soon discontinued as rhe tolerated it badly



PLATS 11



214 -

and the cough was aggravated. She was discharged on diuretic

therapy. "During her admission she had lost 11 pounds in. weight,

hut this was probably associated with diuresis. After she went

home she continued to lose weight.

She was readmitted to hospital in December, 1964, in frank

cardiac failure. Plraaricin inhalations in a dosage of 2.5 ng.

thrice daily were commenced, and although progress was initially

slow an important degree of symptomatic improvement was event¬

ually obtained. The cough became very much less troublesome and

the sputum was much reduced in quantity, although it was still

purulent. Culture of A.fumigatus from the sputum became less

frequent, and sputum cultures for aspergillus had been con¬

sistently negative for several weeks prior to her discharge from

hospital in July, 196-5. In addition the cardiac failure had

resolved without digitalisation and she had remained free of

oedema for some months prior to discharge. She was sent home on

diuretic th^ropy and pimaricin inhalations were continued as a

long-term measure on a domiciliary basis. She continued to have

a chronic cough productive of some purulent sputum but there was

no further weight loss.

She was again admitted to the City Hospital in November,

1966, where she was found to be pyretic and in cardiac failure.

Three weeks previously she had developed a heavy cold end for the

first time had a haemoptysis consisting of asvera?, clots of dark



PLATE 12

Chest, X-ray, Case 3« Tomogram left upper lohe,
23rd Juno, 1964,'
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"bloocl. Her cough Boon worsened and the purulent sputum was

increased in amount, despite tetracycline therapy. In addition

she began to wheeze for the first time. The wheeze was at first

intermittent hut "became constant two days prior to admission,

when she also complained of retrosternal chest pain and experienc¬

ed sharp bilateral cheat pains on coughing. On auscultation

there was prolongation of the expiratory phase over both lower

zones, with numerous expiratory rhonchi.

Investigation

Haematology

Eb » l6g./lQOml. Total b'BC 12,100 eeils/c.mn, with o4)'

neutrophils, 13>= lymphocytes and 1% eosinophils. BBR « 40 mm.

in the first hour (Weetergren).

Examination of sputum

The sputum was negative for pathogenic bacteria, including

tubercle bacilli.

Six samples of purulent sputum were examined for aspergillus.

Ho fungal mycelium was seen in any specimen. Two out of 3

Leishman films showed a moderate amount of eosinophils. Fouz* of

the samples yielded a significant growth of A.zurigatus on

culture.

Serum precipitin test to A.fumigatus antigen

This was strongly positive, 5 precipitin bands being seen

before staining the preparation.
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Ckir:. hyperscnoifiyj ty tests lo A.fuuigutuB antigens

To reaction was elicited with the prick-skin test. The

intradermal test produced en immediate reaction consisting of a

wheal 3 mm. in diameter (++ on the Bencard scale). There was no

late reaction. The patient was on steroid therapy ao the tine

of the test.

Chest '--ray

The appearance on straight X—ray was virtually unchanged

froia the picture seen in 1964, and is shown in Plate 13.

h-'eatiiicnt

Bigitalisation controlled the cardiac failure. The per¬

sistent vheege necessitated therapy with prednisolone in a dosage

of 20 rug. 'day fox* 2 weeks, after which the "bronchospasm resolved.

Pinaricin inhalations were continued as "before. The initial

pyrexia resolved rapidly on ampicillin therapy.

tub r ccuen t C ounce

She vac last seen after discharge; from hospital in January,

1963, -.ken cue had had no recurrence of "bronchospacia "but con¬

tinued no have a chronic cough productive of purulent sputum.

Corelurk on

This vac a case of inactive post-primary pulmonary tubercul¬

osis i:> whom a diagnosis of pulmonary asporgilloma had previously

been made. The sputum was consistently positive for A.furaigatus

or culture and the serum precipitin test to A.fuaigatus antigens
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was positive. Two years alter the pulmonary fungal mass was

first seer, 'bronchospasm developed for the first time-. A skin

hypersensitivity test to A.fumigatus antigens yielded, a positive

immediate reaction.

CAGE 4

Female, aged 42.

Occupation

She was a housewife who some years previously had worked in

a pot shop.

"hivii-or.'-enXd. history

Che had spent all her life in towns. She had never since

working in the pet shop handled straw, grain or cage birds. She

had never worded on a faro, did not keep poultry, and had not

handled manure.

Paul l;> n.istor.Y

T.o asthma, eczema or hay fever.

fact history

Che had never had asthma, eczema or hay fever and had dis¬

played no other allergic tendencies.

bilateral pulmonary tuberculosis was diagnosed in 1947« At

that time chest X—ray showed extensive bilateral tuberculous
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shadowing Involving the tipper halves of "both lungs, with definite

cavity formation in the left apex and almost certain cavitation

in the right upper zone. She received no antituberculous

chemotherapy until 1953. She was then treated for 11 months

with streptomycin and PAS, hut at the end of this time her

organisms had "become resistant to "both drugs. Her therapy was

then changed to Perculon and Seaside, hut these drugs were dis¬

continued after 3 months as there had heen no improvement in the

X-ray picture. treatment with isonlazid and oxytetracycline was

commenced. Considerable improvement in her general condition

and slight imoroveraent in the X-ray appearances followed, hut

cavitation remained. Left unrer lobectomy was therefore per¬

formed in August, 1955* For some time afterwards a substantial

left apical air space was present, but this gradually became

diminished in size and filled up with fluid. A chest X-ray in

October, 1955» showed no obvious parenchymal disease remaining in

the left lung. The right lung showed linear fibrotic- and

nodular densities in its upper third. From February, 1955» the

sputum was consistently negative cm examination for tubercle

bacilli.

The X-ray appearance thereafter remained unchanged except

for an ill-defined opacity ir t^e left mid-zone which developed

in 1955■ This opacity cleared on standard antimicrobial therapy

and sputum films and cultures remained negative for tubercle
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"bacilli. It was presumed that,.she had had a simple inflammatory

lesion. She remained subject to infective episodes with cou^a

and purulent sputum, "but these symptoms resolved each time with

antibiotic treatment. There was no haemoptysis at any time.

Recent History

In June, 1967» the .afcest X—ray showed some patchy opacities
v.

in the upper part of what remained of the left lung, in addition

to a considerable degree of bilateral scarring and bronchiectatie

changes. Since the beginning of the year she had felt very tired

and had been losing weight. She had a troublesome cough pro¬

ductive of green purulent sputum and was becoming more breathless

on exertion. There was also some wheese. It was uncertain

whether the symptoms were due to secondary inflammation in a

bronchiectatic area of lung or to relapsed tuberculosis. Sputum

specimens were negative for tubercle bacilli and other pathogenic

bacteria. She was given a lengthy course of ampicillin, but

despite this the cough and purulent sputum continued. She was

therefore admitted to the City Hospital in October, lp67*

Investigation

There was no finger clubbing, and physio«x examination was

generally negative apart from the detection of low-pitched

respiratory rhonchi over the left lung.

Haematology

Kb - 11.8g. /100ml. PCV « 39%. MCHC - 30%. Total
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' BC « 14>000 cells/c.mm. with 71/ neutrophils, l6> lymphocytes

and 6% eosinophils. (Absolute eosinophil count » 820''c.iraa. )

■RSB - 60 mm. in the first hour (bestorgren).

Hxamination of sputum

Ho tubercle bacilli or other pathogenic bacteria were

cultured from the sputum.

Six sputum samples were examined for aspergillus. Three

consisted of purulent plugs, two wore thick a, d purulent and the

sixth was mucopurulent. In two of the plugs scanty septate

mycelium of the aspergillus type was seen on direct microscopy.

Three Leiehman films showed a profuse amount of eosinophils.

All sputum samples yielded a significant growth of A.fumigatus on

culture.

Serum precipitin test to A.fumigatus antigens

This was positive, 6 precipitin bands being seen before

staining the preparation.

Skin hypersensitivity tests to A.fumigatus antigens

The prick-skin test yielded a wheal 4 am. in diameter (+++

on the Bencard scale). There was no late reaction to either

test.

Chest X-ray

This showed little change from the appearance 3 months

before, but it was now appreciated that there appeared to be

cavitation in the upper part of the lower lobe of the left lung.
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Tomograms confirmed this, and also showed an irregular mass

within the cavity. While this mass did not present the classical

appearance of a fungal hall it was considered, on the "basis of

the cultural and immunological findings, to represent an aEper-

gilloma. These appearances are shown in Plates 15 and 16.

A chest X-ray taken in 1957 is shown in Plate 14 for comparison.

Treatment

She was treated with ceporin for ten days, after which she

received rondomycin and pimariein by inhalation, in a dosage of

2.5 mg. twice daily, for two weeks until her discharge from

hospital in November. By this time she showed symtomatic

improvement. The purulent sputum had become less thick and was

more easily expectorated. She was discharged home on long-term

rondomycin therapy.

Subsequent Progress

She was seen as an out—patient in December, 1967* She

still had a cough productive of purulent sputum, but she was

otherwise well and had sustained no further weight loss. The

chest X-ray appearance was unchanged. Three further purulent

samples of sputum were examined for aspergillus at this time.

Hone showed any aspergillus mycelium on direct microscopy and all

were negative on culture for aspergillus. All three, however,

were shorn to contain a profuse amount of eosinophils.

Conclusion
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The diagnosis was post-primary inactive pulmonary tubercul¬

osis and aspergillorna. The diagnosis of aspergillosis was made

on the "basis of the X-ray appearance, a strongly positive serum

precipitin test and positive immediate skin hypersensitivity re¬

actions to A.fumigatus antigens, and also the finding of asper-

gillus mycelium in the sputum, which yielded significant growths

of A.fumigotus on culture.

CASK 5

Female, aged 73.

Occupation

Housewife.

Environmental History

She had spent all her life in a tow. She had had no

contact with poultry, cage "birds, grain, hay, straw or manure.

Family History

Eo asthma, eczema or hay fever.

Fast History
In 1954 a diagnosis of extensive "bilateral pulmonary

tuberculosis was made. Chest X-ray showed extensive fibro-

caseous disease, with a system of cavities in the right upper

lobe and a large cavity in the left upper lobe. There were
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diffuse changes throughout the remainder of the lung fields.

Her organisms -were fully sensitive and treatment was started with

streptomycin and isoniazid. She subsequently received P,A,S.

and isoniazid until March, 195&. She had then had a total of

>§• years of anti-tuberculous chemotherapy.

In April, 1956, it was note<* that the cavity in the upper

zone of the left lung seemed to have decreased materially in

size, with no deterioration in other regions. She had continued

to have an unproductive cough since the beginning of her illness,

but was otherwise well. In the chest there -..ore widespread

moist sounds with a few scattered rhonchi. The following month,

following a few months of persistent colds, she produced for the

first time a slight haemoptysis which was not repeated.

Ir April, 1957* chest X-ray showed a new solid opacity in

the left upper zone cavity. This is shown in Plate 17, com¬

pared with a previous X-ray taken in 1955* Her sputum was con¬

sistently negative for tubercle bacilli and she 'was taking her

drugs regularly. Bronchoscopy was performed: the right lower

lobe bronchus was narrowed to about § of its normal diameter

immediately below the right lower orifice. The overlying mucosa

was normal. The right basal bronchi were not clearly visual¬

ised. The middle and right upper lobe orifices were normal.

The origin of the left lower lobe bronchus was slightly narrower

than usual, but the overlying mucosa was normal. The left basal
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bronchi were seen with difficulty but appeared normal. The left

upper lobe orifice was pulled upwards, and an incomplete view

was seen within it because of the presence of much frothy mucus

which could not be dislodged. The origin of the left upper

bronchus and the lingular orifice were normal.
SSLHV?)

numerous sputum e pies, most of which were mucoid, were

examined for fungus, but all were negative on culture. Only

scanty growths of pneumococci and H.influenzae were obtained.

She was given chloramphenicol for a week, at the end of which

time her cough had become less troublesome but the X—ray appear¬

ance was unchanged. She felt generally well, with only the

degree of exertional dyspnoea to be expected in view of the

pulmonary damage. The chest X-ray appearance in June, 1957 »

showed a more diffuse opacity in the left upper zone cavity.

Tomograms in July revealed within this cavity a solid

opacity surrounded by a translucent area. These appearances are

shown in Plate 18. Consequently a provisional diagnosis of

aspergilloma was made, although neoplasm could not be excluded

and sputun examination throughout the next 2 years was con¬

sistently negative for aspergillus.

When the patient was seen in October it was noted that the

intracavitary opacity seemed to be breaking up. In June, 1958*

the cavity was still half filled with debris, but in addition

there was now homogeneous shadowing in the left mid zone. By
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the following month this shadowing had disappeared as had also

the lumpy intracavitary material, the cavity now "being largely

empty. Bronchoscopy was then repeated, hut visualisation of the

left upper lohe bronchus proved impossible beoause of a constant

outpouring of thin purulent exudate which accumulated rapidly

after repeated suction. A biopsy was taken from within the

bronchus, and was reported to consist of bronchial wall showing

considerable infiltration with inflammatory cells. Culture of

the exudate produced no growth of any organism, including asper-

gillus.

She was admitted to the City Hospital in September, 1958,

for investigation. She was given penicillin for 10 days and

tetracycline for 2 weeks when, with postural coughing, she daily

produced several ounces of purulent sputum and felt much improved.

The pus was sterile on culture. Bronchoscopy was repeated, and

on this occasion only a small amount of thin, mucopurulent

material exuded from the left upper lobe bronchus. The bronchial

orifice was reduced to about half of its normal diameter by pink,

swollen oedenatous material, most abundant on the anterior and

inferior aspects, where it projected for several millimetres into

the left main bronchus. In the main this tissue was sessile, but

at the carina between the upper and lower lobe bronchi there was

one small polypoid projection. Within the concentrically

narrowed left upper bronchus segmental orifices were not clearly
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defined, but no intrabronchial lesion was seen. There was

nothing to account for the recent roentgenological appearances.

Biopsy of the oedematous tissue noted above revealed an epithelial

lining showing squamous metaplasia and a segment of acute ulcer¬

ation. The subraucosa showed chronic inflammation. Bo tumour

was seen.

She was treated as having chronic suppurative pneumonia

affecting the left upper lobe, and penicillin was prescribed on a

long—term basis.

On admission the Hb was 86',' and the V'BC 10,350Ad.mm. with

78$ neutrophils and 0$ eosinophils. During her admission she

had a brief upper respiratory infection with mild fever. She

was also diagnosed as having mild diabetes mellitus which was

subsequently controlled by diet. She was discharged in October,

1958. In December the injections were stopped and therapy was

continued with oral penicillin. The sputum was still inter¬

mittently purulent. Penicillin was finally stopped in Kay, 1959*

She was readmitted the following August after a deterior¬

ation in her condition, with cough and copious purulent sputum.

Chest X-ray showed consolidation of the left lower lobe but no

aspergilloma, as shown in Plate 19. The Hb was 78$ and the

WBC 6,200Ad.mm. Bo pathogenic bacteria or fungi were cultured

from the sputum. Bronchoscopy showed no stenosis or obstruction.

The orifice of the left upper lobe bronchus was now of normal
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Chest X-ray, Case 5. Anteroposterior view, 6th» Aug., 1959«
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diameter, and the only abnormality seen was on the inferior

aspect of the orifice and on the carina "between the left upper

and lower lo"be "bronchi, where the mucosa was redundant and

roughly granular in appearance. There was still a slow issue

of mueopus from the left upper bronchus.

She was treated with penicillin followed by tetracycline.

There was a marked reduction in sputum volume and on her dis¬

charge in October the sputum was mucoid. For the next 6 months

she received tetracycline, after which she had antibiotics inter¬

mittently for purulent sputum.

In 1964 a serum precipitin test to A.fumigatus antigen was

performed by Dr. Pepys of the Brompton Hospital and found to be

strongly positive. Her general state of health continued to

be quite satisfactory, with no wheeze or haemoptysis. She had

a steady cough with intermittently purulent sputum. The VBC was

8,200/c.Eua. with a total eosinophil count of 400/c.mm. A prick-

skin test to A.fumigatus antigen was recorded as eliciting an

immediate reaction of 10 mm. of erythema with no wheal.

Recent History

She was readmitted to the City Hospital in June, 1967*

having just had a profuse haemoptysis. Two weeks previously

she had developed an acute upper respiratory infection. There

had been no chest pain or wheeze.

Investigation
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The patient exhibited finger clubbing. The percussion note

over the left lung was impaired and coarse crepitations were

present.

HaematolOf,7/

Eb m 12g./l00ml. Total KHC « 8,500 oells/c.mm. with 64/^

neutrophils, 33$ lymphocytes and 1$ eosinophils. ESH ■* 103 mm,

in the first hour (Westergren),

Examination of sputum

Ho tubercle bacilli or other pathogenic bacteria were

demonstrated in sputum samples.

Six samples of sputum, 2 of which were purulent and the rest

mucopurulent, were examined for aspergillus# Ho aspergillus

mycelium was seen in any of the samples, The Leishman film of

one mucopurulent sample showed a moderate amount of eosinophils.

Two other films showed no eosinophils. Culture of the specimen

which contained eosinophils yielded a significant growth of

A.fumigatus. The other samples were negative for aepergillus

on culture.

Serum precipitin test to A.fumigatus antigens

This was positive, 6 precipitin bands being seen before

staining the preparation.

Skin hypersensitivity tests to A.fumigatus antigens

Ho immediate reaction and no typical late reaction was

elicited with either the prick-skin or the intradermal tost.
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However, after 24 hours, an atypical reaction consisting of an

area of erythema and induration 2.5 cm. in diameter was seen at

the intradermal test site.

Chest X-ray

This was unchanged in comparison with previous films and

showed no fungal mass.

Treatment

She was given ampicillin until her discharge from hospital

in July. On this therapy her temperature, which was initially

elevated, settled within a few days. The diabetes was treated

by routine measures, insulin being required initially. The

sputum became gradually reduced in quantity but remained

purulent.

Subsequent Progress

The haemoptysis was not repeated. When seen in September,

1967, she had only a slight cough and the sputum was mucoid.

However she now had a blood eosinophilia of 6fa of a total white

cell count of 8,80Q/c.mm., the absolute eosinophil count being

1,680 cells/c.mm. She was feeling very well, and was asympto¬

matic when last seen in December.

Conclusion

This was a case of post-primary inactive pulmonary tubercul¬

osis and diabetes mellitus in whom a diagnosis of pulmonary

aspergilloma had previously been made on the basis of the X—ray
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picture and the demonstration of serum precipitating antibodies

to A.fumigatus antigens. The roentgenographical appearance was

not classical, however, and aspergillus had never "been cultured

from the sputum. At the time of this investigation there were

no significant X-ray or skin hypersensitivity findings, hut the

serum precipitin test was still strongly positive and one sputum

sample yielded significant growth of A.fumigatus.

CASE 6

Female, aged 6?.

Occupation

Domestic work.

Environmental History

She had lived in town all her life and had never worked on

a farm or handled hay, straw, manure, or grain of any kind.

She had not tended cage birds or poultry. She was employed in

household duties in a convent until a year prior to her admission

to the City Hospital, when she was sent to work in the convent

laundry, which was steamy and badly ventilated.

Family History

There was no family history of asthma, hay fever or eczema.

Past History
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She had an attack of pleurisy at the age of 5 years. She

had never had asthma, but some 20 years previously she had had

flexural infective eczema behind the right ear. There was also

a history of sulphonamide rash and of contact dermatitis due to

household bleaoh and carpet shampoo. There was no early history

of hay fever, but since starting to work in the convent laundry

she had had constant vasomotor rhinorrhoea.

Recent History

She was admitted to the City Hospital in July, 1966. For

the previous ^ months, following on an attack of influenza, she

had had a persistent cough productive of thick, greenish sputum,

and this was gradually becoming worse. She felt tired and list¬

less and had recently lost weight. There was no haemoptysis.

Investigation

She was noted to be very thin. There was no finger club¬

bing. The trachea was deviated to the right. Chest expansion

was generally poor, breath sounds were diminished in all areas

and scattered crepitations were present at the right apex and at

both bases.

Haematology

Hb - 13g. /100ml. PCV 42#. KCIIC 31$. Total OC -

5»900/c.mm. with a normal differential, including 3$ eosinophils.

ESR = 59 ram. in the first hour (Vestergren).

Examination of sputum
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Eo tubercle "bacilli or other pathogenic bacteria were

isolated, from sputum samples.

Six samples of purulent sputum were examined for asper-

gillus. Ho asporgillus mycelium was seen on microscopical

examination of the samples, but 4 of the 6 specimens yielded a

significant growth of A.fumigatus. One out of 3 Leishman films

showed a moderate amount of eosinophils.

Serum precipitin test to A.fumigatus antigens

This was positive, 5 precipitin bands being seen before

staining the preparation.

Skin hypersensitivity tests to A«fumigatus antigen

Ho immediate reaction was produced by the prick-skin test,

but a wheal 6 mm. in diameter (++ on the Bencard scale) was

elicited with the intradermal test. Ho late reaction was

observed with either test.

Chest X-ray

This showed shadowing of the upper aone of the right lung,

and tomograms confilmed the presence of cavitation within this

area. These appearances are shown in Plates 20 and 21.

X-rays of the nasal sinuses were normal.

Bronchoscopy

Blood was seen in the right upper lobe bronchus, which was

narrowed by compression. The other bronchi and their branches

on both sides were normal in appearance. It was felt at this
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Chest X-ray, Case 6« Aptero-posterior view, July, 1966,
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stage that a cavitated "bronchogenic carcinoma was the most likely

diagnosis. A swab taken from the right upper lobe bronchus was

used to inoculate culture plates of malt extract agar, culture of

which yielded a significant growth of A.fumigatus.

Treatment

She was treated for a week with ampicillin, followed by

tetracycline for 2 weeks, but the cough and purulent sputum per¬

sisted unabated. She developed a drug hypersensitivity rash due

to the ampicillin.

Hight upper lobectomy was then performed. The right

pleural space was seen to be obliterated by adhesions. There

was an indurated area about 4 cm. in diameter at the apex of the

right upper lobe and hard, probably calcified, glands at the

hilum. The remainder of the lung appeared normal.

Pathology Report
immmmmm ■■muwn ■ mi «■ mmm m mm

The right upper lobe measured approximately 10 X 8 X 5 cm.

Serial slicing revealed in the subpleural region an irregular

cavity measuring approximately 4 cm. in its longest diameter and

with a slightly granular, greyish-brown wall. The adjacent lung

tissue was dense and appeared fibrotic.

Microscopically the cavity wail showed amorphous necrotic

debris at its margin, with well marked subacute and chronic

inflammatory infiltration deep to this. The adjacent lung

parenchyma was in varying degree fibrotic, with cuboidal meta—
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Chest X-ray. Cas© 6, Toaogran rifht u-p-por lohe, July, 1966.
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plasia of the alveolar lining cells and marked interstitial focal

lymphocytic infiltration. The metaplasia was not unduly ex¬

uberant and there was no evidence of neoplasm. There was no

evidence of fungal mycelium or of any other specific infective

agent in the sections examined. The pathological diagnosis was

thus one of lung abscess without evidence of aspergilloma or

tumour.

Subsequent Progress

Post-operatively she became pyrexic for the first time since

her admission, and the sputum remained purulent. The blood

picture indicated a neutrophil leukocytosis. ITo pathogenic

bacteria were cultured from the sputum. Three further sputum

samples were examined for aspergillus, Ko mycelium or eosino¬

phils were seen in any, and all were negative for aspergillus on

culture.

She was given chloramphenicol, after which the sputum became

rapidly mucoid and scanty and the pyrexia resolved. The oper¬

ation wound healed, but chest X-rays showed the presence of a

persistent right upper pleural space. She was discharged home

in satisfactory condition in September, 1966. She remained well,

with no cough or sputum, and maintained a steady weight, until

December, when she was readmitted with an empyema of the right

pleural cavity. This was drained, and the empyema pus yielded a

profuse growth of pneumococoi on culture. Culture of 3 success-
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ive swabs from the drainage tube, on malt extract agar at 25 and

37 degrees C., yielded no growth of aspergilius. No sputum was

produced at this time. The result of a second serum precipitin

test to A.fumigatus antigens showed no change.

Progress was slow, but eventually the empyema was completely

drained and she was discharged in March, 1967. By May the right

apical cavity had closed down, the drainage wound had healed and

there was good air entry over the upper lobe. Prom that time

until she was last seen in August, 19&7» she remained well and

maintained her weight. She had only a slight morning cough

productive of minimal mucoid sputum.

Conclusion

The diagnosis was right upper lobe abscess and empyema.

Pre—operatively a diagnosis of aspergillosis was indicated by

sputum cultures positive for A.fumigatus, a strongly positive

serum precipitin test and a positive immediate skin hypers-

sensitivity test to A.fumigatus antigens. No sign of a fungal

mass was seen on chest X-ray and no fungal mycelium vas seen in

sections of the resected abscess cavity. Culture of a swab

from the draining bronchus, however, taken at bronchoscopy,

yielded significant growth of A.fumigatus.
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CASE 7

Female, aged 57*

Occupation

Housewife and office worker.

Environmental History

She had lived in town all her life. She had spent a

number of holidays on farms up to about 15 years previously, but

had never helped with the farm work. She had had no occasion to

handle hay, straw, manure or loose grain. She had a budgerigar,

which she fed on packaged bird seed.

Family History

A sister had bronchial asthma and a nephew (not the son of

that sister) suffered from hay fever. There was no family

history of eczema.

Past History

She had never had eczema or hay fever. She had had

episodic attacks of bronchial asthma in childhood which had re¬

mitted at the onset of adolescence. Since early adult life she

had been subject to frequent attacks of bronchitis.

Reeent History

She had been admitted to the City Hospital in Karch, 1966,

five weeks after developing an influenza-like illness from which

she failed to make a satisfactory recovery. She had developed

a cough with mucoid expectoration, increasing dyspnoea and ankle
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family doctor with little effect. There had been no haemoptysis

In hospital she was found to "be in congestive cardiac failure.

The total WBC was 19,800 cells Ac.mm. with 92$ neutrophils and Op

eosinophils, and the ESR was 1 mm. in the first hour (Westergren)

The chest X—ray showed, apart from cardiomegaly, some patchy

fibrosis at both lung aspices. 17o pathogenic bacteria were

cultured from the sputum, which was mucopurulent.

She responded well to dig!talisation and diuretic therapy,

but shortly after admission developed deep venous thrombosis of

a lower limb, following which she had a haemoptysis. Chest X—

ray confirmed the presence of infarction in the left lower zone,

and she was given anticoagulant therapy. The sputum became

mucoid after courses of ampicillin, chloramphenicol and tetra¬

cycline. She was discharged home in April, 1966, by which time

the total WBC was 9,200 cells/e.mm. with a normal differential.

For a time she remained well on continuing digoxin and

diuretic therapy, with clearing of the residual infsx>ct shadowing

at the left lower zone and with minimal exertional dyspnoea.

But in September, 1966, she became anorexic and more breathless,

and began to expectorate copious amounts of purulent sputum.

There was no haemoptysis and no further cardiac decompensation.

After a full course of tetracycline the troublesome cough

persisted and she continued to expectorate purulent sputum. She
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was readmitted, to the City Hospital in October. The chest X-ray

picture was unchanged, the blood picture gave no evidence of an

acute infective process and no bacterial pathogens were isolated

from the sputum. However she showed central cyanosis and rapid

respiration. The FEV1 was 330 ml. against a predicted normal

value of 1,760 ml., and the FVC was 1,100 ml., the predicted

level being 2,200 ml. Despite additional therapy with oxygen

and ampicillin she again went into cardiac failure. She

improved with modification of the diuretic therapy but became

very hypoxic when oxygen was withdrawn, the p02 dropping to

32 mm. while the pC02 was 68 mm. and the pE 7*3. After treat¬

ment with a carbonic anhydrase inhibitor the blood gas levels

improved to some degree. She was discharged home in ITovember,

the sputum having eventually become mucoid after a total of 5

weeks er ampicillin therapy.

She was again admitted to hospital in December, 1966. Her

condition had remained well controlled until 10 days previously,

when she had become more severely dyspnoeic at rest and again had

a troublesome cough productive of copious purulent sputum.

Investigation

She was found to be grossly cyanooed. There was no finger

clubbing. There was triple rhythm due to a fourth heart sound

and a marked right ventricular heave. Auscultation of the chest

revealed coarse bilateral inspiratory crepitations at both lung
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"bases and also over the left upper zone.

Eaeroatology

Hb » 18S./100ml. POV - 59^. NCHO 37.5$. Total tfBC «

21,400 cells/c.mm. with 88$ neutrophils, 10,' lymphocytes and 0$

eosinophils, ESR « lrnm. in the first hour (hestergren).

ECG

This showed P pulmonale and right ventricular hypertrophy.

Examination of sputum

Numerous sputum samples were negative on examination for

tubercle bacilli. One sample yielded a scanty growth of

staphylococcus aureus on culture. The majority of the samples

examined routinely now yielded growth of A.fumigatus.

Six samples of the purulent sputum were examined for asper-

gillus, Direct microscopy revealed no aspergillus—type mycelium.

One out of 3 Leishman films showed a moderate amount of eosino¬

phils. Five of the samples yielded a significant growth of

A.fumigatus on culture.

Serum precipitin test to A.ffunigatua antigens

This was negative after staining the preparation.

Skin hypersensitivity tests to A.fumigatus antigens

The prick-3kin test elicited an immediate reaction con¬

sisting of a wheal 3 mm. in diameter (++ on the Bencaxd scale).

An immediate reaction ^comprising a wheal cm*
(+++ on the Bencard scale) appeared at the site of the intreu-
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dermal test, and was followed by a late reaction 6 hours after

testing.

Chest X-ray

This now showed a non-homogeneous opacity with some cavit¬

ation in the left upper zone, and led to a diagnosis of a left

upper aone suppurative pneumonia. It was felt that the

relatively rapid change in the roentgenograph^ appearance over

a period of sis weeks was too rapid for a tuberculous infection,

and was probably due to a staphylococcal pneumonia. These

appearances are shown in Plate 22.

Bronchoscopy

This was carried out to exclude an underlying neoplasm.

The appearances were normal. Two specimens of thick purulent

bronchial secretion taken from the left upper lobe bronchus were

examined bacteriologically and rayoologically. One yielded a

light growth of staphylococcus aureus on culture. Both specimens

were seen microscopically to contain scanty aspergi1 'lus-type

mycelium and both yielded a heavy growth of A.fmaigatus on

culture.

Treatment

Anti tubez-culous chemotherapy was commenced and she was given

ampicillin and ci.oxacillin. After a week she showed clinical

improvement, but the purulent sputum was unaltered and the chest

X-ray indicated increasing cavitation in the left upper zone. It
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was at this point that bronchoscopy was performed. She was then

given pimaricin "by inhalation in a dosage of 2.5 nig. thrice

daily, for a total of 6 weeks, until her discharge hone in

February, 1967* At this time her heart failure was controlled

hut she still had a cough productive of copious greenish—brown

sputum. Three sputum samples obtained prior to her discharge

produced a significant growth of A.fumigatus on culture. All

contained a moderate number of eosinophils, but no mycelium.

Pimaricin therapy was continued on a domiciliary basis.

Subsequent Progress

Hex- clinical state remained unchanged, hut by April the

radiological opacity in the left upper lobe showed some clearing

(Plate 23), and this continued until Jure, there being no.; a

persistent upper lobe cavity.

In June, 1967, she was readmitted to hospital in gross

cardiac failure and with clinical signs of a patchy broncho¬

pneumonia involving mainly the left lung# She died within a

few hours. There was no post-mortem examination.

Conclusion

The diagnosis was chronic bronchitis and emphysema,

respiratory failure and cor pulmonale. The presence of an

A.fumigatus superinfection was indicated by culture of A,fumi-

gatus from the sputum and from a bronchoscopy specimen, which

latter also revealed aspergillus-type mycelium on microscopical
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examination. There were immediate skin hypersensitivity re¬

actions and a late reaction to A.fumigatus antigens, hut the

serum precipitin test was negative.

CJ SB 8

Female, aged 63.

Occupation

Housewife. Ho work other than domestic.

Environmental History

She had spent all her life in towns. ."he had never had

anything to do with farm work, hay, straw, manure or grain of any-

kind, She had. never cared for cage birds or poultry.

Family History

There was nc bronchial asthma or hay fever. A grandchild

had eczema, but it was not known fron which side of the family he

might have inherited this tendency.

Past History

She had never suffered from asthma, hay fever or eczema.

She had had a tendency to develop recurrent respiratory infections

since infancy, and since early adult life she had a winter cough

productive of thick purulent sputum. The cough was frequently

accompanied hy wheeze until the secretions were cleared. Since



- 243 -

1961 she had "been maintained on lleocytamen for pernicious anaemia.

She was adraittod tv?ice to the City Hospital in 1963 with

acute respiratory infections. She was seen to be very small and

wasted in appearance and with marked finger clubbing. Chest

X—rays showed severe bilateral bronchiectasis involving both

lower lobes of the lungs, and also the right middle lobe. Some

cystic cavities were seen. There was also widespread bilateral

pulmonary fibrosis and distortion of the vascular architecture.

There was no evidence of cardiac failure. No pathogenic

bacteria, including tubercle bacilli, were grown from culture of

the purulent sputum during either of her admissions to hospital,

but on each occasion the sputum was rendered mucoid and the cough

abolished with antimicrobial therapy. While in hospital she

received courses of penicillin, streptomycin, tetracycline and

chloramphenicol. She developed a drug hypersensitivity rash

while on penicillin and streptomycin. She was also maintained

on oral iron as she was found to be moderately anaemic. Despite

the symptomatic improvement, the blood leukocyte count remained

persistently elevated and the BSR was of the order of 105 nun. in

the first hour (Vestergren). It was therefore decided to

maintain her on long-term tetracycline therapy since a persistent

low-grade suppurative process appeared to be present.

For +he next few years she remained reasonably well, with

dyspnoea on moderate exertion and with mucoid sputum, except
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during sporadic infective episodes of cough with purulent sputum.

In general her condition seemed to "be well controlled "by the

prophylactic tetracycline.

Recent History

She was readmitted to the City Hospital in May, 1967.

Bight days previously she had developed a feverish corysa and

her dyspnoea increased. She again had a cough productive of

copious, greenish purulent sputum.

Investigation

She exhibited central cyanosis and marked finger clubbing.

The development of cor pulmonale was indicated by tachycardia

and the presence of a Grade II pulmonary systolic murmur and a

marked right ventricular heave. Physical examination further

produced a clinical impression of a bilateral loiter lobe broncho¬

pneumonia superimposed upon the severe basic lung pathology.

Eaematology

lib » 10. lg. /100ml. MCHC - 29% Total WBC - 19,000 cells/

e.mm. with 88/ neutrophils, 9/ lymphocytes and 3$ eosinophils.

BSB. « 116 mm. in the first hour (lestergren).

BCG

This showed right ventricular hypertrophy and right vent¬

ricular strain.

Examination of sputum

ITo tubercle bacilli were isolated from sputum samples but
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profuse growth of pneusococci and of H« influenzae were obtained

on culture.

Six samples of purulent sputum wore examined for aspergillus.

Bo aspergillus mycelium was detected but 3 Leishman films all

showed a profuse amount of eosinophils. Pour of the specimens

yielded a significant growth of A.fumigatus on culture.

Serum precipitin test to A.fiuaigatus antigens

This was positive, 4 precipitin bands being seen before

staining the preparation.

Skin hypersensitivity tests to A.fuiaigatus antigens

The prick-skin test elicited an area of erythema 3 mm. in

diameter (+ on the Bencard scale) while the intradermal test

elicited a wheal 8 mm. in diameter (++ on the Bencard scale).

Bo late reaction was observed at this stage to either test.

Chest X-ray

This showed no substantial change from previous films. The

appearance is shown in Plate 24.

Treatment

She was given courses of erythromycin, tetracycline and

lincomycin, and on this therapy her sputum became mucoid. She

was discharged home in June, still with a raised ESP and blood

leukocyte count, +.o continue on prophylactic tetracycline.

Subsequent Progress

Shortly after discharge from hospital she again developed
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Chest X-ray, Case 8, ftntero-posterior vicyw, 9th. I!ay, 1967*
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a troublesome cough productive of purulent sputum, which proved

resistant to treatment with tetracycline and Mysteclin. The

exertional dyspnoea increased in severity.

She was readmitted to the City Hospital in November, 1967•

She had now become extremely breathless on the slightest exertion

and was confined to bed. Her now persistent cough and purulent

sputum vevo increased in severity, and she had begun to lose

weight. The findings on physical examination were as before

and the blood picture and chest X-ray appearance was unchanged.

The sputum again yielded no pathogenic bacteria on culture.

Six further sputum samples, all thick and purulent, were

examined for aspergillus. Hone were seen to contain aspergillus

mycelium, but 3 Leishman films again showed a profuse amount of

eosinophils. All six samples yielded a significant growth of

A.fumigatus.

The skin hypersensitivity tests to A.furaigatus antigens were

repeated. The immediate reaction to the prick-skin test was un¬

changed, and again no late reaction was elicited with this test.

However the immediate reaction to the intradermal test now con¬

sisted of a larger wheal, 1.3 cm. in diameter (++++ on the

Bencard scale), and a small late reaction was seen 24 hours later

at the intradermal test site.

Her general condition was greatly improved by intensive

physiotherapy, with continued Kysteclin therapy. On her dis-
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charge from hospital in December she was feeling well and not

unduly dyspnoeic on exertion. Nevertheless she still had a

persistent cough productive of purulent sputum.

Conclusion

The diagnosis was bronchiectasis and bronchopulmonary

aspergillosis. The latter condition was diagnosed upon the

culture of A.fumigatus from sputum samples, a positive serum

precipitin test and immediate and late skin hypersensitivity

reactions to A.fumigatus antigens.

CASE 9

Female, aged 44•

Occupation

Housewife. Previously worked in a printer*o firm.

'Environmental History

She had lived in town all her life. She had never worked

on a farm and had never handled hay, straw, or manure. As a

girl she used to help with the feeding of pigeons, but had never

since then handled loose grain. She kept budgerigars, which she

fed on packaged bird seed.

Family History

Ho asthma, eczema or hay fever.
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Past History |

She had not suffered from bronchial asthma as a child and

there was no history of hay fever or ecsesa.
v

She develoned sarcoidosis. Chest X-rays first revealed

bilateral hilar lymphadenopathy in 1955> *>y 1957 the hilar

glands showed progressive enlargement. In addition she began to
i i » »

comnlain of increasing tiredness and exertional dyspnoea. Since

1956 she had had a chronic cough productive of mucopurulent

sputum. In 1957 the Kantoux reaction, initially negative,
\

became Grade III positive, and for 10 months during 1957 she

received Pycamisan 10PH, and prednisolone 10 mg. daily. This
> , * S y * * , ( ^ * * ;

therapy was afterwards discontinued since, although there had

been slight symptomatic improvement, there was no change radio-

logically.

On admission to the City Hospital in 1961, after an acute

episode of respiratory infection, chest X-rays now showed very

obvious fibrotic change in the upper zone of the left lung. Prom

that time she was maintained on Pycamisan 10PH, and prednisolone

in a dosage of 15 rag. daily. Prom time to time she expectorated

frankly purulent sputum, which always became mucoid after courses

of erythromycin, tetracycline or ampicillin. At no time were

tubercle bacilli isolated from the sputum.

In 1962 she developed a minimal wheeze, with generalised

rhonchi in the chest, and began to have occasional slight haemop-
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tyses. A Medihaler was prescribed in addition to the steroid

therapy.

In 1963 she developed a Klebsiella pneumonia. Chest X—

rays revealed extensive fibrotic changes in the upper half of

both lung fields, with two cavities on the right side. Later in

the same year she had a right spontaneous pneumothorax. After

these episodes she remained relatively well. She produced only

snail amounts of mucoid sputum, but she continued to have small

haemoptyses. The mild bronchospasm was controlled with routine

epasnodics in addition to prednisolone. However in October,

1966, it was noted that over the previous year she had lost over

a stone in weight, for which no cause was found.

Recent History

She was readmitted to the City Hospital in January, 1967*

Two weeks previously she had developed persistent haemoptysis

Mid was expectorating purulent sputum uncontrolled by tetra¬

cycline and ampicillin.

Investigation

There was some exertional wheoae and mild central cyanosis,

A few scattered rhonchi were heard on auscultation of the chest.

There was slight finger clubbing.

Respiratory function

Recordings of the FITV1 and PVC gave values of up to 800 ml.

and 1,800 ml. respectively. Blood gas analysis showed the
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following results? p02 «• 97 nm.» pC02 » 50 mm., pH » 7«41.

Haematology

lib - 14.1 g./100 ml. Total KBC » 8,200 cells/c.mm. with

83io neutrophils, 12y» lymphocytes and 0/"- eosinophils. ESR -

17 mm. in the first hour (westergren).

Examination of sputum

Repeated sputum samples were negative on examination for

tubercle "bacilli. One specimen yielded a growth of Pceudomonao

pyocyanea on culture.

Six samples of purulent sputum were examined for asper-

gillus. Ho aspergilluc mycelium xfas seen on. direct micro¬

scopical examination in any of the specimens. Two out of 3

Leishman films showed a profuse amount of eosinophils. Five of

the samples yielded a significant growth of A.fumigatus on
*

culture.

Serum precipitin test to A.fumigatus antigens

This was positive, 6 precipitin "bands "being seen before

staining the preparation.

Skin hypersensitivity tests to A. fuciigatus antigens

The prick-skin and intradermal tests elicited immediate

reactions consisting of a wheal 3 mm. in diameter (++ on the

Bencard scale) and 1 cm. in diameter (+++ on the Bencard scale)
■

respectively. Si7- kourr after testing a late reaction was seen

at the site of the intradermal test, and this was followed 24
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hours after testing by a late reaction to the prick-skin test.

The patient was on steroid therapy at the tine.

Chest X-ray

This shoved no recent change, and was as depicted in Plate

25-

Treatment

The prednisolone dosage was now being maintained at 10 rag.

daily and courses of penicillin, streptomycin and tetracycline

were given, together with vigorous physiotherapy. On her dis¬

charge from hospital, on prednisolone and long-term tetracycline

therapy, the haemoptyses Lad ceased but the purulence of the

sputum was unaltered.

Subsequent Progress

She soon became very wheezy, particularly in the mornings,

with increased exertional dyspnoea. She was readmitted to the

City Hospital in March, 1967, for pimaricin inhalations, which

she received for 2 weeks at a dosage of 2.5 Eg. four times a day,

in addition to her other therapy.

After commencement of pinaricin therapy there vas great

subjective improvement in her condition. The FEV1 rose from

790 ml. to 1.190 ml. and the FVC from 1,750 ml. to 1,900 ml.

Three further samples of sputum, all mucopurulent and obtained

2 weeks after the start of pimaricin therapy, were examined for

aspergillus. Ho mycelium was seen on direct microscopy. One
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out of 3 Loishman films showed a moderate amount of eosinophils.

All cultures were negative for aspergillus.

After her return home in April she continued pimaricin in¬

halations on an out-patient basis, given once daily in a dosage

of 2.5 mg. to a total period of 8 weeks therapy. In July sho

again began to have haenoptyses, with the occasional expector¬

ation of purulent sputum, and 2 months later she again experienced

wheese. Wh«n last seen in December, 1967* however, she had had

no further haemoptysis and was producing no em-turn.

Conclusion

The diagnosis was chronic sarcoidosis, probable bronchi¬

ectasis and pulmonary aspergillosis. A.fvmigatus was cultured

from the sputum, immediate and late skin hypersensitivity

reactions to A.fumigatus antigens were demonstrated, and serum

precipitating antibodies to A.fumigatus antigens were shown to be

present.

CASS 10

Female, aged 37.

Occupation

Cosmetic consultant. Formerly did office work.

jfrivironmer.tal History

She had spent most of her life and all her adult years in
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town. She had never worked on a farm and had not handled hay,

straw, manure or loose grain. She had recently kept a

"budgerigar, which she fed on packaged bird seed.

Family History

Her grandmother had asthma. There was no family history

of eczema or hay fever.

Past History

She had not suffered from asthma, hay fever or ecsena.

A chest X-ray taken in 1962 was known to be normal. Her

general health was good until January, 1965> when she developed

an acute febrile illness with generalised muscular aches and

right sided pleuritic pain. Although normally free of cough

and sputum, she now began to expectorate a moderate amount of

mucoid sputum. She responded initially to a course of tetra¬

cycline therapy, but her condition relapsed within a short while.

Chest X—ray showed consolidation of the anterior segment of the

right upper lobe. As she remained pyrexia after a course of

ampicillin she was admitted to the City Hospital in March, 1965»

when the chest X—ray picture was as shown in Plate 26.

The total PBC was 11,000 cells/c.mia. with 50$ neutrophils

and the ESR was 42 mm. in the first hour (Westergren). Ho

pathogenic bacteria, including tubercle bacilli, were cultured

from the sputum. On therapy with penicillin and tetracycline

the radiological opacity showed gradual resolution. A chest
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X-ray taken in April, six weeks after that shown in Plate 26,

appeared as in Plate 27.

Recent History

She remained well until October, 1966, when she began to

experience general malaise and an aching pain over the right

scapula. Chest X—ray showed a diffuse opacity in the para¬

sternal region of the upper zone of the right lung, as show, in

Plato 28. Since this was unaffected by treatment with tetra¬

cycline she was readmitted to the City Hospital ih Uovember,

1966.

Investigation

There was no finger clubbing, and physical examination was

entirely negative.

Respiratory function

The F'JVl find PVC values exceeded the predicted levels.

Haematology

lib - 14.1 g./lOO ml. Total WBC • 8,300/o.mm. with 42?o

neutrophils, 45^ lymphocytes, and 4$ eosinophils. RSR = 2 mm.
\

in the first hour (llestergren).
' ■.

Examination of sputum

Ho tubercle bacilli or other pathogenic bacteria were
V V \ 1 \ , X K ,

isolated from the sputum.
\ . * .

Six samples of mucoid sputum were examined for aspergillus.

ITone contained aoporgillus mycelium and Leishman films showed no

eosinophils. Three of the samples showed a significant growth
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Chest X-ray, Caee 10» Anteroposterior viewt
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of A.funigatus on culture.

Serum precipitin test to A.iMnigatus antigens

This wae negative.

Skin hypersensitivity tests to A.fuiaigutus antigens

No immediate reaction was produced in response to the prick-
y

skin testy An immediate reaction consisting of a wheal 5 Knn

in diameter (-5- on the Benoard scale) was elicited with the

intradermal test. There was no late reaction to either test.

Chest X-ray

This was unchanged.

Bronchoscopy

The larynx, trachea and main carina were normal. The right

upper lohe "bronchus was completely obstructed by grey, necrotic

material, some of which was submitted to mycological investig¬

ation and some to pathological examination.

Hycologioal examination of biopsy material

Examination of a portion of the material, teased out and

viewed under the high power of the microscope, revealed within it

septate hyphae of the aspergillus type. All cultures of the*

i

material, after hocogenisation, revealed a significant growth of

A.fumigatusy
/"' A

Pathology report on biopsy material
^"\ y "

Microscopically this was seen to consist of fibrin and an

./-abundant crop of fungus, with a few traumatised inflammatory
/
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cells. There was no "bronchial wall in the tissue. The fungal

mycelium was branched and septate, consistent in appearance with

an aspergillus. Ho conidia were notod. There was no evidence

of neoplasm.

Treatment and Progress

On the basis of the above findings it was inferred that the

radiological picture was caused by bronchial obstruction by a

mass of A.fumigatus mycelium. Accordingly she received therapy

with pimaricin, given by inhalation in a dosage of 2.5 mg. four

times daily for a month, in addition to tetracycline. At the

end of the month there had been a progressive improvement in her

subjective well-being and in the chest X-ray appearance. After

being discharged hose she continued pimaricin inhalations until

a total of 13 weeks therapy had been given.

She was readmitted to hospital in January, 1967» f'o:r a

repeat bronchoscopy, the chest X-ray at this time appeared as in

Plate 29* The necrotic mass was still seen to be obstructing

the right upper lobe bronchus, but was thought to have diminished

in bulk. A biopsy sent for pathological examination was now

reported to be suggestive in appearance of a carcinoid tumour of

the bronchus. Ho fungal mycelium was seen.

Ho sputum was produced for mycological investigation. The

skin hypersensitivity tests to A.fumigatus antigens were repeated.

The immediate reaction to the prick-skin test was as before, but
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Chest X~rayf Case 10o Antero—posterior view f ^th. Jan., 1967.
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in addition an immediate reaction consisting of a wheal 3 mm. in

diameter (-H- on the Bencard scale) was rxov elicited in response

to the intradermal test. Again no late reaction to either test

was observed.

The patient was then submitted to surgery, when a right

upper lobectomy, with sleeve resection of the main bronchus, was

performed. There were a few pleural adhesions to the chest wall

and mediastinum. A small lump was palpable at the hilum in

relation to the right upper lobe bronchus. The remainder of the

right lung appeared normal.

Pathology Report on Surgical Resection Specimen

The right upper lobe measured 14 X 7 1 4 cm. The anterior

7 cm. felt firm and was covered by dense fibrous adhesions. In

the anterior segmental bronchus, immediately beyond its origin,

and buried in a mass of thick mucus, was a tumour. This

measured 7^8 mm. and projected 4 ram. into the lumen of the

bronchus, obstructing about § of the lumen. Sectioning showed

the tumour to be sharply localised and to project into the bronch¬

ial wall, almost to the outer limit of the bronchus. The surface

was ulcerated. Bronchi distal to the growth showed quite marked

dilatation and were filled with mucus. The related lung

parenchyma showed some fibrosis, but the remainder of the lung

was normal.

Microscopically, sections showed a carcinoid tumour of the
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%
"bronchus. It was composed, of trabecules and solid acini of cells

of even size and uniform appearance of the nuclei. Mitoses were

rare. The bronchi beyond the tumour were greatly distended with

mucus and the secondary lobules showed chronic collapse. There

tfere no signs of an Aspergillus.

Kycolologlcal Examination of Surgical Material

Cultures of a portion of the tumour, after homogenisation,

yielded no significant growth of A.fumigatus.

Six further samples of mucoid sputum, obtained post¬

operatively, were examined for aspergillus. Ho fungal mycelium

or eosinophils were detected on microscopical examination, and

all cul1 rti were negative for aspergillus.

Subsequent Progress

Convalescence was uneventful and the patient afterwards

remained well.

Conclusion

The final diagnosis was carcinoid tumour of the right upper

anterior segmental bronchus, with A.fumigatus superinfection

proximal to the obstruction. A.fumigatus was cultured from the

sputum prior to operation, and also from a bronchial biopsy

speoimen. Aspergillus mycelium was detected in the biopsy

material. Immediate reactions to A.fumigatus antigens were

elicited by skin tests. The serum precipitin test was negative.
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CASS 11

Male, aged 61.

Occupation

Hotel porter.

Sr.vironciental History

He had lived all his life in a town. His daily duties

included work in the hotel stockroom, which was very dusty and

where he frequently handled straw from packing cas©3. He had

had no dealings with farms, cage "birds or poultry and had never

handled hay, manure or grain.

Family History

Ho asthma, eczema or hay fever.

Past History

He had not suffered from asthma or hay fever during child-

hood or young adulthood and had never had eczema. In 1938 he
. s \ i

had an episode of pleurisy and pneumonia, and in 1941 he was

discharged from, the army because of chronic bronchitis. From

that time he became progressively more disabled by exertional

dyspnoea.

He was seen at the City Hospital in 1958 after one minor

haemoptysis. He complained of episodes of severe wheezing,

usually upon waking in the morning, when he also had difficulty

in expectorating mucoid sputum. He was diagnosed as having

chronic bronchitis and emphysema without true asthmatic

features, and in which infection had not played a major part.
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A chest X-ray showed, apart from the features of emphysema, only

a right diaphragmatic adhesion. This is shown in Plate 30.

In 1965, after an influenza-like illness, he had repeated

haemoptyses for a week. He showed symptoms of an acute

infection and in addition evinced marked hronchospasm, which was

treated with routine hronchodilators. Ho source for a possible

pulmonary embolus was discovered. The chest X-ray showed quite

masked deterioration since the 195® picture, with a notable

increase in the bronchovascular markings and a rounded opacity

at the right hilum. This latter finding was thought to re¬

present either the pulmonary artery or a neoplasm, or alter¬

natively to oe due to e recent infection in a bronohiectatic

area of lung. In view of the poor pulmonary function (P'HTl «*

650 ml., PVC » 2,100 ml.) no further investigation was carried

out.

Recent History

Between 1965 and 1967 he had numerous infective episodes of

cough and wheeze, with dyspnoea at rest and occasional chest pain.

The sputum became more or less constantly purulent. The right

hilar opacity seen radi©logically subsequently cleared, to be

followed at different periods by transient opacities at both

apices. In September, 1966, he had two further haemoptyses.

numerous sputum, samples were negative on investigation for

tubercle bacilli.

He was admitted to the City Hospital in July, 1967* For the
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previous 3 weeks cough and wheeze had "become much more dis¬

tressing. He was at that time "being treated with ampicillin

and Franol. I was unable to obtain a definite history of

allergic rhinitis, but he stated that he had sneezed very

frequently for the previous 2 years.

Investigation

He was dyspnoeic at rest, but not cyanotic. There was

minimal finger clubbing. Chest expansion was poor and air

entry generally diminished. Numerous rhonohi were heard on

auscultation over both lungs.

Respiratory function

The FHV1 was 400 ml. (predicted leve* over 2,480 nl.) and

the FVC was 1,300 ml. (predicted level 3,100 ml.). A 3light

degree of reversible airways obstruction was shown after in¬

halation of adrenaline and isoprenaline.

Haematology

Kb - 13.6 g./lOO ml. Total wRG m 5,400 cells/c.nim. with

72/) neutrophils and 6/ eosinophils. ESR » 20 mm. in the first

hour (Pestergren).

Examination of sputum

Ho pathogenic bacteria, including tubercle bacilli, were

isolated from sputum samples.
*-*9*

' '

Vfe-

Six specimens of sputum were examined for aspergillus.
the ^0pt mucoid. Leishman

One sputum sample was mucopurulent ana a* :i

films revealed no eosinophils. Scanty septate mycelium of the



aspergillus type were seen on microscopical examination of one

mucoid specimen. Culture of the mucopurulent sample yielded a

significant growth of A.fumigatus, the remaining specimens be¬

ing negative on culture for aspergillus.

Serum precipitin test to A.fumigatus antigens

This was positive, 1 precipitin band being seen only after

staining the preparation.

Skin hypersensitivity tests to A.fualgatus antigens

Immediate reactions consisting of a wheal 4 can. in

diameter (+++ on Bencard scale) with the prick—skin test and a

wheal 1.5 cm. in diameter (++++ on Bencard scale) with the

intradermal te3t were elicited. Six hours after testing a

snail late reaction to the prick-slcin test and a moderate sized

late reaction to the intradermal test were observed, and these

reactions were still present after 24 hours.

Chest X-rays

These showed signs of long-standing chronic bronchitis and

emphysema, and also what wasi,thought to be patchy pneumonic

shadowing in the right upper lobe.

Treatment and Progress

Owing to the fact that a delay occurred in the transmission

of the results of my sputum studies and serum precipitin test in

this case, and that routine laboratory reports indicated no

isolation of aspergillua from sputum cultures and a negative

precipitin test (performed without staining the preparation),
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the true diagnosis was not made at this stage. Because of his

distressing wheeze the patient was treated with aminophylline

and ephedrine, and ampicillin was given for the 3 weeks of his

stay in the ward, because of the supposed pneumonic lesion. By

the time of his discharge a gradual but definite improvement in

the clinical condition had occurred, concomitant with clearing

of the right upper lobe shadowing on X-ray. He was discharged

in July, 1967> on Franol and long-term tetracycline therapy,

being still breathless on exertion.

When seen as an out-patient in September, 6 weeks later, he

reported being extremely breathless, especially in the early

morning. Ho had some cough, but there was little sputum and no

haemoptysis. His weight was unchanged. Chest X-ray now showed

a left perihilar opacity extending into the left upper and middle

zones (see Plate 30). Because of the very poor respiratory

function bronchoscopy was not performed, but a diagnosis of

bronchogenic carcinoma was regarded as certain. Sine© he lived

alone admission to a hospital for terminal cases was contemplated.

Two months later, on 2nd November, 1967, the chest X-ray

showed a considerable improvement in the left hilar shadowing,

but a residual opacity remained (see Plate 31). He was now

fairly well, but remained breathless on slight exertion. The

sputum had become purulent in the mornings, but remained mucoid

during the remainder of the day. On auscultation numerous

biphasic rhonchi wore heard in all areas of both lungs.
* s » . 1 ' ^ . < , * » ,
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At this point I reviewed the case history and proposed that

the diagnosis might he one of allergic bronchopulmonary asper¬

gillosis. The patient was then readmitted to hospital later

in November for further investigation. His hreathlessness had

by now increased and he had a troublesome cough productive of

thick tenacious spfutura. For the previous few days he had had

slight left posterior chest pain.

I?e-inve311gation

There was a slight right ventricular heave and accentuation

of the pulmonary second sound, but no liver enlargement. Apart

from scattered rhonchi bilaterally, the clinical findings

suggested a collapsed left lower pulmonary lobe. This was

confirmed by the chest X-ray (see Plate 32). These appearances

were considered still to be very much in keeping with a pro¬

gressive bronchogenic carcinoma.

Ilg.ematology

lib » 14.3 g./lOO ml. Total ¥BC - 13,100/c.mm. with 60%

neutrophils and 23% eosinophils. ESR • 24 mm. in first hour

(Westergren).

Examination of sputum ^

IIo pathogenic bacteria, we-re cultured from the sputum.

.During a 5 day period, 8 further sputum samples were

examined by me with the following results:

Sample (l) Mucoid. ho mycelium seen in direct film. Ho

eosinophils. Culture negative for aspergillus.
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(2) Mucoid. Bo mycelium seen. Bo eosinophils. No

aspergillus on culture.

(3) Mucopurulent. Bo mycelium 3eon. Bo eosinophils,

Bo aopergillus on culture.

(4) Mucopurulent. Bo mycelium. Bo eosinophils. No

aspergillus on culture.

(5) Mucopurulent. Scanty septate mycelium of aoper-

gillus type seen in direct film. No eosinophils.

Culture yielded moderate growth of A.fumigatus, signif¬

icance uncertain.

(6) Purulent plug. Septate mycelium of aspergillus

type and numerous Charcot-Leyden crystals seen in direct

film. Moderate number of eosinophils. Culture yielded

a profuse growth of A.furcigatus.

(7) Purulent plug. Numerous Charcot-Leyden crystals "but

no mycelium seen in direct film. Numerous eosinophils.

Culture yielded profuse growth of A.fumigatus.

(8) Thick and purulent. Septate mycelium of asper-

gilluo type seen. Ho eosinophils. Profuse growth of

A.fumigatus on culture.

The patient was on steroid therapy at the time of collection

of the above samples. At the time of expectoration of the

purulent plugs he was also being treated with pimaricin.

Three specimens of sputum were sent for pathological exam¬

ination for malignant cells. No such cells were detected, but
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the report on one specimen described clumps of fungal hyphae

consistent with a diagnosis of aspergillosis.

Immunological tests to A.fumlgatus antigens

While the patient was receiving prednisolone in a dosage of

20 mg./day the skin tests were repeated. The immediate prick-

skin and intradermal reactions were increased to a wheal 6 mm.

in diameter (++++ on Bencard scale) and a wheal 2 cm. in

diameter (++++ on Beneard scale) respectively. The late re¬

action to the prick-skin test was completely suppressed by the

steroid therapy but that produced in response to the intradermal

test was seen as before, only slightly diminished in size.

The result of the serum precipitin test was as before.

Further Treatment and Subsequent Progress

Treatment consisted of therapy with Kysteclin, Prednisolone

20 mg./day and pimaricin inhalations 2.5 ®g. thrice daily, with

vigorous physiotherapy. By mid-December, 2 weeks afterwards,

there was complete re-expansion of the left lung (see Plates 33,

34 snd 35), with marked decrease of breathlessness and in the

amount of sputum expectorated. At this time 6 mucoid samples of

sputum were again examined for aspergillus. In the first sample

scanty aspergiHub-type mycelium was detected in the direct

film, but there were no eosinophils ana no growth of aspergillus

was obtained on culture. Bo mycelium and no eosinophils were

seen in the other samples, all of which yielded cultures negative
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for aspergillus.

Throughout this last admission, as had been the case

previously, no elevation of temperature was recorded. Very

little change was observed in the results of respiratory

function tests. At the time of his discharge in January, after

a total of 5 weeks treatment with pimaricin, the FEV1 was 575

and the FVC 2000 ml. He was sent home on prednisolone 12.5 rag./

day.

One week later his sputum remained mucoid and he was no

longer troubled by cough. He was not unduly breathless on

slight exertion. The chest X-ray appearance remained satis¬

factory, showing complete re-expansion of the left lower lobe and

clearance of the patchy opacity spreading from the left hihum.

Conclusion

The final diagnosis was allergic bronchopulmonary asper¬

gillosis and chronic bronchitis. The diagnosis was supported by

consolidation-collapse pulmonary shadowing, blood eosinophilia,

the expectoration of purulent plugs containing fungal mycelium

and eosinophils, culture of which grew significant amounts of

A.furnigatus, and by the results of immunological tests to

A,fumigatus antigens a positive serum precipitin test and

immediate and late reactions to the prick-skin and intradermal

tests.
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CASS 12

Female, aged 23.
* * \

Occupation

Secretary

Environmental History

She had spent virtually all her life in the country, "but
\ * . \ i \ >

had never done any farm work and had not handled hay, straw,

manure or grain. She had had no dealings with cage "birds or
" \ * • , , * « *

poultry.

Family History

Iter father had developed "bronchial asthma for a short time

in adult life, "but this had apparently remitted. There was no

family history of eczema or hay fever.

Past Fistory

She had never had eczema or hay fever and there was no

history of childhood asthma. After contracting pertussis at
1 '

■ * ' i • . , > <

the age of 4 years 3he had a recurrent productive cough.

Bronchography carried out in 1956, at the age of 12 years, showed

early "bronchiectasis of the right middle and lower lobe bronchi

and their branches. The left lingular bronchus was shrunken

and bronchiectatic, and the left lower lobe posterior and

lateral basal bronchial branches also showed bronchiectatic

changes. She had already at that time received a considerable

amount of tetracycline therapy for frequently purulent sputum.
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Prom 1959 she was maintained for several years on continuous

long-term tetracycline therapy, together with postural coughing.

It was found that episodes of cough and copious purulent sputum

were regularly brought under control with antibiotic therapy.

In October, 1965» by which time tetracycline was again being

reserved only for the treatment of overt infective episodes, she

complained for the first time of morning attacks of bronchospasm

relieved by ephedrine.

Recent History

She was admitted to the City Hospital in April, 1966, Six

weeks previously she had developed marked wheeze, especially

severe on exertion, and had become very breathless on slight

exertion. She was expectorating large amounts of greenish

purulent sputum which sometimes contained small hard plugs. On

occasion then, as in the past, she had noticed slight streaking

of the sputum with blood.

She was found to have widespread rhonchi throughout both

lungs and coarse bilateral basal crepitations. A chest X-ray

showed slightly increased lung markings at both bases and a

suggestion of cystic changes in the right middle and lower lobes.

The FEV1 was 1,350 against a predicted level of 2,600 ml.,

and the FVC was 3,300 ml. (predicted Isvel 3,250 ml.). Harked

reversibility in the respiratory function tests was demonstrated

upon administration of bronchodilatorc. Routine prick—skin

tests produced an immediate reaction to aspergillus antigen but
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no reaction to the other antigens tested. The total KBC was

8,100 cells/c.mm. with 53% neutrophils and 10% eosinophils. The

absolute eosinophil count was 125/c.mm. The SSR was 5 ®m. in

- the first hour (Westergren). Two routine cultures of sputum

yielded a growth of A.fumigatus. Bo pathogenic "bacteria were

demonstrated in the sputum.

She was given a course of penicillin and streptomycin,

followed by ampicillin. After the isolation of aspergillus from

the sputum she was given prednisolone in a dosage of 20 mg./day,
ancl after 5 days on this therapy the FEV rose to 2,800 ml. and

'

A>\ '
• -,y< .

the FVC to 4*400 ml. She then received pimaricin, 2.5 mg.

thrice daily by inhalation, for 2 weeks, whilst the prednisolone

dosage was reduced to 10 nig. ,/day. She was discharged in May,

1966, free of symptoms, and with an PBV1 of 3,200 ml. and an

FVC of 4*600 ml. She was maintained on long-term tetracycline

therapy ana prednisolone 10 mg./day.

Thereafter she progressed well, with satisfactory respir¬

atory function, only occasional scattered rhonchi in the chest,

and a cough productive of a little mucoid sputum. Successive

samples of sputum were found to be negative for aspergillus on

culture until September, 1966, when one sample yielded a growth

of A.fumigatus.

She was readmitted in March, 1967* with deep venous

thrombosis of the left leg.

Investigation
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She looked fit, but had a slight audible wheese.

Scattered crepitations and widespread expiratory rhonchi were

heard on auscultation of the chest.

Respiratory function

The FEV1 on admission was 1,570 ml. and the FVC 3,300 ml.

Eaematolory

Kb - 34.6 gJ100 ml. PCV - 43$. RCHC - 34.5$. Total

WBC ® 10,300 cells/c.mm. with 77$ neutrophils and 2 $ eosinophils.

Absolute eosinophil count « l8o/c.rnm. ESR » 1 mm. in the first

hour (liestcrgren).

Examination of sputum

Ho pathogenic bacteria were demonstrated.

Six samples of sputum were examined for aspergillus. Two

of these, obtained before pimaricin therapy was recommenced, were

mucoid. Of 4 samples obtained just after pimaricin was again

instituted, 2 were mucoid, one was mucopurulent and one con¬

sisted of a touch, mucopurulent plug. Direct microscopical

examination of this plug showed it to contain abundant septate

mycelium of the aspergillus type, and also numerous Charcot-

Leyden crystals. Direct films of the other specimens revealed

no fungal mycelium. Three Leishman films, including one

prepared from the sputum, plug, showed numerous eosinophils. All

3 of these latter samples yielded significant growths of

A.fumigatuc on culture, as did also one other sample.
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Serum precipitin test to A.fumigatus antigens

This yielded 2 precipitin bands, visible only after staining

the preparation.

Skin hypersensitivity tests to A.fumigatus antigens

tfheals 4 mm. in diameter (+++ on Beneard scale) and

1.1 cm. in diameter (+++ on Bencard scale) were obtained

respectively with the prick-skin and intradermal tests. Six

hours after testing a moderate—sized late reaction was seen at

the intradermal test site, and this was still present 24 hours

after testing. Ho late reaction was elicited in response to

the prick-skin test. The patient was on steroid therapy at

the time of the tests.

Chest X-ray

This showed no change from her previous admission, and was

as shown in Plate 36.

Treatment and Progress

Apart from anticoagulant therapy, she was maintained on

tetracycline and prednisolone 10 mg./day as before. She was

also given a 17 day course of pimaricin as before. Two further
•

/ 'r

samples Of sputum, Obtained after completion of the course of

pimaricin, were mucoid, contained no fungal mycelium or

eosinophils, and were negative for aspergillus on culture. On

discharge the FEV1 was 3,800 ml. and the FVC 2,200 ml. She

continued on tetracycline and steroid therapy.
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Prom then until she was last seen in December, 19&7» G^-e

remained well, with only a few transitory episodes of mild wheeze

and very little cough and sputum.

Conclusion

The diagnosis was bronchiectasis and bronchial asthma. The

presence of A.funigatus infection was revealed by the micro-
1. i > , * - \

scopical finding of aspergillus mycelium in a sputum plug,

significant growths of A.fumigatus on sputum culture, a positive

serum precipitin test, and immediate reactions and a late

reaction to skin hypersensitivity tests.

CASE 13

Female, aged 54.

Occupation

Housewife.

Environmental History

She had lived all her life in towns and had never handled

hay, straw, manure or grain. She had not worked on a farm or
\ 1 * * > 1 \

kept cage birds.

Family History
{is l' * 1 V r \

Her father had chronic chest trouble. Her son suffered
. * ,

* • •

from eczema and bronchial asthma. There was no family history
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of hay fever.

Past History

She had not suffered from asthma in childhood or youth, and

had not had eczema or hay fever. She had a tendency to develop

a rash after eating fish.

Since 1961 she had been maintained on thyroxine therapy,

as she had become hypothyroid after radioactive iodine treatment

for thyrotoxicosis.

Recent History

In early ITovenber, 1966, she received a course of penicillin

upon developing a facial abscess. On on© day in early December

she felt febrile, with generalised aches, and the following

morning she awoke breathless end wheezy on the slightest

exertion. These symptoms persisted, with a troublesome cough

and purulent sputum, for a week before gradually improving.

There was no chest pain and no haemoptysis. At the beginning

of January, 1967, she attended a mass radiography unit to have a

chest X-ray. This showed a diffuse patchy opacity in the left

pulmonary mid-zone. Iler only symptom at this time was a

transient wheeze in the mornings and at night, with some cough.

She was given a 1^ day course of tetracycline therapy, but

following this the chest X-ray showed an increase in the left

mid-zone opacity, and she was feeling breathless and generally

unwell. The radiological picture remained unchanged by a course
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of ampicillin for a week, and she still had a cough productive

of purulent sputum, She was admitted to the City Hospital later

in the same month for investigation.

Investigation

She did not appear acutely ill. There was no finger

clubbing and physical examination yielded negative results.

Respiratory function

The PEV1 on admission was 1,350 nl. against a predicted

level of over 1,600 ml. The PTC was 2,500 ml., greater than

the predicted value of 2,000 ml. The total lung capacity and

residual volume were both greater than their predicted values.

Haematology

Hb - 15.3 g./lOO ml. Total WEC - 6,900/c.mm, with 62#

neutrophils and 10# eosinophils. Total eosinophil count •

1,250^0.mm. ESR «= 36 mm. in the first hour (Hestergren).

Examination of sputum

No pathogenic bacteria were demonstrated in the sputum.

Six samples of mucoid sputum were examined for aspergillus.

Three Leishman films showed a profuse amount of eosinophils.

On direct microscopy numerous septate hyphae of the aspergillus

type were seen in one specimen but not in the remainder. Three

of the sampler, including the one in which the fungus was seen

in the direct film, yielded a significant growth of aspergillus.

Serum precipitin test to A.fumigatus antigens



 



This was negative.

Skin hypersensitivity tests to A.furaigatus antigens
"v

Immediate reactions consisting of a wheal 4 mm. in diameter

(+++ on Bencard scale) with the prick-skin test and a wheal

1.3 csa in diameter (++-M- on Bencard scale) with the intradermal

test were elicited. No late reaction was observed in response

to the prick-skin test. Six hours after testing a late reaction

to the intradermal test developed, reaching a maximum diameter

of 10.5 cm. of erythema and induration after 24 hours.

Chest X-ray

This was unchanged in appearance on admission.

Bronchoscopy

The larynx, trachea and main carina were normal. All

normally accessable bronchi were seen and were normal. There

was some hypersecretion of mucus from the bronchi of "both lungs.

Other investigations

An X-ray of the nasal sinuses and an ECO were normal.

Treatment and Progress

She was given a 2 week course of penicillin from admission

as the pulmonary shadowing was originally thought to be in¬

fective in origin. The ''eft mid-aone opacity cleared, to be

succeeded by a new shadow in the right nid-sone (see Plate 37).

This, together with the blood eosinophilia, the skin test

findings and the results of sputum examination caused the diag-
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nosis to "be revised to one of pulmonary eosinophilia due to

sensitisation to A.fumigatus. Accordingly she received

pimaricin by inhalation in a dosage of 2.5 Eg. four times daily

for 3 days before her discharge from hospital in February, 1967?

followed by inhalations of pimaricin on an out-patient basis at

a dosage of 2.5 ®g. twice daily to a total of 3 weeks treatment

with this drug. Two specimens of sputum received after 2 weeks

of pitaariein therapy were mucoid, contained no mycelium on

direct microscopy and grew no aspergillun on culture. They

did, however, still contain a profuse amount of eosinophils.

At the end of the pimaricin treatment, chest X-ray showed

that the right mid-zone opacity had cleared considerably, but

there was now a new opacity in the right upper zone. She was

asymptomatic. The FI7V1 was 1,270 ml. and the FVC 2,300 ml.

Two weeks later the new upper sone lesion had decreased to a

slight linear shadow. The FBV1 was now 1,600 ml. and the FVC

2,400 ml. She was feeling very well, with no wheeze or

breathlessness, and with only a slight cough and a minimal

amount of mucoid sputum. From then until last being seen in
* *. v * * * » * \ \

t k < 4 t > * i

January, 1968, she was entirely asymptomatic, the respiratory

function remained satisfactory and the radiological picture was

normal.

Conoluslon

The diagnosis was pulmonary eosinophilia due to A.fumigatus
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hypersensitisation. The fungus was seen as mycelium in the

sputum and grown in significant amount from sputum culture.

Skin hypersensitivity tests elicited immediate reactions and a

late reaction. The serum precipitin test was, however,

negative.

CASS 14

Male, aged 31.

Occupation

He had worked in a tobacconist's shop until 1963, when he

obtained employment as an accounts clerk with a firm of exporters.

Environmental History

He had always lived in a town, had never worked on a farm

and hod not handled manure or grain. He had not tended cage

birds or poultry. However, a great deal of his work in the

export firm involved handling goods packed in straw and wood

shavings.

Family History

Ho asthma, hay fever or eczema.

Past History

He had never had hay fever or eczema but was prone to

recurrent urticarial rushes as a child. He had hie first attack



- ?79

of "bronchial asthma at the age of 8 months, and from then on he

suffered from episodic asthma which had caused a variable amount

oi disability throughout childhood and adolescence. The wheeze-

ing was always more in evidence in summer, although no specific

precipitating factor was recognised apart from emotional upsets.

At the age of 18 years he developed pneumonia, and from that time

a changed pattern in the asthmatic symptomatology was seen.

Wheezing "became a more constant feature, although still subject

to exacerbations from time to time, and a productive cough

became gradually superadded. The sputum became progressively

more purulent during exacerbations, but waa always amenable to

antibiotic therapy.

He was a case of Klinefelter*s syndrome and received

testosterone implants.

He was first admitted to the City Hospital in July, 1^63

for steroid assessment. At this time the morning sputum was

always purulent in the absence of antibiotic therapy, although it

tended to become mucoid as the day progressed. He had now been

working with the export firm for a month and had noticed that

during that time his subjective respiratory discomfort had in¬

creased. He had been maintained on prophylactic tetracycline

therapy over the previous winter, but had stopped this on changing

his occupation. Since then he had received a course of chlora¬

mphenicol for an infective exacerbation, but despite this the



sputum remained purulent. On examination there was considerable

clinical evidence of generalised airways obstruction, and the

peak expiratory flow rate was reduced to 110 litres/minute, less

than 4 of the predicted value. There was marked increase in

the apico-posterior diameter of the chest, but no finger clubbing.

Chest X—ray showed features compatible with long-continued

hyperinflation of the lungs and recurrent bronchial infection.

In addition there was a suggestion of opacities at the apex of

the left lung which were not present in a mass radiography film

of 1958.

After admission the chest X-ray showed a new area of

homogeneous opacity at the base of the right lung. The total

WBC was 7»100 cells/c.mm. with 24% eosinophils. The ESR was

27 a®, in the first hour (liestergren). IIo pathogenic bacteria

were isolated from the sputum, A diagnosis of pulmonary

eosinophilic-! was made. Ee was treated initially with penicillin

and streptomycin, which cleared the purulent sputum, followed by

prednisolone 20 mg./day for a week. Following this all clinical

evidence of asthma subsided and the FBV1 rose from 570 ml. to

1,190 ml. He was discharged on prednisolone 20 mg. on 3 days

weekly and long-tern tetracycline thei*apy.

The chest X-rays at the tine of the appearance of the right

lung opacity, and after its complete resolution, are
shown in Plate 38.
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lie remained subject to wheese and again developed a cough

which was severe and productive of frequently purulent sputum.

He was readmitted to hospital in January, 1964, when chest X-ray

showed consolidation of the right middle pulmonary lobe. This

resolved after penicillin therapy and temporary increase of the

steroid dosage. The blood eosinophils formed 6$ of a total
, it

WBC of 7,500 cells/c.mm, on admission. The radiological

appearance was again highly suggestive of pulmonary eosinophilia

(see Plate 39 )• After discharge ho continued as before. He

was now receiving prednisolone 10 Eg. /day. and Rondosnycin was

substituted for the prophylactic tetracycline therapy.

Recent History

His next admission was in January, 1965, Ee had a fever

of 100 degrees F. which resolved after 24 hours on penicillin

and streptomycin. This was the only occasion in all his

admissions to hospital on which the temperature was elevated.

At the end of a week on antibiotics the purulent sputum had

become mucoid. The total HBO on admission wbk 9,700 cells ^c.mm.
> '..It V ,

with 59$: eosinophils and.59$ neutrophils. On this occasion the

severe wheeze persisted and the FW1 remained below 600 ml.,

even on prednisolone 40 ..ig,/day. It was at this time that

A.fumigatus began to be constantly isolated from the sputum.

A prick-skin test to A.fumigatun antigens was recorded as

px-oducing no immediate reaction, but a serum precipitin test to
V 1 \ » • \
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Hospital, was positive. The patient was therefore, while

being maintained on prednisolone 10 mg./day, started on

pimaricin inhalations at a dosage of 2.5 Kg. thrice daily.

Coincident&lly there was a striking improvement in the clinical

condition and in the FLTi, which rose to 1,200 ml. after two

weeks on pimaricin. He was discharged on prednisolone, Franol

and Mysteclin V, and continued with pimaricin inhalations twice

weekly for a further month. The sputum persistently yielded

A.fumigatus on culture but remained mucoid, and cough and wheeze

were not troublesome although he was still breathless on

exertion. The respirator; function remained at an improved

level, the FHV1 being 1,290 ml. and the FVC 3,000 ml. in

October, 1965.

From February, I966, he began to relapse with severe

wheeze, cough and purulent sputum despite antibiotic therapy.

During a hospital admission in April he was giver, a 3 week

course of pimaricin, 2.5 Kg. thrice daily, after which the

clinical state and respiratory function again improved con¬

siderably.

He was readmitted in July, 1966.

Investigation

He had a severe exacerbation of bronchospasm which had

developed 3 weeks previously, wioh cough and thick purulent
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sputum and with widespread inspiratory and expiratory rhonchi

and central cyanosis. There was no finger clubbing.

Respiratory function

The FKVl on admission was 800 ml, against a predicted level

of 3,780 ml, and the FVC was 2,300 ml, (predicted level 4,700 ml,),

Baematology

Hb « 16,1 g. /lOO ml. WBC ■ 6,300 cellsAj.mm, with 94

neiitrophils and Q$> eosinophils. 1KB « 10 mm. in the first hour

(Westergren).

Examination of sputum

Bo pathogenic bacteria were isolated.

Six samples of sputum, 4 of which were purulent and 2

mucopurulent, were examined for aspergillus just after he had

again commenced pimaricin therapy, IIo mycelium was detected in

any of the direct films and no eosinophils were seen. The 4

purulent specimens and one mucopurulent specimen yielded a

significant growth of A.fumigatus on culture.

Serum precipitin test to A.furaigatus antigens

This was positive, one precipitin band being seen only

after staining the preparation.

Skin hypersensitivity tests to A.fuKigatus antigens

An immediate reaction comprising r. wheal 5 ram, in diameter

(+++ on Bencard scale) was elicited with the prick-skin test,

whilst the intradermal test produced an immediate wheal
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1.1 era. in diameter (+++ on Beneard scale). Although the

patient was on prednisolone 20 rag./day at the time, a marked late

reaction, developing 6 hours after tho injection and at 24 hours

covering the upper half of the anterior surface of the forearm,

was produced by the intradermal test. No late reaction appeared

at the prick-skin test site.

Chest X-rays

These revealed no further evidence of pulmonary eosinophilia.

Treatment and Progress

He was treated with ampicillin, prednisolone 40 rag./day,

intravenous arainophylline and routine antispasmodics. He

received, a course of pimaricin ?,5 rag. thrice daily for 3 weeks,

after which the F3V1 rose to 970 ml. and the PVC to 2,850 ml.

He was discharged on prednisolone 10 rag./day.
*

Subsequent Progress

His condition remained fair, with intermittently purulent

sputum clearing on ampicillin therapy. He was readmitted in

February, 1967, after 2 weeks of increasing wheeze and breathless-

ness, with purulent sputum. He was markedly wheezy and cyanosed

and the prednisolone dosage was increased up to 60 rag./day. His

improvement was initially slow, but the wheeze gradually decreased

after 10 days. At a prednisolone dosage of 40 rag./day eosino¬

phils forced 4% of a total ¥BC of 8,6<x/c#BUn'» with 601/0 neutro¬
phils. During this admission he had a number of infective
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episodes, staphylococcus aureus being cultured i's'oia thc sputum.

He received courses of tetracycline, penicillin, cloxacillin,

and ampicillin, followed by a further 3 week course of piraaricin.

On admission the FTTV1 was less than 600 ml. At the commencement

of the pimaricin inhalations, at a prednisolone dosage of 20 mg./

day, the PI7V1 was 1,120 ml. and. the FTC 3»400 ml. After com¬

pletion of the inhalations, at the same prednisolone dosage,

these values had fallen to 84O ml. and 3,190 ml. respectively.

Six further purulent samples of sputum were examined for

aspergillue before the pimaricin inhalations were started, while

the prednisolone dosage varied from 40 to 60 mg./day. Septate

mycelium of the aspergillue type was seen in the direct film of

3 of these specimens. Two out of 3 Leishman films showed a

moderate amount of eosinophils. Five of the samples yielded a

significant growth of A.fumigatus on culture.

After 25 days of pimaricin therapy the sputum was still

purulent. Ho pathogenic bacteria were cultured from it. In

one out of 3 samples aspergillus-type mycelium was demonstrated.

All 3 samples showed a profuse amount of eosinophils in the

direct film, and all yielded significant growths of A.fumigatus

on culture.

The patient was discharged on ampicillin therapy and

prednisolone 20 mg./day. By May, 1967* the sputum was mucoid

and the ampicillin was stopped. It found that the steroid
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dosage could not be reduced below 15 mg. /day. In August the

FBV1 was 1,230 ml. and the FVC 3,000 ml., and the chest was

fairly clear on auscultation.

From June to September, 1967, 3 further samples of sputum,

obtained at monthly intervals, were examined for aspergillus.

In none of these were aspcrgillus mycelium or eosinophils

detected, and all were negative on culture for aspergillus.

One specimen was mucopurulent and the rest muooid. The serum

precipitin test was repeated, with the same results as before.

In November, 1967, the patient was readmitted in another

exacerbation of asthma which had started 3 weeks before, xri.th

cough and purulent sputum. ho pathogenic bacteria were isolated

from the sputum. The total WBC was 8,600 cells/c.mm., with

80/S neutrophils and 4'/ eosinophils. The BSR was 6 mm, in the

first hour (Westergren). On an increased dosage of prednisolone

and a course of Mysteclin for a week, the FEV1 rose from 650 ml.

to 1,100 ml., and there was a progressive reduction in the

volume and purulence of the sputum. He was then given pimaricin

as before for 10 days, with no further improvement in the

respiratory function.

Four further sputum samples, obtained 7 and 8 days after

the start of pimaricin therapy, at a prednisolone dosage of

15 rag./day, were examined. The first 3 were mucoid, were not

demonstrated to contain mycelium or eosinophils, and were
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negative on culture for aspergillus. The fourth specimen,

however, was an extremely tough purulent plug in which abundant

aspergillus-type mycelium and numerous Charcot-Leyden crystals,

together with a profuse amount of eosinophils, were seen. It

yielded a significant growth of A.fumigatus on culture.

After discharge the patient remained fairly well until last

"being seen in December, 1967.

Conclusion

The diagnosis was chronic bronchial asthma and allergic

bronchopulmonary aspergillosis. A.fumlgatuc was repeatedly

obtained from sputum cultures, and Aspergillus-type mycelium was

seen in direct films of t" e sputum. On one oceanion these were

contained in a typical sputum plug. The serun precipitin test

war. positive and skin hypersensitivity testa elicited immediate

reactions and a late reaction. The patient had previously been

shown to have pulmonary eosinophilia and also recurrent blood

eosinophilic.

CASH! 15

Female, aged 39-

Occupation

Housewife and clerkess.
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Environmental History

She bad spent all her life in a town until 5 years before

admission to the City Hospital, when she roved to the country,

She had never worked on a farm, and hud never handled hay, straw,

manure or loose grain. She had kept budgerigars, which she fed

on packaged bird seed,

Prrily factory

Tc asthma, eczema or hay fever.

Past history

Since the age of 2 years she had suffered from bronchial

asthma. Phis wan at first episodic, be ire generally worse in

summer end occurring in vi; tor only in association with upper

respiratory tract infections. She had also had infantile

eczema, but had never had hay fever. Gradually the asthmatic

symptoms bee* nr. more chronic. In 1258 she was admitted to

another hospital in an exacerbotion of asthma and was treated for

a short time with steroid therapy.

Pscent History
Ml —01 II— l» I HI -■ I— —

She was admitted to the City Hospital in October, 196b? *n

very severe st ttus astknaticus which nearly proved fatal. This

foil owed upon a state of progressively severe wheeze and dyspnoea

which had developed after ex upper re /piratory tract infection 5

weeks previously, and which hzd failed to respond to routine

measures. She had little cough or epvtuz; xd there had been no
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haemoptysis.

On examination there was no finger clubbing and no other

physical abnormality apart from the severe asthma. yThe FBV1

was 160 ml. against a predicted value of over 1,800 ml, and the

FVC was 700 ml, (predicted level 2,250,5$. )• ?he chest X-ray

showed only hyperinflation of the lungs, bkin tests to the

routine antigens employed were negat|yp. Presumably aspergilluo

antigens were employed, but this was not specifically mentioned.

The Kb was 16.2 g./lOO ml. The total T3C was 16,100 cells/c.nm,,

with 93/;' neutrophils and 1% eosinophils (porformed after the

start of steroid therapy). The ESR was 36 mm. in the first

hour (¥esisrgren). ITo pathogenic bacteria were demonstrated in

the sputum. Ho aspergillus was cultured from 5 sputum samples.

A moderate number of eosinophils were seen in 2 out of 6 Leishman

films of sputum.

In addition to intravenous aninophylline and other routine

measures oho required prednisolone in a dosage of 100 rag./day to

secure remission of symptoms. She was also given a 2 week

course of penicillin and streptomycin for one week. The pred¬

nisolone dosage was gradually reduced over the 2 months of her

stay in the ward. 3ho was discharged on prednisolone 10 mg,/day

and ephedrino. At that tine the F'Nl was 1,300 ml. and the FVC

2,350 ml.

The patient*s temperature on admission was 99 degrees P.,

but wan normal throughout the remainder of her stay in hospital.
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Subsequent Progress

The patient was first seen for the purposes of this invest!-

gat ion in December, 1966. She had remained well since her dis¬

charge on prednisolone 10 rag. /day, with only a constant minimal

degree of wheezing, although the prednisolone dosago had had to

he temporarily increased in September and November, 1966,

because of sun increase in the wheezing. At the beginning of

December she developed a cough productive of purulent sputum,

with an increase in the degree of wheezing. The wheeze was

particularly troublesome upon waking in the morning and on

slight exertion. The purulent sputum was unaffected by 2

courses of tetracycline. She stated that on occasion she had

recently noted slight blood streaking of the sputum, which

sometimes contained tough plugs.

At the end of December the FEV1 was reduced to 350 ml. and

the FVC to 950 ml. The prednisolone dosage was Increased for

the next month, at first to 30 rag./day and then to 20 ng./day,

and concomitantly she was given a course of ampicillin therapy.

At the end of this time the sputum was still purulent hut the

FHV1 had increased to 970 ml. and the FTC to 2,100 ml. The

prednisolone was then reduced again to 10 Eg. 'day. In May,

I967, the sputum had abated and the wheeze was not troublesome.

The FEY1 was now 1,020 ml. end the FVC 2,050 ml. She had had

a short course of tetracycline for a sore throat. From then
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until lest being seen in January, i960, the respiratory function

was well maintained.

The results of investigations performed on this patient to

elucidate evidence of pulmonary aspergillosis were as followss

Skin hypersensitivity tests to A.fumigatus ant-yens

Those were performed at the end of December, 3-966, with the

patient on prednisolone 10 mg./day. Immediate reactions con¬

sisting of a wheal 7 sua. in diameter (++-H- on Boncard scale) and

a wheal 1.3 cm, in diameter (++++ on Bencard scale) were elicited

with the prick-akin and intradermal teats respectively. The

patient reported that she subsequently had a marked late reaction

to the intradermal test and a small late reaction to the prick-

chin test.

Examination of sputum

Sputum purple bate

(1) January, 196?

(2) January, 1967

(3) Januury, 1967

findings

Thick and purulent. Bo

mycelium or eosinophils seen,

ho aspergillus on culture.

Thick and purulent. ho

mycelium or eosinophils seen,

ho aspergillus on culture.

Thick and purulent. Septate

mycelium of aspergillus type

seen in olivet fir., Profuse



amount of eosinophils* Sig¬

nificant growth of A.fumigatus

on culture*

(4) April, 1967 Thick and purulent. Abundant

ocptc.tr- mycelium of aspcr-

gillus type and profuse amount

cf eosinophils, Significant

growth of A.furoigatue on

cul turn.

(5) December, 196? Purulent plug containing

septate rrycc liura of asper-

gillus typo, vith profane

amount of eosinophils and

Charcot-Leyden crystals.

Significant growth of A.fumi-

gatua on culture.

(6) December, 1^6^ Purulent plug. JTo mycelium

seen but profuse amount of

eosinophils and Chsrcot-Leyden

crystals. Significant growth

of A.funigatuo o culturo.

Serum precipitin test to A.-jus anil/ens

This wac first performed in December, 1966, and yielded a

negative result. On being repeated in Jamar-', lTdr . however,
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one precipitin band, visible only after staining the preparation,

was obtained.

Conclusion

The diagnosis was chronic bronchial asthma with A. funigatus

superinfection. The latter condition was indicated by the ex¬

pectoration of sputum plugs containing aspergillus mycelium,

which yielded significant growths of A,fumigatus on culture, and

by immediate and late reactions to skin hypersensitivity tests

and a positive serum precipitin test.

CAuu 16

Female, aged 35*

Occupation

housewife and typist,

dnviroiimental I.iBuo.-;
\ * f I 1 ^ " < * V ' * 1

hhen younger she had iivea in semi—rural areas, but 10 years

previously had moved to town. oho had never worked on a farm

and had never hanaled hay, straw, or manure. Until several years

previously she had kept a budgerigar, which she fed on packaged

bird seed.

Family history

All her father's family were "chesty", r:. . one member in
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addition had eczema. One of her "brothers suffered fron bronchial

as thru- and hay fever.

Part history

She had had attacks of bronchial asthma since the age of

1 year| and also infantile eczema, and lost a good deal of

schooling due to the asthmatic condition. The asthma remitted

during her teens, "but returned when she reached her twenties.

The wheezing occurred at any time of the year but was episodic,

with intervals of complete freedom from wheeze between attacks.

The attacks were sometimes precipitated by respiratory infections

and by duet, and were occasionally brought on by gardening: or by

mowing grass.

During her teens she was treated for eczema, and in her

early thirties she developed contact dermatitis of the hands,

for which the wearing of rubber gloves was held responsible,

tike had always had a tendency to hay fever, which occurred in

the summer months arc" especially vfcen she was near cut grass.

Her last attack of hr.y fever occurred at the age of 29*

At the age of 26 a new pattern in the asthmatic sympt¬

omatology developed, in that the episodic wheezing continued but

she also begen to have independent attacks of what she referred

to as "bronchi sic". Those latter a stacks occured only during

the winter months, lasting on average 2 or 2 weeks, and were

alwryo preceded by wheeze. During each v ewe he felt
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generally unveil end feverish, she was troubled by cough arid her

normally mucoid sputum became thick and greenish in colour, bho

became breathless or. the slightest exertion, and frequently also

had pleuritic chest pain and noticed sane blood streaking ox' the

sputum.

Over the following > years the attacks of winter bronchitis

became more severe and prolonged. The wheezing became

•virtually continuous throughout the year and for most of the tine

she had. a noming cough, productive of frequently purulent sputum.

The degree of wheezing varied considerably. By now she was

never awakened at night by wheezing, which up to the age of 16

had been the general rule. Her general health was good and

there was no weight loss.

Pecent History

In ^ *r: u y, 1966, there occurred a period of 3 weeks during

which eh" expectorated blood cloto in the sputum almost every

day, A chest X-ray in Parch showed a diffuse patchy opacity in

the right lung. the was admitted to the City Hospital for

Investigation in April, 1966. At that time she was still

recove ir.g from her most recent attack of bronchitis, which had

begun 6 weeks previously. Prior to admission she haa had a

TO day course of tetracycline.

On examination there was no finger clubbing, arid no other

abnormality was detected ap: rt from the pr .*•. "o of scattered



rhonchi in the ohect. Chest X-ray c-howed that the previous

patch}" opacity in the right lung had largely resolve?-* The

TTb was 14 g./lOO ml. and the BSE 10 mm. in the first hour

(hostsrgren). The .30 on admission was 6,600 cells/c.sm., with

40? neutrophils, "6; lymphocytes and 1%'~ eosinophils. The

"blood eosinophils wore subsequently reported us forming by> of

7,400 >iBC ■'c.T.m., the absolute eosinophil count being 700/c.nan.
The results of se-un electrophoresis and a sweat test were normal.

! o pathogenic bacteria were demonstrated in the sputum, but

A. fumigfrtuc rao cultured from 2 out of 9 sputum samples examined

for a«?pergillu3. A scrum precipitin test to A.fumigatus

antigens was reported negative, .ithout staining the preparation.

Ccrctch-skin tests produced immediate reactions to aspergilluo,

Louse duo'-, Clndooporium and mixed grass pollens.

The F :vi on aduicsion was 1,130 ml. against a predicted

level of ove ■ 2,240 ml. and the FVC wa3 2,700 ml, (predicted

lev?: 1 2,COO ml.), dome reversibility in the respiratory

function vvc demonstrated with adrfc.naj.inc medication. She was

given a trial of prednisolone therapy for a week, cue proved

refractory to it. Che was treated with standard broachodd la bor

drugs and given a course of aapicillir.. A week prior to her

diechrrgc in Ihy, i960 she was given pimaricin inhalations in a

dosage of 2.5 rag. four times daily, and on this regime she

irgnovel considerably. The I'hVl on disci:;, re wan 1,470 ml. and
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the FTC 2,900 ml. After discharge fro© hospital she continued

the r-imrici:?. inhalations on an out-patient basis for a further

5 weeks, and was maintained on long-term tetracycline therapy.

Subsequent I* '-ogress
■ mi—.* *rnn*mmmmm « mm m mmmmmmmrnmm

On completion of the course of plmaiicin therapy she was

feeling reasonably veil, but was still troubled by wheeze. The

FVC was unchanged but the FKV1 became reduced to 950 ml. In

August, 1966 she had another episode of acute bronchitis with

malaise and purulent sputum. The sputum became mucoid after the

tetracycline d'fte^ge was doubled for a few days, but she continued

to be moderately wheezy and the respiratory function deteriorated.

She was readmitted to hospital in September, 1966.

Invest! yitior.

The results of physical examination were as before.

Besrlrvfcrry function

The F'TJT on admission was 430 ml. and the FVC 1,750 ml.

Kaenatolory

She had an abcoluto blood eosinophilic, of 2,363 cells/o.mm.,

the other haejwtological values being materially unchanged since

her previous admission.

Examination of nnutrm

ITo oathogenie bacteria were cultured from the sputum.

Six samples of mucoid sputum were examined for aspergillus

whi 1 e the patient w -b or. pimaricin and etc oi therapy. No
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agpergillus-typo mycelium was seen on direct microscopy and all

the samples were negative on culture for aspergillus. One out

of 3 Leieh®an films showed a moderate amount of eosinophils.

heru® precipitin best to A.fumigatus antigens

2 precipitin hands were seen before staining the preparation.

Lkiu hyporaensitivity tests to A.fuBiigatus antigens

Immediate reactions consisting of a wheal 5 am. in diameter

(*++ on Bencard scale) and a wheal 1.5 om. in diameter (++++ on

BencarA scale) were elicited with the prick-skin and intradermal

tests respectively. ho la be reaction was observed in response

to the prick-skin test, but a ©©derate—sised late reaction,

present 6 hours aftei testing and still visible after 24 hours,

was elicited at the intradermal test site.

Cheat X-ray

ho fresh pulmonary infiltrations were seen*

Treatment and. Subsequent Frogress

from admission she was given penicillin and streptomycin

for u. week. Concomitantly she received prednisolone in a dosage

of 20 mg./day, after which the uose was reduced, and pimariein

as before until her discharge 5 weeks later in October. The

sputum quickly became mucoid. For the first 10 days no marked

subjective improvement occurred, but after this the respiratory

function steadily rose. The F3V1 rose to a peak level of

1,500 ml. and the TVC to 2,200 ml. The +e:; r^-e.tuie was not

elevated throughout the patient's stay in the ward. She was
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discharged, feeling very well and virtually free of wheece, on

prednisolone 10 Eg./day, long-term tetracycline therapy and a

Iledihaler, and with instructions to carry out morning postural

ooughing. Subsequently she regained well until January, 1167,

when her wheoso became re-established and she "began to have night

sweats. A left hilar opacity suggestive of pulmonary eosino-

philia was seen on a chest X-ray, and subsequently cleared.

From then until she was last seen in January, 1968, she was

slightly breathless on exertion, with a persistent morning cough

and purulent sputum despite oho tetracycline therapy end courses

of umpicillin.

Conclusion

The diagnosis was chronic bronchial asthma, independent

winter attacks 01 acute bronchitis and hypersensitivity to

A.fumigatus. The latter organism was not cultured from ike

sputum during the period of this investigation, but had been

previously cultured at a time when the pa tier. 0 Lad had blood

eosinophilic and transitory pulmonary shaciOi ing on the chest X—

ray. The blood eosinophilia persisted. The serum precipitin

test was positive, and immediate reactions and a late reaction

were elicited with skin hyporscusitivity tests.
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Female, aged 36.

Occupation

House-rife. Formerly worked in :m office.

hnvironi'icntal Kiuto.i.y

She had spent her life in oeni-iural areas. She had not
1 » •

, V \

worked on a farm or kept cage "birds or poultry. Che had not

handled hay, straw, grain or manure.

Family History

One of her two children buffered from "bronchial asthma and

infantile ecaetaa. There was no family history of hay fever.

Past Pistory

She had never had eczema or hay fever. She had no asthma¬

tic symptoms until wheezing first "became established in the

summer of 1965, after a period of emotional stress couoeO hy

worry and overwork. ho ot.er precipitating factors were evident,

and the history suggested that when infection was present, as

judged "by the production of purulent sputum, it arose as a

complication of a protracted attacu of istl.i.:;i rathea thar. as a

precipitating factor. After the initial incident wh.eesing was

variably present, "but by the spring of ipc6 it hod become

steadily more incapacitating, and it progressed until die was

admitted to another hospital in June, lySC-, whore a course of

prednisolone therapy controlled the "broncho- • , / chest X-ray
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at this time showed no obvious pulmonary lesion. Shortly after

she returned home the wheeze became re-established, and from

that time onwards she was more or less constantly asthmatic.

She was given 5 short courses of prednisolone by the family

doctor over the course of the next 2 months.

Recent History

She was admitted to the City Hospital in August, 1066.

Eight days previously the wheeze had become progressively more

severe, being more in evidence during the night, with cough

developing several days later, to become finally productive of

purulent sputum, "Duo to the severity of her symptoms she was

started on prednisolone 20 mg./day ?4 hours before admission.

Inveatigation

There was no cyanosis or finger clubbing. The chest was

hyper-resonant to percussion, the breath sounds were vesicular

with a prolonged expiratory phase, and there were widespread

inspiratory and expiratory rhonchi in all areas of the lungs.

Haeaatology

lib = 14.2 g./lOC ml. HCEC - 33/b. Total b'BC - 21,000

cells/c.cm,, with 40>o neutrophils and 45V' eosinophils. Absolute

eosinophil count =• 9»S00/c,ism. ESR « 45 mm. in the first hour

(Vestergren).

Examination of sputum

Examination of the initially purulent sputum revealed no



pathogenic bacteria.

Oho ceased to produce sputum very soon after admission, and

therefore no examination of sputum for aepergillus was possible

at this stage.

Scrum ocir-jtir test to A. fur.i^atin- antigens

One precipitin band was seen before staining the preparation.

Skin hypersensitivity teste to A.furaigatus antigen

Immediate reactions consisting of 3 mm. of erythema (+ on

Bencard soale) and a wheal 7 mm. in diameter (++ on Bencard.

scale) were elicited with the prick-skin and intradermal tests

respectively. There was no late "suction to either test. The

patient was on steroid therapy at the time of testing.

Chest d-ray

This showed merely hyperinflation of the lungs.

Treatment and, ih■ogress

Prom admission she was given tetracycline and prednisolone

20 mg./day, the steroid dosage being reduced to 10 tag./day after

a week. Serial tests of respiratory function showed progressive

improvement in the generalised airways obstruction, and 4 days

after admission the FEV1 bad risen from 1,400 ml, to 2,400 ml.,

the predicted normal value. The PVC rose from 2,250 ml. to

3,000 ml., slightly greater than the predicted level. This

inrorov-uevi t was maintained, and the patient was discharged after

3 weeks on prednisolone 10 mg./day. ho elev&wiii. of temperature
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was notod at any time.

oubuo i u, n •„ r-rogrc-us

Prom that time until she uao last seen In January, 1968,

her progress was uniformly good. Oh© had no choose, cough, or

sputum, and the respiratory function was r aintaineci at above the

predicted levels. By oeptecber, 1967» the prednisolone dosage

had been reduced bo j iag./day.

One purulent sample of cputun vus examined for aepergillus

in January, 1968. It was not seen to contain aspergillue

mycelium or eosinophils, and yielded no growth of aepergillus

on culture. In June, 19^7» the skin hypersensitivity tests and

serum precipitin tests were repeated. The immediate skin re¬

actions were increased to a ,.hoal 3 mm. in di&xueter (++ on

Bene.-.rd scale) and a wheal 1.2 en. in diameter (++++ on Bencard

scale), but the patient reported that she had again had no late

reaction to either test. The so.um precipitin test at this

time was negative, even after staining the preparation.

Conclusion

The diagnosis was cla onic bronchi-.1 uofchna and hypeiw

sensitivifcy to A. fuaigatua. i'.o aspcrgillus was detected in a

growth from the sputum. The seium precipitin test was positive

and ski:. hypersensitivity tests yielded immediate reactions.
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Female, 38 years.

0ccitation

j/omestic work.

Pnvirorar u k.f history

She had. spent all her lii'e in the country. she was

employed in domestic work except for a 7 year period from the

age of 26, when she worked in the glass-houses of a market

garden. here she was exposed go a considerable amount of duct.

Among several subsequent domestic posts, one was on a far:.., but

she took no part in the work of the farm, and did not handle hay,

straw, or manure. she kept a budgerigar, which she fed on

packaged bird seed.

Fa ily History

her mother suffered from bronchial asthru, and her nephew

hud infantile eczema. There was no family hisfcox-y of hay fever.

rasf history

ohe haa had attacks of bronchial astlma since the ago of 16

years. The at tuc* s were spasmodic, occurring on average every

2 weeks, and accompanied by & slight cough productive of a

little sucoic sputum. there was no apparent precipitating

factor. After she started go work in the market garden, how¬

ever, she began to have asthmatic symptoms every day. Ibis

tendency persisted after she resumed do; e :pioyment, and
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she now "began to find that exposure to dust of all kinds tended

to precipitate asthmatic attacks. She was at first treated with

routine antispasmodic therapy, "but after "being hospitalised

twice in 1958 with asthma she had "been maintained on prednisolone

5 lag./day.

Occasionally she had noted tough plugs in the sputum, "but

she had nevor had a haemoptysis. She had never suffered from

hay fever or frank eczema, "but, had a tendency to develop contact

dermatitis of the hands on exposure to Bettol.

Becent History

She was admitted to the City Hospital for the first time in

October, 1966, "but was not studied "by me at this tine. For 3

weeks prior to admission the prednisolone dosage had been in¬

creased to 10 mg./day.

Clinical and roentgenological examination

She was found to have moderately severe bronchospasia.

There was no finger clubbing end no central cyanosis. Chest

X-ray showed some evidence of pulmonary hyperinflation, hut was

otherwise normal, Scratch-skin tests elicited an immediate

reaction to aspergillus antigens, but yielded negative results

with the other standard antigens tested. The FBV1 on admission

was 1,630 ml. against a predicted level of over 2,320 ml. and

the FVC was 3,200 ml. (predicted level 2,900 ml.).

Laboratory investigations



Hb » 17 g./lOO ml. Total I3C » 12,700 cells/c,mm. , with

64 ' neutrophils, 28$ lymphocytes, and 0$ eosinophils. Total

eosinophil count «* less than 5° cells/c.mm. ESR «= 1 mm. in the

first hour (Restergren).

TiO pathogenic bacteria or aspergillus were isolated from the

sputum, and no sputum eosinophilia was seen.

Treatment and Progress

She was given a 10 day course of ampicillin to eradicate

any infection, although the sputum was mucoid. After 4 days,

on prednisolone 10 jag. /day, the FBV1 rose to 2,400 ml. and the

FVC to 3,650 ml., both levels na\* being greater than the pre¬

dicted values. On prednisolone 40 mg./day no further improve¬

ment was then noted. Although there was no deterioration in

the respiratory function test results after a further week on

placebo tablets substituted for the steroid, it was decided to

maintain her on long-term steroid therapy. She was discharged

the same month on prednisolone 20 mg. on 3 days weekly, and a

Medihaler.

During her stay in the ward the temperature was not elevated

at any time.

Subsequent Progress and Investigation

Thereafter she attended the asthmatic out-patient clinic.

The steroid dosage soon had to be reverted to 10 mg./day, and on

this prednisolone regime, until she was last seen in Hovember,
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1967» she had frequent exacerbations of wheeze, especially at

night, and also complained of a persistent troublesome cough*

However, the sputum remained mucoid.

The following investigations to detect pulmonary asper¬

gillosis were carried out.

Examination of sputum

Six samples of mucoid sputum were obtained for examination

between November, 1966 and July, 1967* hone were seen to con¬

tain aopergilluo-type mycelium on direct microscopy. One

specimen yielded a significant growth of A.funigatus, and this was

the only sample examined for eosinophils which contained any of

these cells. A profuse amount of eosinophils were seen.

Serum precipitin test to A.fumigatus antigens

One precipitin band was seen only after staining the

preparation. The test was performed in November, 1966.

Skin hypersensitivity tests to A.fumigatus antigens

These were carried out in November, 1966. Immediate

reactions consisting of 2.5 cm. of erythema (++ on Bencard scale)

and a wheal 5 mm. in diameter (++ on Bencard scale) were elicited

with the prick-skin and intradermal tests respectively. The

patient observed no late reaction to either test. She was, of

course, on steroid therapy at the time.

Conclusion

The diagnosis was chronic bronchial asthma. The involvement
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of A.fumigatus in the patient's condition was indicated "by the

obtainment of a significant growth of that organism on sputum

culture, and by a positive serum precipitin tost and immediate

reactions to skin hypersensitivity tests.

CASB 19

Female, aged 57 •

Occupation

Domestic work.

Environmental History

She had spent all her life in town. She had never worked

on a farm and had not dealt with domestic birds, grain, hay,

straw or manure.

Family History

Her mother had suffered from bronchial asthma and chronic

bronchitis, A nephew had episodic asthma, a niece had eczema

and the patient's sister had hay fever.

Past History

She had never had eczema. Since her twenties she had been

subject to "bronchial trouble", which took the form of a winter

cough and sputum, with no wheeze or breathlessness. At the

age of 40 she was troubled for a tine with rhinorrhoea, which had
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no particular seasonal incidence. Pour years later, in 1954»

3he was admitted to hospital for the first time with a diagnosis

of "bronchial asthma. She was troubled "by "bouts of coughing and

felt "breathless, the main difficulty "being in expressing air
V

from the chest. Prom that time onwards she complained of cough

and of exertional dyspnoea. In 1958 she began to have wheeze

associated with these symptoms, and at this time also she suffer¬

ed from her first attack of "limpness", in which she experienced

a tingling sensation in both hands and had to sit down. Prom

then onwards she had similar attacks of limpness every 2 or 3

months. Consciousness was never lost.

In August, 1958* she was admitted to the City Hospital with

a diagnosis of chronic asthmatic bronchitis in which respiratory

infection was thought to play an important part. For the 6

weeks prior to admission her sputum had been consistently

purulent in spite of antibiotic therapy. She displayed a

marked hypersensitivity reaction to penicillin, "but was sub¬

sequently desensitised. She was given steroid therapy for

severe and persisting bronchospasm, with dramatic effect. She

was discharged on intermittent long-term tetracycline therapy,
v . i ^ 1 v \ \

and shortly afterwards was given prednisolone 20 rag. on 3 days

weekly. In October, however, she was hospitalised again with

an exacerbation of bronchospasm and a cough productive of

purulent sputum. No real improvement was noted on treatment
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with prednisolone, tetracycline and routine antispasmodics, but

an observation was made in her case record to the effect that

dramatic improvement followed the addition of ACTH to the

therapy. This "allowed her to void some very thick infected

bronchial plugs, after which her condition became much more

easily controlled". Unfortunately there were no bacteriological
1 '

/

reports relating to these sputum plugs to indicate whether

culture on selective media for fungi was performed. IJo bacterial

pathogens were isolated from the sputum.

Prom that time onwards she never felt really well. The

attacks of asthma at first occurred mainly in the summer and

necessitated several hospital admissions over the next 2 years.

The only precipitating factor which she recognised was "hard

work", which in her case meant housework. Prom 1961 she was

maintained on prednisolone 10 mg. on 3 days weekly, daily

tetracycline, and ephcdrine as required. It was observed that

psychological factors seemed to influence her condition to some

considerable extent, as judged from the quality of the air

entry, and the character of the breath sounds on examination,

on many occasions when she complained that she was unable to

work. nevertheless it was undeniable that she had from time

to time a cough productive of mucopurulent or purulent sputum,

and that this generally coincided with an exacerbation of her

asthmatic symptoms. The sputum apparently cleared on treatment
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with penicillin and streptomycin or chloramphenicol in addition

to tetracycline.

Prom 1961 she complained of attacks of asthma occurring all

year round. She was readmitted to hospital in July, 1961, after

the latest of a series of "hronchitic exacerbations". Following

an attack of influenza several months previously, with muco¬

purulent sputum, she had a continuous troublesome cough and

stated that she was never free of wheeze for more than a few days

at a time. The bronchitic attacks had "been treated with tetra¬

cycline and an increase in the steroid dosage. In the ward she

was seen to he somewhat breathless, but with no cyanosis and no

finger clubbing. There was a moderate expiratory wheeze not

markedly relieved by oxygen inhalation. The chest expanded

poorly and the breath sounds were not well heard, but there were

generalised expiratory rhonchi. The chest X-ray was unchanged

from previous films, shoving some evidence of emphysema but no

cardiomegaly. Results of respiratory function tests were

difficult to assess owing to poor co-operation on the part of

the patient. Ko pathogenic bacteria were isolated from the

sputum. The Kb was 15.8G$ and the KCIIC 30$. The total WBC was

8,550/c.mm. with a normal differential, including 1$ eosinophils.

The ESR was 14 mm. in the first hour.

It was noted that her breathing became almost normal after

reassurance. She was seen by a psychiatrist, who tried to
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encourage her to return to hor former employment, "but to no

avail. Prednisolone therapy was discontinued as it was not

considered that much "benefit was "being derived from it. Con¬

siderable relief was obtained from aminophylline suppositories

and adrenaline by injection as required. There was some

fluctuation in the severity of symptoms during her stay and she

had several quite severe asthmatic attacks, hut she was dis¬

charged well in September on routine antispasmodic therapy and

daily tetracycline.

Thereafter, when seen in the asthmatic out-patient depart¬

ment, she continued to complain of an irritating cough, sometimes

productive of a little mucoid sputum, and she generally had some

rhonchi in her chest on auscultation. The paroxysms of coughing

seemed to precipitate attacks of wheezing. Prom tine to time

the family doctor had to give her short courses of prednisolone

to control exacerbations. In February, 1963, she again required

steroid therapy './hen she was admitted to another hospital with

an attack of "asthmatic bronchitis". Che was now requiring 2

or 3 injections of adrenaline daily and in addition was using an

isoprenaline spray a good deal. Prom the start of her dis¬

ability the patient had complained bitterly of the amount of

dust in her home, which she was sure affected her condition

adversely.

In July, 1964, she was again put on maintenance prednisolone
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at a dosage of 5 mg./day. Bar tetracycline was "by now being

reserved for infective episodes. In an attempt to alleviate her

hacking cough, which was resistant to ordinary antussives, she

was put on Eumydrin to reduce "bronchial secretions, with little

"benefit.

Recent History

In the spring of 1966 she again "began to "be troubled a good

deal by wheeze and a cough productive of thick purulent sputum.

She obtained a house in a cleaner district of town, but con¬

tinued to have recurrent episodes of respiratory infection which

proved resistant to treatment with tetracycline and ampicillin,

and necessitated increase of the steroid dosage. By Hovenber

she was being maintained on prednisolone 7.5 mg,/day. In the

early part of 1967 her chest symptoms improved from the point of

view of the bronchospasm, although the prednisolone dosage had

to be temporarily increased several times, but she continued to

have a troublesome cough and felt very tired. She was admitted

to the Ci+.y Hospital in August, 1967? for the investigation of

an iron-deficiency anaemia.
* * \ - ' t \ \ > » t ^ , , , * \ , V \ \ \

Investigation

She was clinically anaemic. There was no finger clubbing,

and her respiratory condition appeared to be reasonably satis¬

factory, only a few scattered rhonchi being heard on auscultation

of the chest. She was known to have been suffering from bleed-
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ing haemorrhoids for the previous 2 years, hut she had had no

"bleeding from this source for several months prior to this

admission. A "barium meal demonstrated a large sliding hiatus

hernia. It was eonoluded that the anaemia was due either to

the haemorrhoids or to "bleeding from the hiatus hernia.

Respiratory function

The FBV1 on admission was 750 ml. against a predicted value

of 1,940 ml. and the FTC was 1,900 ml, (predicted level : ..""•a"1

2,400 ml* ),

Baematology

Hb « 12.4 g./lOO ml. on admission, after treatment with iron

(lib previously ® 9*1 g./lOO ml.). Total !®C = 8,500 celia/c.i.m ,

with a normal differential count which included 1$ eosinophils.

ESR » 7 nm. in the first hour (Westergren).

Examination of sputum

Ho pathogenic bacteria were isolated from the sputum.

Five samples of thick mucoid sputum were examined for

aspergillua. In none was fungal mycelium demonstrated on

direct microscopical examination. One sample only yielded a

significant growth of A.fumigatus on culture. A Leishman film

of this specimen showed a moderate amount of eosinophils.

Similar films from 2 other specimens showed no eosinophils.

Serum precipitin test to A.fuoigatus antigens

One precipitin band was seen after staining the preparation.
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Skin hypersensitivity tests to A.fumigatus antigens

These elicited immediate reactions consisting of wheals

6 ma. in diameter (++++ on Benoard scale) and 1.3 cm. in diameter

(h-H on Bencard scale) with the prick-skin and intradermal test

respectively. Six hours after testing a small late reaction was

observed at the intradermal test site, and this was still present

after 24 hours. Ho late reaction was produced in response to

the priok-skin test. The patient was on steroid therapy at the

time.

Chest X-ray

This showed no change on comparison with previous films.

Treatment and Progress

Treatment with oral iron was instituted, and she was main¬

tained on therapy with ephedrine and prednisolone 7*5 mg./day.
On her discharge home in September, 1967» the FEV1 was 1,230 ml.

and the FVC 2,000 ml.

Conclusion

The diagnosis was chronic bronchial asthma. Tho involve¬

ment of A. fumigc-trus in the respiratory condition was indicated

by a positive serum precipitin test, immediate reactions and a

late reaction to skin hypersensitivity tests, and a significant

growth of A.furalgatus from a sputum sample.



CASE 20

Male, aged 59 years.

0cpupation

General maintenance engineer. He had previously, up to

some 10 years "before, "been in the merchant navy.

Environmental History

He had spent most of his life in towns when not at sea. He

had not done any farm work and had had no dealings with cage

"birds or poultry. He had not handled hay, straw or manure, "but

while in the navy he had frequently helped load grain on ships.

Family History

Ho asthma, eczema or hay fever.

Past History

There was no early history of asthma, and he had never had

ecsema or hay fever.

H© was first seen at the City Hospital in April, 1964, with

a history that for the past 15 years he had had a chronic cough,

usually worse in winter and in damp weather, associated with a

variable wheeze. The latter was usually more in evidence in the

morning. There was no important nocturnal component to the

wheezing. He had noticed that variations in temperature and

climate, exertion and emotional upsets tended to precipitate

wheezing, as did also exposure to grain, dust and paint fumes.

He had recently lost time from work asm maintenance man, as
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the exertion involved made hie chest uncomfortable. At the

"beginning of the year he had noticed "blood etreaking of the

sputum for 2 days, on one of these occasions coughing up about a

dessertspoonful of blood. There had been no repetition of these

episodes. The sputum was generally mucoid, but on occasion was

transitorily yellow in colour. He had never expectorated sputum

plugs. Since January he had attended the out-patient department

of another hospital, where on on© occasion acid-fast bacilli had

reputedly "been seen in the sputum, but repeated sputum samples

had been negative on culture for tubercle bacilli. There was
=• \ « •

no known exposure to tuberculosis and there had been no weight

loss.

A chest X-ray in January, 1964? showed some patchy opacities
} \ % X ■ \ \ * k

in the second and third left anterior interspaces, extending

from the upper hiltua. These were considered to represent in¬

flammatory lesions? with tuberculosis a strong possibility.

Further X-rays in February and March, however, showed progressive
v t

clearing of the opacities, with only residual streaky changes.

He was admitted to the City Hospital in May, 1964. There

was no cyanosis, but mild finger clubbing was present. The

trachea was central, and chest expansion was normal and equal

on both sides. The percussion note was resonant in all areas.
\ > V < ■ \ t \

The breath sounds were vesicular with some prolongation of the
1 1 « y \ , 1 *

expiratory phase, and with a few rhonohi on forced expiration
1 \ . v \ \ ■

r



only. So other abnormalities were detected.

Bacteriological examination of numerous sputum samples
t » > * * \ t * „ s \ \

failed to demonstrate pathogenic bacteria, including tubercle

bacilli, and it was felt that pulmonary tuberculosis could be

excluded.

Bronchoscopy was performed to exclude neoplasm as a cause

of the haemoptysis. The larynx, vocal cords, trachea and main

carina were normal, and all normally accessible bronchi and

segmental orifices on both sides were seen and were normal.

There was a slight excoss of mucoid secretion on both sides, but

no mucosal abnormality. Bronchograms showed only the features

of generalised bronchitis with marked warping of many of the

bronchi.

During his stay in hospital successive chest X—rays showed

the development of fairly homogeneous areas of opacity in the

anterior segment of the right upper lobe followed, despite

treatment with penicillin, by similar opacities in the posterior

segment of the right upper lobe, The migratory nature of the

opacities, along with a background of asthmatic symptomatology,

suggested the possibility of pulmonary eosinophil!a, and success¬

ive white blood counts showed a rising eosinophilia from 4/-> of

10,000 to 13^> of 9*200 white cells/c.mm., with the development

of the opacities. Although scratch-skin testing showed a

significant immediate reaction to aspergillus antigens, no
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aspergillus was cultured from repeated sputum samples. His

temperature was not elevated during his admission.

Because of the patient's previous trips abroad stool spec¬

imens were examined for aocaris ova, but none wore demonstrated.

On admission, the FF1J (l second) was 1,030 ml,, against a

predicted level of over 2,680'ml,» but the FVC was greater than

the predicted level of 3,350 ml,, being 3,900 ml, dome slight

reversibility in the F2V after injection of adrenaline, amino-

phylline and atropine was demonstrated. Thereafter spontaneous

improvement occurred, and by the time of discharge at the end of

Kay, 1964, the FSV had risen to 1,690 ml., and the FVC to

4,850 ml.

He was discharged on routine antispasmodic therapy.

Recent History

He was subsequently followed up at the asthmatic out-patient

clinic. Lb time passed the results of Ms respiratory function

tests were in general well maintained, and he complained only of

a constant, minimal, low-grade wheeae and sporadic cough. His

sputum remained mucoid and there were no further incidents of

haemoptysis. However, in March, 1985, Ms respiratory function

was slightly reduced and a chest X—ray again showed a small in¬

filtration above the left hilum. By the following month this had

disappeared and the blood eosinopMls were recorded as constitut¬

ing 1$ of a total ¥BC of $,000/c.am. He thereafter remained



well until December, 1966, when he was river tetracycline by the

family doctor for a troublesome cough and increased wheeze.

When seen at the clinic in January, 1967? his FFV was J80 ml. and

the PVC 3,300 ml. Chest X-ray revealed new shadowing in the

second left interspace. He was given ampicillin for a week

since it was thought that this probably represented an area of

pneumonia. Several sputum samples were examined for tubercle

bacilli and were negative. By February. 1967, the pulmonary

shadow had disappeared.

The following investigations to detect the involvement of

A.fusaigatus in the condition were carried out.

Serum nreclnitin test to A.fumigatus antigens

This was performed in February, 1967. Two precipitin bands

were seen after staining the preparation.

Skin hypersensitivity tests to A. furnigatus antigens

These also were carried out in February, 1967.

Immediate reactions consisting of a wheal 4 mm. in diameter

(-M-+ on Bencard scale) with the prick-skin test and a wheal

2 cm. in diameter (++++ on Bencard scale) with the intradermal

test, were obtained. The patient reported that he had had no

late reaction to either test.

Examination of scutum

Six samples of sputum were examined for aspergillus between

February and July, 1967. Of these 3 were mucoid, 2 mucopurulent
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and one purulent. The mucoid specimens were received after the

institution of pinaricin therapy and the rest before this treat¬

ment was started. Ho aspergillus-typ© mycelium was seen on

direct microscopical examination of any specimen? and none yielded

a significant growth of A.futaigatus on culture. Only one sample

showed a moderate number of eosinophils in a Irishmen film.

Treatment and Progress

As a result of the immunology test results outlined above

the recent pulmonary infiltration seen radiologically was

diagnosed as being pulmonary eosinophilia, due to hypersensitivity

to A. fussigatus. He was therefore given pimaricin inhalations

daily on an out-patient basis at a dosage of 2.5 mg. twice daily

for 2 weeks. He subsequently felt very much better, and there

was a considerable improvement in the degree of wheezing. After

completion of the course of pifaaricin the FHV1 rose from

1,000 ml. to 1,250 ml. and the FVC from 3,900 ml. to 4,190 ml.

Thereafter he continued to improve, and by July, 1967, he had no

wheeze at all, the FEV1 being 1,925 ml. and the FVC 4,450 ml.

He was last seen in November, 1967, when, although many

rhonchi were heard in the chest, he stated that during recent

months he had felt better than he had done for several years.

The respiratory function was well maintained.

Conclusion

The diagnosis was chronic bronchial asthma. Ho asper-



gillus mycelium was seen in the sputum, which failed to yield

any significant growth of A.fumigatus on culture, hut the serum

precipitin test was positive and immediate reactions were obtained

in response to skin hypersensitivity tests. Both recently and

in the past he had had transitory pulmonary infiltrations, which

formerly had been shown to be associated with blood cosinophilia.

CASS 21.

Female, aged 23.

Occupation

Housewife and fomor hospital nurse.

Environmental History

She stopped nursing in March, 1966, after her marriage, and

moved from a town to a country district. She had done no farm

work, had had no dealings with cage "birds or poultry, and had

not handled hay, straw, grain or manure.

Family History

No asthma, eczema or hay fever.

Past History

She had suffered from infantile eczema, and this had "been

associated with episodic attacks of bronchial asthma from the

age of 9 years. She had not, however, lost much schooling as
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a result of this. For 3omo years she had had "bouts of hay

fever, precipitated 'by contact with cut grass and house dust.

Recent History

This had consisted of occasional episodes of mild broncho-

spasm, usually related to frank chest infections, until Juno,

1966, She was then admitted to another hospital on an emergency

"basis, following a severe chest infection associated with wheea-

ing. She was hospitalised for 3 weeks, and during this time was

treated with antibiotics and prednisolone. Since then she had

had frequent episodes of purulent bronchitis, associated with a

persistent cough and severe bronchospass, both of which symptoms

tended to be worse at night. The coughing was on occasion so

violent that it led to vomiting. The sputum had been copious

and usually greon in colour. Recently she had expectorated

sputum "plugs

In addition she had felt generally unwell, with impaired

appetite, over the 18 months previous to her admission to the

City Hospital, and estimated that she had lost 2 stones in weight

over the previous year. Over the past 6 months her effort

tolerance had become progressively impaired, so that she had to

take her time when climbing stairs. At no time had she had a

haemoptysis.

Her recent therapy had consisted of short courses of pred¬

nisolone at a dosage of 15 mg./day, which helped her considerably,



324

and routine antispasmodic drucn. She had. also had courses of

arapioillir and erythromycin. It vac noted that staphylococcus

aureus had been repeatedly cultured from the sputum, and that the

effect of antibiotics in clearing the sputum was always trans¬

itory.

She was admitted to the City Hospital for investigation in

October, 1967.

Investigation

She was seen to have slight eczema of the antecubital

fossae. There was no finger clubbing and no cyanosis. She

was moderately wheezy, with audible widespread inspiratory and

expiratory rhonchi over both lungs. An intradermal hyper¬

sensitivity test using house dust antigens showed a significantly

positive immediate reaction.

Respiratory function

On admission the F7T71 was 1,350 ml. (predicted value 2,600

ml.), and the FVC was 2,075 nl. (predicted value 3,200 ml.).

A considerable degree of reversibility to atropine and adrenaline

was demonstrated.

Haematoloct

Hb - 16.6 g./lOQ ml. PCV - 48/3. MCnC - 35, Total

¥BC => 14,400 cells/c.ram. with a normal differential count,

including t*3 eosinophils. E3R not recorded.
Examination of syhia



Sputum culture jic.ld.ed a profuse ^-rowth of "beta-kaersolytic

streptococci on one occas ion and of ctaphylococeus aureus on

another,

Twelve samples of sputum were examined for aspergiliue.

These varied from mucopurulent to purulent, arid iricludod 2

purulent plugs, Bo acpergillus-type mycelium was detoctod

microscopically, a.nd no specimen yielded significant growth of

A.fucigatus on culture. Three Leishaan films contained a

profuse amount of eosinophils.

Serum precipitin test to A.fumigatns antigens

One precipitin "band was seen after staining the preparation.

Skin hypersensitivity tests to A.xumigatus antigens

These elicited immediate reactions consisting of an urea of

erythema 8 mm, in diameter (+++ on Bencard scale) in the case

of the prick—skin test and a wheal 6 naa. in diameter (•*•+ on

Beneard scale) in response to the intradermal test. dix hours

after testing a late reaction developed at the Intradermal tost

site, and this was still present after 24 hours. Bo late

reaction was elicited by the prick-skin test. The patient was

not on steroid therapy at the time.

Chest 1\-ray

This was substantially normal in appearance.

Bronchoscopy

This revealed an inflamed bronchial mucosa, with thick pus
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present in the lower "bronchi, particularly in the left lateral

segmental "bronchus. In the right lung the bronchus intermedius

was full of thick pus, as was the lower apical bronchus and the

middle and lower lobe bronchi. Bronchography was carried out

after aspiration of the pus. This showed early bronchiectatic

changes in the left upper lobe anterior segment and the left

lower lobe apical segment.

Treatment and progress

She was given a 3 week course of tetracycline. From

admission she was given prednisolone for a week in a dosage of

40 mg./day, after which the FETTL rose to 2,340 ml. and the FVC to

2,600 ml. Placebo therapy was then substituted, and after a

week values in respiratory function tests continued to rise, until

they reached values in excess of the predicted levels. Following

bronchoscopy sputum production was reduced in volume, but the

sputum remained purulent or mucopurulent. For 4 days prior to

discharge she was given pimariein 2.5 nig. thrice daily by in¬

halation, On discharge she was asymptomatic. Follow-up was

carried out at another hospital.

At no time in the ward was the patient pyrexic,

0 one Insi or:

The diagnosis was episodic bronchial asthma, and early

bronchiectasis. The serum precipitin test was positive, and

immediate reactions and a late reaction were elicited on skin



testing. No asnergillus-type myceltuM was soon In the sputum,

from which no growth of anpergillus was obtained.

CASE 22.

Male, aged 46•

Occupation

Surface worker at a coal mine (lamp attendant).

Environmental history

He had lived in a semi-rural area all Ms life. Ha had

not worked on a farm and had not handled hay, straw or manure*

He kept a budgerigar, which he fed on loose millet seed.

Family history

Hie mother and 8 brothers all had bronchial asthma. There
1 1 * t

was no family history of ecsema 01 hay fever.

Past history

Ee had never suffered from ecsema or hay fever. Since the

age of 25 years he had had episodic attacks of asthma with

exacerbations occurring particularly during the stammer months.

Cough was a variable feature and was productive of sputum only

during established asthmatic attacks. The sputum was always

inuooid and occasionally was streaked with blood.

Recent history
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He v&e adnitted to another hospital in April!, 1^66, $h#

epieo-fin asthmatic attache had now tended sc give way to a more

chronic, low-grade asthmatic state, still with Glimmer exacer¬

bations, Six weeks "before this admission he developed a cough,

productive of purulent sputum, with wheezing and slight dyspnoea

at rest. Shortly "before admission he had right-sided pleuritic

pain and slight haemoptysis, In addition ho "began to manifest

si#as of chronic renal failure. He was diagnosed as having a

right "basal pneumonia and effusion. Ho pathogenic "bacteria were

cultured from the sputum. The diagnosis of renal failure was

confirmed, which investigation in a specialist unit showed to "be

associated with "bilateral renal amyloidosis.

He was transferred to the City Hospital in May, 1966, for

investigation of the asthmatic state and to see if any pulmonary

cause for the renal amyloidosis could be discovered. Here no

evidence of protracted pulmonary suppuration or of frank bronchi¬

ectasis was found. Ghost X-rays showed, in addition to emphy¬

sematous lungs, some fibrotic changes, most evident in the right

mid- and upper zones and in the left upper zone. In view of the

long asthmatic history and the fact that there was a persisting

blood eosinophilia of between TOO to 1,100 cells/c.mra., it was

considered that these appearances might be the end result of

recurrent pulmonary infiltrations duo to pulmonary eosinophilia,

which might have resulted in a peripheral bronchiectasis. A
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scratch—skin tost to A-fumigatus antigens was found to give a

strongly positive immediate reaction. The serum precipitin test

to A.fumigaous antigen (unstained preparation) was reported

negative. Ho evidence of pulmonary tuberculosis was elicited

from sputum examination.

In an attempt to control possible bronchopulmonary asper¬

gillosis he was given piaarioin inhalations at a dosage of

215 Eg. tkxice daily for 2 weeks prior to his discharge in Jure.

Ho symptomatic improvement was observed on thio regime, but the

bronchospasm was subsequently alleviated with Franol and

Phenergan. Concurrently antituberculous therapy with streptomy¬

cin and Pasinah was commenced.

In July the antituberculosis therapy was stopped because of

streptomycin toxicity and PAS intolerance. He was readmitted to

the City Hospital in August, 1966.

Investigation

He was found to have finger clubbing and numerous biphasic

rhonchi in both lungs.

.Respiratory function

The F3V1 had fallen to 950 ml. (predicted level greater than

2,720 ml.).

Eaematology

lib » 8.6 gn$. PCV - 30^. MCHC « 29.5$. Total W2C -

9,700 cello/c.ima. with 73> neutrophils and 12$ eosinophils.
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ESB « 140 mm. In first hour (Westergren).

Examination of sputum

He pathogenic "bacteria were isolated.

Six samples of sputum, 2 of which were purulent, 2 muco¬

purulent and 2 mucoid, were examined for aspergillue. Ho

aspergi litis-type mycelium was observed microscopically. Ho

eosinophils were seen in Lefshmaa films. All samples were

negative for aspergilius on culture.

Serum precipitin test to A. ftunigatus antigens

" This was positive, one "band "being seen only after staining

the preparation.

Skin hypersensitivity tests to A.fumigatus antigens

These elicited a wheal 1 cm. in diameter (♦+♦+ on Bencard

scale) with the prick—skin test and a wheal 5 mm* in diameter

(+ on Bencard scale) with the intradermal test. Small late

reactions to "both tests were observed 24 hours after testing.

Chest X-ray

This was unchanged in appearance.

Treatment and progress

He was treated for his anaemia and renal failure and given a

6-week course of pimaricin as before, and antitubercu1ous

chemotherapy was reintroduced, together with tetracycline therapy,

nevertheless the FEV1 on discharge in October was only 460 ml.

and the FVC 1,250 ml. (predicted 3,400 ml,).
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He was readmitted in rovenbor, lyCC, with increasing wheeze

and dyspnoea and bilateral pleural effucioiie. Six further

samples of sputum were examined for aeperglllue, and again no

positive result was obtained on culture and no mycelium was seen
\ > * \ 1 * X * 1 X

microscopically. Two out of 3 Leinhraan films shoved a moderate

amount of eosinophils. The blood eosihophils constituted of

a total HBC of 8,600 eells/c.ra®.
He died suddenly in the same month of a probable coronary

thrombosis. Ho post-mortem examination was performed.

Conclusion

The diagnosis was chronic bronchial asthma, renal amyloid¬

osis and renal failure. The serum precipitin test was positive,

and skin hypersensitivity tests elicited both immediate and late

reactions. Ho aepergillus-type mycelium was detected, in the

sputum, from which no aspergillus was cultured.



SECTION IV

Discussion of results
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DISCUSS!OF OF BESU1TS

The results confirm what had "been, anticipated with respect

to the incidence of "bronchopulmonary aspergillosis du9 to

Aspergillus fusigatus in chest units of the City Hospital,

Edinburgh, namely that this condition, is far from rare at the

present time among patients with disease of the lower respiratory

tract of sufficient severity tc warrant hospital admission.

In the recognised tests used as diagnostic indices to detect

"bronchopulmonary aspergillosis due to A. fucigatue, cone interest¬

ing facts have emerged from this study.

The general medical opinion regarding the fallabllity of

results cf culture of sputum samples for A.fuaigatue has "been

already discussed. It is also evident from the review of the

pertinent literature that, prior to the inception of the present

study, there were no indications of any attempt to define the

basis for a positive report on sputum cultures for A, fusaigatus.

Yet some suck definition should be made by all investigators, in

view of the known prevalence of contamination of selective

culture media with atmospheric spores of the organism, in order

to make possible a true comparison between the results obtained

in different studies. It is reasonable to assume that bacteri¬

ologists and mycologists confronted with this problem must have

their own individual methods of assessment of such culture
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results* tut this is likely to vary enordifferent observers.

Fore et alia (1®66) and llrglleb et alia (1?68) applied a

quantitative, or semiquantitative aT>T>rcach, the forcer voritora

in the ca.ee cultures of mycetoma material and the latter with

respect to Ejratus culture. It is probable that the "abundant"

growths of A. fundpatus considered significant "by Ibiglish et alia

did in fact correspond to tho growths considered significant in

the present study. However, their inclusion, cf repeated light

growths of the organise or. sputum culture in their assessment of

significant growth, relative to the patient concerned, is not

considered justifiable by the estimation of ouch light growths

in the present study. Here, the recognition of sigr.ifiormt

growth did not rest or. a colony count, and is therefore at

variance with the method employed by Fore et alia. The dis¬

tinction between significant and insignificant growths in this

study, with the methods employee, as described, certainly had a

strong quantitative basis, but equally with the profusion of

growth of A.fumigatus colonies in the former case was rated the

distinctive pattern of such growths in culturesj ono of colonies

closely intermingled and presenting a confluent appearance, so

that a precise colony count was impossible and unnecessary.

Strict observance was accorded to growths occurring on inoculati¬

on lines as opposed to growths not occurring or. the lines. I

have been unable to find any reference in the literature bearing
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upon this point, and it i suradsed tin i no prsvioua specific

effort to differentiate atmospheric con tar. inert organisms has

been made.

It was considered justifiable to regard the light growths of

A.fumigatus, obtained 01: the inoculation lines of sputum cul¬

tures, as being in no way significant ao an indication of growth

of that organism in the respiratory tract of the patients

concerned. The large proportion of paxients whose sputum ex¬

hibited this type of growth on culture, together with the close

appraxLeation of the incidev.ee of these growths to -chat of

atmospheric contaminant organisms growing outwith the inoculation

lines, supports this view. do also does the poor correlation

between the occurrence of Shone growths in each of tho paired

cultures of individual sputum samples, using homogenised and un—

homogenised ir.oeula.

In -view of the high rate of occurrence of contaminant

growths of A.fUmigatus outwith inoculation lines during the winter

months, it is surmised that not all of the light growths of

A.fumigatus occurring on the inoculation lines of sputum cultures

can be regarded as having been grown from the sputum. A certain

proportion of them was almost certainly due to the chance growth

of atmospheric contaminant organisms on the lines. However it

is considered that the greater proportion of such growths was an

indication of A.fumigatus spores contained in the sputum samples,
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because of tho soall exfconi of tho culture medium surface taken

up by the inoculation lines compared with tlio remaining surface

area of tic medium.

It hae > 3on shown that the marked seasonal variation in

light growths of A,fUmigatus on the inoculation linos of sputum

cultures, and in growth of definite contaminant organisms outwith

the lines, during the different months of the study, is statist¬

ically significant. There was a peak incidence of both factors

extending from November, 1966, to March, 1567» with a pronounced

elevation in February, 196?* This high incidence during the

winter months is in good general agreement with the findings of

Hyde ot alia (1956) in relation to the prevalence of A.fumigatue

spores in the general c tiro-sphere in Britain, and with those of

IToble find Clayton (1963) relative to the prevalence of these

spores in the air of London hospital wards.

Because of this it is considered that the seasonal variation

described in this study reflected a changing seasonal incidence

of A.fucigatus spores in the general atmosphere of Edinburgh

during the different months. It is true that more cultures of

abundant growths of A.fuiaigatuo were examined in February, 1967,

than in any of the other months, and therefore it might be argued

that the high peak in that month of contaminant organisms on

culture plates was contributed to by contamination of the labor¬

atory atmosphere by spores from these cultures during their exam-
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ination, But such cultures were exs.ir.ined ir batcfcec, after which

the laboratory was thoroughly cleaned, and disinfected, in order to

fftir.isise such an effect. Further, apart fron in February, the

amount of sputum cultures examined, showing abundant .growth of

A.fus&gatue, was fairly evenly scattered throughout the other

months of the study, while the seasonal variation in light growths

and in contaminant organisms was observed* Since all other

laboratory conditions were constant throughout the period of the

investigation it is difficult to see how the seenoral peak in the

incidence of the factors under discussion, occurring between

November and March. can be accounted for other then by a seasonal

variation of A.fuaigatus spores in the general atmosphere. It

has been mentioned that Stallybraee, comparing the incidence of

Aspergillus spores in the air of hie laboratory, ir which aeper—

gi'llus cultures were handled, with that in the general atmosphere

outside, found that the two corresponded.

It is considered that the light growths of A.fumigates, on

the inoculation lines of sputum cultures, reflected, to a large

extent the. inspiration end expectoration in the sputum of

atmospheric snores of A.furaigatus by the patients involved, the

extent of this occurrence varying with the seasonal incidence of

A.fumigatus spores in the general atmosphere.

Those results lend support to the view of Pepys (1966) that

reinfection with A.fumigates, in cases of bronchopulmonary asper-
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gillosis, is especially likely to occur during the winter months

of the year. They also establish, for the first time, that

laboratory workers are most likely to encounter contamination of

selective culture media with spores of A.fumigatus, and to record

light growths of the organism from cultures of sputum, during the

winter season.

The culture of swabs from the upper respiratory tract of the

patients produced no abundant growths of A.fuaigatus analogous to

those obtained from some sputum cultures. A statistically

significant seasonal variation in the incidence of light growths

on inoculation lines and of contaminant organisms, similar to that

pertaining in the case of sputum cultures, was observed in culture

of swabs from the anterior nares, soft palate and fauces. The

peak incidence of light growths and of contaminants in all three

types of swab also occurred between November, 1966, and March,

1967, but the highest incidence of both factors occurred in

November, and not February as in the case of the sputum cultures.

The incidence of light growths of A.funigatus on the inoculation

lines in the case of the swab cultures did not approximate so

closely, during the winter months, to the incidence of contaminant

organisms as did the incidence of light growths in the sputum

cultures. This might possibly indicate the trapping of atmosph¬

eric A.fumigatus spores in the nasal mucus, or the wafting upwards

by ciliary action of spores inhaled into the bronchi, so that a
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relative accumulation of spores in the upper respiratory tract

night have been reflected in an earlier high peak incidence of

growths of A.fumigatus on inoculation lines.

In any event, the results show that abundant growth of

A.fumigatue fron sputum was not associated with any similar growth

from the south or throat of these patients. IIor was there any

instance of significantly profuse growth from the anterior naree,

which might have indicated that the patient had been in an

atmospheric environment containing a relatively dense concentr¬

ation of spores.

The abundant growths of A.funigatus obtained from the sputum

of 36 patients was regarded as significant for several reasons.

In the first place they were obtained from far fewer patients than

were the light growths of the organism, and more often than not

they were cultured repeatedly from sputum samples in the indivi¬

dual patient. There was also a considerably higher degree of

correlation between the results of culture, in the paired series

of homogenised and unhomogenised inocula, in the case of these

abundant growths than was the case with the light growths.

Further, all patients in whose sputum aspergillus-type

mycelium had been seen microscopically yielded these abundant

growths on culture of sputum samples, and in no case was such

mycelium seen in sputum in the absence of abundant growth of

A.fumigatus from culture of sputum samples. Also, in all four
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eases of ■bronchopulmonary aspergillosis from whom specimens

obtained at bronchoscopy or surgery were examined, a similar

pattern of growth of A.funigatus was obtained on culture of this

material, and in three of these cases similar aspergi1lus-type

mycelium was seen microscopically in the material cultured. This

lends good support for the view of Orie and de Vrieo that, when

fungal mycelium is visualised in a pulmonary lesion, it is very

likely to be proved by culture to be that of A.fumig&tus.

The reasons for regarding the light growths of A.fumigatus

to be largely an indication of atmospheric spores of the organism,

inhaled by the patient, have been given. In contrast to this,

the close association between the microscopical detection of

aspergillus-type mycelium in sputum samples and abundant growth

of the organism from sputum culture, together with the fact that

aspergillus spores were not seen microscopically in sputum, leads

to the conclusion that the abundant growths occur as the result

of growth and sporulation on the culture medium of A.fumigatus

mycelium contained in the sputum inocula. On this basis,

therefore, such growths must indicate actual infection of the

patient with A.fumigatus, in the sense that growth of the fungus

has taken place in the respiratory tract, mid the mycelium

produced is viable.

The incidence of significant growth of A.fumigatus on

culture of all sputum samples in this study is higher, at 15.0$,
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then that recorded (approximately 7$) "by Pepys et alia (1959)

their cases, a much higher proportion of whom were selected

regarding the probability of their having bronchopulmonary asper¬

gillosis. In the present study the fact that 10.8$ of unselected

cases yielded significant growth of A.funigatus on sputum culture

reveals that many patients, with disease of the lower respiratory

tract of any severity, must be oxpected to be infected with this

fungus.

Thsh +here was a considerably lower incidence (2.6$) of sig¬

nificant growth of species of Aspergillus other than A.fumigatus

in unselected caees is in accordance with previous findings.

It has been shown that there was an association between

purulence of sputum, both at the time that the sputum was tested

and prior to this, and abundant growth of A.fumigatus from sputum.

It was also demonstrated that there was a statistically signi¬

ficant greater frequency of sputum eoslnophilia among cases whose

sputum showed significant growth of A.fumigatus compared with

those whose sputum did not show such growth. Together with this

was the faot that 22 out of the 36 canes whose sputum manifested

significant growth of A.funigatus had a basically non-acthmatic

diagnosis. This is not in accordance with the findings of Pepyo

et alia (1959) that A.fumigatuo was cultured with greater frequ¬

ency from the sputum of asthmatics than from the sputum of nan¬

as thiaatic subjects.
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Hansel (1946), discussing the importance of cytologic exam¬

ination of sputum in respiratory allergy and infection, pointed

out that thick yellow secretion, especially if gelatinous, may be

eosinophilic. It night be inferred further that an explanation

for a greater incidence of purulence of sputum, in cases harbour¬

ing A.fumigatus in the respiratory tract, could lie in the fact

that in such cases the infection must bo expected to be resistant

to standard antimicrobial therapy.

If sputum eosinophilic is associated with significant growth

of A.fualgatue from sputum, in the case of non—asthmatic subjects

as well as in asthmatic cases, then the finding of sputum eosin-

ophllia, especially where the sputum is purulent, might be taken

as an indication to examine the sputum microscopically for fungal

mycelium and culture it for aspergillus.

In this 3tudy it was considered that all 18 cases, forming ,j

3.4$ of unselected patients, in whom a positive serum precipitin fa? I'
test to A.fumigatus antigens was obtained, should be regarded as

cases of bronchopulmonary aspergillosis. There were several

reasons for this. In the first place, many authors have pointed

out that the isolation of A.fumigatus from sputum by culture need

not necessarily indicate that the fungus is acting other than as

a passive growth giving rise to no symptoms. Also, as Campbell

and Clayton have pointed out, thore is no evidence, where serum

precipitating antibodies to A.fumigatua antigens are present, to
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assert definitely that in these cases the fungus is playing an

active part in a disease process,

nevertheless the fact that the stronger reactions in serum

precipitin tents are observed in cases of mycetoma, and that the

strength of precipitation reactions in these cases have been

observed to wax or wane (Longbottora end Pepys, 1964) according as

to whether the mycetoma Is in the developing stage or has been

removed surgically, is good presumptive evidence that a positive

serum precipitin test Indicates a correspondingly large amount of

fungal mycelium present in the respiratory tract. That stronger

precipitation reactions are observed in cases in whom lung cavit¬

ation can be proved or inferred to exist, while the weaker re¬

actions arc observed in asthmatic subjects, has been confirmed by

the results of this study. The fact that, in this investigation

no apparent correlation was found between strength of serum pre¬

cipitin reaction and the number of significant growths of A.fumi-

gatus obtained from sputum cultures, or the detection of

aspergillus-type mycelium in sputum, can be explained by the fact
/"V ' '

that a large proportion of asthmatic subjects with serum precipi-
« . i, .

*

tating antibodies produced plugs containing the mycelium and

giving significant growth of A.fumigatus on culture. Surface

growths of A.fumigatuc on the bronchial mucosa of such subjects

doubtless do not indicate a total amount of aeporgillus mycelium

in the respiratory tract equal to that present in cases of
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mycetoi&a.

Further, of the three main types of test used in the diagn¬

osis of bronchopulmonary aspergillosis due to A.fumigatus, namely

the serum precipitin tost, culture of the organists from sputum,

and immediate reactions in skin hypersensitivity tests, the first
/V a? Lf $ L i

was the teat in this study in which results showed the closest , ,

-W m i*>r-
consolation with the results of tlx© other two tests. Thus there u

t<*\ £

were no cases in which a positive serum precipitin test was

present alone, and only one with a positive serum precipitin test

in the absence of a positive immediate skin reaction. Similar

to the study of Fepys et alia (1259) a statistically significant

association between significant growth of A. fumigatua from sputum

and the presence of serum precipitating antibodies and an immed¬

iate reaction in skin tests, together, was found to be present in

this investigation. In the present study, however, a statistic¬

ally significant correlation was also found between serum pre¬

cipitating antibodies and an immediate reaction in skin tests.

Although satisfactory direct proof of a significant correlation

between significant growth of A.fumigatus from sputum and serum
f\J f) ' L

precipitating antibodies, in the absence of an immediate skin ~h_ hti
j/hr ii a. _>» « imtl

reaction, could not bo obtained, it was proved that no statistic- a fr1—>
>€« (l c'W/f

ally significant association existed between significant growth

of A.fumigatus from 3putum and immediate skin reactions alone, in f/c ^ ^ j

the absence of serum precipitating antibodies. Talcing these
,Kt < b i. ■ fJ'
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factor?: together, it might be inferred that the significant

association between significant growth of A.funigatus from

sputum, and serum precipitins and immediate skin reactions to¬

gether, is due more to the presence of serum precipitating anti¬

bodies than to the positive skin test remits in these cases.

The importance of staining the agar gel medium in the serum

precipitin test, especially in the asthmatic cases with less

strongly marked reactions, has been demonstrated. "insufficient

stress has been put upon this by the manufacturers of the solu¬

tions marketed for routine laboratory use.

Regarding skin hypersensitivity tests to A. fumigatus anti¬

gens, 56 patients were found to exhibit a positive immediate re¬

action to the tests, in 20 of whom this was accompanied bj a

late reaction. The proportion of unaelected cases in whom an

immediate reaction was elicited was 16.5$. The fact that

immediate skin test reactions were more than three times as

frequent in asthmatic cases than in those without asthmatic

symptomatology is in accordance with the findings of Campbell

and Clayton.

The intradermal test, from the r suits of the present study,

is considered superior to the prick-skin test in the detection

of allergic hyperseneitivity to A.fumigatus antigens. More

immediate reactions were obtained with this test than with the

prick-skin test and, contrary to the view of Longbotton (1964),

■ ('-fa I (j >4'
'-V\ C, cCU- Of wd

CJLtiij (f/uj.A-o

lot A.
« t 11 /

V « t 1, -f'-<
1\ <yf Zc d-t*cK&cet'
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no atypical types of immediate reaction were obtained in

response to the intradermal test. A small number of reactions,

however, atypical in appearance and seen 24 hours after testing,

and unaccompanied by a preceding immediate reaction, were seen

with the intradermal test. The nature of suoh reactions and &<*
X '• * K :,X ■ 1 fi t(r

their significance is unknown.
0 l-V-OvvjCt. ' ' ' » ^ * 1

More late reactions were obtained with the intradermal *' <£ r * p ;

-"CtXr C C(\ .

test, which is in accordance with the view of Pepys (1966).

It was fouhd, however, that the suppression of late reactions

by corticosteroid therapy, stated by Pepys et alia (1959) to be

absolute, was only relative. The proportion of patients in

this study who were on steroid therapy at the time of testing,

and who .yielded late reactions to the tests, was roughly com¬

parable to the proportion of those on steroid therapy at the

time who yielded only immediate reactions to the tests. Fur¬

ther, in Case 11, the results of the tests were compared before

and after the natient received prednisolone at a dosage of

20ng./day. A small late reaction to the prick-skin test was

completely supp'a—~sd by the steroid therapy, but a moderate-

si sed late reaction to the intradermal test was virtually un¬

affected by therapy.

It is inferred that the larger number of both immediate

and late reactions obtained with the intradermal test, and the

fact that immediate reactions with this test tended to be



- 346 -

larger than those obtained with the prick-skin test, was
1

probably due to the larger amount of antigens injected in the

former test.

The present investigation would seem to he the only one in

which the use of the intradermal test to A.fuaigatus antigens

has "been comprehensively studied.

According to Hell and Coombs, immediate reactions are

mediated hy non-precipitating, heat-labile antibody tensed

reagin, and are readily produced in atopic subjects, notably

asthmatics, by ordinary and otherwise innocuous substances in

the environment. The size of a reaction is a measure of the

■potency of the extract used and the degree of hypersensitivity

of the patient to its contained allergens, but it does not

necessarily correspond to the clinical importance of an aller¬

gen in the individual case. Where such a reaction is not

obviously related to the clinical condition of the patient, it

should be regarded as evidence of latent or subclinical aller¬

gic sensitivity.

The patients in this study who manifested immediate re¬

actions to A.fusigatus antigens on skin testing, in the absence

of other indication of bronchopulmonary aspergillosis, are

therefore regarded as- having developed allergic sensitivity to

A.funigatus spores inhaled from the atmosphere.

We now come to a discussion of the 22 cases considered to
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have bronchopulmonary aspergillosis. Eighteen of these

yielded a positive result in the sera© precipitin tent to

A.fuaigatue antigens, while in four a negative serum precipitin

test result was obtained, hut it was considered justifiable to

include the© as cases of bronchopulmonary aspergillosis cm the

basis of other findings.

In this group there were 1? females, who thus considerably

outnumbered the 5 sales, one of who© was a case of Rleinfolter*e

syndrome on testosterone therapy. The average age of these

cases was 46 years, slightly lower than the average age of all

cases studied, which was 54 years,

IIo cases of the r. re bronchopneumonia or disseminating

for/., of the disease were encountered. As a group, however,

and in the order in which they have been described in Section

III, these cases form an interesting spectram, of all the other

main forms of bronchopulmonary aspergillosis: from cases of

mycetoma through the non-localised "saprophytic* forms of the

disease to cases of definite ellergio bronchopulmonary asper¬

gillosis, and thence to asthmatic oases .in which a diagnosis of

classical allergic bronchopulmonary aspergillosis is not so

apparent.

Cases 1 to 5 are regarded as cases of mycetoma or asper-

gil' In 1^° ^ese pulmonary cavity containing the
fungal nass was situated in the right upper lobe, in two it was
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In the left upper lobe, while in the fifth it was sited, in the

upper part of what regained of the left lung after previous

left upper lobectomy. This is in accordance with previous

findings that the majority of aspergillosias are found in the

upper lobes of the lungs.

The X-ray picture in Case I was that of a classical myce¬

toma, a round fungal mass being seen lying free in its cavity,

surmounted by a radiolucent air crescent. This was confirmed

by surgery, when mycetoma material was obtained and seer, to

consist of a sasc of aspergillus—type mycelium, which yielded

growth of A. fur.igatus on culture. Proa the X-ray appearance

and the pathological findings this case must be ciasced as one

of complex aspex-gillonsa (Belcher and Pluaiaer). nevertheless

there were no post—operative complications, aad this despite the

fact that the aspergillosis cavity was inadvertently opened into

during the operation. This patient Lad no haemoptysis. The

baric diagnosis vec that of bronchiectasis. A positive serum

precipitin tect result was obtained and significant growth of

A,fusigatus was obtained from sputum culture. Aapergillus-

type mycelium was da too ted in the sputum in the absenoe of

sputum plugs. Despite the fact that the patient had displayed

no allergic symptomatology and had no previous history of an

allergic tendency, and moreover gave no family history of such,

an immediate and a late roaction were elicited in skin tests
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and & moderate amount of eosinophils wore seen in the sputum.

Case 2, whose primary diagnosis was ono of "healed" tuber¬

culous primary coapiox, showed on X-ray a classical mycetoma.

This was confirmed by surgery arid the result of examination of

the mycetoma cavitary material. This case could probably be

classified ae one of simple aspergillosis. The patient had

frequent minor haeacptyse-s, tut the diagnosis was not indicated

pre-oporacively by the results of sputum culture. The serum

precipitin test was negative. The patient had ecaeaa, but r.o

allergic sensitivity to A,fumigates was demonstrated by the skin

tests.

In case 3, one of inactive post-primary pulmonary tuber¬

culosis, it was considered that the lumpy material seen in a

pulmonary cavity represented a mycetoma, although the classical

air crescent v§s absent. A diagnosis of aspergillosis was

further indicated by the results of the serum precipitin test

and sputum culture. decent haemoptysis had occurred. The

patient had at on© time had ecseuia, and ah© had had recent

transitory bronchospasm which, however, could not be regarded

as an established asthmatic state. An immediate reaction was

elicited on akin testing and a moderate number of eosinophils

were aeon in the sputum.

Case 4, whose basic diagnosis was dLso post-primary inactive

pulmonary tuberculosis, the X-ray appearance was suggestive of
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mycetoma "brut not classical. Further, a strongly developed re¬

action in the serum precipitin test w observed, There was no

previous history of any allergic tendency, and no family history

of such, hut she developed symptoms of "bronchospasm? sputum

plugs wore expectorated which contained aepergilbus-type cyccl—

iua and grew A. fusigatus on culture, Immediate reactions were

elicited on ohin testing and a profuse amount of eosinophils were

seen in the sputum. There was no haemoptysis. There was

relative and absolute "blood eoelnophilia.

Case 5j also one of post-primary inactive pulmonary tubercu¬

losis, had. an Z-rny picture indicative of a previous aspergillosis,

although tomography failed to demonstrate a classical air

crescent. A.fucdgatua was cultured from the sputum in this

study and the scrum precipitin toot woo positive. Skin tooting

produced negative results. There was no family or personal

history of nr. allergic tendency, "but a moderate amount of

eosinophils were seen in sputum. It is presumed that the

previces mycetoma had "beer, expectorated "by the patient, although

it ir pus2ling that no previous eputu® cultures positive for

aspergilTun had been obtained.

Canes 6 to 10 were considered to have the "saprophytic"

form of pulmonary aspergillosis in which no localised mycetoma

was present. One had lung abscess, another chronic bronchitis,

another bronchiectasis, the fourth had chronic sarcoidosis and
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probable bronchiectasis, while the fifth had a carcinoid tumour

of the lung. All expectorated sputum which grew A.fumigatus in

significant amount from culture. All had a positive serum * a^-At^rz.

precipitin test except for Cases 7 and 10. In case 7 the

findings on repeated sputum culture and on skin testing were

considered to justify a diagnosis of aspergillosis. In Case 10

fungal mycelium, which was revealed on culture to be that of

A.funigatuo, was seen in bronchoscopy material. Case 6 had had

eczema, and possibly recent allergic rhinitis. An immediate

reaction was elicited in skin tests and the sputum contained a

moderate amount of eosinophils. Case 7 had a family history of

asthma and eczema and a personal earlier history of asthma.

Immediate reactions and a late reaction were seen in skis tests

and a moderate amount of eosinophils was seen in the sputum.

Case 8, with no family history of allergy and a personal history

only of drug hypersensitivity, showed immediate reactions in

skin tests and profuse sputum eosinophilia. Case 9 bad no

allergic family history and no previous personal history of an

allergic tendency. She had recently developed asthmatic

symptoms. Immediate reactions and a late reaction were elicited

by skin tests and there was profuse sputum eosinophilia. Case

10 had no family or personal history of allergy, but immediate

reactions were produced in response to skin tests.

Case 11 was one of frank allergic bronchopulmonary asper-
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gillosio superimposed on chronic "bronchitis. It is interesting

to compare the diagnostic hazards in this oaoe with those

experienced in Case 10. In Case 10 the diagnosis of tumour was

©asked for a tine by concentration on the aspergillue which had

grown proximal to it. In Case 11 an erroneous diagnosis of

carcinoma was made initially until an appraisal of the cultural

and immunological findings revealed the true state of affairs*

pulmonary consolidation due to allergic aspergillosis.

Cases 12 to 15 can also be asserted with confidence to be

cases of the allergic form of bronchopulmonary aspergillosis,

while cases 16 to 22 present some but not all of the features of

that condition. The fact that febrile episodes were not observ¬

ed in cases of the allergic forms of aspergillosis is probably

due to the effect of steroid therapy,

A study of these cases leads to the conclusion that infection

with A.fumigatue can readily induce a state of allergic hyper¬

sensitivity to the organism in cases with any degree of allergic
i d' <t ■

predisposition, and sometimes also in patients without any such
✓

previous predisposition. A diagnosis of bronchopulmonary asper¬

gillosis might be suspected in cases with severe cough productive

of purulent sputum which is resistant to standard antimicrobial

therapy and sometimes the onset of the condition can be inferred

to coincide with the onset of such symptoms.

It has been described how late reactions in skin hyper-
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sensitivity tests have been regarded as examples of Type III

allergic reactions, dependent on the presence of oerum precipit¬

ating antibody.

Of the 22 cases, only three yielded sputum which gave growth
X k

of bacteria on culture. Two had lived in semi-rural areas, two
HO-i* r

in country districts and the rest in large towns. Fifteen were

engaged in domestic work, and therefore were exposed to dust in

their domestic environment. Two worked in dusty storerooms

where they handled straw. In one a previous history of dusty

factory work was obtained and in one a previous history of the

handling of grain. Six of the patients had recently kept cage

birds.

It is considered that more cases of allergic bronchopulmon¬

ary aspergillosis would have been discovered if routine staining
JI, ,

of agar gel medium in the serum precipitin test had been carried
•' ■r *r I

out. The incidence of bronchopulmonary aspergillosis in un- , bt f

\ ■ I

selected patients was 3.Most of these were asthmatic cases.

This was higher than the known incidence of bronchopulmonary

aspergillosis in the hospital as a whole, which was 1.0^.

It has been demonstrated how uniform end points in deter¬

mining the minimal inhibitory concentration of pimaricin for

strains j? A.fumigatus can be obtained. This is considered a

pertinent point while piraaricin remains the antibiotic in common

use in the treatment of bronchopulmonary aspergillosis.

t f

f If ^
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