


Aspergillosis, which has been classically defined as a comparatively rare 
di~ease in man caused by species of the genus aspergillus, is beginning to emerge 
~s an important and perhaps common mycotic infection. Although speculative, there 
is a q~sis on ~hich to suggest that aspergillosis will emerge in the 1970s as his­
toplasmQsis unfolded in the last 20 years. Infection varies in severity from an 
incidental, saprophytic relationship to a fulminating fatal infection, with the 
lun~s being the most common site of significant infec tio n. The spectrum of di s ­
ease has been fragmentary and hard to def ine and even harder . to diagnose. This 
diffiGulty relates to ubiquitous occurrence of : species of aspergi 11 i in the gen­
eral environment so that it can be isolated from the sputum of normal persons. 
Pr~viously a patient was considered to have aspergillosis if he had an asper-
gi lloma or if the fungus was demonstrated histologically to invade tissue or was 
grown from qrgans or body fluids which are normally sterile. The increasing fre­
quency of oceurrence of invasive fungal infections in the compromised host , the 
more widespread use of diagnostic procedures such as transtracheal aspiration and 
lung biopsy and aspiration, the recognition of the association of serum precipi­
tins to aspergillus extract and the development of a complement fixation test have 
each ~on~ributed to the recognition of an increasingly important role of asper-
gi llosi~ as a ~ignificant mycotic infection of man. 

HISTORICAL: 

The aspergilli, as part of moldiness of things, have always been a factor in 
man's environment, but for ages were brushed away as white, green or black mold. 
Michell, in \729, was said to have distinguished conidiophores and heads of this 
mold. He noted that the heads were rough, hence he applied the name aspergillus 
(L. rough-head) (1). The organisms also resemble an aspergillum, which is a per­
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Fig. 

forated globe holding a sponge and used for sprinkling holy water 
(L. aspergere-- to sprinkle) (Fig. 1). The first reference to inva­
sion of animals by the fungus was by Mayer (1815), who observed it 
in t~e lungs of a jay (2). The first human case in which asper­
gilli were definitely identified was described by Sluyter (1847) 
in a woman dying of an unspecified pulmonary infection (2). Subse­
quently , Virchow (1856) described 4 cases of pulmonary aspergillus 
infection in patients dying of other conditions (3). Dieulafoy and 

associates (1890) were the first to describe t he disease in pigeon-crammers and 
they c<:~lled it "maladie des gaveurs" (2). The pigeon-crammers of Paris performed 
gavage by taking a mouthful of grain and water and spitting it into the mouth of a 
pigeon. Each man fed about 2000 pigeons a day and it was accepted that they would 
succumb to a chronic pulmonary disease. Renon amplified on these observations and 
also ~eported two new cases in hai r-combers who used r ye flour for removing grease 
from hair b~fore making it into wigs. He also referred to primary and secondary 
aspergillosis (2). R~non was also the first to mention the occurrence of asthma 
in aspergillqsis. 

GEOGRAPHIC DISTRIBUTION : 

Aspergillosis is found in all parts of the world. 

SOURCE OF INFECTION: 

Aspergilli are ubiquitous in nature. Many species are pathogenic for plants, 
e~pecjal ly figs. $qme species infect. insects such as bees, birds and domestic ani­
mals. Birds are particularly susceptible and 40% of necropsies on penguins showed 
evi9ence of infection with aspergillus (4,5). 
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AGE, SEX, ~ACE AND OCCUPATIONAL INCIDENCE: 
t 4 ! I I I 

Adults 9re infected more frequently than children, although the disease has 
been r~or.ted in individuals between the ages of 2 days and 78 years (6,7). The 
disea$~ Is r~cognized more frequently in men than it is in women. Since the early 
d~~~rlptl9ns by R~non, many texts and papers have listed aspergillosis as an occu­
pati~nal Qj~~9,se among persons in close contact with birds, grain, flour and agri­
C~,Jlt;ur~. In detailed analysis of these original cases, Maccartney concludes: 11 lt 
oann~t be acGepted that there is any convincing evidence to date connecting pulmon­
{IJ'y, asper!;Jillosis with certain occupations. 11 (8) 

CLINICAL FEATURES: 

The respiratory tract, external auditory canal, skin and nails are common 
sites of infection . Less common sites include ocular involvement. Occasionally 
the ~nfe~tion becomes disseminated with resultant widespread involvement of many 
0r~~ns: . ~~ningitis, encephalitis, osteomyelitis, endocarditis, ophthalmitis, the 
kidneys, th~ thyroid gland, and infection of the paranasal sinuses and orbits (9-
12). Consideration of these features is facilitated by a classification. The fol­
lowing classification is modified slightly from that of Finegold, Will and Murray 
b~ using th~ term opportunistic in place of secondary to meet the criticism that 
t~e term secondary is somewhat amb i guous (7, 13) (Table 1) . 

TABLE l . 

Classification of Aspergillosis 

I. Primary Aspergillosis 

A" Localized 

l. Mycetoma or abscesses 
2. Allergic--bronchitis with asthma and/or eosinophilia 

B. Invasive 

l . Acute--usually bronchopneumonic 
2. Chronic granulomatous disease--usually pulmonary 

c. Disseminated 

I I. Opportunistic (Secondary) Aspergillosis 

A. Localized--usually pulmonary 

B. Invasive 

C. Disseminated 

P~f~ary Aspergillosis: 
t I 

~oc~l ized primary as~efgi llosis is seen mainly in the lung in the form of 
{T\YG~~qma or 11 allergic pneumonitis 11

, although other sites may be involved in non­
in~aslve prp~esses; these include the external ear, skin, nails, and paranasal 
sinuses. 
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Pulmonary Aspergillosis (Mycetoma) or Intracavitary Fungus Ball: 

Aspergillomas, fungus balls of the lung, develop in pre-existing areas of 
disease, e.g., bullae, old tuberculous cavities, healed cavitary histoplasmosis, 
bronchiectasis, sarcoidosis and neoplastic cavities of the lung (14-17) " In are­
view of 58 cases, Schwarz and associates have summarized the salient clinical fea­
tures (14) . Location of fungus balls was as follows: right upper lobe 30, left 
upper lobe 23, right middle lobe 2, lower lobes 2 . In two instances, the lobes 
were not specified and two patients had cavities in two lobes . The cause of the 
cavity was bronchiectasis in 21, tuberculosis 11, histoplasmosis 5, and malignancy 
2 . The age range in this group of cases was 19 to 82 years with most of the 
patients in the 51 to 60 year decile. There were 42 men,. 15 women, and in one case 
the sex was not noted . The commonest symptom is a productive cough . Hemoptysis 
was a symptom in 45%. In 48 cases aspergillus was the fungus producing the fungus 
ball; 27 were diagnosed by histology alone, while 21 were proven by culture . Only 
one case of candida and one case of mucorales were noted . The typical roentgeno-

. graphic finding is that of a rounded density capped or surrounded by air trans­
lucency. Contrary to some opinions, these fungus balls are not loose in the cavi­
ties, but are attached to the cavity wal 1 in most patients (!9) " The air crescent 
sign was once considered pathognomonic of echinococcus or hydatid cysts (20) . The 
morphologic identification may be difficult because the character of hyphae in the 
mycelial conglomerate is greater than the width seen in cu1ture mounts (14) . Pepys 
and associates have measured precipitating antibody against extracts of Aspergillus 
fumigatus in the sera of patients with aspergillosis using both agar diffusion and 
immunoelectrophoresis (21:) . Of the sera of 57 patients with a myceto:na l!! situ, 98% 
contained precipitins and 'the degree of positivity was greater than in other •' groups 
of patients (Table 2) . After removal of the mycetoma, 5 of 9 sera remained positive 
but the reactions were less marked . 

TABLE 2 

Reactions of Sera of Patients and Healthy Persons 
to Aspergillus fumigatus (22) 

Asthma without 
pulmonary eosino­
phi 1 i a 

Asthma with pulmonary 
infiltrates and 
eosinophilia 

Pulmonary mycetoma 
in situ 
removed 

Other lung diseases 

Healthy persons 

No . of 
Sera 

307 

93 

57 
9 

185 

60 

No. 
Positive 

29 

59 

56 
5 

14 

0 

No . Sera Positive 
With > 6 Arcs 

3 

2 

44 
0 

0 



There is no accepted form of treatment for pulmonary aspergil lorna. Once 
diagnosed, the tendency has been to resect the mycetoma . Since the first success­
ful resection of a mycetoma (23), several others have reported satisfactory sur­
gical results (24,25). Various dr~gs have been used in the treatment of pulmonary 
aspergillosis including amphotericin B, nystatin, hydroxystilbamidine and iodides 
(26-30) . Most consist of isolated case reports, hence evaluation of efficacy is 
not possible. Reddy and associates from the Missouri State Sanatorium have ana­
lyzed the clinical features and the results of treatment in 16 patients who have 
been followed for 6 months to 10 years (average follow-up about 4 years) · (Table 3) 
( 18) 0 • 

TABLE 3 

Outcome in Three Groups of Patients With Aspergilloma (18) 
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Sputum 
Conversion 

to 

Side-Effects 

No . of 
Patients 

·Progression 
of Disease 
(No. Pts.) 

No . of 
Deaths 

Mortality 
· ..... ; ;~"t~iL~ ... il"O ( ~ · 1~ 

Type of Treatment (%) Complications 
of Therapy* 
(No . Pts . ) Neg at i ve·k 

Surgical Resection 5 l/2 20 

Amphotericin B 8 6/8 13 

No Specific Rx 3 2/3 0 2 67 

*Number of sputa negative per number positive at start of therapy 

* In the surgical group this includes postoperative complications (one broncho­
pleural fistula, two empyema); in the amphotericin B group these are severe 
uncontrollable side-effects 

3 

2 

0 

While this is a small series, it does provide an indication of the potential 
seriousness of the infection . Amphotericin B has been recommended as the drug of 
choice for treatment of aspergillosis (31); however, the effectiveness is still un­
certain a A randomized prospective study is proposed as necessary and feasible to 
evaluate therapy in aspergillosis (32) . 

In addition, there is an investigational antifungal agent, 5-fluorocytosine, 
can be taken orally with minimal toxicity. While primarily active against 

tococcus neoformans and Candida albicans, a strain of Aspergillus flavus and 
niger were also susceptible in vitro (33,34). Studies in mice infected with A. 

~~~~~~~a~t~u~s have been equivocal. 

Primary Localized Abscesses: 

Other sites which may be involved with non-invasive aspergillosis include the 
external ear, skin, nails, paranasal sinuses (35,36), The symptoms are not specific 
but compatible with chronic infection in these areas. 

Alfergic Pneumonitis (Bronchopulmonary Aspergillosis or Hypersensitivity Asper­
gillosis): 

Hinson, Moon and Plummer called attention to three patients with broncho-



pulmonary aspergillosis, who had evidence of sensitization to t he f ungus andre .. 
sembled patients with 11 pulmonary eosinophilia11 (2). Most of the pati ent s have had 
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a long history of asthma (37) . The clinical picture is then that of deve loping 
febrile episodes which occur episodically over interval s of months to yea rs with 
variable periods between a t tacks (2, 19,37) . The febrile episodes are as sociated 
with wheezing, cough, expectoration of purulent sputum wh i ch often co nta in s p lu gs . 
Blood streaking of sputum can occur, but is not a prominent fea tu re. During the 
acute episode, the patient may experience dyspnea and chest discomfort, bu t typi ca l 
pleural pain is unusual . The sputum produced during the acute episodes has diag­
nostic characteristics . It is purulent and typically contains white o r brownish 
flecks . These flecks contain mycelia aggregated together with C h arcot~Leyden crys­
tals, Curschmann 1s spirals, mucus , eosinophils and neu troph il s into rounded mas ses 
which are dull brownish and measure about 1 em in diameter and have been called 
11 plugs 11 • An eosinophilia in the peripheral blood (usua l ly of greater t han 
1000/mm3) is frequently found . Serial chest roentgenograph s reve a l transient, 
migratory lobar -or segmental col lapse and consolidation . The inf il trates may c l ear 
within a week, but more often they persist for 4 to 6 weeks . In one pati ent 
reported by Hinson et al , the collapse persisted for almost one year (2 )~ lnvo lve­
rrent of new areas usually coincides with a febrile episode . Bronchoscopy has s hown 
a polypoid ma s s obstruct ing the lumen of a bronchu s or edema of the mucosa and 
occlusion of the lumen with tenacious material. Longbo ttom and Pepys demon strated 
that sera f rom 9% of a group of patients with asthma bu t without eosinophilIa con­
tained precipitins against Aspergillus fumigatus (Tabl e 2) (21). Sk in tests re­
vealed immediate wheal and flare reactions in 38% includ i ng 10 of 13 pa ti ent s (77%) 
with precipitins . In pat ien ts with the syndrome of 11 hypersen sit i v i t y asper ­
gillosis11, i .e., asthmatics with transient shadows in chest roentgenograms asso­
ciated with eosinophili a in the peripheral blood, 63% contained precipitin s (Tabl e 
2) and skin tests were positive in 87%. Slavin and Cherry have f4rther s tudied thi s 
syndrome and demonstrated the occurrence of wheezing and a sign i ficant decrea se in 
FEV1 . 0 in a patient with this clinical syndrome when cha l lenged with an aeroso l of 
~ · fumiga t us (38) . They also demonstrated that the precipitating antibody was lgG 
and that it elici t ed a direct 11 late11 arthus type s ki n reaction. 

In the United States, this syndrome has been very rare, even wh en gro ups of 
patients with asthma are specifically screened (39). 

Hinson and associates repor t ed that iodides were not an effective form of 
treatment (2) . Slavin and Cherry reported that trea tment with ora l corticosteroids 
and ampho t eri c in B by aerosol resulted in marked improvement in both patients 1111ith 
clearing of i nf iltr at es, decreas e in eosinophilia , weight gain, increase in vital 
capacity and eventual neg ative sputum cultures for aspergi l lus. 

Invasive Primary Aspe rg illosis: 

Invas ive, primary aspergillosis usually takes t he form of pneumonia, ~i th or 
without ab scess formation (40). In this group, the aspergilli produce a definite 
bronchitis with invasion of bronchial walls and subsequent pneumoni t is. The result 
is destructi o n of lung tissue with abscess formation and the proquction of foulT 
smelling sputum. Despite efforts to i solate fungi from the sputum and bronch i a l 
secretions, the organi sm often was not isolated except from the tissue it$e l f ( 17). 
Bes ides the lung, the brain may be involved by extension from t he orbit and sinuses 
(41-45). 



Chronic Granulomatous 'Disease: 

In addition to acute pneumonic aspergillosis, a chroni c granulomatou s lung 
disease occurs which may clasely simulate tuberculosis . Symptoms in c lude cough, 
hemoptysis, pleurisy, fever and weight loss . Patien t s may cou gh up black granules 
which actually represent dislodged conidia . 

6 

The report by Parker and associates is pertinent to the under s t and ing of the 
actual incidence of aspergillosis (32) . Seven chest hospitals in the south central 
part of the United States participated in the study . For one year, a serum sample 
was obtained from each patient who was admitted to the hospitals and complement 
fixation tests for aspergillosis were performed (46) . Newly admitted patients with 
complement fixation titers of 1:8 or greater were admitted to the study . Of the 
3,227 patients in the study, 54, or 1 . 7%, had aspergillin titers of 1: 8 or greater . 
The clinical course of 50 of these patients was followed . Twenty- eight were found 
to have cultures yielding~ · fumigatus and 20 were thought to have aspergillosis 
on the basis of the presence of aspergillomas on chest film, multiple sputum cul­
tures yielding~ · fumigatus, or the presence of aspergil Jus in the lung by patho­
logic examination . Of note, during the same period of time, 34 cases of chronic 
pulmonary histoplasmosis were identified in these sanatoriums , i . e ., in the 
11 histo belt•• of the U. S. , ~he prevalence of aspergillosis is 60% that of histoplas-
mosis . The patients with positive aspergillin complement f ixation tests had 
symptoms similar to the matched controls, i . e . , ano rexia, w~i ght loss, cou gh pro ­
ductive of sputum and fever; however, the aspergil 1 in positive patients had signi­
ficantly more hemoptysis . While the report of this study did not emphasize the 
clinical features, it provides one of the bases for the initial s peculation regard ­
ing the importance of aspergillosis . 

Primary Dissemin a ted Aspergillosis : 

Disseminated primary aspergillosis is rare . Involvement of the tongue is 
rare . Involvement of the lung, tongue, palate and mesenteric node s has been re­
ported (46) . Pati ents may cough up black or dark granules which represent dislodged 
~l~~ di a . 

Opportunistic (Secondary) Aspergillosis: 

Infection is a frequent complication of acute leukemia . In recent yea r s , the 
frequency of fungal infections has increased, being responsible fo r 14% of deaths 
in a l a rge series of leukemic patients (47) . To place aspergillo s is in perspective 
as an opportunistic infection, the report by Bod~y summari zi ng the experience at the 
Nation a l Institutes of Health where 189 fungal i~fections were ob s erved i n 161 
patients with acute leukemia during a 10-1/2 year period provides mu ch data (47) • 
(Table ~J-~· ·. Aspergillosis ranked second to candidiasis in this series . Subse­
quently, Young and associates have reviewed the spectrum of aspergillosis in 98 
patients seen at the NIH since 1953 (48) . The types of underlying diseases are 
1 isted in Table 5. The diagnosis of aspergillosis in this group of patients is 
difficult. While 82% of the patients had antemortem fungal cultures, only 34% had 
one antemortem culture positive for aspergil Jus and only 9% had more than one posi­
tive culture . The sites of infection in these 98 patients are presented in Table 
6, Figure 2. 



TABLE 4 

T pes of Fun al Infection and Incidence in Pati ent s 
With Acute Leukemi~: ( 7 

Type No. of Incidence* 
E~isodes 

Candidiasis 
Focal 62 l 3. 6 
Severe 71 15.6 
Total 133 29.2 

Aspergillosis 38 8.0 
Mucormycosis 6 LO 
Cryptococcos i s 5 ].0 
Histoplasmosis 5 l .o 
Torulopsis glabeata 2 0.4 

189 

-,': Total number of patients with fungal infect ions 
161 (107 major infections) , with 454 total fata­
lities. 

:j: Expressed as number of cases of fungu s infection 
per 100 fatalitie s . 

TABLE 5 

Pre-Existent Diseases Associated With Aspergillosis 
98 Patients 

Diagno s is 

Acute lymphocytic leukemia 
Acute myelogenous leukemia 
Chronic myelogenous leukemia 
blastic transformation 

Hodgkin 1 s disease 
Lymphosarcoma 
Aplastic anemia 
Systemic lupus erythematosus 
Chronic lymphocytic leukemia 
Agnogenic myeloid metaplasia 
Carcinoma of the rectum 
Periarteritis nodosa 
Mycosis fungoide s 
Multiple myeloma 
Prostatic carcinoma 
Saccular bronchiectasis 
Rheumatic heart disease 
Hypertensive cardiovascular 

with 

disease 

No. of 
Patients 

41 
21 

9 

5 
5 
3 
3 
2 
1 
1 
1 
1 
1 
1 
1 
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TABLE 6 

Organ Involvement in Aspergillosis 
98 Patients 

Organ 

Lungs 
Gastrointestinal tract 
Brain 
Liver 
Kidney 
Thyroid 
Heart 
Diaphragm 
Sinuses 
Skin 
Testis 
Adrenal 

FIGURE 2 
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8RONCHOPNEU· 
MONIA WITH 
ABSCESS 
FORMATION 

No. o f 
Patient s 

Meninges 

Lung 

Heart 

Bone 

Kid ney 

92 
21 
13 
12 
12 
9 
7 
5 
3 
2 
1 
1 

METASTATIC 
ABSCESSES 

usua lly in patients with 
leukemia or lymphoma , 
or on x-ray therapy, 
bone-marrow suppr!'lS· 
sants, antibi ot ics, or 
corti costeroi ds 

8 
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Pulmonary Aspergillosis: 

Of the 92 patients with pulmonary aspergillosis, 60 had pulmonary aspergillo­
sis ~s their only site of infection. The pattern of pulmona ry aspergillosis is 
unusual in this patient population and is summarized in Table 7. 

TAB'LE 7 

Pulmonary Manifestations of Aspergillosis 
92 Patients 

Necrotizing bronchopneumonia 
Hemorrhagic pulmonary infarction 
Miliary microabscesses 
Focal 1 ung abscesses 
Solitary lung abscess 
Lobar pneumonia 
Aspergi llary bronchitis 
Aspergi lloma 
Solitary granuloma 

No . of 
Patients 

30 
29 
9 
3 
3 
8 
8 

The two commonly reported primary forms, mycetoma and allergic bronchopulm9n~ry 
aspergillosis, were essentially absent . The most common manifestation was that Qf 
necrotizing br0nchopneumonia. All but three of the patient s had symptoms, us~ally 
dyspnea,fever and tachycardia. Cough was commonly non-productive. Only ~patient~ 
(10%) had hemoptysis and 6 had pleuritic chest pain (20%) . Roentgenogrqphic evi­
dence was varied. Five patients (17%) had no x-ray evidence of pneumonia, ey,en 
shortly before death. In those patients with positive x-rays, patchy pneumonitis 
was often first noticed in the last week of 1 ife. Twenty-nine patients (32%, had 
hemorrhagic pulmonary infarctions . At necropsy, each of these 29 patients had 
prominent vascular invasion by mycelial elements with occlusion and thrombosis of 
pulmonary vessels. In this group of patients, pleuritic chest pain occurr~p in 61% 
and was often associated with a pleural friction rub. Fifteen patients had p~l­
monary lesions characterized primarily by abscess formation. Eight patients had 
lobar pneumonia caused by aspergil Ius (49) . The clinical and roentgenogr~phi~ 
findings of dense lobar consolidation suggested specific bacte r ial agents such as 
klebsiella and pneumococcus. 

Disseminated Aspergillosis: 

In the review by Young et al . , 34 patients had dissemi nated aspergillosis 
(Table 8). Of these patients-,-aspergjllosis was the primary cause of de~th in ~2%. 
Within the gastrointestinal tract, the esophagus was most frequently involv~d. The 
usual lesion was ulcerative esoph~~itis with areas of confluent necrosis. Ga~tro~ 

intestinal bleeding was detected by positive stool guaiac studies in 80%, whil~ in 
6 patients massive Gl bleeding related to aspergillus ulceration occurred. Multi~!~ 
lesions were found in the CNS of 7 patients and solitary lesion s in 6. Ten · pati~nt~ 
(77%) had prominent vascular invasion and infarction. Examinati on of cerebrospinal 
fl1,1id was normal in 7 of 11 patients. In the 4 patients with abnormalities in C~F, 



TABLE 8 

Organ Involvement l.denti f i ed i n 
Disseminated Aspergillosi s 

34 Patients 

0 rgan No c of 
Patient ~ 

Lung 32 
Intestines 16 
Brain 15 
Kidneys 13 
Liver 12 
Esopht:~gus 10 
Thyroid 9 
Heart 5 
Stqmach 5 
Spleen 5 
Diaphragm 5 
Tongue 4 
Sinus 3 
Skin 2 
Palate 2 
Pericardium 2 
Adrenal 1 
Testis 1 

9A 
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3 had elevated protein concentrations (1 18 to 148 mg. %), 3 had slight increases in 
neutrophils (3 to 8 cells/mm3), and one patien t had a CSF glucose of 28 mg. %. No 
patient had diffuse meningeal involvement. These finding s a re con s istent with 
those reported in other repor t s based on small e r group s of patients (12,50,51). 

In 20 patients who underwent cardiac tran splantation , 41 separate postopera­
tive infections occurred in 12 patients (52) . In this series , there were two in­
stances of disseminated aspergillosis, and three cases of aspergillus pneumonia 
characterized by single or multifocal nodular infiltrates which rapidly progressed 
to cavitary lesions. One patient responded well to endocavitary treatment with 
amphotericin B and sodium iodide. 

Aspergillus Endocarditis: 

Aspergillus endocarditis has been reported , and more recently several in­
stances have occurred after open heart surgery (53-55). The patient reported by 
Mahvi et ~· presented with fever , migratory polyarthritis and painful swelling of 
the thighs and calves three months postoperatively . He subsequently had a typical 
massive saddle embolus to the bifurcation of the abdominal aorta. 

MYCOLOGY: 

Aspergilli are very commonly found in soil and decaying organic matter. The 
ubiquity of its spores is responsible for frequent contamination of laboratory 
cultures . In sputum, it appears a s short branching hyphae] elements, often with 
many small (2 to 4 IJ.) round green spores scatte red throughout the field. The 
fungus grows well on simple media such as Sabouraud's glucose agar and on ordinary 
blood agar plates, which can be incubated at room temperature up to 45°C. A 
colony of aspergillus has a basal white felt consisting of an interwoven mycelium 

FIG. 3 

of septate hyphae (Fig. 3) . Occasional eel ls of the 
hyphae enlarge and are designated as foot cells. A foot 
eel 1 gives off a shoot which, enlongating upward, is known 
as a conidiophore and bears at its free extremity a swollen 
vesicle . From thi s vesicle, shorter stalks (phialides) 
arise and each stalk bears a row of conidia or spores which 
may be colo red. The compact slow growing colony is at 
first white, then becomes bluish-green with sulfur yellow 
areas scattered over the surface. 

Some 350 names have been used to designate aspergilli, 
but the actual number of species is probably 69 (1). Of 
these, only a few have been incriminated in human infec­
t ions : Aspergillus fumigatus (most common), ~· niger, ~· 
clavatus, ~· versicolor, ~· flavus, ~· nidulans, ~· sydowi 
and~· glaucus. Differentiation between species is based 

on morphology of the conidiophore (Fig. 4). Isolation of multiple species of 
aspergillus from a single patient has been described (56). 

At least five toxic products (aflatoxins) have been isolated from A. flavus. 
These are potent carcinogens. Heffernan and Asper concluded that there was no 
evidence that aspergilli produced substances damaging to the liver of the host 
when~ vivo growth occurred (51). 



PATHOLOGY: 
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Morphologic identification of hyphae in tissue is best accomplished when 
materials are stained by periodic acid Schiff or Gomori-methenamine silver tech­
niques. Aspergillus hyphae are characteristically uniform, about 4 ~ in diameter, 
septate and often branched. Occasionally the characteristic conidiophore may be 
seen. Candida pseudohyphae are usually smaller and can be distinguished by the 
presence of yeast-like as well as filamentous forms and by the absence of true 
branching. Phycomycete (mucor) hyphae are distinguished by great breadth, irregu­
lar thickness and absence of septae. The most difficult distinction arises be­
tween aspergillus and penicillium (57). To complicate the distinction, the hall­
mark of invasive aspergillosis and of mucormycosis, i.e., vascular invasion and 
thrombosis, was present in the patient with penicilliosis. 
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CASE REPORTS: 

l. Primary Aspergillosis, Local ized, Mycetoma: 

  

The patient was a 67-year-old   who was seen r~: the emergency 
room in  1963 because of a series of vague complaint s. Exami~ation at that 
time revealed evidence of a chronic brain syndrome, hype r tension with hyperten­
sive cardiovascular disease, l eft facial weakness and a positive serology . Chest 
film revealed a lesion in the left upper lobe with a 11 meniscus sign:1 • Leucocyte 
count was 4,000/mm3 with 2% eosinophi Is . The patient was admit ted to the hos­
pital for evaluation of these many problems . Although a clea rcut history could 
not be obtained, she gave a questionable history of cough and sweats, but denied 
dyspnea and ' orthopnea. Skin tests including atypical mycobacteria and histoplas­
min were negative except for a 6x6 mm nonchromogen reaction . Ten sputum cul­
tures were negative for fungal pathogens and bronchoscopy was negative . 

Comment: Although the diagnosis of aspe r gil lorna was no t confirmed in this 
patient, the x-ray is typical of that which one would expect . 

2. Allergic Bronchopulmonary Aspergillosis: 

The patient is a 44-year-old  whose hi story dates back to 1952, 
when she was diagnosed as having allergic rhinitis and sinu s itis . In 1954, sur­
gi ca l drainage of the left maxillary sinus was performed with remova l of a 
degenerat ing polyp . In 1956, she underwent an allergy eva luation and was found 
to have a 3+ reaction to aspergil Jus . She then received a se r ies of hyposensi­
ti z ation in jections with extracts of mold, dust, trees and grasses . In 1958, she 
developed right middle lobe pneumonia for which she was treated as an outpatient, 
alt hou gh there Was a question of infiltrate remaining at the level of the left 
second inte r space . In  1965, she had 11 snowball 11 infiltrates involving 
both apices and both mid-lung fie ld s . These were associated wit h a two-week 
episode characterized by productive cough , weight lo ss, and bu r ning substernal 
ches t pain . In  1966, she had exten s ive in vo lvement of-;the ri ght upper lung 
field and both hilar region s. At that time , the l eftrmxi l lary sinus was com­
pletely op ac ifi ed. Pulmonary function studies revealed th e vital capac i ty to be 
70% of p red i cted. Blood smears revealed 21% eosinophi ls . Wo r k-u p included bron­
choscopy with bronchial washings . From one sputum, Aspe rgil Jus flavus was grown . 
Biopsy obtained from t he right b ronchus revealed ch ronic b ronch i tis . Fungal 
complement fixations including hi s toplasmin , coccidioidin and blastomycin were 
negative. In  1966, she developed a 11 flu -like s ynd rome 11 with a 3- day his­
tory of cough , foul-tasting sputum which was blood-s treaked, chil Is and fever. 
X-ray revealed con so lidation in the area of the r ight up per lobe wi th a ques­
tionable ab s cess . In  1967, the allergy work- up was r epea ted and it was 
conc lu ded that she had perennial allergic rhinitis, sinusitis and nasal polyposis 
and pulmonary aspergillosis associated with the hypersensi t ivity syndrome. In 

 1968 , she un derwent right thoracotomy at  Hospital . On 
pathology from a b iopsy o f the right upper lobe, Aspe r gil Jus species we re noted . 
Sen s itivity s tudies revealed the organism to be sensitive to l . 5 ~g/ml of ampho­
tericin B. In  1969, she developed dy?p~ea and was hospitalized . At 
that time, sinus films revealed pansinus it i s. · In  1969, a r ight nasal 



antral window revealed Aspergillus species. She subsequently was treated with 
522 mg of amphotericin B over a 90-day course . In  1969, she developed 
left pleuritic chest pain and foul green sputum without associated fever or 
chills . Chest examination was negative . This episode cleared qui:te promptly . 
At present, symptoms have recurred and she has bilateral pulmonary infiltrates 
and an Aspergillus species has again been isolated on sputum culture . 
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Comment: This patient represents a combination of allergic bronchopul­
monary aspergillosis, although precipitins have not been measured in her serum, 
and invasive aspergillosis, in that on biopsy the organisms actually had invaded. 

3 . Invasive, Chronic Aspergillosis: 

  

The patient was a 54-year-old  woman who was initially seen in the 
emergency room in  1955 because of asthma . She was next seen in  
1959, when admitted to the  for cervical biopsy . In  1960, 
she was again seen in the emergency room and admitted to the Surgical Service 
for biopsy of a right axillary node which revealed chronic granulomatous in­
flammation with negative fungal stains . At that time, it was noted on x-ray 
that her right maxillary antrum was clouded . In  1962, repeat x-rays 
revealed clouding of both the maxillary and ethmoid sinuses . In November 1962, 
she underwent nasal polypectomy. At that time, she had no blood eosinophilia. 
In  1963, x-rays again revealed pansinusitis and at this time there was bony 
erosion of the sphenoid. In  1963, she underwent surgical exploration. On 
biopsy septate hyphae and typical conidiophores were noted . The patient was 
treated with 1. 505 gm of amphotericin B intravenously between  and  
1963 . She has subsequently been lost to follow- up. 

Comment: This patient represents a fairly typical example of aspergillo­
sis involving the paranasal sinuses and associated with nasal polyposis. 

4 . Invasive, Chronic Aspergillosis: 

 

When first seen, the patient was a 32-year-old  man. In  1944, 
he came to the emergency room with the chief complaint of a headache. At that 
time, he gave a history of having been admitted to  Hospital in t 

 and in  1943 underwent surgery for a tumor of the right maxillary area, 
at which time a giant eel 1 tumor, epulis type, was removed which contained multi­
ple abscesses . Over the subsequent years, he has had a prolonged course with 
osteo of the right maxillary sinus being demonstrated in  1948. In  
1956, he was seen in the emergency room with a questionable brain abscess . At 
that time, he had decreased vision in his left eye and seizures . Septate hyphae 
were seen on smear, but the culture revealed candida . In  1957, he under­
went incision and drainage of a left frontotemporal extradural abscess . The 
biopsy revealed granulomatous inflammatory tissue with epitheloid giant cells. 
In  1957, he developed a fistula from the mouth to the right cheek . In 

 1958, he was admitted for plastic procedures to his face " In  1959, 
he underwent left tempor al craniotomy for decompression . The following month, 
he had a biopsy of the lesion which revealed a foreign body granulomata. In 

 1959, he was seen in the emergency room with ••bronchial asthma••. At 
that time, he had a mass in the left lower lobe which was considered a probable 
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granulomatous process and 4% eosinophi ls in his peripheral blood_. In  1960, 
he was seen in the emergency room with an abscess involving the left forehead. 
Culture of this revealed no fungi . In  1960, he was re-explored and 
loculated pus was found in the epidural area extending into the temporal lobe, 
frontal sinus and left orbit . GMS stain at that time revealed septate branching 
hyphae with bulbous enlargements of the hyphae. No conidiophores were seen . Re­
stain of the 1957 and 1959 biopsies revealed the organisms~ : Culture revealed 
mucor species . Between  1961 and  1961, he received 2. 385 gm of 
amphotericin B intravenously . Since that time, he was admitted in June 1965 for 
evaluation of seizures , in  1967 for repair of a right inguinal hernia 
and a bladder diverticulum, and was last seen in  1968 in the emergency 
room following a seizure . 

Comment : This patient has had progressive, invasive chronic aspergillosis 
associated with paranasal sinuses, o~bits and extending into the brain . It 
would appear that the course of amphotericin B modified the progression, so that 
he has had relatively less difficulty with this . 

5 . Miscellaneous Aspergillosis 

The patient was a 55-year-old who underwent a vaginal hys­
terectomy for long-standing uterine prolapse in  1969. During the post­
operative period, she received an IV of 5% glucose and water WQich was apparently 
cloudy and subsequently had a febrile reaction. The solution and the patient 1 s 
blood subsequently grew Aspergillus species . The patient remained febrile over 
the next four days . At the time of admission, her temperature was lOOo, blood 
pressure 128/76, and the physical examination was otherwise normal . Studies in­
cluded hemoglobin 14 . 2 gm .%, white count 8,200 with 59% neutrophils , 32% 
lymphocytes , 4% monocytes, 4% eosinophils . BUN was 8, creatinine 0.7, glucose 
110 . Serum bilirubin was 0. 4, alkaline phosphatase 13 . 0, SGOT 45 . The patient 
became afebrile within 36 hours . Blood cultures were all negative " Chest x-ray 
was normal " 

Comment: This is an interesting case in that the patient received a 
massive intravenous inoculation with aspergil Jus , had moderately persistent 
fungemia, main t ained fever for 5 days, but recovered spontaneou5 ~y ~ She has 
subsequently remained wel 1, hen~e the organism was unable to establish itself . 



BIBLIOGRAPHY 

1. Quoted by Thorn, C. , and Raper, K. B., in A Manual of the Aspergilli. Williams 
& W i 1 k i n s Co • , 1 9 4 5 , p • 3 • 

2. Quoted by Hinson, K.F.W . , Moon, A. J., and Plummer, N. S. : Broncho-pulmonary 
aspergillosis. Thorax 7:317, 1952. 

15 

3. Virchow, R.: Beitrage zur Lehre von den beim Henschen vorkommende · pflanzl ichen 
Parasiten. Arch. Path. Anat . Physiol. 9:557, 1856 . 

4. Fiennes, R.N.T.W . : A penguin health~p roblem. New Scientist 16:148, 1962. 

5. Ainsworth, G. C., and Rewell, R. E.: The incidence of aspergillosis in captive 
wild birds. J . Comp. Path. & Therap. 59:213, 1949 . 

6. Zimmerman, L. E.: Fatal fungus infections complicating other diseases. Am. J. 
Clin . Path. 25:46, 1955. 

7 . Finegold, s . M. , Will, D., and Murray, J . F.: 
of twelve cases. Am. J . Med. 27:463, 1959. 

Aspergillosis. A review and report 
" 

8 . Macar t l'!.c.y.y · J . N, : Pulmonary aspergillosis: a review and a description of three 
new ' cases . Thorax 19:287, 1964. 

9 . Cawley, E. P. : Aspergillosis and the aspergilli . Arch . Int. Med. 80:423, 1947. 

10. Grcevic, N., and Matthews, W. F. : Pathologic changes in acute dis5emin~ted 
aspergillosis. Am . J. Clir . Path. 32:536, 1959. 

ll. Gowing, N.F.C., and Hamlin, I . M.E , : Tissue reactions to aspergillus in cases of 
Hodgkins disease and leukaemia . J . Clin. Path . 13:396, 1960 . 

12 . Khoo, T. K., Sugai, K., and Leong, T. K.: Disseminated aspergillosis. Am. J. 
Cl in o Path. 45:697, 1966. 

13 . Seabury, J. H. , and Samuels, M. : The pat~ogenetic spectrum of aspergi11osi s. 
Am . J • C l i n • P a t h • 4 0 : 2 l , l 9 6 3 • 

14. Schwarz, J . , Baum, G. L. , and Straub, M.: Cavitary histoplasmosis compl ic9ted 
by fungus ball. Am . J. Med . 31:692, 1961. 

15. Saliba, A. , Pacini, L., and Beatty, D. A.: Intracavitary fungus balls in pul~ 
mcnary aspergillosis. Brit. J . Dis. Chest 55:65, 1961. 

16. Riley, LA., and Tennenbaum, J.: Pulmonary aspergilloma or intracavitary fungus 
ball. Ann. Into Med . 56:896, 1962. 

17. Wahner, H. W. , Hepper, N. G.G., Andersen, H. A., and Weed, L.A.: Pulmonary 
aspergillosis. Ann. Int. Med . 58:472, 1963. 

18 . Reddy, P. A., Christianson, C. s., Brasher, C. A., Larsh, H. A., and Sutaria, 
M.: Comparison of treated and untreated pulmonary aspergi lloma. Am. Rev. Re.sp. 
D i s • l 0 1 : 9 28 , 1 9 7 0 • 



16 

19 . Landrigan, P. L. , Wasty, G. , and Nigam, S. : Pulmonary aspergillosis: report of 
seven cases . Canad . Med. Assn " J. 98:642, 1968 . 

20. Weens, H. s. , and Thompson, E. A.: The pulmonary air meniscus . Radio! . 54:700, 
1950 . 

21. Longbottom, J. L, and Pepys, J. : Pulmonary aspergillosis: diagnostic and immu­
nologic significance of antigens and C-substance in Aspergi 1 Jus fumigatus . 
J. Path . Bact. 88:141, 1964 . 

22 . Longbottom, J . L. , Pepys, J . , and Clive, F. T.: Diagnostic precipitin test in 
aspergillus pulmonary mycetoma o Lancet 1:588, 1964 . 

23 . Gerst!, B. , Weidman, W. H. , and Newmann, A. V. : Pulmonary aspergillosis: report 
on 2 cases. Ann. Int . Med . 28:662, 1948. 

24 . Vel! ios, F", Crawford, A. s. , Gatzimos, C. D. , and Haynes, E.: Bronchial asper­
gillosis occurring as an intracavitary 11 fungus ball 11

• Am. J. Clin . Path. 27: 
68, 1957 . 

25 . Levene, N. , Rivarola, C. H., and Blue, M. E. : Surgical considerations in pul­
monary tuberculosis complicated by bronchopulmonary aspergillosis. Am. Rev. 
Resp . Dis . 91:262, 1965 . 

26. Utz, J.P ., et ~.: Pulmonary aspergillosis with cavitation: iodide therapy 
associated with unusual electrolyte disturbance. New Eng. J. Med. 260:264, 1959. 

27. Stevenson, J . G., and Reid, J. M.: Bronchopulmonary aspergillosis . Brit . Med. 
J. 1:985, 1957. 

28 . Kelmenson, v. A.: Treatment of pulmonary aspergillosis . Dis. Chest 36:442, 
1959 . 

29 . Andriole, v. T. , and Kravetz, H. M. : Use of amphotericin B in man. JAMA 180: 
269, 1962 . 

30. lkemoto, H.: Treatment of pulmonary aspergil lorna with amphotericin B. Arch. 
Int. Med . 115:598, 1965. 

31 . American Thoracic Society: Fungal infection of the lungs: A statement by the 
Committee on Therapy . Am . Rev. Resp. Dis. 87:784, 1963 . 

32 . Parker, J.D. , Sarosi, G. A., Doto, 1. L., and Tosh, F. E.: Pulmonary asper­
gillosis in sanatoriums in the south central United States. A National Com­
municable Disease Center Cooperative Mycoses S+udy. Am . Rev. Resp . Dis. 101: 
551, 1970 . 

33. Shadomy, S.: In vitro studies with 5-fluorocytosine. Appl. Microbiol. 17:871, 
1969. 

34. Miller, E. : Personal communication. Clinical data sheet on 5-fluorocytosine 
(RO 2-9915). 

35. Castellani, A.: Fungi and fungous diseases. Arch. Derm . & Syph. 17:61, 1928. 



17 

36. Weed, L.A . , and Dahl in, D. C.: Bacteriologic examination of tissue removed for 
biopsy . Am. J . Cl in . Path. 20 : 116, 1950 . 

37. Elder, J . L., and Smyth, J. 1.: Allergic broncho-pulmonary aspergillosis. Med. 
J. Austral. 1:231, 1967. 

38 . Slavin, R. G. , and Cherry, J . D.: 
clinical and immunologic studies . 

Allergic bronchopulmonary aspergillosis: 
J. Lab . & Clin . Med . 74:1012, 1969 (Abstract). 

39. Norman, P. S.: Personal communication . 

40. Del ikat, E. , and Dyke, S. C.: Acute pulmonary mycosis. Report of a case. 
Lancet 2:370, 1945 . 

41. Ziskind, J . , Pizzolato, P. , and Buff, E. E.: Aspergillosis of the brain. Am. 
J. Cl in . Path . 29:554, 1958 . 

42. McKee, E. E.: Mycotic infection of the brain with arteritis and subarachnoid 
hemorrhage . Am. J . Clin . Path . 20:381, 1950. 

43. Wheaton, s. W. : Case primarily of tubercle in which a fungus (aspergillus) grew 
in the bronchi and lung, simulating actinomycosis . Tr. Path. Soc . 41:34, 1890 . 

44. Weller, W. A., Joseph, D. J . , and Hora, J . F.: Deep mycotic involvement of the 
right maxi! lary and ethmoid sinuses, the orbit and adjacent structures. Laryngo­
scope 70:999, 1960 . 

45 . Bailey, J . C. , and Fulmer, J . M. : Aspergillosis of orbit: report of a case 
treated by the newer antifungal antibiotic agen!s · Am . J t Ophth. 51:670, 1961 . 

46. Walter, J . E., and Jones, R. D.: Serologic tests in diagnosis of aspergillosis. 
Dis. Chest 53:729, 1968 . 

47. Bodey, G. P. : Fungal infections complicating acute leukemia. J . Chronic Dis. 
19 : 667, 1966 . 

48 . Young, R. C. , Bennett, J. E. , Vogel, C. L., Carbone, P. P., and De Vita, V. T.: 
Asp ergillosis. The spectrum of disease in 98 patients . Medicine 49:147, 1970. 

49. Young, R. C. , Vogel, C. L., and De Vita, v. T.: Aspergillus lobar pneumonia . 
JAMA 208:1156, 1969 . 

50. Gowing , N. F. C. , and Hamlin, I . M. E. : Tissue reactions to aspergillus in cases of 
Hodgkin's disease and leukemia . J. Clin. Path. 13:396, 1960. 

51 . Hefferpan, A.G.A . , and Asper, s. P., Jr.: Insidious fungal disease. A cl inico­
pathological study of secondary aspergillosis. Bul 1. Johns Hopkins Hosp. 118: 
10, 1966 . 

52. Stinson, E. B., Bieber, C. P., Griepp, R. B., Clark, D. A., Shumway, N. E., and 
Remington, J. S. : Infectious complications following cardiac transplantation 
in man . Ann . Int. Med. (in press) . 



18 

53 . Janashidi, A. , Pope, R. H. , and Friedman, N.H.: Fungal endocarditis compl icat­
ing cardiac surgery . Arch . Int. Med . 112:370, 1963 . 

54 . Newman, W. H., and Cordell, R. H.: Aspergillus endocarditis after open-heart 
surgery: Report of a case and review of literature . J . Thorac . Cardiovasc. Surg. 
48 : 65 2' l 9 64. 

55. Mahvi, T. A. , Webb, H. M., Dixon, D. c., and Boone, J . A. : 
sis caused by Aspergillus~£ after open heart surgery . 

sy·stemi c asperg i 11 o­
JAMA 203:520, 1968 . 

56 . Welsh, R. A. , and Buchness, J. M. : 
lung absces ses . Report of a case . 

Aspergillus endocarditis, myocarditis and 
Am. J . Cl in . Path . 25:782, 1955 . 

57 . Huang , s. N. , and Harris, L. s. : Acute disseminated penicilliosis. Report of a 
case and review of pertinent literature . Am . J. C1 in. Path. 39:167, 1963. 


	20160120091219
	20160120090809



