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From 1964 to June 1971, 93 cases of aspergillosis were en- 
countered at Memorial Sloan-Kettering Cancer Center. The 29 
cases diagnosed in 1969-1970 and the 15 cases diagnosed in 
the first half of 1971 represented, respectively, a doubling and 
a quadrupling since 1964-1965. The incidence of aspergillosis 
in patients with leukemia was seven times greater than in pa- 
tients with Hodgkin’s disease or lymphoma (p <0.0005). By the 
first half of 1971, 41 per cent of the patients who died with acute 
leukemia had evidence of aspergillosis. Fourteen patients with 
solid tumors resembled patients with leukemia or lymphoma in 
that they had at least two of the following in common: cortico- 
steroid treatment, cytotoxic therapy and leukopenia (less than 
4,000 cells/mm3). Pulmonary involvement was present in 90 of 
93 cases, disseminated disease in 23. The commonest clinical 
pattern was unremitting fever and development of pulmonary 
infiltrates despite broad-spectrum antibiotic therapy. In an in- 
creasing number of cases aspergillosis followed Pseudomonas 
aeruginosa infections. When present, serum aspergillus precipi- 
tins correlated well with invasive disease, but a negative test 
result was far less reliable. In one case of acute myelogenous 
leukemia the patient recovered from pulmonary aspergillosis 
after surgical excision of the lesion and remission of her leu- 
kemia. 

The incidence of aspergillosis is increasing and should be 
considered in the setting of progressive pulmonary infiltrates in 

leukemic and other heavily immunosuppressed patients who 
respond poorly to antibacterial therapy. Earlier diagnosis may 
lead to m-ore effective therapy. 

Invasive Aspergillus infections in the immunosuppressed host 
are usually lethal. They are difficult to diagnose and treat, and 

appear to be increasing in frequency [l-6]. This fungal infec- 

tion may appear after a series of bacterial (usually gram-nega- 

tive rod) infections from which they are clinically not readily 

differentiated. 
This report concerns 93 cases of aspergillosis seen in this 

center during the seven and a half years from 1964 through 
June 1971 inclusive; 30 cases, previously reviewed, that oc- 
curred over a 12-year period from 1952 to 1963 inclusive are 

not included [7]. An increased incidence, particularly striking in 
the last one and a half years, along with a predilection to occur 
in patients with acute leukemia has been noted. Clinical and 
laboratory aids to early diagnosis are evaluated and certain dif- 
ferences from the experience at other institutions are described 
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[2,4-61. The syndrome of pulmonary aspergillosis 
with progressive cavitation and “fungus-ball” for- 
mation, the first case successfully treated surgi- 
cally in a patient with leukemia, is presented in 
detail. 

MATERIALS AND METHODS 

The diagnosis of invasive aspergillosis was made by 
the identification of characteristic, acutely branching 
septate hyphae (distinguishable from Candida species 
or Phycomycetes species) on hematoxylin and eosin 
stain, periodic acid-Schiff stain or Grocott stain in 
tissues (other than mucosal surfaces), or by positive 
culture with histologic confirmation. Two patients in 
whom Aspergillus was isolated from autopsy material 
but in whom histologic confirmation was lacking were 
excluded. There was also one surgical specimen. 
Disseminated disease was defined as involvement of 
two or more organ systems not directly contiguous. In 
addition, data on patients with cultural or serologic ev- 
idence of Aspergillus infection were analyzed sepa- 
rately. Cultural methods included identification of the 
Aspergillus species as delineated by Benecke (81, and 
a precipitin test was performed on serum by a modifi- 
cation of the methods of Macey et al. [9,10]. 

Autopsy cases were analyzed for the presence of 
associated infections. The criteria were (1) positive 
bacterial or fungal cultures with compatible histologic 
findings; (2) histologic identification of tissue invasion 
by Candida species not limited to isolated lesions in 
the esophagus: (3) a Phycomycetes species; or (4) 
identification of characteristic viral inclusion bodies. 

RESULTS 

From 1964 to June 1971 the diagnosis of aspergil- 
losis was established in 93 patients; 86 at necrop- 
sy, six by culture with histologic confirmation, and 
one by surgery and cultural confirmation. 
Background Data. The age distribution was 21 
months to 81 years with a median of 46 years and 
a mean of 37.1 years. There were 53 male pa- 
tients (57 per cent) and 40 female patients (43 
per cent). The age and sex distribution reflects 
the underlying diseases listed in Table I. Ten pa- 
tients had chemical or histologic evidence of dia- 
betes mellitus. 

Twice as many cases of aspergillosis were 
found during 1969-1970 than during 1964-1965. 
To evaluate whether these cases represented 
a real increase in the incidence of aspergillo- 
sis, incidence rates were calculated for number 
of cases at autopsy for the primary diagnosis 
(Figure 1). For the period 1964-1965, five 
cases were found in 46 autopsy patients with 
acute leukemia. For the period 1970-June 1971, 
16 of 51 autopsy patients with acute leukemia had 
aspergillosis (p CO.02). For the period January to 
June 1971, seven of 17 had aspergillosis. (An ad- 

TABLE I Diseases Associated with Aspergillus 
Species Infections 

Diagnosis 
- 

Acute lymphocytic leukemia 
Acute myelogenous leukemiaf 
Lymphosarcoma 
Reticulum cell sarcoma 
Hodgkin’s disease 
Chronic myelogenous leukemia 
Breast carcinoma 
Chronic lymphocytic leukemia 
Carcinoma of prostate 
Multiple myeloma 
Erythroleukemia 
Carcinoma of lung 
Carcinoma of bladder 
Carcinoma of ovary 
Carcinoma of vagina 
Hepatoma 
Thymoma 
Kaposi’s sarcoma 
Transplant (hepatic) 

No. of Patients 

Dissemi- 
All Cases nated* 

(33) (23) -- . ..-__- 
26 5 
16 4 
11 2 
7 3 
7 1 
6 2 
6 3 
2 0 
2 0 
1 0 
1 0 
1 0 
1 1 
1 0 
1 0 
1 1 
1 0 
1 0 
1 1 

*Two or more noncontiguous organ systems. 

t Includes acute monocytic, myelomonocytic and undif- 

ferentiated leukemia. 

ditional case in a patient with acute myelogenous 
leukemia was treated surgically.) 

The autopsy incidence of aspergillosis in pa- 
tients with leukemia was seven times greater than 
in patients with Hodgkin’s disease or lymphoma 
(p <0.0005). 

Years 1964 1965 1966 1967 1968 1969 1970 1971 

Total cases in 
Jan. -June 

all primary 9 5 8 16 10 9 20 15 
diagnoses 

f I a No. of autopsies 
Acute lymphocytic, myelqenous. monocytic. myelomonocytic 

’ Hodgkin’s disease, lymphosarcoma. reticulum Cell sarcoma 

Figure 1. Period prevalence of aspergillosis at autop- 

SY. 
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TABLE II Organ Involvement with Aspergillosis* 

Organ Involved No. of Cases 

Lung 90 
Brain 9 
Heart 9 

GI tract 9 
Kidney 7 
Liver 5 
Thyroid 4 
Spleen 3 

Diaphragm 1 
Bladder 1 

* Brain not examined in 16 cases. 

Clinicopathologic Correlations. There were 23 
patients with disseminated aspergillosis; 22 of 
these had pulmonary aspergillosis at autopsy. An 
additional 68 patients showed involvement of the 
respiratory tract alone or with local extension to 
contiguous tissue, e.g., diaphragm or esophagus. 
Two patients had localized invasive aspergillosis 
of the gastrointestinal tract or heart with no pul- 
monary involvement. One had disseminated dis- 
ease of the heart, kidney, liver and brain without 
evident pulmonary involvement. In 16 patients the 
brain was not examined. Organ involvement in au- 
topsy patients and in one patient on lung biopsy is 
shown in Table I I. The two most common types of 
pulmonary involvement were hemorrhagic infarc- 
tion and bronchopneumonia (Table I I I). 
Respiratory tract: Thirty-four patients had necro- 
tizing bronchopneumonia; of these, eight had asso- 
ciated necrotizing bronchitis and nine had small 
vessel invasion, distinct from hemorrhagic infarc- 
tion secondary to thrombosis in large or medium- 
size pulmonary vessels. The pathologic appear- 
ance of the infarction was characterized grossly 
by a grey area of necrosis, often with a peripheral 
ring of red from local hemorrhage. Lesions varied 
in size from small areas of bronchopneumonia to 

TABLE III Predominant Types of Pulmonary Involve- 
ment with Aspergillosis 

Type of Involvement No. of Cases 

Bronchopneumonia 34 
Hemorrhagic infarction 32 
Focal necrosis 5 
Aspergilloma [cavitating) 5 
Bronchitis 5 
Microabscesses 4 
Interstitial 2 
Lobular pneumonia 2 
Lobar pneumonia 1 

extensive bilateral hemorrhagic bronchopneumo- 
nia involving all lobes of the lung. The microscop- 
ic appearance was characterized by hyphae sur- 
rounded by tissue necrosis with hemorrhage and 
neutrophil infiltration. In one patient with agranu- 
tocytosis, an agranulocytic bronchopneumonia was 
noted. Thirty-two patients had hemorrhagic infarc- 
tion secondary to Aspergillus vascular invasion 
and thrombosis. Invasion presumably occurred in 
large and medium-size pulmonary vessels from 
contiguous infected parenchyma. The degree of 
involvement ranged from one bronchopulmonary 
segment to hemorrhagic infarction of the upper 
lobe of the right lung and the upper and lower 
lobes of the left lung, all in one patient. The 
thrombi in the small, medium and large pulmonary 
vessels contained numerous hyphae which ex- 
tended into and grew through vessel walls with 
invasion of parenchyma as well as secondary in- 
farction. Only small focal areas of necrosis with 
characteristic hyphae were found in five patients; 
these were considered to be incidental findings. 

In addition to four patients with aspergilloma 
with cavitation, another patient showed develop- 
ment of an infiltrate which subsequently evolved 
into a cavity with a “fungus-ball” (see “Case Re- 
port”). 

Invasion through the tracheobronchial tree 
without accompanying bronchopneumonia oc- 
curred in five patients and was accompanied by 
hemorrhage in surrounding alveoli. Conidia heads 
in the tracheobronchial tree were also seen in two 
patients. Hyphal invasion of both the mucosa and 
the cartilage was noted. 

Lobular distribution of pneumonia was noted in 
two patients. Another two had interstitial infiltra- 
tion with Aspergillus. The pattern of lobar pneu- 
monia with consolidation was noted at autopsy in 
only one of our patients. 

The most characteristic clinical features in 
these patients were the development of unremit- 
ting fever and pulmonary infiltrates with little or no 
response to antibiotic therapy or initial response 
and then failure. The classic description of a syn- 
drome mimicking pulmonary embolus with infarc- 
tion with sudden pleuritic pain, fever, tachycardia 
was seen in six patients with pulmonary aspergil- 
losis, three of hemorrhagic infarction, two of 
necrotizing bronchopneumonia with hemorrhage 
and one of lobar consolidation. 

A pleural rub was heard in three of these pa- 
tients and hemoptysis was seen in two. In 63 of 
90 patients with pulmonary involvement roentgen- 
ograms were taken within three days of death. In 
47 of the 63 there were changes or new infil- 
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TABLE tV Central Nervous System Aspergillosis 

Cerebrospinal Fluid 

Initial 
Pres- Pro- 
sure tein Glucose 

(mm Cul- (mg/lOO (mg/ 
Diagnosis Neurologic Findings HzO) ture ml) 100 ml) Cells/mm3 Other Pathologic Findings 

Hodgkin’s disease Lethargy; decreased 

vision left eye 

Acute myelogenous Stupor; right. 

leukemia hemiparesis 

Chronic Nystagmus; left 

myelogenous hemiparesis; coma 

leukemia after grand mal 

seizure 

Reticulum cell Stupor; bilateral 

sarcoma Babinski responses; 

upper extremity 

flaccidity; eyes 

deviated to left 

Acute myelogenous Comatose; retinal 

leukemia hemorrhage 

Acute lymphocytic Headache; no focal 

leukemia (with findings 

CNS) 
Carcinoma bladder Bilateral Babinski 

responses; hepatic 

coma 
Lymphosarcoma Confusion, then 

obtundatron; 

hepatic coma; 

hypernatremia; 

hyperosmolar coma 

Acute lymphocytic Dysarthria, right 

leukemia hemiparesis; then 

grand mal seizure 

and coma 

NOTE: ND = not done; DCD = diffuse 

leukocyte; EEG = electroencephalogram. 

ND ND ND ND 

140 Neg 36 70 

120 Neg 42 56 

100 Neg 116 

ND ND ND ND ND 

190 

100 

130 

Neg 58 61 

Neg 71 66 

Neg 50 246 

brood 567 

61 

ND 

1000 RBC 

1 mono 

200 RBC 

7 mono 

3 PMN 

1200 RBC 

1 mono 

6 monos; 

cytology: 

EEG: DCD 

ND 

EEG: DCD 

Right occipital lobe 

abscess 

Multiple cerebral 

abscesses 

1.5 cm occipital and 

cerebellar 

abscess 

ND 50 abscesses in 

brain and spinal 

cord 

Treated 5 days with Multiple abscesses; 

amphotericin B cerebrum, 
mid-brain 

cerebellum 

EEG: DCD Right basal ganglia 

abscess 

@ leukemia 

0 Myelogram: Abscesses: occiput, 

? epidural block mid-brain 

block cerebellum 

1 mono ND Brain abscesses, 

380 Neg 900 55 

516 

20,000 RBC Arteriogram: 

200 mono intra-arterial 

L middle cerebral 

artery brain scan 

normal without 

perchlorate 

postoccipital, 

frontal, 

cerebellum and 
focal meningitis 

4.5 cm left temporal 

parietal abscess; 

multiple cerebral 

and cerebellar 

abscess 

cerebral dysfunction: mono = mononuclear cell; PMN = polymorphonuclear 

trates; 41 of these were correlated with Aspergil- 

Ius infection. 

Changes on roentgenograms included bron- 

chopneumonia (12 patients), patchy infiltrates (11 

Patients), nodular densities (seven patients), con- 
solidation (six patients, five of which correlated with 
hemorrhagic infarction), aspergilloma with cavita- 

tion (four patients) and the reticular pattern of in- 

terstitial pneumonitis (one patient). 

Central nervous system: All nine patients with The clinical and cerebrospinal fluid findings in 
aspergillosis of the central nervous system had nine patients who had aspergillosis of the central 
brain abscesses; seven patients had multipfe ab- nervous system (documented at autopsy) are 
scesses ranging from two to 50. In addition to summarized in Table IV. All occurred as part of 
brain abscesses, one patient had multiple spinal disseminated aspergillosis. In no patient, including 

cord abscesses and another had basilar meningi- 

tis featuring hyphae and mononuclear cell infiltra- 

tion. The gross appearance of abscesses was of 
softening, pallor and petechial discoloration, often 
associated with hemorrhage. The distribution in- 
cluded both white and gray matter. The larger ab- 
scesses (0.5 to 4.5 cm) showed central cavita- 
tion. Eight of the nine patients had associated pul- 
monary aspergillosis. 
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TABLE V Associated Infections at Autopsy (92 Patients*) ileum and colon in two; in the esophagus and 

Infection No. of Cases 

Candida sp. 

Ps. aeruginosa 

Esch. coli 

Phycomycetes 

Cytomegalovirus 

Herpes simplex 

Staph. aureus 

Klebsiella-enterobacter 

Microaerophilic strep. 

M. tuberculosis 

Torulopsis 

Serratia sp. 

Bacteroides sp. 

35 

17 

5 

5 

4 

3 

3 

2 

1 

1 

1 

1 

1 

stomach in one: in the esophagus and duodenum 
in one: and in the ileum alone in two. The ninth 

patient had thrombosis of vessels with infarction 

in the stomach wall. 

* By either histopathology or culture, 45 patients had one 

associated infection: 12 had two infections, two had three 

infections, and one had four infections. In 30 patients no 

associated infection was found. 

one with focal fungal meningitis, was Aspergillus 
isolated from the spinal fluid. Five of the seven 

patients with brain abscess without meningitis 

whose cerebrospinal fluid was examined had rela- 

tively minor cerebrospinal fluid abnormalities al- 

though red blood cells were seen in four speci- 

mens. Metabolic or hemorrhagic problems often 

complicated the neurologic findings. 
Heart: Nine patients had cardiac involvement. 

The most common was myocardial abscess (five 

patients). Two had focal areas of necrosis in the 

myocardium alone. One patient with multiple myo- 

cardial abscesses had extension to the epicar- 

dium with inflammation, and a second had associ- 

ated fungal pericarditis. Two other patients had in- 

filtration of the pericardium with hyphae but no 

associated effusion or myocardial lesions. No 

cases of vegetative endocarditis were found, al- 

though one patient had an atrial thrombus with 

Aspergillus. 

Findings in patients with myocardial involve- 
ment occurred in very complex clinical situations. 

Electrocardiographic changes included anterolat- 

et-al ischemia, diffuse ST-T segment changes, at- 
rial fibrillation and atrial flutter. But in no case 

was myocardial abscess the single possible 

cause. In one patient with a 1 by 1.5 cm myocar- 

dial abscess congestive heart failure developed 
after a blood transfusion. Neither of these patients 
with focal pericardial aspergillosis had specific 

electrocardiographic or physical findings. 
Gastrointestinal tract: Nine patients showed gas- 
trointestinal tract involvement. Submucosal ulcer- 

ative lesions from 3 mm to 2 cm were present in 
the esophagus alone in two; in the esophag’us, 

Eight of the nine patients with gastrointestinal 

tract involvement and aspergillosis showed evi- 

dence of gastrointestinal bleeding during the last 

two weeks of their illness. These patients had se- 

vere thrombocytopenia (platelet count less than 

<25,000/mm3). One patient had hematemesis 

and massive upper gastrointestinal bleeding from 

multiple esophageal ulcers; another patient had 

extensive bleeding from ileal and colonic ulcers. 
Kidney: Seven patients showed renal involve- 

ment; three of these had cortical abscesses, three 
had medullary abscesses, and one had venous 

invasion alone. They showed various combinations 

of degrees of pyuria, minimal proteinuria and nor- 

mal serum creatinine, but there was nothing spe- 

cific to suggest the diagnosis of aspergillosis. In 

three of the seven, urine output decreased but in 

none could it be directly attributed to the Aspergil- 

Ius infection. 

Liver: There was hepatic involvement in five pa- 

tients with disseminated aspergillosis; three pa- 

tients with solitary abscess, one with multiple ab- 

scesses and one with a nodule of hemorrhagic 

necrosis with vessel invasion by hyphae. No large 

vessel thrombosis was noted. All five patients had 

abnormal liver function tests with either increased 

serum alkaline phosphatase or bilirubin, or both. 

All also had hepatic changes due to either Hodg- 

kin’s disease (one patient) or to drug toxicity (four 

patients). In none was a liver scan performed 

within the last two weeks of illness. 
Miscellaneous: In four patients with disseminated 

disease, microabscesses of the thyroid were 

noted. Invasion of the spleen was observed in 

three others including two with multiple splenic 

abscesses and one with vessel invasion with hy- 

phae. All occurred in patients with disseminated 

disease. Necrosis of the diaphragm was noted in 

one patient with extensive pulmonary involvement. 

Ulceration of the urinary bladder with Aspergillus 

was found in one patient who also had pulmonary 

involvement. No specific clinical abnormalities at- 
tributable to aspergillosis were noted in these pa- 
tients. 

Associated Infections at Autopsy. The most com- 
mon associated infections were with Candida 

species and Pseudomonas aeruginosa, in that 
order (Table V). Aspergillosis involving the thyroid 

and both upper lobes of the lungs in a 73 year old 
man with widespread reticulum cell sarcoma was 
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TABLE VI Frequency of Selected Associated Observations in Patients with Aspergillosis 

Patients (no.) 

Acute leukemias 

Chronic leukemias 
Lymphoproliferative 
Solid tumors 

Transplant 

All 

Cytotoxic 
Total Relapse Therapy 

42 42 40 

7 6 5 
29 29 28 
14 . . . 9 

1 . . . 1 

93 . 83 
~_~~ 

associated with pulmonary Candidiasis and 

Pseudomonas pneumonia; Herpes infection of the 

tongue and cytomegalovirus infection of the adre- 

nal gland were also identified by histopathology. 

Pseudomonas Followed by Aspergillus Infections. 
There was an increase in number of patients in 

whom aspergillosis developed following a docu- 

mented Pseudomonas infection. For the period 

1964-1968, four of 21 patients with acute leuke- 

mia, and five of 27 with other diagnoses had a 

Pseudomonas infection followed by Aspergillus in- 

fections. For the period 1969-June 1971, nine of 

20 patients with acute leukemia, and nine of 26 

patients with other neoplastic diseases in whom 
aspergillosis developed had had prior Pseudom- 

onas infections (p <0.05 for all patients). 

Neoplastic Disease and Therapy. All 42 patients 

with aspergillosis and acute leukemia showed evi- 

dence of peripheral blood or bone marrow relapse 

of the leukemia. The duration of disease ranged 

from three to 43 months in those with acute lym- 

phocytic leukemia and from two weeks to 24 

months in those with acute myelogenous leuke- 

mia. In one patient with acute lymphocytic leuke- 

mia disseminated disease developed during re- 

lapse and death occurred despite subsequent re- 
mission of peripheral blood and bone marrow leu- 

kemia. All 42 patients with leukemia had received 

antibiotics. Forty of the 42 were receiving or 

showing effects of cytotoxic drugs, and the same 
number were receiving either the equivalent of or 

more than 20 mg/day of prednisone within one 
week of their death. Twenty-nine of the 42 had 

absolute leukocyte counts of less than 1,000 
cells/mm3 for two or more days at the time of 
their terminal illness, and 39 of 42 had less than 
4,000 cells/mm3. 

Five of the six infections in patients with chron- 

ic myelogenous leukemia occurred in a clinical 
picture similar to acute leukemia with severe 

Antibiotic 
WBC WBC Therapy with 

< lOOO/ <4000/ Previous Antibiotics Partial or No 
Steroids mm3 mm3 Infection Therapy Response 

-____ 
40 29 39 30 42 41 

6 6 6 6 6 6 

28 12 21 17 27 25 
11 5 7 10 14 13 

1 0 0 1 1 1 
______ ~~... _~____ 

86 52 73 64 90 86 

leukopenia of less than 1,000 cells/mm3 after in- 

tensive chemotherapy for “blastic crisis.” Four- 

teen cases of aspergillosis in patients with solid 

tumors occurred in a clinical setting similar to that 

in patients with leukemia or lymphoma in that they 

had at least two of the following in common: corti- 

costeroid treatment, cytotoxic treatment or leuko- 

penia <4,000 cells/mm3. All fourteen, likewise, 

had received either cytotoxic drugs or steroid 

therapy along with antibiotics. All 29 patients with 

lymphoproliferative disorders had active disease 

in relapse: 28 had received cytotoxic drugs, 28 

had received steroids, and 28 had received antibi- 

otics (Table VI). 

The common denominators of combinations of 

previous cytotoxic drugs, adrenocorticosteroids, 

antibiotics and previous infection are noted in 

Table VI. 

In 23 patients serum immunoglobulin levels 

were determined during their final admission; the 

mean immunoglobulin G (IgG) level was 837.8 

mg/lOO ml and the mean immunoglobulin M 

(IgM) level was 82.1 mg/lOO ml. An equal num- 
ber of patients matched for diagnosis but dying of 

causes other than aspergillosis had a mean IgG 

level of 830.5 mg/lOO ml and mean IgM level of 

104.9 mg/lOO ml. 

Aspergillosis was judged to be the immediate 

or significantly contributory cause of death in 82 

of 92 patients. Two of the 10 patients in whom it 
was an incidental finding (small pulmonary nod- 

ules) occurred with acute leukemia; both of these 

patients died of disseminated candidiasis. 

Cultures at Autopsy. Of the 92 autopsy patients, 
57 had cultures for fungi; only 24 were positive. 

Of 14 patients who had received amphotericin B 

antemortem, six of 10 cultures at autopsy were 
positive. The largest dose given was 457 mg. 
Antemortem Cultures and Serologic Studies. 
During the period of study, six patients who had 
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positive sputum cultures for Aspergillus fumigatus 

antemortem later showed evidence of aspergil- 

losis at autopsy. There were, however, three pa- 

tients with underlying hematologic malignancy in a 

state of immunosuppression in whom Aspergillus 

was isolated from the sputum but in whom there 

was no evidence of aspergillosis at autopsy (ther- 

apy with amphotericin B had not been given). In 

one patient with nocardiosis, actinomycosis and 

widespread, uncontrolled Hodgkin’s disease in 

whom A. fumigatus was cultured repeatedly from 

sputum and was seen on wet mounts and cytolog- 

ic specimens, and who had a negative serum 

precipitin reaction, no Aspergillus was found at 

autopsy after therapy with amphotericin B. (This 

patient is not included among those with a definite 

diagnosis of aspergillosis.) Of six patients with 

positive serum precipitin reactions with Aspergil- 

lus antigen and histologic examination within three 

weeks, five of six had aspergillosis, the sixth had 

definite mucormycosis. 

ary 25, 1971. Pertinent physical findings were tender- 
ness over the maxillary and frontal sinuses, a clear 
chest and no hepatosplenomegaly. The white blood 
cell count was 3,300jmm3 with a differential of 31 
mature neutrophils, 1 band form, 5 monocytes, 10 
lymphocytes, 1 atypical lymphocyte, 22 blast cells and 
32 unclassified cells. The hematocrit value was 21 per 
cent and the platelet count 34,000/mm3. A chest 
roentgenogram was normal. 

In eight additional patients in whom Aspergillus 

was found at postmortem and in whom serologic 

examination for Aspergillus was performed within 

the three weeks preceding death, test results 
were negative. 

DIAGNOSIS AND TREATMENT 

Of 93 patients, 59 had fungal cultures of throat, 

sputum or tracheal secretions, and only seven had 

cultures antemortem for an Aspergillus species. 

There were no positive blood, cerebrospinal fluid 
or urine cultures. A specific diagnosis was made 

in one patient who was treated by surgical wedge 

resection of a pulmonary lesion (see “Case Re- 
port”). Fourteen patients received therapy with 

amphotericin B alone after either a positive cul- 
ture or a presumptive diagnosis of Aspergillosis. 

Survival was not related to total dosage of ampho- 

tericin B (from 1 to 595.5 mg) but rather to the out- 

come of the primary disease. One seven year old 
girl with acute leukemia and aspergillosis re- 
sponded to 595.5 mg of amphotericin B with com- 

plete clearing of infiltrates on chest roentgeno- 

gram and clinical improveme,nt, but two months 
after cessation of therapy she succumbed to the 

aspergillosis when her leukemia never remitted. 

One patient who was treated with 12 g of 5- 
fluorocytosine (4 g/day for three days) for a Candi- 

da sp. urinary tract infection died, and an Asper- 
gillus myocardial abscess was found at autopsy 
(but no Candida). 

CASE REPORT 

The dose of prednisone was rapidly tapered, and 
therapy was changed to cytosine arabinoside, 3 
mg/kg every 12 hours, and thioguanine, 2.5 mg/kg 
every 12 hours, and platelet transfusions. A persistent 
tachycardia when the patient was afebrile remained 
unexplained. A lung scan was normal. On March 11, 
1971, the temperature rose to 102°F and right maxil- 
lary sinus tenderness recurred. Sinus films showed 
complete opacification of the right maxillary sinus. A 
chest roentgenogram was normal. Culture of nasal se- 
cretions grew many colonies of Staph. aureus. Local 
treatment and intravenous cephalothin administration 
were begun and the patient became afebrile and 
showed symptomatic improvement. On March 19, 
shaking chills occurred while she was receiving ce- 
phalothin therapy and Escherichia coli was isolated 
from blood cultures. The white blood cell count was 
900/mm3. Gentamicin was added to the regimen but 
temperature remained at 101’ to 102°F. After a few 
colonies of Ps. aeruginosa were cultured from the 
throat and a small infiltrate was noted in fhe upper 
lobe of the right lung on March 29, carbenicillin was 
added. An Aspergillus precipitin reaction was nega- 
tive. Bone marrow examination showed 67 per cent 
blast forms. On April 6, the antibiotic regimen was 
penicillin, gentamicin and isoniazid. The white blood 
cell count was 800/mm3 after discontinuation of cyto- 
sine arabinoside and thioguanine. Leukocyte transfu- 
sions from the patient’s mother were given. On April 7, 
a pleural rub was heard high in the right axilla. 
Carbenicillin, gentamicin and isoniazid were given. 
Sputum cultures for fungi were negative. Temperature 
spikes to 105*F occurred. On April 14, chest roent- 
genograms showed an infiltrate in the upper lobe of 
the right lung (Figure 2A). On April 19, chest films 
showed a cavity with a filling defect (“fungus ball”) in 
the area of previous infiltration (Figures 28 and 2C). 
The white blood cell count rose to 3,600/mm3 with 69 
per cent mature neutrophils and 17 per cent band 
forms; platelet count was 140,000/mm3; the bone 
marrow showed 2 per cent blast forms. It was thought 
that the leukemia was in remission and on April 22, 
wedge resection of the upper lobe of the right lung 
was performed. 

A 28 year old woman (P.L.) was admitted to Memorial 

Hospital with acute myelogenous leukemia on Febru- 

There was a 5 by 4 cm mass in the anterior seg- 
ment of the upper lobe of the right lung involving the 
superior segment of the lower lobe. Examination 
showed chronic organizing pneumonia with infarction 
and cavitation. The cavity was lined with epidermoid 
epithelium. Aspergillus was seen in the cavity and the 
infarcted area of lung including vessel walls and the 
margin of resection. Areas of chronic interstitial pneu- 
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Figure 2. A, chest roentgenogram showing infiltrate in upper lobe of right lung which developed while patient was 
receiving antibiotic therapy. 8, development of “fungus ball” with air crescent in area of infiltrate. C, lateral view of 

same. 

monia with aspergillus were noted. Culture of lung tis- 

sue grew A. fumigatus. A repeat serum specimen 

reacted with A. fumigatus antigen by immunodiffusion. 

Because of the patient’s remission and well-being, she 

was not treated with amphotericin B. The postopera- 

tive course was uncomplicated. Chest tube drainage 

failed to grow Aspergillus. The patient was discharged 

in May 1971 and has received three courses of con- 
solidation chemotherapy for leukemia, consisting of cy- 
tosine arabinoside and thioguanine. She is now in re- 

mission without evidence of Aspergillus infection. 

COMMENTS 

In addition to neoplastic diseases, disseminated 

Aspergillus infections have been noted complicat- 

ing cardiac surgery [ll 1, cardiac homotransplan- 

tation [12,13], renal homotransplantation [2,14], 

collagen vascular disease [15] and sarcoidosis 

[16]. Previous reports have noted the association 

of aspergillosis in patients with leukemia and lym- 

phoma or immunosuppressive therapy [2,4-71. 

Our data not only confirm the preponderance of 

patients with leukemias with Aspergillus infections 
[4-71 but also show a significant increase in the 

autopsy incidence of aspergillosis from 1964 to 

June 1971 in patients with leukemia. A probable 
explanation for the increased incidence is the avail- 

ability of platelet transfusions, leukocyte transfu- 

sions and, finally, antibiotics which successfully 

control or suppress gram-negative bacteremia until 

a remission of the leukemia occurs or until fungal 

disease supervenes. Better control of Ps. aerugin- 
osa infections with gentamicin and carbenicillin 

may account for the increased incidence of as- 

pergillosis following survival of Pseudomonas in- 
fections in patients ‘with acute leukemia. In pre- 

vious series, patients with leukemia markedly out- 

number those with lymphoproliferative disease with 

aspergillosis [2,4,7]; however, our data indicate an 

even more striking difference in incidence when 

corrected for numbers of autopsies for the under- 

lying diseases (Figure 1). Patients with lymphopro- 

liferative disease, however, resembled patients 

with leukemia in the clinical associations of un- 

controlled neopl.astic disease and previous therapy. 

Patients with solid tumors accounted for only 2 

per cent of aspergillosis in one review [4] but for 

15 per cent of such cases at this center. Our pa- 

tients with solid tumors resembled the patients 

with leukemia and lymphoma by association with 
uncontrolled neoplastic disease, cytotoxic therapy 

and corticosteroid treatment (Table VI). Experi- 

ments in mice have shown that antibiotics alone 

do not lead to disseminated Aspergillus infection 

but that corticosteroid administration does [17]. 

Likewise, cytotoxic agents and corticosteroids 

acted together to enhance invasive Aspergillus in 
mice with transplanted leukemia [18]. These two 

associations were frequent in all our patients. 
Similarly, leukopenia was common in all patients, 

but the incidence was most striking in those with 
leukemia (Table VI). Although in Bodey’s series 

[5] only 37 per cent of patients with invasive 
aspergillosis had received cytotoxic therapy, in 
our series 95 per cent of patients had received 
cytotoxic agents. Our data agree with previous ret- 

rospective observations that severe hypogamma- 
globulinemia is not a striking finding [4]. 
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Organ involvement in this series differs little 

from a review [4] in patients with similar preexist- 

ing diseases except that the incidence of invasive 

disease of the gastrointestinal tract was lower in 
our series. This difference remains unexplained. 

The predilection for invasion of blood vessels and 

frequent thrombosis was again noted in this study. 

The clinical syndrome of hemorrhagic pulmonary 

infarction may also occur with Phycomycetes or 

Pseudomonas. The extensive necrotic reaction in 

lesions of the respiratory tract, heart, central ner- 
vous system, kidney and thyroid, often with little 

clinical evidence to suggest the diagnosis ante- 

mortem, was noted. 
The difficulty in antemortem diagnosis of asper- 

gillosis has been noted before [l-5]. In only 

seven of 59 patients (12 per cent) were fungal 

cultures of the respiratory tract performed before 
death positive. Only 43 per cent of the cultures 

obtained on autopsy material with histologically 

demonstrated Aspergillus were positive. The fail- 

ure to isolate Aspergillus from blood (4) is con- 

firmed in our study. The preponderance of multi- 

ple brain abscesses in central nervous system in- 

fection and focal Aspergillus meningitis with nega- 

tive culture of cerebrospinal fluid agrees with pre- 

vious reviews [4,19]. The finding of red blood cells 

in cerebrospinal fluid in four of our patients, even 

though they had thrombocytopenia, contrasts with 
previous findings [4,19]. Small numbers of mono- 

cytes, a normal to increased protein level with 

normal glucose levels in cerebrospinal fluid con- 

cur with previous observations [4,19]. 

Short of isolation of Aspergillus, the clinical pat- 
tern most suggestive of aspergillosis was unremit- 

ting fever and development of pulmonary infil- 

trates in the face of antibiotic therapy. 
We concluded that antemortem isolation of 

Aspergillus from an immunosuppressed patient is 

usually meaningful but that, unlike previous obser- 

vations [5], colonization may occur without inva- 
sion (three patients). Whereas repeated positive 

cultures or demonstration on wet mounts are de- 
sirable, inadequate sputum production may pre- 

vent this. Severe thrombocytopenia may limit 

transtracheal aspiration or lung biopsy which has 

led to antemortem diagnosis in other patients 

[2,20]. 
Longbottom and Pepys [21] reported positive 

precipitin reactions by double diffusion agar gel in 
56 of 57 patients with pulmonary mycetomas. 
These mycetomas are thought to be noninvasive 

when they occur secondarily in established cavi- 
ties. In our patients, a positive serum precipitin 
reaction to Aspergillus antigen by immunodiffusion 

usually indicated widespread invasive aspergil- 

losis, but a negative test result was far less reli- 
able and did not rule out the diagnosis. Uniformly 

negative test results in similar patients elsewhere 

may have resulted from different antigen prepara- 

tions [22]. 
The appearance of an aspergillosis “fungus 

ball” in a pulmonary cavity has long been noted 

[23,24] as has the air-crescent [24-261 on x-ray 
films. Whereas it is often problematic whether the 

mycetoma grew in an existing cavity or cyst [23], 

or was a primary pathogen and caused cavitation 

[25,27], successful surgery for localized pulmo- 

nary aspergillosis has been noted [23-25,28,29]. 
Our patient with a “fungus ball” but with sur- 

rounding tissue invasion was deemed a candidate 

for surgical removal when her leukemia was re- 

mitting. The hematologic remission may have en- 

abled host defenses to cure any disease remain- 
ing after surgery even without amphotericin 6 

therapy. An invasive “fungus ball” is rarely seen 

in patients without underlying disease [30]. Al- 

though diminution in visceral candidiasis has been 

noted with remission of leukemia [31], it is not 

known whether similar diminution or cure occurs 

with aspergillosis with remission alone, although 

one of our patients died of extensive disseminated 
disease after remission was achieved. To our 

knowledge ours is the first patient with acute leu- 

kemia to be surgically cured of aspergillosis. In 

patients presenting similarly, amphotericin B ther- 

apy concomitant with surgery should be consid- 

ered. In one patient with acute leukemia and mul- 

tiple pulmonary aspergillomas, resolution of the 

aspergillomas was achieved with remission of the 

leukemia, intravenous amphotericin B therapy and 

Nystatin by aerosol [32]. If surgical resection of 

aspergillosis is not possible, amphotericin B ther- 

apy is recommended. In this series, however, 

long-term survival was related to the outcome of 

the primary disease. One of our patients with clin- 

ical and roentgenologic evidence of remission of 
pulmonary aspergillosis, which lasted two months 

after cessation of amphotericin B therapy, died of 

Aspergillus infection when her leukemia did not 

remit. Apparent cure of Aspergillus infection in 

immunosuppressed patients without hematologic 
malignancies has been reported with both intrave- 
nous [12,13] and intracavitary instillation [20] of 

amphotericin B. Successful treatment with inhala- 
tion Nystatin therapy has been reported in patients 
without underlying disease [33,34] but not when it 

has been the sole therapy in immunosuppressed 
patients. 

Although compromised patients with rises in 
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