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NOSOCOMIAL INVASIVE ASPERGILLOSIS IN LYMPHOMA 
PATIENTS TREATED WITH BONE MARROW OR 

PERIPHERAL STEM CELL TRANSPLANTS 

Peter C. Iwen, MS, M(ASCP), SM(AAM), CLS/M; Elizabeth C. Reed, MD; James O. Armitage, MD; 
Philip J. Bierman, MD; Anne Kessinger, MD; Julie M. Vose, MD; Mark A. Arneson, PA; 

Barbara A. Winfield, MN, CIC; Gail L. Woods, MD 

ABSTRACT 

OBJECTIVES: To determine the prevalence of 
aspergillosis in lymphoma patients housed in a 
protective environment while undergoing a bone 
marrow transplant or peripheral stem cell trans- 
plant and its relation to lymphoma type, type of 
transplant, period ofneutropenia, method of diag- 
nosis, species of Aspergillus, and the use of 
empiric amphotericin B. 

DESIGN: Clinical, autopsy, and microbiology 
records were reviewed retrospectively to deter- 
mine the presence or absence of invasive asper- 
gillosis. All positive specimens underwent further 
review to determine parameters outlined above. 

SETTING: The review took place at the Univer- 
sity of Nebraska Medical Center with lymphoma 
patients housed in the oncology/hematology spe- 
cial care unit, which consists of 30 single-patient 
rooms under positive pressure with high- 
efficiency particulate air filtration. 

PATIENTS: 417 lymphoma patients admitted 

to the oncology/hematology special care unit who 
underwent 427 courses of high-dose chemother- 
apy with or without total body irradiation followed 
by a stem cell rescue. 

RESULTS: Twenty-two cases (5.2%) of noso- 
comial invasive aspergillosis (14 caused byAsper- 
gillus flavus, 2 by Aspergillus terreus, 2 by 
Aspergillus fumigatus, and 4 by characteristic 
histology) were diagnosed. The prevalence of 
disease according to transplant was 8.7% for 
allogeneic bone marrow transplant (2/23 treat- 
ments), 5.6% for autologous peripheral stem cell 
transplant (9/161), and 4.5% for autologous 
bone marrow transplant (11/243). Fifteen 
patients were presumptively diagnosed prior to 
death (68.2%) most commonly by histologic 
examination of skin biopsies. All 22 patients 
received amphotericin B therapy, 17 prior to 
aspergillosis diagnosis, and 7 (31.8%) survived. 
No patient with disseminated disease survived. 
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CONCLUSIONS: Even when housing lym- 
phoma patients undergoing myeloablative ther- 
apy in a protective environment containing high- 
efficiency particulate air filtration, there was a 
risk of developing aspergillosis. These data also 
showed that antemortem diagnosis with aggres- 

INTRODUCTION 

Aspergillosis has become a major complication in 
patients with severe immunosuppression.1-10 Increased 
numbers of nosocomial outbreaks of this disease can be 
attributed in part to the use of more aggressive immuno- 
suppressive treatments, including high-dose chemo- 
therapy with or without radiotherapy followed by a 
bone marrow transplant11 or peripheral stem cell trans- 
plant.12 These recognized treatments for malignancies 
such as leukemia,13-15 lymphoma,1"18 and refractory 
solid tumors,19 as well as immunodeficiency disorders 
including aplastic anemia20 and some rare metabolic 
disorders,21 are followed by prolonged neutropenia, 
predisposing individuals to invasive aspergillosis. 

Because aspergilli spores are ubiquitous in the 
environment, prevention of spore exposure is the 
primary means of controlling nosocomial infections in 
the severely immunocompromised patient.22 One 
method of prevention is the use of a protective 
environment, which frequently includes a private 
room with high-efficiency particulate air filtration 
under positive pressure.23 Several studies have shown 
a decrease in the number of cases of nosocomial 
aspergillosis in patients undergoing bone marrow 
transplantation when high-efficiency particulate air 
filtration has been used.24,25 Sporadic cases, however, 
continue to occur even under these conditions.26 

To date, most studies concerning the prevalence 
of aspergillosis in specified bone marrow transplant 
patients housed in a protective environment have 
been in patients with leukemia or aplastic anemia.2,8,9,15 
We are unaware of any large study investigating the 
prevalence of aspergillosis in lymphoma patients under- 
going bone marrow or peripheral stem cell trans- 
plants. This article summarizes our experience with 
nosocomial invasive aspergillosis in patients with 
lymphoma who occupied the oncology/hematology 
special care unit at the University of Nebraska Medi- 
cal Center while undergoing high-dose chemotherapy 
followed by a bone marrow transplant or peripheral 
stem cell transplant. We discuss the prevalence of 
aspergillosis in relation to the type of lymphoma, the 
type of transplant and period of neutropenia, the 
method of diagnosis, the species of Aspergillus 
involved, and the use of empiric amphotericin B. 

sive amphotericin B therapy was most effective in 
the management of infected lymphoma patients 
when engraftment occurred and the disease did 
not become disseminated. (Infect Control Hosp 
Epidemiol. 1993;14:131-139.) 

METHODS 
Patients 

Between January 1985 and December 1990, 417 
patients underwent 427 courses of high-dose chemo- 
therapy and total body irradiation with stem cell 
rescue for treatment of Hodgkin's disease (230 
patients) and non-Hodgkin's lymphoma (197 patients) 
in the oncology/hematology special care unit at the 
University of Nebraska Medical Center. All patients 
had swab cultures taken from the nose, throat, and 
rectum upon admission. In addition, patients under- 
went bronchoscopy and bronchoalveolar lavage just 
before induction chemotherapy or total body irradia- 
tion. Admission cultures from three patients were 
positive for Aspergillus, and these patients were 
excluded from the study. Also excluded were three 
lymphoma patients with documented mold infections 
other than aspergillosis (two with disseminated fusaridi- 
osis and one with cutaneous zygomycosis confirmed 
by both histopathology and positive culture). A total of 
74 patients died, with autopsies performed on 46 
(62%). 

Isolation Procedures 
The oncology/hematology special care unit is 

composed of 30 single-patient rooms with high- 
efficiency particulate air-filtration under positive pres- 
sure.27 Upon admission, each patient was placed in 
modified protective isolation. Briefly, staff members 
and visitors entering the room were required to wear 
a clean gown, wash hands with antiseptic soap, and 
wear a mask for prolonged close contact or when 
exhibiting symptoms of an upper respiratory infec- 
tion. No fresh fruits, vegetables, or plants were allowed 
in the room. Whenever possible, procedures were 
performed in the room. Each patient remained in his 
or her room until the absolute neutrophil count 
returned to approximately 500 cells/jl. All patients 
received oral nystatin or clotrimazole touches for 
antifungal prophylaxis. 

Treatment Procedures 
High-dose chemotherapy with or without radio- 

therapy was given to all patients, followed by a stem 
cell rescue. The procedures have been described 
previously.12-14,1618 Patients with suspected infection 
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TABLE 1 
NOSOCOMIAL INVASIVE ASPERGILLOSIS IN PATIENTS WITH HIODGKIN'S DISEASE AND NON-HODGKIN'S LYMPHOMA 
UNDERGOING TREATMENTS WITH BONE MARROW TRANSPLANT OR PERIPHERAL STEM CELL TRANSPLANT 

No. of Cases* 

Type of transplant Hodgkin's Disease Non-Hodgkin's Lymphoma Total 

Autologous bone marrow 7/148 (4.7%) 4/95 (4.2%) 11/243 (4.5%) 
transplant 

Autologous peripheral stem cell 3/79 (3.8%) 6/82 (7.3%)t 9/161 (5.6%) 
transplant 

Allogeneic bone marrow 0/3 2/20 (10%) 2/23 (8.7%) 
transplant 

Total 10/230 (4.3%) 12/197 (6.1%) 22/427 (5.2%) 

* No. of patients with Aspergilus infection among total treatments. 

t One patient underwent a peripheral stem cell transplant followed by an allogeneic bone marrow transplant 4 days prior to death. Aspergillus infection was diagnosed before 
allogeneic bone marrow transplant and included as an infection during peripheral stem cell transplant only. 

were appropriately cultured, and biopsies were 
obtained if indicated prior to antimicrobial therapy. All 
protocols were reviewed and approved by the Univer- 
sity of Nebraska Medical Center Institutional Review 
Board. Empiric amphotericin B was administered at a 
dose of 0.5 mg/kg per day to patients with persistent 
(>5 days duration) or recurrent fever following anti- 
bacterial therapy. Patients with strongly suspected or 
documented fungal infection received up to 1 mg/kg 
of amphotericin B daily. Amphotericin B dosing was 
adjusted according to toxicity. Granulocyte transfu- 
sions and hematopoietic cytokines were used only 
sporadically and did not have a discernible effect on 
the incidence of aspergillosis. 

The Aspergillus infection was classified as cured if 
follow-up examination showed no microbiologic, his- 
tologic, or radiologic evidence of disease and stable if 
no significant change occurred after the time of 
diagnosis following antifungal therapy. Follow-up peri- 
ods for survivors varied widely due to lack of available 
patient records. 

Aspergillus Infection 
Histology and/or culture were used for diagnosis 

of probable or confirmed invasive aspergillosis as 
follows: the diagnosis was confirmed when 1)Aspergil- 
lus was cultured from tissue (other than mucosal 
surfaces) that showed typical histologic changes; 
2)Aspergillus grew from a sterile body site (open lung 
biopsy, brain, bone, blood, etc.) and there was radio- 
graphic evidence of disease (focal infiltrate, sinusitis, 
pleural effusions, etc.); or 3) there was clinical evi- 
dence of infection with repeat positive cultures from a 
nonsterile site (ie, bronchial washing). The diagnosis 
was probable when characteristic branching septate 
hyphae morphologically consistent with Aspergillus 

were seen in tissue sections. A diagnosis of noso- 
comial infection was made when no evidence of active 
or incubating infection was observed at the time of 
admission. 

Analysis 
Clinical, autopsy, and microbiology records were 

reviewed to determine the presence or absence of 
invasive aspergillosis. The following information was 
collected: underlying disease, type of transplant, date 
of admission, date of transplant, date of death and 
autopsy record (if applicable), culture results, histol- 
ogy results, the date a specimen that subsequently 
yielded Aspergillus species by culture and/or by 
histology was obtained, specimen for aspergillosis 
diagnosis, period of neutropenia (absolute neutrophil 
count <500 cells/pl), and antifungal therapy used for 
empiric treatment or for treatment of a known fungal 
pathogen. Pathology, infection control, and oncology 
records were crosschecked for accuracy of informa- 
tion. Statistical analyses were tested by Fisher's exact 
and Wilcoxon rank sum tests using Epistat 2.0 soft- 
ware (1983, Tracy L. Gustafson, MD, 1705 Gattis 
School Rd., Round Rock, TX 78664), with P >.05 being 
not significant. 

RESULTS 

Twenty-two episodes of confirmed or probable 
nosocomial invasive aspergillosis occurred during 427 
treatments (5.2%) (Table 1). Twelve cases occurred in 
patients with non-Hodgkin's lymphoma who under- 
went 197 treatments (6.1%), and 10 occurred in 230 
treatments (4.3%) for Hodgkin's disease. The preva- 
lence of aspergillosis was 2 (8.7%) in 23 treatments in 
patients undergoing an allogeneic bone marrow trans- 
plant, 9 (5.6%) of 161 treatments in patients undergo- 
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TABLE 2 
SELECTED DIAGNOSTIC DATA FROM LYMPHOMA PATIENTS WITH NOSOCOMIAL ASPERGILLOSIS 

Method of Primary Diagnosis* 
Patient Code Histology Sourcet Culture Autopsy9 Infection Site(s) 

Hodgkin's Disease 
1 Lung A flavus Not applicable Lung 
2 Skin A flavus Not done Lung, skin 
3 Nose Unrecognized** Not applicable Nose 
4 Lung (post) A flavus Complete Lung 
5 Skin A flavus Complete Brain, nose, skin 
6 Lung Unrecognized Trunk Lung 
7 Skin A flavus Not applicable Skin 
8 Skin A fumigatus Not applicable Skin 
9 Nose A flavus Not applicable Nose 
10 Lung (post) A flavus Complete Kidney, lung 

Non-Hodgkin's Lymphoma 
11 Skin A flavus Complete Lung, skin 
12 Skin A flavus Complete Brain, lung, skin 
13 Lung A fumigatus Not applicable Lung 
14 Lung (post) A flavus Complete Heart, lung 
15 Lung (post) A terreus Complete Lung 
16 Nose A flavus Complete Brain, lung, nose 
17 Skin A flavus Not done Lung, skin 
18 Lung (post) A flavus Trunk Lung 
19 Not donett A terreus Trunk Blood, lung, spleen 
20 Lung (post) Unrecognized Needle biopsyft Lung 
21 Lung Unrecognized Not applicable Lung 
22 Lung (post) A flavus Complete Brain, lung, nose 

* Clinical evidence of infection present in all cases. 
t Tissue source at antemortem unless stated at postmortem (post). 
5 A total of 46 autopsies were performed. 
** Identification of characteristic branching septate hyphae morphologically consistent with Aspergillus in tissue section without positive culture. 
tt Blood and multiple bronchial washings without histological examination. 
0 Needle biopsy of lung and liver only. 

ing autologous peripheral stem cell transplant, and 11 
(4.5%) of 243 treatments in patients undergoing autol- 
ogous bone marrow transplant procedures. The rates 
of infection between non-Hodgkin's and Hodgkin's 
lymphoma patients and among the different transplant 
types were not statistically significant. 

Selective diagnostic data for the lymphoma 
patients with aspergillosis are summarized in Table 2. 
For 15 patients, a presumptive diagnosis was made 
antemortem (68.2%), most commonly by histologic 
examination of skin biopsies (7 patients). Of 46 total 
autopsies, 13 were diagnosed with aspergillosis for an 
incidence of 28.3% at autopsy. In 7 of these (patients 4, 
10, 14, 15, 18, 20, and 22), diagnosis was obtained by 
postmortem examination only. Of the 22 total cases, 
diagnosis was confirmed by culture in 18 (81.8%): 14 
Aspergillus flavus (63.6%), two Aspergillus fumigatus 
(9.1%), and two Aspergillus terreus (9.1%). 

Ten of the patients had documented dissemi- 
nated disease (lung or nose plus at least one extrarespi- 
ratory site), of which 9 were caused by A flavus and 1 
by A terreus (Table 2). Seven of these patients under- 
went complete autopsies with the brain, the most 
common extrapulmonary site of infection in 4 cases 
(57.1%), followed by the skin in 3 cases (42.9%), and 
the kidney and heart in 1 case each (14.3%). Multiple 
blood cultures were collected from all patients, and 
the only positive culture was in a patient infected with 
A terreus (patient 19). The four patients with culture 
negative specimens (patients 3, 6, 20, and 21) were 
diagnosed by characteristic tissue histology. Three 
were diagnosed antemortem (two from lung biopsy 
material and one from nasal tissue histology) and one 
by postmortem lung tissue histology. 

As outlined in Table 3, all 22 patients received 
amphotericin B (20 patients prior to engraftment), 
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TABLE 3 
THERAPY WITH AMPHOTERICIN B 

Days Posttransplant 
Absolute Start Total Dose 

Patient Neutrophil Amphotericin Aspergillus Amphotericin B Other Infection 
Code Count>550* B Diagnosist (mg) Treatment Classification* Outcome 

Hodgkin's Disease 
1 19 31 40 2,189 Surgery Pulmonary Cured 
2 18 4 21 696 - Disseminated Died 
3 26 9 9 745 Surgery Sinus Cured 
4 18 3 30 986 - Pulmonary Died 
5 27 8 12 1,729 Fluorcytosine Disseminated Died 
6 31 7 63 2737 Surgery Pulmonary Died 
7 33 7 8 1,936 Surgery 10 cutaneous Cured 
8 30 10 10 1100 Surgery 10 cutaneous Cured 
9 17 11 11 2029 Surgery Sinus Cured 
10 No engraftment 5 12 226 - Disseminated Died 

Non-Hodgkin's Lymphoma 
11 15 4 4 541 - Disseminated Died 
12 19 18 48 786 - Disseminated Died 
13 31 12 16 >3,000** - Pulmonary Stable 
14 No engraftment 4 15 420 - Disseminated Died 
15 31 7 32 1,276 - Pulmonary Died 
16 87 24 85 3,425 Surgery Disseminated Died 
17 23 26 26 1,314 - Disseminated Died 
18 No engraftment 5 21 401 - Pulmonary Died 
19 30 8 40 2,430 Fluconazole Disseminated Died 
20 No engraftment 4 19 741 - Pulmonary Died 
21 22 10 16 >2,000** - Pulmonary Stable 
22 No engraftment 3 13 176 - Disseminated Died 

* Absolute neutrophil count>500 cells/pl. 
t Day on which specimen that subsequently established presumptive diagnosis was obtained. 
? Classification of Bodey and Vartivarian.' 
** Patients placed on outpatient amphotericin B therapy. 

with 7 (31.8%) survivors: 5 of 10 (50%) patients with 
Hodgkin's disease and 2 of 12 (16.7%) with non- 
Hodgkin's lymphoma. Seventeen patients (exceptions 
were patients 3, 8, 9, 11, and 17) received amphoter- 
icin B prior to Aspergillus diagnosis. Four of these 17 
survived after receiving >1900 mg of amphotericin B 
with or without surgical intervention. The remaining 
survivors, patient 8 with primary cutaneous infection 
and patients 3 and 9 with sinus infections, did not 
undergo empiric amphotericin B therapy but were 
treated aggressively with amphotericin B and surgical 
intervention following diagnosis. All 10 patients with 
disseminated disease did not survive. 

The number of days posttransplant to engraftment 
and the incidence of disseminated aspergillosis in 
lymphoma patients are presented in Table 4. 
Engraftment (absolute neutrophil count >500 cells/ 

wl) occurred in 9 of 10 (90%) patients with Hodgkin's 
disease and 8 of 12 (67%) patients with non-Hodgkin's 
lymphoma who developed infection. The five patients 
without engraftment died prior to the time of expected 
engraftment (Table 3). The median time from trans- 
plant to engraftment between lymphoma types was 
comparable-26.5 days (range= 15 to 56) posttrans- 
plant for non-Hodgkin's lymphoma patients and 26 
days (range= 17 to 33) for Hodgkin's disease patients. 
Comparing transplant type and period of neutropenia 
between patients with non-Hodgkin's and Hodgkin's 
lymphoma shows a similar period of time with the 
major exception in patients who underwent an autolo- 
gous peripheral stem cell transplant. In this group, 
patients with non-Hodgkin's lymphoma had the long- 
est time posttransplant to engraftment (median = 30.5 
days, range=22 to 87) in contrast to Hodgkin's 
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TABLE 4 
ENGRAFTMENT AND DISSEMINATED DISEASE IN HODGKIN'S DISEASE AND NON-HODGKIN'S LYMPHOMA PATIENTS WITH 
ASPERGILLOSIS 

Absolute Neutrophil 
Count>500* 

No. with Days Posttransplant 
Lymphoma Type and Transplant Total Patients Disseminated Disease (%) Median Range 

Non-Hodgkin's Lymphoma 
Autologous bone marrow 4tf 2 (50) 23.0 15 to 31 

transplant 
Autologous peripheral stem cell 6t 3 (50) 30.5 22 to 87 

transplant 
Allogeneic bone marrow 2t 2 (100) 19.0 - 

transplant 
Total 12 7 (58) 26.5 15 to 87 

Hodgkin's Disease 
Autologous bone marrow 7t 2 (29) 27.5 18 to 33 

transplant 
Autologous peripheral stem cell 3 1 (33) 18.0 17 to 19 

transplant 
Allogeneic bone marrow 0 - - - 

transplant 
Total 10 3 (30) 26.0 17 to 33 

* Absolute neutrophil count>500 cells/pil. 
t One patient died prior to expected engraftment. 
t Two patients died prior to expected engraftment. 

disease patients (median= 18 days, range= 17 to 18) 
with the shortest period in this study. Disseminated 
disease between lymphoma types was also different. 
Seven (58%) of 12 non-Hodgkin's lymphoma patients 
compared with 3 (30%) of 10 Hodgkin's disease 
patients had disseminated aspergillosis. The compari- 
son of neutropenic period in autologous peripheral 
stem cell transplant patients and the rate of dissemi- 
nated disease between Hodgkin's and non-Hodgkin's 
lymphoma patients was not statistically significant. 

DISCUSSION 

Myeloablative therapy followed by a bone mar- 
row transplant or a peripheral stem cell transplant is 
highly effective in controlling or eradicating a variety 
of neoplastic diseases.13,14,1621 However, it is also 
accompanied by a number of toxicities. Foremost 
among these is profound and prolonged neutropenia, 
which is considered the major risk factor to develop- 
ing fungal infections.1,7,9,25,28 Nosocomial invasive asper- 
gillosis was diagnosed during 22 of 427 transplant 
procedures (5.2%) performed on patients with lym- 
phoma housed in our oncology/hematology special 
care unit. This compares favorably with previous 
reports on the incidence of aspergillosis after trans- 

plants in patients with various other underlying dis- 
eases.9,29 The higher prevalence rates in the literature 
were observed in leukemia and aplastic anemia 
patients undergoing allogeneic bone marrow trans- 
plant, which was speculated to be due in part to the 
more profound disruption of the immune system as 
associated with transplant type and underlying dis- 
ease.12,4,8,15 The incidence of disease in this as well as 
in previous studies is probably higher than that 
mentioned; however, the availability of reliable diag- 
nostic tests at this time makes identification of this 
disease difficult. We observed that 13 (28.3%) of 46 
autopsies performed on lymphoma patients were 
diagnosed with aspergillosis; 7 of these were not 
detected during antemortem examinations. 

The prevalence of documented nosocomial inva- 
sive aspergillosis between Hodgkin's and non- 
Hodgkin's lymphoma patients was comparable (6.1% 
in non-Hodgkin's and 4.3% in Hodgkin's lymphoma). 
However, when comparing lymphoma type with type 
of transplant, patients with non-Hodgkin's lymphoma 
who underwent an allogeneic bone marrow transplant 
or autologous peripheral stem cell transplant had a 
higher incidence of infection (10% and 7.3%, respec- 
tively) than Hodgkin's disease patients who under- 
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went the same treatments (0% and 3.8%, respectively). 
The difference observed in patients undergoing an 
allogeneic bone marrow transplant is difficult to com- 
pare because of the limited number of patients in this 
study. However, the incidence of infection in patients 
who underwent an autologous peripheral stem cell 
transplant was compared between Hodgkin's disease 
(3/79, 3.8%) and non-Hodgkin's lymphoma (6/82, 
7.3%) in relation to period of neutropenia. Other host 
factors (ie, age, concomittant infections, antimicrobial 
prophylaxis, corticosteroid therapy, duration of fever, 
disruption of mucosal barriers, graft versus host 
disease, and environmental factors) have been imple- 
mented as predisposing individuals to aspergillosis. 
However, because the period of neutropenia is consid- 
ered by most to be the major risk factor and due to the 
limited nature of this study, we concentrated on 
evaluating this factor only during this compari- 
son.1,7,9,25,28 Non-Hodgkin's lymphoma patients had 
the longest period of neutropenia (median = 30.5 days, 
range= 22 to 87) and Hodgkin's disease patients had 
the shortest (median= 18 days, range= 17 to 19) 
(Table 4). In addition, disseminated aspergillosis was 
more likely to occur in patients with non-Hodgkin's 
lymphoma (7/12, 58%) than with Hodgkin's disease 
(3/10, 30%). Allogeneic bone marrow transplants were 
the transplant type most likely to be associated with 
disseminated aspergillosis. All nonHodgkin's lym- 
phoma patients with aspergillosis who underwent an 
allogeneic bone marrow transplant developed dissem- 
inated disease. The difference in neutropenia observed 
in this study lead us to speculate that the degree and 
period of neutropenia was an important risk factor in 
lymphoma patients in relation to the incidence and 
severity of infection and that it may have been 
responsible, in part, for the slightly higher incidence 
that occurred in non-Hodgkin's lymphoma versus 
Hodgkin's disease patients. 

Establishing an antemortem diagnosis of invasive 
aspergillosis is difficult. In this study, characteristic 
clinical and/or radiological findings were present in 
all cases of aspergillosis, and 14 (63.6%) of the 22 
patients were diagnosed antemortem by histologic 
exam: 7 by biopsy of the skin (31.8%), 3 by biopsy of 
nasal lesions (13.6%), and 4 by lung biopsy (18.2%). In 
addition, one patient with A terreus also was diagnosed 
antemortem by multiple positive cultures of blood and 
bronchial washings. Overall, 15 patients (68.2%) were 
diagnosed prior to death. The diagnosis of aspergil- 
losis in this study compared favorably to other reports 
where only 10% to 40% of the patients were diagnosed 
prior to death.6,8,9,30 In postmortem examination, nine 
infected patients underwent complete autopsies. All of 
these patients had respiratory tract (nose and/or 
lung) involvement, substantiating that the portal of 

entry is largely pulmonary.31 In seven of these nine 
patients, dissemination to extrapulmonary sites 
occurred, with the most common site of infection 
begin the brain, a fact also observed by others.1,7,9 

A confirmed diagnosis of invasive aspergillosis 
usually requires a positive culture, which frequently is 
not easily obtainable.1,9,30,32,33 Identification of the 
infecting organism in this study was made in 18 
patients (81.8%). Diagnosis of aspergillosis in the 
other four patients was considered probable, based 
solely on characteristic histological, clinical, and radi- 
ological findings. 

A fumigatus has been reported as the most 
common organism causing invasive aspergillosis.7,31 
However, in some reports, A flavus has emerged as a 
common cause of disease.34,35 In our study, A flavus 
was the most common cultured organism in 14 
specimens. Because Aspergillus spores are ubiquitous 
in the environment and most of the lymphoma patients 
undergoing treatment remained in their rooms prior 
to Aspergillus-like symptoms appearing, it was reason- 
able to speculate that exposure to the spores occurred 
in the patients' rooms. Recent studies at our institution 
using both the Andersen sampler (N-6 sampler, 
Andersen Samplers Inc., Atlanta, Georgia) and gravity 
air settling plates to monitor the air of our oncology/ 
hematology special care unit have shown it is difficult 
to detect A flavus, a similar problem reported by 
Solomon et al.26,36 A flavus was the major etiological 
agent causing invasive aspergillosis in patients with 
leukemia and other disorders who also were treated in 
our special care unit. Future studies are warranted to 
help develop standards whereby air quality can be 
monitored and evaluated. 

Two cases of aspergillosis in this study were 
caused by A terreus (patients 15 and 19, Table 2). 
Reports of infections caused by this species are 
limited.3,5 Disseminated disease recognized by repeat 
positive blood cultures occurred in 1 of 2 nonHodgkin's 
lymphoma patients infected with A terreus in our study 
(confirmed at autopsy). Both patients died despite 
aggressive treatment with amphotericin B, providing 
further evidence that A terreus must be considered a 
potential pathogen in severely immunocompromised 
individuals. 

Because early diagnosis of invasive aspergillosis 
is difficult, empiric treatment with amphotericin B 
often is begun when aspergillosis is suspected clini- 
cally, especially in the setting of neutropenia.37,38 In 
some studies, this approach resulted in a significant 
decrease in mortality1,3738; in other studies, disease 
developed in patients already receiving amphotericin 
B.30,32 Seventeen of our patients received amphoter- 
icin B prior to diagnosis (16 before engraftment), and 
4 of these (patients 1, 7, 13, and 21, Table 3) survived 

This content downloaded  on Tue, 8 Jan 2013 05:37:29 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


138 INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY March 1993 

after receiving >1900 mg (3 patients had pulmonary 
and 1 primary cutaneous aspergillosis). Three of the 
five remaining patients (2 with sinus and 1 with 
primary cutaneous aspergillosis) who did not receive 
empiric amphotericin B also survived, for a total of 7 
survivors (31.8%). From autopsy or discharge sum- 
mary records, aspergillosis was considered a primary 
factor in the cause of death in 14 of the 15 patients who 
died (the exception was patient 6). It is also not 
surprising that patients with localized infections sur- 
vived because others also reported good response to 
amphotericin B treatment under these circum- 
stances.34,35,39 None of the 10 patients with dissemi- 
nated disease survived even though 8 of these patients 
received empiric amphotericin B a median of 13.5 
days (range=4 to 61) prior to diagnosis (Table 3). 
From our study, it is difficult to evaluate the value of 
empiric amphotericin B therapy because of unknown 
cases that may have been prevented and unrecog- 
nized infections that may have been treated effec- 
tively. Our data suggested, however, that once 
aspergillosis became disseminated, amphotericin B 
therapy was not effective, even when engraftment 
occurred. 

CONCLUSION 

Lymphoma patients housed in a protective 
environment and treated with high-dose chemother- 
apy with or without radiotherapy followed by a bone 
marrow or peripheral stem cell transplant had docu- 
mented nosocomial invasive aspergillosis in 5.2% of 
treatments. Even though non-Hodgkin's lymphoma 
patients had a slightly higher incidence of aspergil- 
losis (6.1%) compared with Hodgkin's disease 
patients (4.3%), this difference was not statistically 
significant and probably related more to the type of 
transplant and its associated period of neutropenia 
than to underlying disease although other risk 
factors may have been involved. This also may 
explain why dissemination was more likely to occur 
in non-Hodgkin's lymphoma patients than in 
Hodgkin's disease patients. A flavus was the most 
common cause of infection and linked with dissemi- 
nated disease in these patients. 

Presumptive antemortem diagnosis of aspergil- 
losis can be accomplished by histologic examination 
of tissue from sites of involvement, although the 
overall survival rate was low even with aggressive 
diagnostic attempts and empiric amphotericin B ther- 
apy. Sporadic cases of invasive aspergillosis will con- 
tinue to occur even under the most stringent infection 
control procedures. Improvement in prophylactic 
agents, early detection, and a reduction in the period 
of granulocytopenia, which can now be accomplished 
in part using granulocyte stimulating factors, should 

reduce the incidence of aspergillosis in lymphoma 
patients undergoing high-dose chemotherapy and 
stem cell rescue.40,41,42 
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Pagination Problems in 
New Textbook 

If you ordered the second 
edition of Dr. Richard Wenzel's 
text Prevention and Control ofNoso- 
comial Infections prior to publica- 
tion and received your book in 
January 1993, you may wish to 
check your copy. The publisher 
shipped a number of volumes 

before discovering that some had 
pages missing or out of order, 
particularly within the first 128 
pages. 

If you find that your book is 
defective, you may phone Williams 
and Wilkins's customer service 
department at 1-800-638-0672 to 

arrange for replacement. If you 
have not yet ordered Dr. Wenzel's 
book, you may do so at the same 
phone number. 

A review of Dr. Wenzel's text 
will appear in a future issue of 
Infection Control and Hospital Epi- 
demiology. 
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