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In immunocompromised renal transplant patients, aspergillosis
can be a life-threatening opportunistic infection. During an 8-
year period, 25 renal transplant recipients at the University of
Minnesota Hospitals developed unequivocal invasive aspergil-
losis that occurred in epidemic-like patterns in immunocom-
promised patients throughout the hospital. The premortem di-
agnosis was made in only 14 ofthe 25 patients. Seventeen patients
died, and three of the eight survivors lost their allografts. The
prognosis was dependent upon the clinical pattern of illness:
three clinical patterns emerged: (1) cavitary lung disease, (2)
diffuse pulmonary disease, and (3) central nervous system dis-
ease. All patients in the latter two categories died. The best
results were with those patients treated with both amphotericin
B and excision of cavitary lung lesions. All three patients treated
in this manner survived with functioning grafts. Traditionally,
sputum cultures have been thought to be unreliable because
Aspergillus is a common colonizer of the upper respiratory tract
and a contaminant in laboratories. In this study, false positive
sputum cultures were common. A positive sputum culture can
be helpful, however, all patients with two positive sputum cultures
proved to have invasive aspergillosis. In addition, 86% of patients
with positive sputum cultures who were clinically ill proved to
have invasive infection. Bronchoscopy is a useful technique to
follow up a positive sputum culture or investigate negative sputum
cultures with typical clinical patterns. Routine bronchoscopy,
unfortunately, also yields a high incidence of false positive cul-
tures. Since the use of covered brush bronchoscopy technique,
however, no false positive transbronchial cultures have been
found. Transbronchial biopsy is a useful adjunct and is proof
of the presence of invasive disease when the results are positive.
However, false negative results are also found. Overall, the
highest diagnostic yield is obtained both with transbronchial
lung biopsy and covered brush bronchoscopy culture. All eight
patients with both these procedures were correctly identified as
having invasive pulmonary aspergillosis.

A SPERGILLUS SPORES ARE UBIQUITOUS and can be
2 cultured from stored grains, most soil and vegetation,
the Sahara sands, and the Arctic snow.' The organisms
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can be a laboratory contaminant,2 an allergenic stimu-
lant,3 or a secondary colonizer of lung cavities.4 It rarely
causes invasive disease in a previously normal host but
can be a serious opportunistic pathogen in cancer patients5
and in immunosuppressed transplant recipients.68 Many
facets of invasive aspergillosis in this clinical setting of
allograft recipients are still ill-defined. The magnitude of
the problem, and the route(s) of infection are not clear.
The various clinical presentations have not been clarified.
The significance of culturing Aspergillus from sputa is
controversial.2'9-" The role ofbronchoscopy in diagnosis
is not defined. Furthermore, problems in management
concerning the choice of anti-fungal agents, dosages, du-
ration of therapy, and alternative adjunctive therapeutic
modalities all need to be explored. Our experience was
reviewed in order to help define the epidemiology, char-
acterize the clinical presentation, and evaluate both the
diagnostic criteria and the therapeutic management of
aspergillosis in renal transplant patients.

Materials and Methods

We reviewed the charts of all renal transplant recipients
at the University of Minnesota Hospitals (from 1973 to
1981), who had a positive Aspergillus culture from spu-
tum, bronchoscopy aspirate, blood, urine, biopsy, wound,
abscess, and autopsy specimens. The cytology results of
their bronchoscopies were also reviewed. The autopsy
reports on renal transplant recipients, whatever the cause
of death, were also reviewed. A staff pathologist (D.C.S.)
reanalyzed the autopsy material from the cases ofproven
invasive aspergillosis.

Information was also gleaned from our ongoing pro-
spective study of infections in renal allograft recipients
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begun in October 1977.12 Information on all in-hospital
cases of aspergillosis in patients other than renal allograft
recipients was obtained from the Hospital Infectious Dis-
ease Control Department. Finally, the charts of four ad-
ditional renal transplant recipients with asperillosis from
an affiliated hospital, the Minneapolis Veterans Admin-
istration Hospital, were also reviewed. Two of these pa-
tients have been previously reported.'3
We have defined unequivocal "invasive" aspergillosis

as an Aspergillus infection with either a tissue diagnosis
of invasion, or culture evidence of dissemination. Equiv-
ocal or "probable" disease is defined as a clinical picture
consistent with invasive aspergillosis and the recovery of
Aspergillus by culture of the sputum. Cytomegalovirus
(CMV) infection was defined as a patient with a consistent
clinical picture, a fourfold serum antibody titer rise and/
or the recovery of the virus in blood or secretions.'4
The immunosupressive regimen of antilymphoblast

globulin (ALG), azathioprine, and prednisone used in
these renal transplant patients have been previously de-
scribed.'5 Three patients in this report were on a modified
regimen using an experimental drug, cyclosporine, after
being on the standard regimen for a previous transplant.
All cultures were handled in a similar fashion in our
medical microbiology laboratory. Fungal cultures are
plated on three different media-a soy peptone mycosel
agar; a brain, heart, and sheeps' blood agar; and a pan-
creatic digest meat and casein agar. Aspergillus species
were identified according to the protocol of Raper and
Lennel.'6 All fungal cultures were retained for at least 4
weeks before being considered negative.

Before 1977, the bronchoscopic aspirates were obtained
with a standard fiberoptic bronchoscope. Since then, some
were obtained with a "covered brush" technique (ac-
cording to the methods of Bartlett, et al.)'7 to minimize
contamination by organisms from the upper respiratory
tract.

Results

Epidemiology. At the University of Minnesota, 1026
renal transplants were performed in 910 patients (between
January 1973 and January 1981). Twenty-one of these
patients were diagnosed as having unequivocal "invasive"
aspergillosis in that 8-year span (2%). This incidence is
somewhat misleading because aspergillosis occurred only
during certain years (Fig. 1) in an epidemic-like pattern.
The incidence of invasive aspergillosis in the entire hos-
pital showed a similar pattern (Fig. 1). The aspergillosis
epidemics were not confined to the renal transplant sta-
tion, but occurred simultaneously in multiple areas of
the hospital, especially on stations caring for cancer and
bone marrow transplant patients.
The Aspergillus species most often isolated in these

transplant recipients was A. fumigatus (18 [85%]); A. niger
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FIG. 1. Yearly incidence of aspergillosis in all hospitalized patients and
in renal transplant recipients at the University of Minnesota Hospitals.

(two cases), A. flavus (three cases), and A. terreus (one
case) were also found in invasive aspergillosis. More than
one species ofAspergillus were cultured in three patients.
An evaluation of the clinical presentation of aspergil-

losis in renal transplant patients has previously shown a
relationship to bacterial and viral infections, especially
cytomegalovirus (CMV).'2
Sputum cultures. Over 5000 sputum cultures for fungal

were performed on the 910 renal allograft recipients and
Aspergillus was cultured from only 29. Eight of these
patients (28%) proved to have invasive aspergillosis and
five more (17%) had probable aspergillosis. Thus, sputum
cultures were suggestive of invasive infection in 13 of 29
patients (45%) with positive sputum cultures. In six of
the eight patients with culture-positive sputa and fatal
invasive aspergillosis, there were no additional premortem
cultures or biopsies to indicate the diagnosis. Despite pos-
itive sputum cultures, five of these patients had no bron-
choscopy. The one bronchoscopy that was performed did
not culture out Aspergillus. All patients with two or more
positive Aspergillus sputum cultures (six patients) even-
tually were proven to have invasive disease.

Sixteen patients (55%) had false-positive sputum cul-
tures for Aspergillus, i.e., a positive culture, but no evi-
dence of invasive or probable disease. Only four of these
patients had clinical signs consistent with aspergillosis
(see clinical presentation). Thus, ifwe discount the results
of sputum cultures on patients who are clinically well,
the incidence of false-positive sputum cultures was
only 14%.
The sputum did not culture Aspergillus in 13 of the

21 cases of invasive disease-a false-negative incidence
of 60%. All 21 patients had evidence of pulmonary as-
pergillosis.

Transbronchial culture and biopsy. We analyzed all
transbronchial aspirates done in recipients of renal al-
lografts to ascertain the reliability ofcultures by this tech-
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TABLE 1. Possible Risk Factors for Aspergillosis

N = 25
Factors Patients

Associated infections 16
Viral 11
CMV disease 10
Hepatitis B I
Herpes Simplex I

Bacterial 8
Fungal 2

Immunosuppression
Multiple transplants 7

Renal 5
Pancreas I
Liver I

Recent (<2 month) treatment of acute rejection 8

nique. Aspergillus was grown in 16 cases, but invasive
aspergillosis was proven in only eight. An additional four
patients had "probable" aspergillosis. Thus, there were

four false-positive bronchoscopy cultures. Since the in-
stitution of the covered brush bronchoscopy technique,
however, we have had no false-positive transbronchial
cultures. All six patients who had Aspergillus cultured by
their newer technique later were proved to have un-

equivocal invasive disease.

The sensitivity of transbronchial culture and biopsies
was ascertained by examining the results of these pro-
cedures in patients who were subsequently found to have
invasive pulmonary aspergillosis. Of the 21 University
patients who had invasive aspergillosis, 14 had 16 bron-
choscopic procedures. Specimens for cultures were taken
in all cases, and transbronchial lung biopsy was performed
in eight. Positive cultures were obtained from only 8 of
the 14 patients (57%), and positive biopsies in six of the
eight biopsies (75%). Thus there were eight false-negative
transbronchial cultures in six patients with invasive disease
(two had repeat exams), and there were two patients with
false-negative transbronchial lung biopsies.

Unfortunately, only a few wet fungal smears obtained
by bronchoscopy were done. We were able to verify only
two smears, both in patients who subsequently proved
to have invasive aspergillosis. One had a positive smear

and one a negative smear; both had had positive bron-
choscopic cultures. There was some other discordance
between test results. There were two cases ofpositive lung
biopsy and negative culture results, and two cases of pos-
itive cultures and negative lung biopsies. Overall, the
highest diagnostic yield was obtained with both trans-
bronchial lung biopsy and culture. All eight patients with
both ofthese procedures were correctly identified as hav-
ing invasive pulmonary aspergillosis. These results do not
include patients transplanted at the Minneapolis Veterans
Administration Hospital because their records were in-
complete.

Clinical Evidence

Certain risk factors were identifiable among the com-

bined 25 renal transplant patients with "invasive" as-

pergillosis at the University of Minnesota Hospital (21
patients) and at the V.A. Hospital (four patients). As-
pergillosis occurred in association with acute rejection
within 2 months (eight patients) and other concomitant
or antecedent illnesses (18 patients). CMV was the as-

sociated infection in 10 cases (40%). Six patients (24%)
were the recipients of multiple sequential transplants.
Three patients were receiving cyclosporine and prednisone
when their aspergillosis developed ; however, all three
had been treated with antilymphoblast globulin, azathio-
prine, and prednisone with a prior transplant. Thirteen
patients (52%) had more than one factor associated with
their invasive aspergillosis (Table 1). The median time
between transplantation and the clinical presentation of
invasive aspergillosis was 3.5 months (range 0.5 to 12
months).

Diabetes in itselfwas not a risk factor. Only one patient
(4%) with aspergillosis had diabetes; 37% ofour transplant
recipients were insulin-dependent diabetics. Being the re-

cipient of a cadaver kidney did not significantly increase
the risk of aspergillosis. Fifty-two percent of the asper-
gillosis patients had cadaver transplants; 43% of all trans-
plants used cadaver donors.

Patients presented either with predominantly pulmo-
nary or neurologic symptoms and signs. Fourteen of the
patients (66%) had pulmonary symptoms and signs of
aspergillosis, and could be subdivided into two distinct
groups: aspergillosis, which followed another infective
process (secondary infection) and aspergillosis without
antecedent or concurrent infection (primary infection).

Secondary Pulmonary Aspergillosis (Table 2A)

Six patients had multiple simultaneous infectious pro-
cesses, which included invasive aspergillosis. All were

critically ill, and often moribund, with other infections
at the time the aspergillosis developed. Associated episodes
of acute rejection were common (50%). All had chest
roentgenogram abnormalities that at autopsy were shown
to be due to invasive pulmonary aspergillosis without
dissemination to other organs. Only one patient had a
cavitary lesion, the others had patchy or diffuse infiltrates.
Death was attributed in each case to overwhelming in-
fection with multiple organisms (e.g., Patient 1,
Table 2).

Patient No. 1. A 30-year-old Caucasian female with chronic renal
failure secondary to diabetes mellitus, received a transplant from a relative.
After surgery she did well on our standard on azathioprine and prednisone
regimen. One month after going home, she was readmitted with spiking
temperatures and elevated serum creatinine levels, consistent with acute
rejection. She was treated with the standard rejection protocol consisting
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of intravenous methyl prednisolone, increased oral prednisone, and ir-
radiation of her allograft. Within 10 days, here serum creatinine level
returned to normal. Coincident with the decline ofthe serum creatinine,
the patient began spiking daily fevers to 103 F. Multiple blood culture
results were negative. Within I week, she developed acute respiratory
failure with florid bilateral pulmonary infiltrates, which necessitated
intubation and respiratory assistance. Sputum cultures remained negative
for pathogenic organisms. In the ensuing 2 days, the patient developed
septic shock with metabolic acidosis, hypotension, and respiratory, he-
patic, and renal failure. All culture results remained sterile. Three days
before death, a roentgenogram of the chest revealed a cavitary lesion.
The patient died with unremitting hypotension I week after intubation.
At postmortem examination, she was found to have pulmonary asper-
gillosis and candidiasis, with systemic dissemination of the Candida. In
addition she had disseminated CMV and herpes simplex.

Primary Pulmonary Aspergillosis (Table 2B)

In the other type ofpulmonary presentation, Aspergillus
was the sole or predominant disease (Table 2B). Only
45% of these patients had concomitant or antecedent
infections, episodes of acute allograft rejection, or both.
Patient 15 (Table 2) was typical of this group of patients.

Patient No. 15. This 32-year-old white male with chronic renal failure
secondary to membranous glomerulonephritis received a kidney from
a relative. Approximately I1 months after transplantation, he developed
a mild nonproductive cough, fever, stiff neck, and headaches. Cultures
of his cerebrospinal fluid revealed Cryptococcus neoformans. There was

roentgenographic evidence of a cavitary lesion in the right lower lobe.
The patient had multiple sputum cultures which repeatedly grew both
A.fumigatus and A. flavus. The lung cavity continued to enlarge despite
amphotericin B therapy. Approximately 2 weeks into his treatment
course, multiple subcutaneous skin nodules appeared. On biopsy and
culture these nodules revealed invasive A. fumigatus. A thoracotomy
with right lower lobe lobectomy was performed. The cavity lesion was

found to be due to invasive A. fumigatus and A. flavus. The patient
received a postoperative course of intravenous amphotericin B therapy,
bringing his total IV treatment dosage to 1000 mg. The patient did well
after surgery and, 3 years later, has had no evidence of recurrence.

The 11 patients with primary pulmonary aspergillosis
typically presented with low grade fevers, mild nonpro-

ductive coughs, and chest roentgenographic abnormalities.
These abnormalities were commonly cavitary nodules
(nine patients), or infiltrates that progressed to cavitation
(one patient). Only one patient in this group had an in-
filtrate that did not progress to cavitation.
The invasion of a previously formed cavity by Asper-

gillus is reported to be a common presentation of as-

perillosis in nonimmunosuppressed hosts.4 Although this
sequence can occur in immunosuppressed patients, only
one of our patients had a pre-existing cavity associated
with Staphyloccus aureus pneumonia. After successful
antibiotic therapy, this cavity was subsequently invaded
by Aspergillus. However, in no other patient with primary
cavitary aspergillosis could any antecedent illness be found
to account for cavitary lung lesions.

Cavitation thus appears to be a primary manifestation
of pulmonary aspergillosis, but the disease can dissemi-
nate. Two patients (cases 9 and 15) presented with the
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typical picture of primary pulmonary aspergillosis, but
also had multiple subcutaneous nodules. Biopsy and cul-
ture of these nodules showed Aspergillus in both cases.

Central Nervous System (CNS) Aspergillosis (Table 2C)

Nine patients had central nervous system aspergillosis.
Their chief complaints were diffuse CNS depression (five
patients), seizures, and evolving cerebro-vascular accidents
(three patients), or headaches (one patient). Behavioral
aberrations were noted in almost every case prior to the
onset of the chief complaint. Patient no. 19 (Table 2) is
typical.

Patient No. 19. This 42-year-old white male, with chronic renal failure
of unknown etiology, received a living related kidney allograft. After
surgery, he did well and was sent home on azathioprine and prednisone.
Approximately 5 weeks after transplantation, he returned with a 2-day
history of fever and chills, and a rising serum creatinine level. The
clinical diagnosis ofCMV disease and acute rejection were made at that
time, and later confirmed by a rise in antibody levels. The patient received
the standard antirejection therapy. By the second week of hospitalization,
the CMV syndrome was resolving, and his serum creatinine levels were
turning to normal, but with a very flat affect. Without further warning,
during the third week, he developed a left hemiparesis and lethargy. At
the same time, a roentgenogram revealed a cavitary lesion in the right
middle lobe. Transbronchial biopsy revealed invasive aspergillosis. De-
spite amphotericin B and flucytosine (5-FC) therapy, the patient's CNS
depression continued to deepen, and 2 weeks after his cerebrovascular
accident he died with multiple organ failure. An autopsy revealed dis-
seminated aspergillosis with diffuse CNS involvement.

Typical of the CNS presentation in this and other pa-
tients was the antecedent history of recent infection or
rejection. This was found in eight of nine patients (88%)
with CNS aspergillosis. All patients with CNS disease had
antecedent or concomitant pulmonary disease, but only
two (patients 10 and 19) had cavitary lesions. Eight of
the nine had invasive pulmonary aspergillosis at autopsy,
in addition to Aspergillus in the brain and other organs.

Although patients with both CNS asperillosis and those
with secondary pulmonary aspergillosis commonly had
other associated infections, these groups had distinct clin-
ical pictures. As opposed to patients with seconday pul-
monary aspergillosis, none of the patients with CNS dis-
ease were moribund when they contracted their first
symptoms ofCNS aspergillosis. Only two ofthese patients
with CNS aspergillosis were in serious condition from
other problems at the time oftheir first CNS manifestation
(patients 24 and 25).

Treatment

Premortem diagnosis was established in only 14 of our
25 patients. This was primarily because the results of
sputum and bronchoscopy cultures were initially regarded
as being caused by contaminants. Twenty-four of the 25
patients had cultural and/or histologic evidence of As-
pergillus infection before death.
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TABLE 2.

Acute Associated Presenting
Patient Rejection Infection Symptoms Diagnosis Established Antifungal Treatment Outcome

(A.) Secondary Lung Aspergillosis
1 Yes Candida

CMV*
Herpes Simplex

2 No Viral Hepatitis*

3 Yes CMV*
Gram (-)

Sepsis

4 No Staph Sepsis

5 No TB*

6 Yes No

(B.) Primary Lung Aspergillosis
7 Yes No

8 Yes CMV*

9 No No

lot No No

Fever and lung
infiltratet

Fever and lung
infiltrate

Fever and lung
infiltrate

Fever and lung
infiltrate

Fever and lung
infiltrate

Fever and lung
infiltrate

Fever and cavitary
lung nodule

Fever and cavitary
lung nodule

Fever and cavitary
lung nodule
and skin nodule

Fever and cavitary
lung nodule

Autopsy-lung histology Amphotericin
and culture

Autopsy-lung histology None
and culture

Autopsy-lung histology None
and culture

Autopsy-lung histology None
and culture

Autopsy-lung histology None
and culture

Autopsy-lung culture

Percutaneous lung,
biopsy-histology

Pleural fluid culture

None

Amphotericin 5-FC

Amphotericin 5-FC

Died

Died

Died

Died

Died

Died

Survived without
allograft

Survived with
allograft

Transbronchial biopsy- Amphotericin B 5-FC Died
histology and
culture

Transbronchial biopsy- Amphotericin B 5-FC Died
histology and
culture

Fever and cavitary
lung nodule

12 Yes Staph CMV Fever and cavitary
pneumonia lung nodule

13 No No

14 Yes No

15 No Cryptococcal
meningitist

16 No No

Fever and lung
infiltratet

Fever and lung
infiltrate

Fever: cavitary
lung nodule
and skin
nodules

Fever and cavitary
lung nodule

Open lung biopsy
culture and
histology

Percutaneous lung
biopsy culture and
histology

Transbronchial biopsy
histology and
culture

Transbronchial biopsy
histology and
culture

Open lung biopsy
histology and
culture

Open lung biopsy
histology and
culture

Amphotericin B and
surgical resection

Survived with
allograft

Amphotericin B 5-FC Survived without
allograft

Amphotericin B Died

Amphotericin B 5-FC Survived with
allograft

Amphotericin B 5-FC
and surgical
resection

Amphotericin B and
5-FC

Survived with
allograft

Survived without
allograft

17 No No

(C.) CNS Aspergillosis
18 Yes CMV

seps

19 Yes CMV

Fever and cavitary
lung nodule

bacterial Fever, CNS
sis depressed lung

infiltrate

CVA, seizure lung
infiltrate

Transbronchial biopsy, Amphotericin B 5-FC Survived with
histology and and surg resection allograft
culture

Autopsy-GI, heart,
lung pleura, culture
and histology

Autopsy-liver, brain,
lung histology

None Died

Amphotericin B Died
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TABLE 2. (Continued)

Acute Associated Presenting
Patient Rejection Infection Symptoms Diagnosis Established Antifungal Treatment Outcome

(C.) CNS Aspergillosis (Continued)
20 No CMV Fever and Autopsy-Histology and None Died

headaches lung culture: lung and
infiltrate brain

21 Yes CMV CVA lung Autopsy-brain: None Died
infiltrate histology

22 No E. coli sepsis CNS Depressed Autopsy-brain, lung, None Died
lung infiltrate heart, GI: culture

and histology

23 No CMV CNS depressed Autopsy-heart, lung, None Died
lung infiltrate brain culture and

histology

24 No Pseudomonas CNS depressed Kidney abscess Amphotericin B Died
pneumonia lung infiltratet culture§

25 Yes CMV CNS depressed Autopsy-histology and Amphotericin B Died
culture, lung and
brain

lot No No Seizure and CVA, Autopsy histology and Amphotericin B Died
cavitary lung culture: lung, liver
nodule and brain

* Antecedent.
t Progressed to cavitary lung nodule.
t No autopsy granted.
§ Case 10 is listed both as a primary pulmonary aspergillosis and as

The mainstay of therapy was IV amphotericin B used
in conjunction with 5-FC. Amphotericin B was begun
with small test doses and rapidly increased in dosage.
The peak dosage goal was 0.75 mg to 1 mg/kg/day. Many
patients needed antihistamine/antipyretic treatments
during the infusion of amphotericin B because of febrile
or hypotensive reactions.

In cases where renal salvage was attempted, ampho-
tericin B was often given on alternate days to decrease
renal toxicity. The total amount of drugs given varied
from patient to patient. For those patients able to complete
their course of treatmenL, three basic approaches were
used. Three patients received short courses of ampho-
tericin B (500-1000 mg) and had wedge resections or
lobectomies of the Aspergillus lung lesions. Three patients
were treated until their lung lesions were no longer ap-
parent radiographically. These patients (patients 10, 12,
and 16, Table 2) received total amphotericin doses of
1450 mg, 1800 mg, and 1900 mg, respectively. The re-
maining four patients who were able to complete their
drug course were treated with a predefined end point of
both a resolution of chest abnormalities seen on roent-
genogram, and a total dosage of approximately 2.5 gm.

Patient 10 stopped taking his antifungal medication
after his lung lesions appeared to have resolved (total dose
1450 mg). Six months later, he died of a cerebrovascular

a CNS aspergillosis. The patient initially presented with pulmonary
disease, was treated, and thought to have been cured. Six months later,
CNS disease was discovered.

accident. An autopsy exam revealed disseminated asper-
gillosis of the brain, lung, and liver.
The handling of immunosuppression during aspergil-

losis treatments was also tailored to the individual, but
two basic principles were used. Graft salvage was not
attempted in patients with neurologic dysfunction, so their
immunosuppressive doses were rapidly tapered. Although
graft salvage was considered in all patients with pulmonary
presentation, no one was treated for rejection during an
aspergillosis infection.

All of the patients with neurologic involvement died
secondary to aspergillosis; six were started on amphoter-
icin B therapy but died before the treatment could be
completed. Secondary pulmonary aspergillosis was also
uniformly fatal. Only one of these patients (patient 1)
received antifungal therapy.

Primary pulmonary aspergillosis involvement had a
distinctly better prognosis. Nine of the eleven patients
survived (82%); five (patients 8, 11, 14, 15, 17) retained
a functioning renal allograft (Table 2). All survivors who
rejected their grafts during their aspergillosis infection
were treated with intravenous amphotericin and 5-FC.
Each of these patients had a rejection episode that we
selected not to treat in the face of ongoing aspergillosis.
All three of the patients treated with low dose ampho-
tericin and lung resection survived with intact renal func-
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TABLE 3. Literature on Aspergillosis in Renal Transplant Recipients

No. of Patients No. Survived

Galles, et al.2' 2 0
Mills, et al.23 5 2
Back, et al.7 11 1
Burten, et al.8 3 2
Eickhoff'2 4 0

25 4

tion. Two patients had a successful outcome with renal
salvage and eradication ofAspergillus, with drug therapy
alone.

Discussion

Cases of invasive aspergillosis in our institution and
in others appear in clusters, sometimes coincident with
hospital construction and renovation,'8 although no such
epidemiologic link could be associated with our most
recent cluster ofcases. Recipients oforgan and bone mar-

row transplants and cancer chemotherapy seem uniquely
susceptible. Although asperillosis certainly seems to have
some relationship to other infections, particularly CMV
disease, the incidence of CMV did not parallel our out-
break of aspergillosis. CMV is known to increase sus-

ceptibility to other bacterial and fungal opportunists. "4
A similar relationship and mechanism has been suggested
for influenza virus and aspergillosis.'9

Although there is only circumstantial evidence to relate
aspergillosis to hospital renovation, 13,18 prophylactic
measures, such as surgical masks and spore traps, may

be useful for prophylaxis for immunosuppressed patients
when renovation is in process, even though no definitive
evidence exists. Further, data in leukemic patients suggest
that nasal cultures of susceptible patients may help in
the early diagnosis of aspergillosis,20 but other studies
disagree.
The conventional requirement for diagnosing asper-

gillosis has been based solely on tissue biopsy evidence
of fungal invasion. Sputum culture has been traditionally
regarded as of little value because colonization of the
upper respiratory tract, or laboratory contamination, are

relatively common.9'0 This approach is not valid in
transplant recipients; there are several cases where sputum
cultures suggested aspergillosis.26'"3"6 Our findings also
emphasize the diagnostic value ofsputum culture because
multiple positive sputa samples commonly (86%) cor-

related with the later finding of invasive disease. Positive
sputum cultures may be found in patients with negative
bronchoscopy results (and autopsy-proven invasive dis-
ease); therefore, we cannot advocate that all patients with
a positive sputum culture be treated.2 6'8'20 The diagnosis
should be confirmed by bronchoscopy, using sheathed

brushes, transbronchial biopsy, or open lung biopsy in
less seriously ill patients. Our overall diagnostic yield,
when considering aspirate culture and biopsy was 1009.
With the covered brush technique, a positive bronchos-
copy aspirate culture was associated in all instances with
proven invasive disease. The combination of a positive
sputum culture with cavitary lung disease was also uni-
formly diagnostic.

Even so, sterile bronchoscopic aspirates and negative
transbronchial biopsy results did not absolutely eliminate
the possibility of aspergillosis. Furthermore, comparison
ofbronchoscopy aspirate cultures with transbronchial bi-
opsy showed that false-negative results can occur with
either procedure. This further emphasizes the necessity
of obtaining both transbronchial cultures and biopsies.
The role of repeat-bronchoscopy, percutaneous lung

biopsy, or open lung biopsy in those patients with negative
initial bronchoscopy results are not well-defined. We be-
lieve that those patients with a typical clinical presentation,
particularly those with cavitary lung lesions, warrant an
aggressive diagnostic work-up. Using this policy, the dis-
ease was diagnosed in two patients whose initial bron-
choscopic results were negative.
The clinical presentation' of aspergillosis has not been

previously emphasized. Indeed, some authors have felt
that the clinical picture is so nebulous as to be totally
nonspecific.6 Our patients generally presented with one
of three clinical patterns: (1) Cavitary lung disease, (2)
diffuse pulmonary disease, most often with multiple in-
fections, and (3) CNS disease.

Recent CMV disease, recent treatment for acute re-
jection, and multiple transplantations appeared to be im-
portant predisposing factors. All of our cases of asper-
gillosis developed within 12 months of transplantation.
Of the 25 renal allograft recipients with aspergillosis pre-
viously reported in the literature,7'8'21-23 only two occurred
more than 12 months after transplantation.7'2

Patients with CNS aspergillosis often present as diag-
nostic enigmas. In the absence of primary lung infection,
with subsequent dissemination, the diagnosis ofCNS dis-
ease is difficult. Cerebrospinal fluid is almost always sterile
and the neurological findings are nonspecific. Comput-
erized tomography has been oflittle value. Poorly localized
disease in patients with nonspecific cerebrospinal fluid
findings and positive sputum cultures should probably
be treated for possible aspergillosis. Nocardiosis, cryp-
tococcosis, and CNS malignancies are the principal di-
agnostic alternatives.
The mainstay of therapy in this infection has been

amphotericin B. Treatment goals and total dosage used
have been arrived at arbitrarily,24'25 or by empiric trials
in small numbers of patients,21'24'25 Many regimens are
extrapolated from nonimmunosuppressed patients,3-5,24
and recommendations must be individualized. Some au-
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thors have advocated total dosages in the adult ranging
from 1200 mg to 3000 mg.24 Others have suggested con-
tinued treatment until clearing of chest x-ray lesions8' 22
or treatment until the sputum is sterile.8"13 Most authors
advocate adjunctive therapy with 5-FC but there is no
proof of efficacy. In addition, rapidly changing renal
function in this patient population can potentially increase
the toxicity of 5-FC.

In summary, aspergillosis in renal allograft recipients
is often a fatal disease. Seventeen of our 25 patients died
(68%) and three of the eight survivors lost their allograft
as a consequence of their infection. Similar experiences
have been reported by other investigators (Table 3). There
are no reported survivors ofdocumented CNS asperillosis
complicating renal transplantation. Because of the overall
poor results oftherapy and the lack ofa proved efficacious
drug regimen, a change in the therapeutic approach may
be in order.2'2425 One alternative may be empiric treat-
ment of patients at high risk and with compatible clinical
pictures.
We have cured six patients wth 2.0 to 2.5 gm of in-

travenous amphotericin B and a concurrent course of
therapy with oral 5-FC. Smaller doses may also be affective
but there is insufficient data to recommend this approach.
Our best results were with amphotericin B and surgical
excision of the lung lesions. Three patients were treated
in this fashion; all survived with functioning allografts.
We recommend this therapy for cavitary primary pul-
monary aspergillosis. All these patients have maintained
excellent allograft function with amphotericin B doses of
0.5-0.75 mgm/kg/day, and the use of alternate day ther-
apy initiated after eradication ofmajor pulmonary lesions.
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