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Infectious complications in transplant recipients 
remain a constant threat. Bacterial infections can 
be relatively easily recognized and managed. Fun- 
gal infections, however, present a very difficult di- 
agnostic and therapeutic problem. Early diagnosis 
and treatment are paramount if these immunosup- 
pressed patients are to survive [1,2]. In several 
previously reported studies, a characteristic fea- 
ture of infection by Aspergillus fumigatus was that 
the diagnosis was made either at postmortem or 
during the terminal stage of the infection [3-51. 
Treatment of aspergillosis has been generally un- 
satisfactory, but sporadic successes with ampho- 
tericin B have been reported in patients treated 
early [I]. The purpose of this communication is to 
describe our experience with recognition, treat- 
ment, and epidemiologic control of aspergillosis in 
a high risk renal transplant population [6]. 

Between July 1974 and December 1974, infec- 
tion with A fumigatus was recognized in three pa- 
tients who had received renal allografts four weeks 
to nine months previously. It was later found that 
a bird screen on the hospital roof had been re- 
moved from the air ducts which led to the Trans- 
plant Unit. In two of the three patients conse- 
quently exposed to air contaminated by bird drop- 
pings and A fumigatus, prospective nonspecific. 
immunologic monitoring [6-81 was instrumental in 
alerting their physicians to the presence of the in- 
fection. Immunologic monitoring included quanti- 
tation of T cells, spontaneous blastogenesis, blast 
transformation induced by phytohemagglutinin 
(PI-IA), and the mixed lymphocyte reaction or 
MLR (response of recipient lymphocytes to irradi- 
ated donor lymphocytes). 
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Material and Methods 

Immunologic methodology, lymphocyte separation, 
and culture technics have been previously described 
[6-8], together with treatment protocols for immuno- 
suppression with azathioprine, methylprednisolone 
(MedroP), and antilymphocyte globulin. Fungal cul- 
tures were performed by Mrs. Doris Serstock in the My- 
cology Laboratory. Serum inhibitory titers were mea- 
sured weekly by two-fold serial dilution against the A 
fumigatus from the patient. Serum samples were drawn 
immediately before administration of the next dose of 
amphotericin or 24 hours after its administration. 

Case Reports 

Case I. This forty-nine year old male received a ca- 
daver kidney transplant on August 9,1974. There was a 
previous history of myocardial infarction and congestive 
heart failure. No prospective immunologic monitoring of 
the recipient was performed because of the unavailabili- 
ty of spleen of this particular cadaver donor for lympho- 
cyte studies. Because of postoperative kidney malfunc- 
tion (Figure 1) and suspected rejection, he was main- 
tained on greater than usual doses of steroids, and he 
was treated with local graft, x-irradiation (150 r) on the 
fourth, sixth, and eighth postoperative days. Serum cre- 
atinine level gradually decreased to within normal lim- 
its. Several weeks later his serum creatinine level in- 
creased abruptly from 1.4 to 3.2 mg/lOO ml, and his 
urine output decreased sharply over the next three days. 
Vascular and obstructive causes of graft failure were 
ruled out by arteriography and intravenous pyelogra- 
phy, and the patient was treated for presumed rejection 
with large amounts of steroids, that is, 1 gm/day of par- 
enteral methylprednisolone (Solu-MedroP) as well as 
oral MedroP (lOO+ mg/day) and repeated graft, x-irra- 
diation. In addition, he was given cyclophosphamide in- 
travenously. He had an episode of rectal bleeding, and a 
barium enema revealed diverticulosis of the colon. His 
urine cultures grew cytomegalovirus and enterococcus. 
The transplanted kidney was removed and hemodialysis 
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reinstituted. Pathologic examination of the transplant 
revealed evidence of acute rejection with a strong humo- 
ral component. In the postoperative period, there were 
daily high temperature spikes. Escherichia coli were cul- 
tured from the blood and gentamicin therapy was 
begun. Chest x-ray film showed an infiltrate in the right 
lower lobe and Aspergillus fumigatus was grown from 
the sputum. Bronchial brushing and washings obtained 
by bronchoscopy were found to be crowded with A fumi- 
gatus as well as klebsiella. He became rapidly comatose 
and required a volume respirator. Amphotericin B ther- 
apy (50 mg intravenously daily) was begun, but he re- 
ceived only four doses before death. During the terminal 
week there was intermittent rectal bleeding. He sus- 
tained a final hypotensive episode while on hemodialy- 
sis, followed by irreversible ventricular fibrillation. 
Postmortem examination revealed two perforated sig- 
moid diverticula with abscesses and peritonitis. There 
were areas of extensive alveolar hemorrhage, broncho- 
pneumonia, and numerous microinfarcts in the lungs. 
Aspergillus hyphae were present in the lung paren- 
chyma and bronchi, and there were several areas of hy- 
phal invasion of pulmonary arterial walls. A fumigatus 
was also present in the brain. There were numerous 
large cells with inclusion bodies compatible with cyto- 
megalovirus in brain and lungs as well. 

Comment. In this patient aspergillosis developed dur- 
ing a period of excessive immunosuppression accompa- 
nied by a lack of adequate immunologic monitoring. 
There was, in addition, klebsiella pneumonia, pulmo- 
nary and central nervous system cytomegalovirus, as 
well as intra-abdominal sepsis. Amphotericin therapy 
was started as soon as the diagnosis was made, but mul- 
tiple infections contributed to his death. 

Case II. This forty-eight year old American Indian fe- 
male received a living related kidney transplant on No- 
vember 21, 1974. Hemodialysis had been tolerated 
poorly. She also had severe arteriosclerotic cardiovascu- 
lar disease with long-standing congestive failure, mitral 
valvular insufficiency, and aneurysms of the thoracic 
aorta and iliac arteries. Because of an increasing serum 
creatinine level three weeks after transplant (Figure 2), 
she was given three consecutive 1 gm doses of Solu- 
Medrol, and her daily oral Medrol dose was increased to 
100 mg for several days. In addition, the graft was x-ir- 
radiated. These modalities are the usual treatment regi- 
men at this center for the first episode of rejection. 
However, a right middle lobe infiltrate was noted on 
chest x-ray film. This became worse with extension to 
the lower lobe over the next several days. Her condition 
deteriorated with fever, wheezing, dyspnea, and cough 
that produced white sputum. Bronchoscopy with bron- 
chial brushing and washing showed Aspergillus fumi- 
gatus. She was started on amphotericin B, and the dose 
was rapidly increased to 40 mg intravenously every 
other day. She was also treated with rifampin and 5- 
fluorcytocine, as well as isoniazid because of history of 
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Figure 1. Clinkal and laboratory studies of patknt in 
case 1. 

remote pulmonary tuberculosis. The doses of Medrol 
and azathioprine were decreased and her kidney func- 
tion continued to deteriorate. She was started on hemo- 
dialysis. The transplanted kidney was removed and 
showed intense rejection. The immunosuppression was 

stopped. During the next two weeks the lung infiltrates 
gradually cleared and amphotericin therapy was discon- 
tinued. A fumigatus was last recovered from the sputum 
two weeks later, and all subsequent cultures were nega- 
tive. 

Immunologic monitoring showed a decrease in T cells 
and an increase in spontaneous blastogenesis three 
weeks after renal transplantation. (Figure 2.) This was 
interpreted as indicative of an infectious process at a 
time when rejection, as determined in vitro by MLR 
lymphocyte entrapment, was also present, that is, a de- 
crease in specific reactivity of recipient (R) lymphocytes 
in response to x-irradiated donor (Dx) lymphocytes 
without significant change in reactivity to indifferent 
(Ix) cells. The findings of profound increase in sponta- 
neous blastogenesis and decrease in T cells have not 
been associated with rejection in prospective immune 
monitoring of more than forty patients. However, we 
have previously described a decrease in reactivity of R + 
Dx lymphocyte cultures as indicative of rejection. Infec- 
tion in the face of rejection was demonstrated by these 
immune monitoring parameters and subsequently con- 
firmed by cultures for fungi and it was elected to de- 
crease immunosuppression and sacrifice the kidney. The 
kidney showed histologic evidence of severe, far ad- 
vanced rejection. The patient responded fairly well 
without any further evidence of sepsis and continued on 
chronic hemodialysis until she was unexpectedly found 
dead four months later. Postmortem examination of 
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Figure 3. ClInIcal, laboratory, and lmmunologtc monltor- 
lng of patient In case Ill. Note the progressive increase in 
spontaneous transforqation of the patlent’s lymphocytes 
before recognition of aspergtttosts. Note a/so the de- 
crease In f cells and decrerise in PHA response previ- 
ous to the diagnosis of Infection. The transplanted kidney 
was functioning eight months later. Amphotericin thera- 
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Figure 2. Clinical, laboratory, and 
immunol0gtC monitoring of patient 
in case II. Note the increase in 
spontaneous blastogenesis, de- 
crease in the number of T cells, and 
decrease in PHA response before 
the diagnosis of pulmonary asperg- 
illosis. There is also a decrease in 
the MLR ( 3 H thymidine counts) of 
reciptent (R) responding lympho- 
cytes when combined with donor 
(Ox) x-irradiated stimulating Iym- 
phocytes, indicative of simulta- 
neous rejection with ktdney entrap- 
ment of lymphocytes, while R + Ix 
(&different x-irradiated stimulating 
cells) was not slgntficantly de- 
creased in this case. 

lung tissue and culture did not reveal any evidence of 
aspergillosis. 

Comment. This patient had early bronchopneumonia, 
caused by A fumigatus, which responded promptly to 
amphotericin. Cessation of immunosuppression in the 
face of rejection contributed to the patient’s recovery 
from infection at a time when immunologic monitoring 
indicated that both rejection and infection were occur- 
ring. 

Case III. This fifty-eight year old male received a 
kidney transplant from a living related donor on Octo- 
ber 3, 1974. Risk factors included previous myocardial 
infarction, right femoral artery occlusion treated by sa- 
phenous vein bypass, left iliac artery aneurysms 
wrapped earlier with Teflon@, and chronic asthmatic 
bronchitis. His postoperative course was quite unevent- 
ful, and he was discharged six weeks after transplanta- 
tion. His serum creatinine level was 0.8 mg/lOO ml on a 
regimen of 30 mg of Medrol and 100 mg of azathioprine 
daily. He was completely asymptomatic until a low 
grade fever developed two and a half months after 
transplantation. Chest x-ray film revealed an infilrrate 
surrounding two cavities in the left upper lobe. Review 
of previous chest x-ray films demonstrated that this un- 
suspected lesion was present three weeks previously. 
Bronchoscopy and cultures of bronchial washings 
showed the presence only of pneumococci. Intravenous 
treatment with penicillin G and oxacillin was begun. 
However, the patient became increasingly febrile (Fig- 
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ure 3), with daily temperature spikes despite the antibi- 
otics. Therefore, he underwent bronchoscopy again, at 
which time a biopsy was taken from the wall of the cavi- 
ty. From this biopsy A fumigatus was cultured and was 
also seen in the stained sections. 

Monitoring of the immune function of circulating 
lymphocytes showed a decrease of T cells, a slight de- 
crease in PHA response, as well as a marked increase in 
spontaneous blastogenesis two months after transplan- 
tation. This led us to suspect an active infectious pro- 
cess several weeks before it became clinically evident. 
(Figure 3.) There was no alteration in serum creatinine 
level or in immunosuppressive therapy during the time 
periods in which the T cell and spontaneous blastogenic 
changes occurred in immune monitoring, and although 
not indicated, MLR lymphocyte entrapment using se- 
quential tests did not occur to indicate occult rejection. 
After the second bronchoscopy the patient was prompt- 
ly started on amphotericin B, as well as 5fluorocytocine 
and rifampin. Aspirin, benadryl, and a small dose of 
Solu-Medrol were administered before each administra- 
tion of amphotericin. His fever gradually disappeared. 
Lobectomy was considered but avoided because of de- 
creased pulmonary function. The dose and the frequen- 
cy of administration of amphotericin were determined 
by titering the serum required to inhibit the growth of 
the aspergillus. Complete inhibition could be accom- 
plished only with the undiluted serum and partial inhi- 
bition in 1:2 and 1:4 dilutions. Quantitation of T cells 
and of spontaneous blastogenesis as indicators of persis- 
tent infection and immune capacity also aided our deci- 
sion when to administer the drug. Azathioprine and Me- 
drol therapy, albeit in smaller doses, was continued to 
prevent rejection, because both these parameters re- 
turned to the preinfection levels during amphotericin 
therapy. Amphotericin was continued once or twice 
weekly while he was an outpatient. Renal function was 
mildly affected by the amphotericin, with oliguria and 
an increase in serum creatinine level of 0.5 to 0.7 mg/lOO 
ml occurring on the day of administration. During the 
course of treatment, hepatomegaly, increased serum bi- 
lirubin, and an elevated alkaline phosphatase devel- 
oped. (Figure 3.) Liver biopsy showed fatty metamor- 
phosis. Azathioprine was discontinued, cyclophospham- 
ide instituted, and the Medrol dosage further decreased. 
Gradually the liver function improved. A fumigatus was 
cultured from the sputum intermittently until March 
30, 1975. The pulmonary infiltrate and cavitation disap- 
peared over the course of therapy. He received 2.5 gm of 
amphotericin over a five month period. Six months after 
cessation of therapy, he has normal renal function as an 

outpatient. 

Detection of the Source of the Aspergillosis. Since as- 
pergillosis had not been encountered previously in the 
same Transplant Intensive Care Unit, the entire ventila- 
tion and air conditioning system was examined. The 
floor plan as well as the air ducts of the unit are shown 
in Figure 4. There were three exhaust ducts and one for 
air intake. Fungal cultures of the air intake system were 
sterile except for one saprophytic fungus. Two of the ex- 
haust systems were also free of fungi, but cultures from 
the third yielded A fumigatus, A niger, and A flavus. 
Settling plates in rooms serviced by this exhaust system 
had the highest counts. Occasional colonies on settling 
plates in other rooms may have been carried there by 
random air currents. Since room contamination by air 
from exhaust ducts was not a very plausible concept, 
the entire duct system was carefully inspected. The fol- 
lowing findings furnished the explanation. The air dis- 
charge opening on the roof of the hospital had lost its 
protective screen; there were droppings from pigeons 
present; the electric fan of the contaminated duct had 
not been working properly, although the others were in 
good order, which caused air to be suctioned back 
through the contaminated duct whenever its fan 
stopped. One drop of 2-mercaptoethanol placed in the 
roof opening of the damaged exhaust duct with the fan 
off resulted immediately in the unmistakable odor 
throughout the unit, but the odor was strongest in 
rooms furnished by this duct. No further cases of asper- 
gillosis occurred after the necessary repairs had been ac- 
complished. 

Comments 

Aspergillosis occurs both as a primary and sec- 

ondary infection [9]. The former occurs without 

underlying disease or predisposing factors. The 

latter is associated with debilitating illness, antibi- 

otic therapy, or immunosuppression. Each of these 

types can arise as: (a) localized disease, such as ab- 

scess, mycetoma, or granuloma, (b) invasive pul- 

monary disease, ‘which includes acute broncho- 

pneumonia, and (c) disseminated disease with 

invasion of pulmonary blood vessels, multiple 

granulomas, and metastatic abscess. 

Because of their immunosuppressed state, 

transplant patients are likely candidates for the 

development of aspergillosis and other fungal in- 

fections [4]. Experimentally it has been shown 

that steroid administration facilitates develop- 

ment of pulmonary infection by aspergillus species 

[IO]. The relationship of steroid therapy to asperg- 

illosis is not clear [3,4]. Antibiotic therapy has also 

been incriminated [11-161, perhaps because it en- 

hances immunosuppression or because some bac- 

teria that inhibit the growth of the fungi (17) may 
be suppressed during antibiotic therapy. Rifkind 

et al [4] did not find that patients with fungal in- 

Comment. This patient had the localized cavitary 
type of pulmonary aspergillosis. At the beginning he was 
entirely asymptomatic. When the diagnosis was estab- 
lished, specific treatment for the infection was institut- 
ed. Immunosuppression was continued with the aid of 
monitoring of lymphocyte function. 
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Figure 4. Schematic floor plan of the Transplant intensive Care Unit showing the air duct work. The cross-hatched and 
stippled ducts are ducts for three exhaust systems. The clear duct is the single intake system. Aspergiiius fumigatus 
was only found in the vents and duct of one exhaust system, which is stippled and is present in rooms 406, 407, 416, 
and 417. Settling piate cuitures and the number of positive cuitures of each room are indicated as air samples (AIR). 
Sapro = Saprophyte; A FUM = A fumigatus; A FL = A fiavus; A N = A niger. Locations of three patients (Pt.) are indi- 
cated. 

fections had received more antibiotics than those 
without such infections. Other reports are conflict- 
ing [11,12,17]. 

The diagnosis is often difficult to establish. The 
symptoms and x-ray findings are usually nonspe- 
cific. Specific immunologic tests have not been 
very useful in aspergillosis. In suspected cases with 
unexplained respiratory symptoms and pulmonary 
infiltrates or cavitation on x-ray, sputum should 
be examined directly and by cultures for the fun- 
gus. The demonstration of A fumigatus in the spu- 
tum, however, does not always mean that the pa- 
tient is infected [18]. Three additional transplant 
patients at our center had A fumigatus cultured 
from sputa during the aspergillosis epidemic but 
showed no evidence of disease at any time. Neither 
did they demonstrate changes in immune monitor- 
ing. Therefore, we do not recommend treatment in 
the absence of systemic effects. English and Hen- 
derson [19] have proposed that the presence of 
mycelia on direct microscopy of fresh sputum indi- 
cates disease even in asymptomatic patients. In 

other studies, however, in a considerable amount 
of fatal pulmonary infections the fungus was never 
found in the sputum [4]. The most reliable present 
diagnostic method is tissue examination. We have 
found bronchoscopy with brushing or endobron- 
chial biopsy of the cavity wall to be effective. Oth- 
ers have used open or percutaneous lung biopsy [4] 
as well as percutaneous tracheal aspiration [20] for 
this purpose. 

Immunologic monitoring can now be considered 
to be another useful tool in leading to the detec- 
tion of early infections in transplant patients. We 
have previously described a prospective study of 
renal transplant recipients using immunologic 
monitoring [6--8] to detect episodes of both rejec- 
tion and infection. In rejection, the phenomenon 
of lymphocyte entrapment occurs, with the conse- 
quent decrease in recipient responsiveness in 
MLR against donor x-irradiated lymphocytes at 
the time of rejection. Other investigators have de- 
scribed an increase in circulating lymphocytes 
undergoing spontaneous blastogenesis during re- 
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jection. We have not observed this association but 
have only seen an increase in spontaneous blast 
formation with the onset of infection. Obviously 
the use of immunosuppression and large changes 
in dosage of these agents can profoundly effect im- 
mune monitoring. However, in the two cases de- 
scribed herein a high dose of immunosuppression 
would point to a decrease in spontaneous transfor- 
mation as well as in T cell counts. Rejection would 
point to lymphocyte entrapment in the MLR. 
Since both very high spontaneous blastogenic 
measurements as well as low T cell numbers were 
seen in the same patients, infection was considered 
a strong possibility before it was clinically evident. 
Although these changes are not specific they alert- 
ed us to the possibility of an ongoing infectious 
process. In forty other transplant recipients fol- 
lowed in the absence of infection, these changes 
did not occur while similar immunosuppressive 
dosages were used. When renal function was sta- 
ble, as in case III, immunologic monitoring was 
also helpful in the management of reduced immu- 
nosuppression so that the transplanted kidney 
could be maintained. In the future, as these tests 
become more refined and specific, their meaning 
will become more apparent. In cases II and III, 
even with the present limited level of technical so- 
phistication, they were of practical benefit. 

The treatment of aspergillosis has been unsatis- 
factory. Although surgery for the localized form 
can be performed if the location and general con- 
dition allows [Z], amphotericin has been consid- 
ered ineffective. However, in cases II and III am- 
photericin was effective, presumably due to its 
early use. It is a potent agent with many side ef- 
fects, including hypokalemia, anemia, and renal 
toxicity [22]. The latter may be dose-dependent. 
Phlebitis, chills, fever, nausea, vomiting, and 
headache also occurred and were controlled by 
premeditating with benadryl and aspirin [22], as 
well as small doses of intravenous corticosteroids 
[23]. The administration schedule, beginning with 
very small amounts and increasing as tolerated, 
was similar to that of Drutz et al [24] and Burton 
et al [I]. After several treatments a fungistatic 
serum level was maintained. Although this, in con- 
trast with Drutz et al [24] and Burton et al [I], was 
present in only undiluted sera or at a 1:2 dilution, 
it was effective enough to eventually eradicate cav- 
itary and infiltrate disease when immunosuppres- 
sion was reduced. In case I the course was compli- 
cated by cytomegalovirus infection, bacterial sep- 
ticemia, and terminal peritonitis due to bowel per- 
foration. Also, immunosuppression was uncon- 

trolled and without immunologic monitoring. The 
patient in case II died of unrelated causes after 
eradication of the infection. In the patient in case 
III aspergillosis infection was ultimately con- 
trolled. 

The air intake system of the Transplant Unit 
has been protected by filters and electrostatic pre- 
cipitation of particles. It was the exhaust system 
which paradoxically was at fault. These ducts have 
since been modified so that they are now inaccessi- 
ble to birds. The ducts have been cleaned and all 
exhaust fans are now properly maintained. Similar 
air duct contamination with aspergillus and simi- 
lar methods of control have been previously de- 
scribed by Gage et al [25] and Burton et al [I]. It 
is, therefore, a worthwhile undertaking in trans- 
plant units that these systems be checked and 
cleaned at regular intervals in order to eliminate 
this potential source of fungal infections. 

Summary 

Three cases of pulmonary aspergillosis in a 
“high risk” population of renal transplant recipi- 
ents are presented. The source of infection was 
traced to the forced air exhaust system of the 
Transplantation Unit. Early definitive diagnosis of 
the infection was very important for effective 
management. Immunologic monitoring was dem- 
onstrated to be instrumental in indicating the 
early presence of infection, and as a guideline to 
reduced immunosuppression during therapy. 
Bronchoscopy with brushings and endobronchial 
cavitary biopsy were valuable methods for ob- 
taining the infected tissue. Amphotericin B was ef- 
fective when therapy was started early. Adequate 
levels of the drug were obtained by varying the 
dose and frequency of administration according to 
serum inhibitory titers. Control of infection was 
aided by immunologic monitoring at regular inter- 
vals. 
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