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Systemic fungal infections were present in twenty-three of fifty-one autopsy patients 
(45 per cent) treated by means of renal transplantation and immunosuppressive 
agents. These infections were produced by Candida in twelve, Aspergillus in five, 
Nocardia in two, Histoplasma in one and combinations of these fungi in three. 

Pulmonary involvement was present in nineteen cases, the gastrointestinal tract 
was involved in nine, the central nervous system in eight, the kidneys in four and 
other organs in ten. Aspergillus showed a predilection for infection of the central 
nervous system whereas Candida was the fungus most commonly found in the gastro- 
intestinal tract. Central nervous system involvement was manifest primarily by 
behavioral disturbances and convulsions. An antemortem diagnosis was made in 
only one case, emphasizing the importance of performing diagnostic lumbar punc- 
tures in patients with these signs and symptoms. 

Twenty-two of the twenty-three autopsy patients with systemic fungal infections 
were male (22 : 1) as compared to a 3 : 1 male to female ratio in the entire series, sug- 
gesting a sex predisposition to such complications. In contrast, there was no single 
aspect of the immunosuppressive or antibiotic therapy which uniquely predisposed 
to systemic fungal infections although such treatment undoubtedly accounted for 
the high incidence of these infections in the renal transplant patients. 

Appropriate sputum cultures obtained in fourteen of the nineteen patients with 
pulmonary involvement revealed the infecting fungus in only six (43 per cent). Ante- 
mortem diagnosis and institution of therapy was found possible in only two patients 
in this series. Concomitant bacterial, viral or parasitic infections were present in 
twenty of the twenty-three patients (87 per cent). Some considerations of the epi- 
demiology of these infections and possible means for their prevention are presented. 

LTHOUGH various combinations of cytotoxic A drugs, corticosteroids and radiation are 
sufficiently potent to suppress the immune re- 
sponse to renal homografts in man, the re- 
sulting predisposition to infectious diseases 
continues to be the principal limitation in these 
procedures and the ultimate cause of clinical 
failure [7-71. With increasing facility in the 
recognition of infections in these patients, early 

antibiotic therapy has frequently controlled 
those that are uncomplicated and of bacterial 
etiology. Despite this, the incidence of infectious 
diseases in these patients has not decreased; 
instead fungi and parasites have become pre- 
eminent as infecting agents, and as such, pose 
even graver diagnostic and therapeutic problems 
in organ transplant recipients. 

Described herein are the systemic fungal in- 
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fections which have occurred among patients 
who have died following renal transplantation 
at this center. Consideration is given to pre- 
disposing factors, problems in diagnosis, clin- 
ical and pathologic features, and potential 
means for prevention of this particularly re- 
fractory class of infectious diseases. 

METHODS 

Cultures were performed by the Central Micro- 
biology Laboratories of the University of Colorado 
Medical Center and the Denver Veterans Administra- 
tion Hospital. Sabouraud’s agar was used for the 
culture of fungi. In some cases only the genus of a 
fungal isolate was determined, and thus, for uni- 
formity only this nomenclature will be used through- 
out this report. Infections caused by Nocardia will 
be included with the fungi because of long-standing 
custom although this organism is probably more 
closely related to the higher bacteria [8]. 

The methods of identification of cytomegalovirus 
and Pneumocystis as well as the measurement of 
cytomegalovirus complement-fixing antibody have 
been described previously [5,6]. 

Tissue for pathologic examination was fixed in 
formalin, imbedded in paraffin, sectioned, and 
routinely stained with hematoxylin and eosin. 
Periodic acid-Schiff, Grocott methenamine silver, 
Giemsa, Brown and Bren, and acid-fast stains were 
also used. 

RESULTS 

Patient Population. From the beginning of 
this program in November 1962 through De- 
cember 1965, 111 patients have received renal 
transplants at this center (Table I). Ninety- 
nine patients have received kidneys from volun- 
teer donors, either related or unrelated, (LD ser- 
ies), six from cadavers (CD series) and six from ba- 
boons (SD series). During the follow-up period of 
three to forty months,through March 1966, fifty- 
five patients have died, a mortality rate of 50 per 
cent. As autopsy data were incomplete in four 
cases, this report describes the systemic fungal 
infections which occurred among fifty-one fatal 
cases and the analysis of data is based upon 
107 renal recipients as the total study group. 

Incidence and Types. Systemic mycotic in- 
fections were identified at autopsy in twenty- 
three of the fifty-one fatal cases (45 per cent). 
Infections with a single fungal species were 
produced in twelve patients by Candida, in 
five by Aspergillus, in two by Nocardia and in 
one by Histoplasma. In three patients infections 
were produced by various combinations of these 
agents (Table II). Infection was present in the 
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TABLE 1 
RENAL TRANSPLANT SERIES DONOR SOURCE AND MORTALITY 

Recipients 

Series Donor 

% 
Mor- 

Total Dead tality 

LD Live, related 64 23 36 
unrelated 35 22 63 

CAD Cadaver 6 4 66 
SD Simian 6 6 100 

Total 111 55 50 

lungs of nineteen patients, and in additional 
sites in eleven of these nineteen (Fig. 1). 

Fungal infection of the gastrointestinal tract 
was present in nine patients, caused by Candida, 
in eight and Histoplasma in one. In four cases, 
all caused by Candida, gastrointestinal tract 
infection was present without pulmonary in- 
volvement, and in two of these the gastroin- 
testinal tract was the sole site of fungal invasion. 
Central nervous system infection, present in 
eight patients, was produced by Aspergillus 
in five, Candida in two and Nocardia in one. 
Renal infection occurred in four patients and 
was caused by Aspergillus in two, Candida in 
one, and mixed Candida and Nocardia in one. 

Course. The onset of fungal infection could 
be estimated in the seventeen patients in whom 
pulmonary infection was accompanied by an 
abnormal chest roentgenogram. In these pa- 
tients the infection developed 19 to 599 days 
following transplantation (median sixty-seven 
days), and was present for 3 to 210 days be- 
fore death (median twenty-three days). 

All but one patient had a febrile course 
with temperatures ranging from 38’ to 40’~. 

CANDIDA (12) - 

Brain, Gl.Other(l) 

NDCARDIA (2) - L”“g(Z) 

HISTOPLASMA (1) - Lung, GI, Other 

CANDIDA 6 ASPERGILLUS (1) Lung, Brain, Kidney,Other 
AJpe*yll”l 

CANDIDA 8 NOCARDIA (I) - Lung, Kidney. Brain. Other, Gt 
Naordb cx* 

ASPERGILLUS & HISTOPLASMA (lk Lung, Brain. Other 

FIG. 1. Sites of systemic fungal infections in twenty-three 
autopsied renal transplantation recipients. 
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TABLE II 

CLINICAL, PATHOLOGIC AND MICROBIOLOGIC FEATURES OF SYSTEMIC FUNGAL INFECTIONS 

IN RENAL TRANSPLANT RECIPIENTS 

Fungal 
P”C”_ 

Age monia 
Azathio- 

pri”e/ 

Fungal Infection 

Site Infecting 
Fungus Cyto- 

Onset*/ Prednisonc 
DUKXtiO” (mg.1 

Patient sex (days) day) t 

LD-4 35,M s/27 

LD-7 25,M 53/26 

LD-9 30,M 69/13B 

LD-11 35,M $ 

LD-2.1 41,M 47;‘) 

LD-32 20,M 

LD-43 25,M % 

LD-47 37,M 599/66 

LD-57 36,F 64/7 
LD-59 40,M El/30 

LD-62 38,M 69/42 
LD-64 30,M D 

LD-74 21,M 20133 

LD-76 27,M 306/8 

LD-79 16.M 46/210 

LD-80 10;M B 
LD-92 37,M 49/30 

LD-97 17.M 96/74 
LD-9X 2R.M 19/16 

SD-1 40,M 20/3 

SD-3 17,M 83/16 

SD-5 35,M P 
SD-6 35,M 42/7 

Median 30 53/20 

250/20 Candida 

150/45 
ZOO/60 

D 

Candida 
Candida 
Nocardia 

Candida 

200/60 Candida 

75/40 

Candida 

Candida 
Aspergillus 

Aspergillus 

125/80 Candida 

150/90 Candida 
150/40 Nocardia 

D Candida 

150/60 Candida 

75/30 Aspergillus 

112/100 

B 
lOO/EO 

137/50 
175/140 

200/120 
100/80 

I 
200/60 

150/60 

Aspergillus 
Histoplasma 

Candida 
Nocardia 

Aspergillus 

Candida 
Aspergillus 
Histoplasma 

Candida 
Aspergillus 

Agent Lung 

GkWlT- megalo- Other SUI- 
Kid- intestinal SpZm virus Infecting viva1 

“CY Brain Tract Othert Culture Lung Agent Days 
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Pseudomonas 113 
Staphylococcus 
Pseudomonas 79 

. . 207 

Pseudomonas 24 

Staphylococcus 
Gram-negative 76 

md 
Coliform 41 

38 

. . 
Pneumocystis 665 
Sporozoan 
Pseudomonas 71 
Klebsiella 45 
Pneumocystis 111 
Pseudomonas 64 

Staphylococcus 
Pseudomonas 53 
Herellia 

Pseudomonas 

Pneumocystis 
Serratia 

314 

256 
295 

Klebsiella 79 

Pneumocystis 170 
35 

Pseudomonas 23 

Pneumocystis 

Klebsiella 
Klebsiella 

99 

19 

49 

* Post-transplant 
t At onset mycotic pneumonia. 
$ XL = disseminated; x2 = !iver; xa = thyroid; x4 = heart. 

p No mycotic pneumonia. 
7 Chest roentgenogram within normal limits. 

The possible role of concomitant bacterial in- 
fection (Table II) must be considered in this, 
however. Pulmonary involvement was char- 
acterized by nonproductive cough; chest pain 
was unusual. 

The central nervous system infections, oc- 
curring in eight patients, were manifest in three 
patients by behavioral or mental changes. 
These included emotional instability, impaired 
memory, confusion and rage episodes. Three 
patients had seizures, one complained of head- 
ache and one had focal signs. The disease was 
recognized antemortem and treated in only 
one case (LD-79). Renal and gastrointestinal 
tract involvement was usually asymptomatic. 

Predisposing Factors. A number of factors 
were analyzed which might be expected to lead 

to infectious complications in these patients 
(Table III). Comparison of the autopsy patients 
(fifty-one) with the entire series (107 patients) 
reveals certain factors which significantly con- 
tributed to the all over mortality rate. These 
factors were increased age, the male sex, the 
use of an unrelated donor and the occurrence 
of leukopenia at some time during the post- 
transplantation course. 

In contrast, analysis of these factors for any 
which might predispose specifically to fungal 
infections (twenty-three patients) among the 
autopsy cases (fifty-one patients) revealed only 
the sex of the patient to be of significance. 
The excess of male subjects among the autopsy 
cases (5.4:1) as compared to the total series 
(3 : 1) is just at the lower level of significance by 
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TABLE III 

INFLUENCE OF MISCELLANEOUS FACTORS ON DEVELOPMENT OF SYSTEMIC FUNGAL INFECTION 

IN AUTOPSY RENAL TRANSPLANT PATIENTS 

Patient Group 

Factors 

.iiutopsied 

Systemic 

Mycosis (23) 

Total 

Autopsied 

(51) 

Total 

Patients 

(107) 

Age (median) 30 30 26 

Sex ratio (M:F ) 22:l 5.4:1 3:l 

Unrelated donor 13 (57%) 31 (61%) 45 (42%) 
Thymectomy 6 (26%) 13 (25%) 36 (34::; ) 

Days prednisone, 40 mg. or more (median) 5:39%) 49 57 

Doses actinomycin 10 or more 9 19 (37%) 34 (32yc ) 
Local more than 3 doses x-ray, 10 (44%) 18 (35%) 32 (30%) 
Days antibiotics (median) 3i339ci,) :s43%) 31 

White blood cells, less than 2,000 per cu. mm. 9 22 27 (25%) 
Gamma globulin, less than 0.40% 3/19 (16%) 9/43 (21%) 13i95 (14%) 

Glycosuria 3+ or more 3 (13%) 10 (20%) 14 (13%) 

Cytomegalovirus lung 13 (57’);) 27 (53%) 
Cytomegalovirus antibody (complement fixation test) 2/10 (20%) 6/27 (22%) 20;‘54 (37(7 ) c 
Days survival (median) 78 53 

the chi square test (p = 0.05). However, the 
preponderance of male subjects dying with 
fungal infections (22: 1) as compared to all 
autopsy patients (5.4: 1) is highly significant 
(p = < 0.008). 

There was little evidence that immunosup- 
pressive therapy was on a significantly larger 
scale in the systemic mycotic cases than in all 
autopsy cases. The days on high dose steroid 
therapy, the doses of actinomycin C admin- 
istered and the use of local radiation were slightly 
but not significantly greater in this group as com- 
pared to the total autopsy series. Further, the 
measurable effects of such therapy, such as 
leukopenia, hypogammaglobulinemia and gly- 
cosuria, were no more frequent among the 
patients with systemic mycoses than among 
the total autopsy patients. 

It is of particular interest that the group with 
systemic fungal infections did not receive an- 
tibiotic therapy for longer periods than did all 
autopsy patients or the total group. 

The incidence of cytomegalovirus identified 
in the lungs, or of complement-fixing antibody 
to this virus, was the same in the group with 
systemic mycosis as in the total group. 

Concomitant Infections. A concomitant in- 
fection, usually pneumonia or septicemia, was 
present in nineteen of the twenty-three patients 
(83 per cent) (Table II). These were due to 
Pseudomonas, Staphylococcus, enteric bacilli, 
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Serratia or Herellia in fourteen cases. In five 
cases Pneumocystis was present in the lungs. 
Cytomegalovirus was identified in the lungs of 
thirteen of the twenty-three patients (57 per 
cent). This agent was present in seven of ten 
(70 per cent) instances of pulmonary candidiasis 
as compared to two of nine (22 per cent) in- 
stances of pulmonary aspergillosis. In no case 
was cytomegalovirus found in the brain of 
patients with fungal central nervous system in- 
fection. 

Chest Roentgenograms. The chest x-ray find- 
ings in these patients included bilateral hilar 
and lobar infiltrates, nodular densities which 
progressed to thin-walled cavities with air- 
fluid levels, and pleural effusions (Fig. 2 and 
3). Because of the high incidence of coexisting 
infectious agents it is difficult to ascribe indi- 
vidual abnormalities to specific mycotic agents. 

Culture. Appropriate sputum cultures were 
performed in fourteen of the nineteen patients 
with a mycotic pulmonary infection. Multiple 
cultures were frequently obtained and, in 
addition, in three cases tracheal aspirates were 
also examined. These cultures yielded the in- 
fecting mycotic agent in only six cases (43 per 
cent). 

CASE REPORTS 

A case report illustrating infection with each 
of the four mycotic agents follows : 
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FIG. 2. LD-79. Chest roentgenogram obtained on the 158th day of Aspergillus pneumonia (204th post- 
transplant day). In the left lung are two thin-walled cysts containing small air-fluid levels. 

FIG. 3., LD-97. Chest roentgenogram obtained on the sixty-eighth day of pneumonia (164th post-transplant 
day). A dense infiltrate in the left midlung field results from Nocardia. At autopsy Pneumocystis and cytomega- 
lovirus were also found. 

Aspergillus (LD-79). A seventeen year old white 
boy with chronic glomerulonephritis underwent 
bilateral nephrectomy, splenectomy, and received a 
maternal renal transplant on March 23, 1965. He 
was treated with azathioprine, prednisone, actinomy- 
tin C and local radiation to the implanted organ. 
A severe rejection crisis occurred on the fourteenth 
postoperative day and it was necessary to increase 
his prednisone dosage to 200 mg. per day until the 
immunologic process was reversed. The dose of 
steroid was then gradually decreased to 45 to 60 
mg. per day. 

The patient did well until about the forty-fifth 
postoperative day when he had fever and pleuritic 
pain in the left side of his chest. Roentgenograms 
revealed two nodular densities in the lower lobe of the 
left lung. These lesions slowly cavitated and emptied, 
leaving thin-walled cysts. Over the next six months, 
the patient had recurrent fever with chest pain, and 
additional nodular lesions appeared in the left lung. 
These lesions also developed cavities, several of which 
contained air-fluid levels (Fig. 2). In addition, pleural 
reaction appeared. Drowsiness, irritability and head- 
ache developed and on the 231st postoperative day 
the patient fell while walking, striking the occiput 
and sustaining a 5 cm. scalp laceration. Four days 
later he fell again. An arterial venous shunt was in- 

serted on the 231st postoperative day for hemodialysis 
because of failing renal function. 

On the 245th postoperative day the patient suffered 
a generalized convulsion. On the next day a lumbar 
puncture yielded cloudy, xanthochromic ,spinal fluid 
which contained 6 white blood cells per cu. mm., 
4,480 red blood cells per cu. mm. and 36 mg. per cent 
sugar. A gram-stained smear for bacteria was nega- 
tive. An electroencephalogram was normal. 

Bilateral carotid angiograms disclosed hydroceph- 
alus. thought to be secondary to a posterior fossa 
obstructive lesion, and local abnormalities in arterial 
flow thought to be embolic. Nuchal rigidity de- 
veloped. A repeat spinal fluid examination disclosed 
1,300 white blood cells per cu. mm., 97 per cent of 
which were polymorphonuclear leukocytes, 33,000 
red blood cells per cu. mm., 170 mg. per cent protein 
and 48 mg. per cent sugar. Culture of this fluid re- 
vealed Aspergillus. A ventriculogram indicated a 
posterior fossa mass lesion. On the 248th post-trans- 
plant day a suboccipital craniotomy was performed, 
an unencapsulated abscess was found in the right 
cerebellar hemisphere and this was drained. Cultures 
of the abscess contents revealed Aspergillus. Ampho- 
tericin B therapy was instituted, both intravenously 
and locally, however the patient died four days after 
neurosurgery. 
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FIG. 4. SD-3. Photomicrograph of section of lung. 
Rranchinz hvDhae of AsDeraillus are seen within lung 
parench: 
Methen: 

FIG. 5. LD-43. Photomicrograph of section of cere- 
helhnm Hvnhne of Asnervillus ramifv freelv through the 
necrotic 
tion X 1 

FIG. 6. LD-74. Photomicrograph of section of esophagus 
A large 
At the 
epithelit 
propria. 
tion X ZOO. 

On postmortem examination Aspergillus infection 
was found in both lobes of the left lung (Fig. 4) and 
in multiple foci in the cerebrum and cerebellum 
(Fig. 5). 

Comment: This is the only patient in this 
series in whom the brain abscess was diagnosed 
during life and in whom surgical therapy was 
employed. Despite awareness of the frequent 
occurrence of such lesions, only in this instance 
were the symptoms and laboratory findings 
sufficiently impressive to warrant definitive 
neuroradiologic procedures. 

Candida (LD-27). A forty-one year old white 
man with chronic pyelonephritis underwent bilateral 
nephrectomy, splenectomy and renal transplantation 
on July 31, 1963. His wife served as donor. He was 
treated with azathioprine, prednisone and actino- 
mycin C. 
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The postoperative course was not unusual; how- 
ever the patient exhibited inappropriate behavior 
with rage-like episodes and suicidal tendencies. On 
the sixty-seventh postoperative day, fever with tem- 
peratures up to 101 OF., lethargy and a nonproductive 
cough were noted. A chest roentgenogram demon- 
strated pneumonia and pleural fluid in the lower lobe. 
An initial sputum culture yielded only large numbers 
of coliform organisms but subsequent specimens also 
revealed Candida. The administration of broad spec- 
trum antibiotics was begun. The fever persisted, the 
pneumonia spread to involve both lung fields, and 
the patient died on the seventy-sixth postoperative 
day. 

At autopsy, Candida was found in the lungs, gas- 
trointestinal tract (Fig. 6), leptomeninges, cerebrum, 
cerebellum and thyroid. Cytomegalic inclusion 
bodies were also present in the lungs. 

Comment: In this patient Candida involve- 

ment of the central nervous system arose either 
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FIG. 7. LD-80. Photomicrographs of Histoplasma. A, 
an immature neutrophil of the circulating blood con- 
tains organisms (arrows) within cytoplasmic vacuoles. A 
larger vacuole in the other cell presumably reflects the 
appearance of the lysosomal vacuole after further diges- 
tion of the microorganisms. Wright stain, original 
magnification X 1,450. B, within the lung, organisms 
are plentiful in the alveolar septums. Methenamine- 
silver stain, original magnification X 600. 

from a pulmonary or gastrointestinal focus. 
This involvement was clinically evidenced only 
by behavioral disturbances, in contrast to the 
first patient described (LD-79). 

Histoplasma (LD-80). A ten year old white boy 
with chronic glomerulonephritis underwent splenec- 
tomy, bilateral nephrectomy and renal homotrans- 
plantation on March 29, 1965. The donor was an 
unrelated volunteer. The patient was treated with 
azathioprine, prednisone and local radiation. 

On the 249th postoperative day, during a brief 
home visit in Alabama, fever and a painful erythe- 
matous rash appeared over the lower anterior chest. 
This spread centripitally, and progressed to superficial 
desquamation and subcutaneous fat atrophy. A skin 
biopsy specimen obtained on the 259th postoperative 
day revealed panniculitis, no organisms were seen on 
gram stain. Stains and cultures for fungi were not 
obtained. A muscle biopsy showed no fungal growth. 

Temperatures to 40’~. daily persisted and on the 
289th postoperative day a bone marrow aspiration 
was performed. Microscopic examination demon- 
strated Histoplasma within myelogenous cells, and 

this identification was confirmed by culture. Smears 
of peripheral blood revealed Histoplasma within 
polymorphonuclear leukocytes (Fig. 7A). A histo- 
plasma complement-fixation test was nonreactive. 
Retrospective review of the skin biopsy specimen 
taken previously and restained for fungi revealed 
yeast-like cells. Amphotericin B and sulfadiazine 
therapy was begun on the 294th postoperative day, 
however the patient died on the following day. 

At postmortem examination, disseminated histo- 
plasmosis was present (Fig. 7B). The transplanted 
kidney did not appear involved in this process. 

Comment: In this patient disseminated histo- 
plasmosis began during a home visit to Ala- 
bama where the disease is endemic. This in- 
fection was probably primary rather than reac- 
tivation histoplasmosis as no pulmonary or 
splenic calcifications were present to suggest 
previous contact with the fungus. The absence of 
renal involvement rules out the possibility that 
the infection was latent in the donor and trans- 
mitted to the recipient, as has been reported 
from another center 191. 

Nocardia (LD-97). A seventeen year old white boy 
with chronic glomerulonephritis underwent thymec- 
tomy on September 30, 1965, and bilateral nephrec- 
tomy, splenectomy and renal transplantation from a 
paternal uncle on October 12, 1965. 

He was treated with azathioprine, prednisone, 
actinomycin C and local radiation. On the ninety- 
sixth post-transplant day the patient had pain of a 
pleuritic character in the left lower posterior area 
of the chest, dyspnea and fever, with temperatures 
up to 39.2’~. A chest roentgenogram revealed a 
diffuse infiltrate in the lower lobe of the left lung and 
a nodular lesion in the left lateral mid-lung field. 
A nose and throat culture showed no bacterial patho- 
gens. Methicillin therapy was begun, the fever sub- 
sided and the pulmonary lesions regressed. On about 
the 140th post-transplant day cough recurred, and 
thirteen days later fever reappeared. A chest roent- 
genogram showed a retrocardiac infiltrate (Fig. 3), 
and a sputum culture showed a few pneumococci. 
The patient was treated with penicillin, methicillin 
and cephalothin. 

Cultures of a tracheal aspirate taken on the 163rd 
post-transplant day showed no significant micro- 
organisms. The moderate fever persisted. A repeat 
chest roentgenogram showed progression of the 
density in the left lower lung field and, in addition, 
diffuse infiltrates throughout both lungs. Cytologic 
examination of a tracheal aspirate taken a week 
later showed only a few septate branching hyphae 
suggestive of either Candida or Aspergillus. 

Despite the antibiotic therapy the pneumonia 
progressed and the patient died on the 170th post- 
transplant day. Autopsy revealed bilateral pneu- 
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monia with early abscess formation due to Nocardia 
(Fig. 8), in addition, Pneumocystis carinii and cyto- 
megalic inc.lusion cells were found in the lungs. 

Comment: In this patient with nocardial 
pneumonia the organisms were not found in 
either of the two tracheal aspirates although 
appropriate stains were performed. Failure 
to grow Nocardia from these two specimens 
could have been related to the fact that the 
culture plates were kept for only forty-eight 
hours rather than the two weeks sometimes re- 
quired for the growth of these organisms. 
However, in a patient (LD-62) with nocardial 
pneumonia, sputum specimens were appropri- 
ately cultured and yet these also failed to re- 
veal the infecting agent (Table II). 

COMMENTS 

The high incidence of fungi as the infecting 
agents complicating immunosuppressive therapy 
in this series of patients is similar to that fre- 
quently noted in patients with various types of 
hematopoietic malignancies who received simi- 
lar therapeutic regimens [ 70,17]. The fungal 
infections reported here were associated with the 
opportunists, Candida and Aspergillus, in 
twenty patients, but with the frank pathogens, 
Histoplasma and Nocardia, in only five. By 
contrast, tuberculous infections, which might 
be expected to occur in such patients, have 
proved rare. 

Although it has not been possible to identify 
specific aspects of the immunosuppressive ther- 
apy which have predisposed the renal trans- 
plant patients to mycotic infections, there is 
little doubt that the high incidence of these 
complications is related to such therapy. Fur- 
ther it is not possible to assess the relative im- 
portance of humoral versus cellular defense 
defects in the development of these infections 
as both aspects of antimicrobial defense are 
suppressed in the management of these pa- 
tients [72-741. In addition other factors such 
as the nonimmune anti-Candida serum com- 
ponent described by Louria and Broyton may 
be deranged in these patients [ 751. 

The lack of correlation between the occur- 
rence of mycotic infections and the duration 
of high dose steroid therapy, arbitrarily de- 
fined as 40 mg. of prednisone daily or more, is 
in contrast to that which obtains with Pneumo- 
cystis infections. In this series of renal transplant 
patients, those in whom Pneumocystis was found 
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FIG. 8. LD-62. Photomicrograph of section of abscess 
in lung. Fine, occasionally beaded, branching forms of 
nocardia are seen. Brown-Brenn stain, original magnifi- 
cation X 1,500. 

at autopsy had received high dose steroid 
therapy for approximately twice the duration 
as the entire group (one-hundred-thirteen days 
versus fifty-seven days) [6]. Although this dif- 
ferential did not obtain in the patients with 
fungal infections, it is of importance that these 
infections did arise at a time when high dose 

It is noteworthy that the patients with sys- 
temic mycotic infections did not receive anti- 

steroid therapy was being administered. The 

biotics for significantly longer periods than did 
other patients in this series. This was an un- 

median dose of prednisone at onset was 60 

expected finding in view of the considerable 
clinical and experimental data suggesting facili- 

mg. daily, ranging from 20 to 140 mg., and was 

tation of fungal infections by antibacterial agents 
[76]. Possibly the effect of antibiotics in this 

in the high dose range in fifteen of the seventeen 

regard is minimal as compared to the azathio- 
prine and prednisone which these patients 
received or, alternatively, perhaps brief therapy 

(88 per cent) patients in whom the onset of 

will produce alterations which lead to fungal 

fungal infection could be dated. 

overgrowth, and further prolongation of the 
therapy will not enhance the effect. 

In this series there was a striking excess of 
male patients among those who died with 
systemic fungal infections, there being only one 
female patient in the group of twenty-three. 
In contrast, the male to female ratio in the 
entire series of 107 cases is 3 : 1, and in all fifty- 
one autopsy cases it was 5.4: 1. The somewhat 
greater male to female ratio in all autopsy 
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cases as compared to the total series is entirely 
accounted for by the excess of male patients in 
the group with systemic fungal infections. If 
the autopsy cases without such infections are 
analyzed separately, the sex ratio is then ap- 
proximately 3 : 1, the same as the entire series. 
This finding would suggest an effect of the sex 
hormones on the susceptibility to fungal in- 
fections. Although a predominately male sex 
incidence has been recognized in a number of 
systemic fungal infections, such as blastomycosis, 
cavitary histoplasmosis and disseminated coc- 
cidioidomycosis, this has always been attributed 
to an increased occupational exposure to soil, 
dust and trauma. This was certainly not the 
case in the renal transplant recipients described 
herein, raising the question whether endocrine 
rather than ecologic factors might not determine 
the higher incidence among males of the systemic 
fungal infections mentioned. 

In this series the infecting mycotic agent could 
be isolated from the sputum in only six of four- 
teen (43 per cent) patients tested who had 
pulmonary involvement. The failure to isolate 
the etiologic agent in sputum cultures from 
fungal pneumonias, particularly Aspergillus, 
has been noted by others [II, 77,781. It should 
be pointed out that the use of Sabouraud’s 
medium for the isolation of fungi is based not 
upon its particular suitability for these organisms 
but rather upon an inhibitory effect upon bac- 
teria because of its acidity and meager nutrients. 
It is possible that improved and enriched media 
containing specific bacterial inhibitors might 
increase the yield of positive cultures in patients 
with systemic mycoses. In addition, the rela- 
tively poor yield of fungal isolations and the 
frequency of mixed pulmonary infections in 
patients receiving immunosuppressive therapy 
would support the use of percutaneous lung 
aspiration or biopsy as a source of material for 
both pathologic and microbiologic examination. 
Although the risks of these procedures, which 
include pneumothoraces, bronchopleural fistulas 
and contamination of the needle tract, are of 
course recognized, the consequences of the 
infections in these patients would seem to justify 
their evaluation. 

The fungal infections of the central nervous 
system which occurred in eight of the twenty- 
three patients in this series were in each case 
secondary to involvement of the lung. No specific 
location in the brain appeared particularly 
vulnerable to infection. The unique predilection 

of Aspergillus for dissemination to the brain was 
evident in these patients, occurring in five of 
seven (71 per cent) patients with this fungal 
infection as compared to only three of sixteen 
(19 per cent) with Candida, Nocardia and 
Histoplasma. In addition Aspergillus produced 
a type of hemorrhagic necrosis in the brain 
which in our experience differed from that 
caused by other fungi [79]. The increasing im- 
portance of Aspergillus brain infections as a 
complication of newer therapeutic technics is 
pointed up by the fact that until the late 1950’s, 
fewer than twenty such cases had been reported. 

Analysis of the neurologic signs and symptoms 
exhibited by the patients with central nervous 
system fungal infection proved of little value as 
a guide to antemortem recognition of the lesions. 
The findings were primarily those of behavioral 
disturbances and seizures; focal signs were 
present in only one patient. Diagnosis was 
further complicated by the fact that the neuro- 
logic disorder usually appeared late in the 
course of the systemic mycosis when the patient 
was quite ill and difficult to examine. Despite 
an awareness of the high incidence of fungal 
central nervous system infections in these pa- 
tients, an antemortem diagnosis was made in 
only one case. It is possible that examination 
of the spinal fluid at the onset of mental or be- 
havioral changes or seizures might permit an 
increased rate of diagnosis. 

The only therapeutic agent widely employed 
for systemic mycotic infections at the present 
time is amphotericin B [20]. This is a fungistatic 
rather than a fungicidal agent and thus re- 
quires host participation in elimination of the 
infecting microorganism. This host factor is 
undoubtedly minimal in renal transplant pa- 
tients receiving immunosuppressive therapy. 
In addition, the drug is nephrotoxic, a feature 
particularly undesirable in this group [27]. 
Hamycin, which is currently under clinical 
investigation in the treatment of systemic fungal 
infections is, like amphotericin, also a polyene 
and shares the limitations and toxicity of this 
group of agents [22]. The only advantage would 
be the feasibility of oral administration. Another 
drug being tested for clinical antifungal efficacy 
is the polypeptide X-5079C [23,24]. This agent 
could be potentially useful in renal transplant 
patients as its toxicity appears to be primarily 
hepatic, and not particularly severe. 

Because of the lack of potent nontoxic anti- 
mycotic agents for treatment of these infections 
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in renal transplant patients, it would seem use- 
ful to explore methods for their prevention. 
One such approach in the prophylaxis against 
the two most common fungal species, which is 
currently under investigation at this center, is 
based upon a consideration of the more likely 
sources and portals of entry of these agents. 
Aspergillus is found widely distributed in soil, 
and infection probably originates from spores, 
air-borne in dust, which enter the respiratory 
tract [25]. In contrast, Candida can frequently 
be found in fecal specimens and on the skin of 
normal persons, indicating that the origin of 
these infections is probably endogenous 126,271. 

Although the respiratory tract undoubtedly 
does act as the portal of entry for Candida in 
certain cases, in four of the fourteen patients 
described herein with this infection there was 
no pulmonary involvement, instead infection 
of the gastrointestinal tract was found. In 
addition, the relative rarity of pulmonary in- 
volvement has been noted in other types of 
patients with Candida infection complicating 
immunosuppressive therapy [ 7 1. These facts 
suggest that the gastrointestinal tract may be an 
important portal of entry for Candida, from 
which their dissemination can occur to other 
organ systems. 

In regard to compounds which might prevent 
colonization and infection with these fungi, it 
has been reported that oral potassium iodide 
promotes clearing of Aspergillus from the 
tracheobronchial tree [28,29]. Similarly, myco- 
statin has been found to suppress the growth of 
Candida in the gastrointestinal tract and even 
to promote healing of esophageal moniliasis 
[30]. These considerations have prompted an 
evaluation of the possible prophylactic value of 
combined oral potassium iodide and mycostatin 
in renal transplant patients. Although adminis- 
tration of these compounds would not be ex- 
pected to influence the course of an established 
systemic mycotic infection, it is possible that 
they may decrease the incidence of such com- 
plications by suppressing the implantation or 
local proliferation of fungi. The epidemiology of 
these fungal infections suggests that a “germ- 
free” type of care would be ineffective in their 
prevention, and in addition would certainly be 
intolerable to the patients. It is anticipated also 
that vaccination would not be a promising 
approach in immunosuppressed patients al- 
though such studies could yield important data 
regarding the basic mechanisms underlying 

VOL. 43, JULY 1967 

their heightened susceptibility to infection. 
Other approaches to prophylaxis, however, 
such as substitution of the endogenous flora 
with other microorganisms more inhibitory to 
fungi might be worth exploring. These problems 
merit further investigation as complicating 
infectious disease will undoubtedly assume 
greater importance and prevalence as long as 
immunologic and neoplastic disorders continue 
to be treated with nonspecific suppressive agents 
that do not distinguish between the host’s 
defense against microbial as contrasted with 
mammalian cells. 

REFERENCES 

1. RIFKIND, D., MARCHIORO, T. L., WADDELL, W. R. 
and STARZL, T. E. Infectious diseases associated 
with renal homotransplantation. I. Incidence, 
types, and predisposing factors. J.A.M.A., 189: 
397, 1964. 

2. RIFKIND, D., MARCHIORO, T. L., WADDELL, W. R. 
and STARZL, T. E. Infectious diseases associated 
with renal homotransplantation. II. Differential 
diagnosis and management. J.A.M.A., 189: 402, 
1964. 

3. RIFKIND, D., STARZL, T. E., MARCHIORO, T. L., 
WADDELL, W. R., ROWLANDS, D. T., JR. and 
HILL, R. B., JR. Transplantation pneumonia. 
J.A.M.A., 189: 808, 1964. 

4. HILL, R. B., JR., ROWLANDS, D. T., JR. and RIF- 
KIND, D. Infectious pulmonary disease in patients 
receiving immunosuppressive therapy for organ 
transplantation. Nezer England J. Med., 271: 1021, 
1964. 

5. RIFKIND, D. Cytomegalovirus infection after renal 
transplantation. Arch. Znt. Med., 116: 554, 
1965. 

6. RIFKIND, D., FARIS, T. D. and HILL, R. B., JR. 
Pneumocystis carinii pneumonia: studies on the 
diagnosis and treatment. Ann. Znt. Med., 65: 943, 
1966. 

7. RIFKIND, D. The activation of varicella-zoster virus 
infections by immunosuppressive therapy. J. Lab. 
& Clin. Med., 68: 463, 1966. 

8. CUMMINS, C. S. Chemical composition and antigenic 
structure of cell walls of Corynebacterium, Myco- 
bacterium, Nocardia, Actinomyces and Arthrobacter. 
J. Gen. Microbial., 28: 35, 1962. 

9. HOOD, A. B., INGLIS, F. G., LOWENSTEIN, L., Dos- 
SETOR, J. B. and MACLEAN, L. D. Histoplasmosis 
and thrombocytopenic purpura. Transmission by 
renal homotransplantation. Canad. M. A. J., 93: 
587, 1965. 

10. HUTTER, R. V. P. and COLLINS, H. S. The occurrence 
of opportunistic fungus infections in a cancer ho+ 
pital. Lab. Znoest., 11: 1035, 1962. 

11. CARBONE, P. P., SABESIN, S. M., SIDRANSKY, H. and 
FREI, E., III. Secondary aspergillosis. Ann. Znt. 
Med., 60: 556, 1964. 

12. KIRKPATRICK, C. H., WILSON, W. E. C. and TAL- 
MAGE, D. W. Immunologic studies in human 
organ transplantation. I. Observation and charac- 



38 Fungal Infections Complicating Transplantation-Riifkind et al. 

terization of suppressed cutaneous reactivity in 
uremia. J. Exper. Med., 119 : 727, 1964. 

13. WILSON, W. E. C., KIRKPATRICK, C. H. and TAL- 
MAGE, D. W. Immunologic studies in human 
organ transplantation. III. The relationship of de- 
layed cutaneous hypersensitivity to the onset of 
attempted kidney allograft rejection. J. Clin. 
Invest., 43: 1881, 1964. 

14. WILSON, W. E. C., KIRKPATRICK, C. H. and TAL- 
MAGE, D. W. Suppression of immunologic re- 
sponsiveness in uremia. Ann. Znt. Med., 62 : 1, 1965. 

15. LOURIA, D. B. and BRAYTON, R. G. A substance in 
blood lethal for Candida albicans. Nature, 201: 309, 
1964. 

16. SEELIG, M. S. Mechanisms by which antibiotics in- 
crease the incidence and severity of candidiasis 
and alter the immunological defenses. Bact. Rev., 
30: 442, 1966. 

17. STRELLING, M. K., RHANEY, K., SIMMONS, D. A. R. 
and THOMSON, J. Fatal acute pulmonary asper- 
gillosis in two children in one family. Arch. Dis. 
Childhood, 41: 34, 1966. 

18. ORIE, N. G. M., DE VRIES, G. A. and KIKSTRA, A. 
Growth of aspergillus in the human lung. Asper- 
gilloma and aspergillosis. Am. Rev. Resp. Dis., 82: 
649, 1960. 

19. SCHNECK, S. A. Neuropathological features of human 
organ transplantation. J. Neuropath. & Exper. 
Neural., 24: 415, 1965. 

20. UTZ, J. P. Current concepts in therapy. Chemo- 
therapeutic agents for the systemic mycoses. New 
England J. Med., 268: 938, 1963. 

21. UTZ, .I. P., BENNETT, J. E., BRANDRISS, M. W., 
BUTLER, W. T. and HILL, G. J. II. Amphotericin 
B toxicity. Combined Clinical Staff Conference 

at the National Institutes of Health. Ann. Znt. 
Med., 61: 334, 1964. 

22. GOKHALE, B. B., PADHYE, A. A., JOGLEKAR, M. V. 
and ANJANEWLU, R. Therapeutic efficacy of 
hamycin in the treatment of oral thrush. Indian 
J. M. Res., 50: 406, 1962. 

23. UTZ, J. P., ANDRIOLE, V. T. and EMMONS, C. W. 
Chemotherapeutic activity of X-5079C in systemic 
mycoses of man. Am. Rev. Resp. Dir., 84: 514, 
1961. 

24. WITORSCH, P., ANDRIOLE, V. T., EYMONS, C. W. and 
UTZ, J. P. The polypeptide antifungal agent (X- 
5079C). Further studies in 39 patients. Am. Rev. 
Resp. Dis., 93: 876, 1966. 

25. EMMONS, C. W. Natural occurrence of opportunistic 
fungi. Lab. Znoest., 11: 1026, 1962. 

26. &ITS, B. J., PRIOR, A. P. and ARBLASTER, P. G. 
Incidence of Candida in hospital in-patients and 
the effects of antibiotic therapy. Brit. M. J., 1: 
208, 1966. 

27. SKINNER, C. E. The yeast-like fungi: Candida and 
Brettanomyces. Bact. Rev., 11: 227, 1947. 

28. HAMIL, B. M. Bronchopulmonary mycosis. Simul- 
taneous primary occurrence in four children and 
their mother with subsequent healing by diffuse 
miliary calcification; a twelve year observation. 
Am. J. Dis. Child., 79: 233, 1950. 

29. UTZ, J. P., GERMAN, J. L., LOURIA, D. B., EMMONS, 
C. W. and BARTTER, F. C. Pulmonary asper- 
gillosis with cavitation. Iodide therapy associated 
with an unusual electrolyte disturbance. New 
England J. Med., 260: 264, 1959. 

30. BUCKLE, R. M. and NICHOL, W. D. Painful dys- 
phagia due to monilial oesophagitis. Brit. M. J., 
1: 821, 1964. 

AMERICAN JOURNAL OF MEDICINE 


