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I. Fungemi a 

A. Hospital -associated cryptococcemia, or keep the pigeons away from that 
hospital ventilation system. 

S.B. was a 48 year old black male who had been followed at DVAMC with 
nephrotic syndrome secondary to adult onset diabetes mellitus. He 
had a history of myocardial infraction in 1978. In May 1981 urine 
protein excretion was 15.7 g/24 hours, creatinine was 5.7 mg/dl with 
creatinine clearance of 26 cc/min. In October 1981 he was admitted to 
John Peter Smith Hospital with a perforated duodenal ulcer for which 
surgical repair was performed. Post-operatively, his renal function 
deteriorated with rise in creatinine from 4.9 to 10.8 mg/dl so he had 
hemodialysis via a Sheldon catheter. His post-operative courses was 
also complicated by an increase in frequency of Pvc•s with occasional 
couplet and weight gain. Echo of heart showed thick mitral valve and 
mild dilatation of left and right ventricles. He was referred to 
DVAMC for hemodialysis . On admission to the VA he had a temperature 
of 98° and a blood pressure 118/80 without tilt. The patient was 
edematous and in moderate respiratory distress with distended neck 
veins. He was somnolent and slow to respond, but no focal defects 
were present on neurologic exam. His right arm was edematous and 
tender from the wrist to half way between the elbow and the shoulder, 
but no definite cord could be felt. He gave a history (not sub
stantiated by chart review) of an intravenous catheter in place for 
ten days. 

The patient was begun on dialysis via Sheldon catheter with plans to 
decrease his weight. During the first few days after admission his 
arm became more tender and erythematous. When he spiked a tempera
ture after his first dialysis, blood cultures were drawn and he was 
given Vancomycin 1 g intravenously and tobramycin after each dialy
sis. Over the next few days, the cellulitis resolved with decreasing 
tenderness, swelling and induration but there was no evidence of 
fluctuance or purulence on aspiration of the vein. Blood cultures 
grew a yeast, ultimately identified as Cryptococcus neoformans. A 
lumbar puncture showed 10 wbc•s;mm3 which were lymphocytes, protein 
of 24 mg/dl and a glucose of 79 mg/dl with a plasma glucose of 264 
mg/dl. India ink preparation was positive for encapsulated yeast 
and CSF grew cryptococcus within two days . Repeat blood cultures 
performed while waiting identification showed persistent fungemia but 
inadequate urine was available for culture. Skin from a biopsy of 
right forearm also grew cryptococcus. The patient•s serum crypto
coccal antigen was positive at 1:4,096 dilution, and spinal fluid 
CSF antigen was positive at 1:8. The patient was begun on 
Amphotericin B 25 milligrams a day and 2t grams of flucytosine 
after each dialysis. Repeat blood cultures were positive at seven 
days of therapy but all blood cultures and follow-up CSF cultures 
were negative after the eleventh day of therapy. Follow-up CSF 
studies showed fewer than 5 lymphocytes, negative India ink 'prep 
and culture, and an antigen of <1 :2. However, his serum antigen 
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remained at 4,096. Studies in Dr. Cooper's laboratory showed that 
the titer did not change during hemodialysis nor during the eight 
weeks of antifungal therapy. His dosage of flucytosine was modified 
according to serum levels obtained in Dr. Cooper's laboratory and 
were maintained at 10-20 mcg/ml throughout the course on 2 grams 
every 3 to 4 days. His peak levels were never much higher than 
trough levels, perhaps due to diminished absorption of drug. The 
cellulitis resolved with desquamation. His early treatment period 
was complicated by focal seizures with obtundation intermittently. 
Neurology consultation considered the seizures secondary to the 
meningitis with unresponsiveness related to seizures. C-T scan was 
normal with no enlarged ventricules or evidence of basilar meningi
tis. During this time his liver function worsened with a rise of 
bilirubin to 5.0 mg/dl, alkaline phosphatase to 249 units (normal 85) 
and prothrombin time to 16 seconds (normal 12 seconds). He also 
developed hypoglycemic episodes in the early AM even after insulin 
was discontinued. Pulmonary infiltrates were noted with a high wedge 
pressure consistent with volume overload. His congestive state re
sponded to dialysis and his neurologic status improve~ within two 
weeks of therapy. Plasma glucose levels were monitored by modify
ing the dosage of insulin in hyperalimentation fluid. Ultimately a 
bovine graft was placed since his renal function did not improve, 
suggesting that we would need permanent hemodialysis. 

On January 5 he had six-second runs of ventricular tachycardia fol
lowed by a lapse which spontaneously reverted to normal sinus rhythm. 
He had been on procainamide which on January 4 showed a combined 
level of 3.27 mg/dl (N 0.5-3.0). Retrospective review of the ar
rhythmia showed it to be 11 Les Torsades de pointes, 11 with a QTc of 
0.53 (N 0.35-.45). He had NSR during dialysis but on return to the 
ward he sustained a cardiac arrest with failure of resuscitation 
efforts. Post mortem examination revealed severe arteriosclerosis, 
an old myocardial infraction and complete occlusion of the left main 
artery 5 centimeters from origin and of the right coronary artery 
4 centimeters from the origin. Cultures of multiple organs and 
blood post-mortem were negative for cryptococcus, and no organisms 
were found in meninges, liver or kidney but were abundant in a 
single cervical lymph .node . 

Infection in this diabetic patient with renal failure appeared to be 
hospital-related. Although cryptococcal infections are rarely hos
pital-associated infection, the British have proposed that the 
infections in Hodgkins' lymphoma patients could be attributed to the 
acquisition of infection in hospitals either by direct exposure to 
pigeon droppings or to air taken in from soil or roofs where pigeons 
roosted (1 ,2). He had abundant organisms in the skin and the cellu
litis which accompanied his phlebitis subsided with successful therapy 
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so the skin may have been the site of entry. We have seen phlebitis 
due to Candida albicans and Aspergillus sp. previously but only one 
patient with hospital-associated cryptococcemia. Reports of hcspi 
tal-associated fungemia from other hospitals indicate that crypto
coccemia is much less frequent than candidemia (1). Nevertheless 
pigeons should be kept away from hospital ventillation intake 
systems. 

The combination of Amphotericin B and flucytosine appears to be much 
more successful both for cryptococcal meningitis and fungemia than 
Amphotericin B alone (3). In the past, fungemia was invariably 
associated with treatment failure and usually with death (4). Suc
cessful therapy of fungemia with the combination is now being 
reported (5). 
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Figure 1. Day of Last Positive Culture among Patients Who 
Were Cured or Improved and Whose Course Adhered to the 

Protocol. 
Each dot represents one patient. The A denotes amphoteri
cin B alone, and the 8 combined therapy with amphotericin 8 

and flucytosine. 

The combination sterilized CSF more rapidly (Fig. 1) cured more cases 
of meningitis, and was associated with fewer failures or relapses 
(3). Less nephrotoxicity was seen since a lower dose of Amphotericin 
B (0.3 mg/kg/d) was used than when Amphotericin B alone (0.4-0.6 mg/ 
kg/d) was given. However more hematologic toxicity was noted with 
the combination. Six patients had the flucytosine discontinued due 
to toxicity (neutropenia, thrombocytopenia, or diarrhea). Side 
effects were associated with sustained blood levels of 100 mcg/ml; 
hence, blood levels should be followed closely, especially if the 
patient has renal failure. 

Persistent elevation of the serum cryptococcal antigen titer over 
two months in this patient was more protracted than expected. Ele
vated titers did not relate to persistence of organisms; in fact, 
no viable organisms were found at post mortem (save in a single lymph 
node). Dr. Cooper•s demonstrated no decrease in titer during dialysis 
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in vivo nor in vitro. Thus, the persistent high levels may have re
presented failure of clearance of the polysaccharide secondary to 
renal failure. The failure of CSF antigen to fall to zero at end of 
therapy is not an important prognostic indicator, although treatment 
failures have higher titers at beginning and end of therapy (3). 

The fungemia responded to therapy and appeared to play no role in 
this patient's death. Rather, the cardiac arrest most likely re
lated to a ventricular arrhythmia. A rhythm strip 16 hours before 
his death showed an unusual ventricular arrhythmia consistent with 
11 les torsades de pointes 11 or atypical ventricular arrhythmia (QRS 
complexes whose polarity seems to spiral around the baseline of the 
EKG). (6) As expected, this was seen with a prolongation of the 
Q-T interval in a person on a Type 1 antiarrhythmic drug. He had 
no metabolic explanation for the prolonged Q-T interval. However, 
a procainamide level was slightly elevated two days prior to his 
arrest. Although this drug is less frequently an offender than 
quinidine, it can be an aggravating factor in an established arrhyth
mia (6) . At autopsy he had significant coronary artery disease with 
complete occlusion of the right coronary vessel (J. McCarty). How
ever reports of this arrhythmia are extremely rare with myocardial 
infa~ction. Furthermore, he had not received Amphotericin B that 
day (ventricular tachycardia can occur with rapid infusion) (7). 
Also, CT scan had shown no intracerebral disease, common with 
cryptococcosis (8). There also was no evidence of fungal infection 
in the heart. Thus, 11 les torsade des pointes 11 was likely a con
tributing factor in the fatal outcome; he might have benefited from 
overdrive pacing and discontinuation of the drug until the Q:T 
interval had normalized (6). 

The British Experience with Hospital-associated Cryptococcosis 

Case 1. One of my first patients with cryptococcosis had been many 
times in and out of his local hospital for treatment of Hodgkins• 
disease. The hospital was an old place, a former workhouse, with 
years of pigeon and starling droppings on the outside walls and 
window-ledges and on the fire-escapes. When the weather was good 
the fire-exits were left open to air the wards, and patients would 
wander out to watch the world below, disturbing the pigeons and the 
bird-soiled dirt as they leant against the encrusted ironwork of 
the escape-stairs. Also the pigeons would fly into the wards 
to- be fed. Cr. neoformans was present in the dried droppings on 
ledges in the wards as wel l as on the walls and ironwork of the 
fire-escapes. It was also present in the plumage of the birds ..... 

Cases 2, 3 and 4. More evidence associating pigeons with crypto
coccosis comes from a series of three cases among patients with 
Hodgkins' disease or the like in the wards of another big, old 
hospital in Britian. Again there are pigeons (and starlings) all 
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all over the place; again the pigeons are not altogether unwelcome 
visitors to the wards; and again the cryptococcus has been grown 
without difficulty (from 4 of 12 samples of dried droppings from 
ledges, drainpipes, window-sills, and fire-escapes). The 
survivor gives a horrifying account of how, in common with other 
patients in these wards, he used to let pigeons feed from his 
hands, his crockery and even his mouth. [W. Symmers (2)] 

B. Candidemia: Catheter-related, commonplace and curable 

W.H. - A 43 year old white male was on total parenteral nutrition 
(TPN) or hyperalimentation since 1976 following removal of the 
jejunum, ilium and colon for Gardner's syndrome (familial poly
posis). His hyperalimentation had been administered at home via a 
Hickman catheter which was changed most recently in the fall of 1980 
following recurrent bouts of Staphylococcus epidermitis bacteremia. 
He presented on three occasions during 1981 with fever, chills, and 
positive blood cultures of three different Candida sp. in succession 
Candida parapsilosis, guRliermondii and tropicalis. On the first 
two occasions he was treated with Amphotericin B daily for seven to 
ten days through the Hickman catheter with resolution of clinical 
symptoms. Follow-up negative cultures were negative until the 
next febrile episode (generally three months later). Investigation 
at his home revealed no possible source of infection in his refrig
erator. Prior to the first two episodes he had been adding the 
vitamins to the solution on the kitchen table prior to administra
tion and on one occasion the fluid was contaminated with the 
offending yeast. After the episode of Candidemia in June 1981, 
intravenous fluids were prepared completely by the pharmacy in a 
laminar-flow hood. However, he presented again with fungemia. He 
was treated on this occasion with Amphotericin B through a separate 
IV site and the Hickman catheter was removed. A separate Hickman 
catheter was placed with intention to give intermittent TPN par
ticularly at night and intensive counseling was given the patient 
and his wife. He has been stable with no further infection in the 
intervening five months. 

This is a highly unusual case of recurrent fungemia in a person re
ceiving TPN. Two of the organisms C. parapsilosis and guilliermondii 
are common skin fungi; in fact C. parapsilosis is the most common 
fungal cause of endocarditis in heroin abusers, and is frequent in 
hospital-associated infections following TPN (9,10). · We theorize 
that the patient contaminated the HAK fluid during preparation in 
his home and may have failed to clean his site of insertion pro
perly. Normally we recommend removal of central lines for TPN when 
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Candidemia occurs. We condone the use of guide wi re insertion of 
another catheter pending culture resu l ts , but if blood cul t ures are 
positive, the catheters should be removed and repeat blood cultures 
done (1). Fibrin deposits in the catheter may have made a good site 
for each new infection. Aggregation of platelets occurs due to 
interaction of Candida cell wall fractions and platelet-rich 
p 1 a sma ( 11 ) . 

Table 1 

Hospital-associated Candidemia at DVAMC 1977-81 

C. albicans 4 
C. tropicalis 3 
C. parapsilosis 2 
C. guilliermondii 1 
Cryptococcus neoformans 1 

Cause 
TPN 7 Pneumonia 1 
Associations 
Cimetidine 5 Malignancy 0 
Antibiotics 11 

Hospital-acquired fungemia occurs principally in patients on the 
surgical service but is also reported in medical patients with 
malignancy (10,12). Virtually all patients on surgery will have an 
intravenous catheter (generally a central line), will be on anti
biotics for a concurrent bacterial infection, and less frequently 
be on steroids (1). Recent interest has been raised concerning 
the relationship of cimetidine therapy to fungemia (13,14). It has 
been postulated that the lack of gastric acid may lead to overgrowth 
of bacteria and fungi in the stomach and upper intestine. These 
reports of Candidemia in persons on cimetidine failed to mention 
other risk factors: abdominal surgery, antibiotics, steroids, and 
doubtless TPN (14). Since virtually everyone in an intensive care 
unit is being treated with this 11 Wonder drug, 11 careful case control 
studies are called for to unravel this possible association . · 

All our cases of Candidemia were on antibiotics, and the majority 
were on surgery service or in the medical intensive care unit. Only 
five were on cimetidine. We have not seen Candidemia in association 
with malignancy. Torulopsis glabrata, a small yeast, also is being 
reported as a cause of fungemia, particularly after surgery of the 
GI tract (15). Although we did not have ·any patients with fungemia 
with this organism, we have seen two patients in which this organism 
was isolated respectively from the biliary tree and pancreas at 
surgery. 

Once fungemia is verified, we recommend that the line be removed if 
it has not already been removed. If the patient's clinical condi
tion is stable and the person is afebrile after removal of the line, 
then therapy can be withheld pending the report of follow-up blood 
cultures since up to 40% have transient fungemia, which resolves 
with removal of the line (1). Blood cultures submitted to the 
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laboratory in such cases should mention the poss ibility of fungemia 
so that aerobic bottles can be vented to enhance t he recovery of 
yeast and so subcultures can be done earlier. The patient should 
have a careful eye exam since endophthalmitis may occur as a com
plication of fungemia. On occasions it may be seen as the only 
manifestation of fungemia in a person with negative blood cultures. 
Dr. Ed Goodman has had two cases who presented with ocular lesions 
consistent with Candida ophthalmitis with positive precipitin · 
titers (B. Cooper) but negative blood cultures. One had the in
fection following protracted antibiotics for UTI and the other 
person was an IV drug user. Discovery of eye lesions in the 
vitreous or the retina, persistence of fungemia after removal of 
the line, fungemia in a leukopenic individual, or clinical deteri
oration while awaiting follow-up cultures are all indications for 
antifungal therapy (1 ,10,12). We have had reasonable success with 
a two week course of Amphotericin B alone given as a 0.5 mg/kg/day 
after a test dose of 5 mg. Surgical cases receiving > 200 mg 
usually are cured but case fatality rates in malignancy cases remain 
high even with therapy. If endophthalmitis is present, flucytosine 
has been used in combination with Amphoteric in B with success as in 
Dr. Goodman's cases. Miconazole should represent a reasonable 
therapy for Candida infections of the eyes although failures have 
been reported and success with Amphoteric in B + flucytosine (16). 

Table 2 

Treat Candidemia If 

1. Persistent Candidemia after removal of intravenous catheters 
2. Neutropenia with Candidemia 
3. Tissue biopsy with candida visible 
4. Candida endophthalmitis 

II. Diagnostic Dilemnas 

A. Candiduria: Who and how to treat 

G.P. - A 56 year old white male diabetic was admitted to DVAMC with 
nausea, vomiting, and polyuria. He had been performing in-and-out 
catheterizations for the last three months for neurogenic bladder. 
The patient was afebrile on admission but both urine and blood cul
tures were positive for Candida albicans. Two days after admission 
his temperature spiked to 102°F and the urine showed abundant yeast 
with pseudohyphae . Hi~ creatinine was 3.4 mg/dl on admission but 
dropped to 1.7 mg/dl after fluid administration. The patient was 
begun on I-V Amphotericin B 20 mg daily after a test dose of 5 mg . 
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Sonography showed bilateral hydronephrosis so a retrograde pyelogram 
was done which showed filling defects in the mid and lower right 
ureter compatible with a fungus ball. Consequently ureteral stents 
were inserted and the right stent was irrigated with 50 mg of 
Amphotericin B in a liter of D5W over 24 hours. Flucytosine was 
also added at a dose of 1500 g every 6 hours (150 mg/kg/d modified 
for mild renal failure). Follow-up urine cultures within a week 
were negative. In the meantime he was transferred to Parkland 
Memorial Hospital because he was ineligible for further care at the 
Dallas VA Medical Center (due to a dishonorable discharge). I have 
it on good authority that the course of IV Amphotericin B and oral 
flucytosine was continued for six weeks but ureteral irrigation was 
discontinued after two weeks. He responded with disappearance of 
the filling defects in his right ureter and was discharged with 
negative urine cultures. Unfortunately he was readmitted shortly 
thereafter to PMH and died of gram negative sepsis following a 
urinary tract infection. 

This patient presented with complications of Candiduria: fungus 
ball and candidemia. Candiduria is commonplace in hospitalized 
persons with indwelling catheters on antibiotics and in diabetics 
who have been treated previously with antibiotics, especially if 
instrumented for neurogenic bladder (17,18). It is frequently dif
ficult to determine if therapy is needed in catheterized individuals. 
In general we offer no therapy for asymptomatic individuals, even 
for diabetics with candiduria (18). I utilize the presence of 
pseudohyphae forms as a clue to tissue invasion although experimental 
evidence for this association is lacking. If pseudohyphae are pre
sent, and the patient is febrile, then further assestment needs to 
be done to determine if there is significant renal invasion. If 
the sonogram shows renal abnormalities or hydronephrosis, then an 
intravenous pyelogram is indicated or if diabetic, perhaps a retro
grade study, to document if a fungus ball is present (17). If a 
fungus ball or bezoar is demonstrated, than the combination of p.o. 
flucytosine and amphotericin irrigation through a ureteral catheter 
is administered (18). Amphotericin B can be administered continuously 
into the bladder via a three way indwelling catheter in a dose of 
50 mg in 1 ,000 ml over 24 hour period (one indication for wrapping 
the bottle and tubing in aluminum foil to prevent light access). 
Although this represents an unapproved use, the therapy is safe and 
highly effective (19). Urinary excretion of intravenously adminis
tered Amphotericin B likely continues over a 30 day period at levels 
high enough to be effective against most candida strains (20). The 
drug can be detected in the kidney at therapeutic levels for some-
time (P. Craven). ~ · Consequently . it may be reasonable to 
administer a few doses intravenously for renal candidiasis along 
with flucytosine. If the patient has no evidence of fungus ball or 
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any renal involvement, then one can choose either Amphotericin B 
irrigation over a five day period or flucytosine at 100-150 mg/kg/d 
for a 10 to 14 day period (18). Either of these methods have been 
successful in eradicating the organism from the urine. Rises in 
creatinine and other renal function abnormalities are very infrequent 
with bladder irrigation with Amphotericin B (19). Failure to eradi
cate with flucytosine may indicate that the organism is resistant and 
susceptibility testing should be performed (21). Most strains of 
Candida albicans are sensitive initially to flucytosine but resist
ance is commonplace with Candida tropicalis. Torulopsis glabrata 
is usually susceptible also to flucytosine. Ketoconazole is not as 
effective because less is excreted into the urine so few clinical 
trials are available with this drug. 

I 
Asymptomatic 

No therapy 
or 

flucytosine 

Table 3 

Approach to Candiduria 

Candiduria 

I 
+ IVP 

fl uclytos i ne 
plus 

Ureteral irrigation 
Amphotericin B 

I 
Symptomatic (fever, 
urinary symptoms) 

I 
Sonogram, if positive: 
IVP or retrograde 

Negati)e 

flucytdsine 
or 

7-10 day 

Bladder irrigation 
Amphotericin B 

5 days 

B. Histoplasmosis: Unusual presentations are expected, but diagnosis by 
C-T scan - Really now! 

J.T. - A 58 year old white male who initially presented to the Medical 
Plaza Hospital in Fort Worth with progressive weakness and a 50 pound 
weight loss over a year. Because of the possibility of carcinoma of 
the pancreas, an abdominal C-T scan was performed which showed bila
teral adrenal hyperplasia. Tissue obtained by a percutaneous biopsy 
revealed budding yeast consistent with Histoplasma capsulatum. Serum 
histoplasma titers were positive at 1:16 dilution. Although cultures 
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of multiple specimens were negative, he was treated with Amphotericin 
B. He also was placed on adrenal corticosteroids after an ACTH 
stimulation test revealed an inadequate rise in plasma cortisol 
levels. Hypercalcemia with low phosphorus was present but reverted 
to normal on Amphotericin B. Parathyroid hormone assay was normal. 
He was transferred to the Dallas VAMC approximately half way through 
a planned course of 2 grams total dose of Amphotericin B which was 
completed without complication. He had no significant rise in the 
creatinine; in fact, the pre-treatment of Cr 2.6 mg/dl fell on 
Rx. He was discharged to continue dexamethasone and florinef daily 
and to have follow-up tests in Endocrine Clinic. 

Table 4 

Presenting features of Dallas cases of Progressive Histoplasmosis 

Oral lesions 4 
Renal failure 2 
Chronic meningitis 2 
Colon polyps 2 
Adrenal insufficiency 1 
Femoral Art. Embolus 1 
DIC 1 
Panniculitis l 

Histoplasmosis of the adrenal gland in this patient came as a sur
prise as the diagnosis has in a number of patients in Dallas 
(Table 4). Progressive histoplasmosis should be considered in any 
elderly male presenting as an FUO, particularly if they have oral 
lesions (22,23). The diagnosis was unsuspected in the patients 
with renal failure, colonic polyps and major arterial embolus. 
Usually progressive disseminated histoplasmosis occurs remote from 
the initial illness so exposure history is of little value (22). 
Wheat noted in the recent outbreak in Indianapolis that 10% of the 
cases had progressive disease following the acute infection (24). 
Unusual manifestations of progressive infection in this outbreak 
i~cluded pericarditis, parotitis, uveitis, interstitial nephritis 
and epididymitis. Bone marrow culture has been the most useful 
method of proving the diagnosis in both elderly and immunosuppressed 
patients. Careful pathologic examination and culture of tissue 
from oral lesions, lymph node, liver and skin have provided the 
answer in individual cases. Serologic tests were of little diag
nostic benefit (22). Histoplasmosis or coccidioidomycosis must be 
considered in persons with chronic meninigitis (23). Fungal CF 
should be done since the organism is rarely cultured from the CSF. (24a) 
Case fatalities are commonplace in children under one who may pre-
sent with such rapidly progressive illness which resembles leukemia 
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with leukopenia and thrombocytopenia (23) . Rarely does this rapidly 
progressive illness occur in adults (cF PMH case with DIC). However 
in most adults therapy with Amphotericin B was highly successful 
with rapid clinical response. For the mildly symptomatic person or 
those with a recrudescense, ketoconazole appears to offer an alter
native choice although duration is not clearly established (25). 

Table 5 

Underlying diseases with Progressive Histoplasmosis 

Pulmonary malignancy 
Abdominal aneurysm with rupture 
Whipple's Disease 

. Pulmonary TB 
Hairy cell leukemia 
Histiocytic sarcoma 

3 
2 
1 
1 
1 
1 

If the patient continues to deteriorate on Amphotericin B or keto
conazole, this is not necessarily due to failure of the therapy but 
rather other clinical conditions may be responsible (Table 5). Three 
had solid tumors discovered during treatment and two had rupture of 
previously detected abdominal aneurysms (? influence of heparin 
given with Amphotericin B). One remarkable case recently seen by 
Drs. Smilack and Rosenblatt had fever that persisted on therapy due 
to Whipple's disease. The PMH case had pulmonary TB with overwhelming 
histoplasmosis, an unusual association. Disseminated histoplasmosis 
may develop in those with lymphoma and leukemia or in patients on 
longer than six months of corticosteroids (26,27). These patients 
also respond rapidly to Amphotericin B and few relapsed after a total 
dose of >l g (particularly lymphocytic). Each person with progres
sive histoplasmosis should be evaluated for adrenal insufficiency 
since this is a potential complication of the infection. Response 
of plasma cortisol to ACTH can be done even after the person is 
placed on Amphotericin B although urinary cortisol levels should 
not be tested since Amphotericin B reduces urinary secretion. 

III. Infections with dematiaceous fungi 

A. Subcutaneous Infections: Chromoblastomycosis 

E.B. - A 70 year old black male carpenter, presented with a seven 
year history of chronic sores over his arms and legs, generally 
following introduction of splinters. The patient had adult-onset 
diabetes mellitus and was on intermitt~nt oral steroids for severe 
deforming arthritis. He was seen in April 1980 at the Dallas V.A. 
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Medical Center with a 2.5 em. ulcerat ing nodule over t he right fore
arm and a 1.5 em. healed ulcer over left inner thigh. An incisional 
biopsy of each lesion showed chronic inflammation with pigmented 
round bodies seen. Fonsecaea pedrosoi, sensitive to flucytosine, 
was grown. Synovial fluid and tissue cultures were sterile, so his 
arthritis was attributed to non-infectious inflammatory joint dis
ease. He had no further recurrence of the lesions in follCJw-up in 
the outpatient department over the next 18 months, so no therapy 
was offered. 

Table 6 

Skin infections due to dematiaceous fungi in Dallas area 

Chromoblastomycosis 

Fonsecaea pedrosoi :subcutaneous ulcerating nodules in 
diabetic on steroids 

Phaeohyphomycosis/Cystic Chromomycosis 

Exophiala jeanselmei (4) 

Phialophora richardsiae (2) 

:subcutaneous abscess in diabetic 
:subcutaneous mass over left knee 
in persons on steroids 

:cystic mass over left ankle 
:bursitis in asthmatic on steroids 

:subcutaneous cyst in hand 35 years 
after gun blast 

:bursitis 

Other causative organisms: Alternaria, Cladosporium, Drechslera, other 
sp. of Exophiala, Phialophora 

Sporotrichosis 
Sporothrix schenckii 

Lymphangitis 
Tenosynovitis · 

Chromoblastomycosis seen in this patient (Table 6) is a distinctive 
clinical and histopathologic entity caused exclusively by dematia
ceous fungi, soil and plant organisms which have dark-walled 

· mycelium and/or conidia (28). Six different fungi classified in 
five genera including Fonsecaea pedrosoi are known to be agents of 
this disease found rarely in temperature zones. The great majority 
of cases occur world-wide in hot humid climates, e.g., Madagascar, 
where the infection is frequent and quite severe (29). Male agri
cultural workers predominate due to implantation of spores through 
insignificant wounds. Clinically, the lesion begins as a small scaly 
papule at the site of trauma which enlarges to a warty nodule which 
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forms cauliflowerlike outgrowths. It is a chronic slowly progres
sive disease which spreads with central scarri ng or ulceration. 
Dissemination rarely occurs. Histological ly the les ion shows a 
pseudoepitheliomatous hyperplasia with micro-abscesses and granu
lomas underlying the dermis. Brown yeast may be seen as thick
walled muriform cells termed 11 Sclerotic bodies . 11 

Phaeohyphomycosis and cystic chromomycosis are separate clinical 
entities caused by the dematiaceous fungi which form dark septate 
mycelium both in culture and in tissue (28). T~e six cases in the 
Dallas area (compiled by Dr. William Cooper, Baylor University 
Medical Center, including two cases seen at the DVAMC) presented 
with subcutaneous abscesses or cystic masses which contain puruluent 
fluid (Table 6). Brown organisms can be seen in unstained KOH pre
parations of fluid or on hematoxylin-eosin tissue sections as septate 
branching hyphae which measures 4 microns in width. These hyphae 
also stain with methenamine silver or with PAS. The principal 
causative organisms were Exophiala jeanselmei [haughtily stated by 
McGinnis to have been misindentified as Phialophora gougerotti by 
others (30-31)]. Our series included two cases of chronic bursitis 
caused by these two organisms. The majority of our cases were 
either in diabetics or in persons on steroids. In most cases deep 
excision of either the subcutaneous cyst or bursa resulted in a 
permanent cure. These organisms are frequently resistant to 
Amphotericin B but are sensitive to flucytosine (29). In one of 
our cases, therapy with flucytosine resulted in slow resolution of 
an inflammed bursa. The dematiaceous fungi also may be associated 
with infections of the eye and rarely have been the cause of brain 
abscess (most frequently Cladosporium trichoides [32-33]). 

Nomenclature changes by mycologists have been as bewildering as those 
by microbiologists. Frequently they appear to have little reason 
other than to confuse clinicians or to one-up their co-workers who 
have not noted all the characteristics of a particular organism 
(C.F. McGinnis). We must frequently play the role of Katherina: 

Petruchio: 
Katherina: 
Petruchio: 
Katherina: 

I say it is the moon 
I know it is the moon 
Nay then you lie: it is the blessed sun 
Then God be blest, it is the blessed sun: 
But sun it is not, when you say it is not; 
And the moon changes even as your mind. 
What you will have it named, even that it is, 
And so it shall be for Katherine . 

W. Shakespeare 
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B. Lymphadenitis: Sporotrichosis, or why is it unsafe to hunt armadillos? 

Infections due to S orothrix schenckii represent a distinctive form 
of subcutaneous mycotic infection lymphangitis) due to a dematia
ceous organism. This dimorphic fungus grows as a darkly pigmented 
organism in the mycelial phase such that in nature it discolors 
plant debris or wood with its dark pigmentation. It is a ubiquitous 
organism which prefers temperature zones with extremely high 
humidity (34). Well seasoned timber best supports the growth at a 
relative humidity of 90 to 100%; in fact, no growth is obtained at 
<90% humidity. Human infection follows exposure to timber splinters, 
rose bushes, cactus, soft meadow hay, barbary thorns, carnations , 
contaminated sphagnum moss or straw used for packing articles (35, 
36). Dr. Whiting (BUMC) has seen a number of cases recently who be
came infected following the use of sphagnum moss imported from North 
Carolina. We recently treated a case at the DVAMC who developed an 
infection after a moist splinter entered his middle finger while 
repairing a bath house. In Uruguay, infections are most frequent 
in the autumn and early winter when relative humidities are close to 
100% and the temperature range is 16 to 20°C. Up to one-half of the 
infections occur following armadillo hunts but no such exposure his
tory has been obtained in Texas (although we may not have searched 
diligently for such exposure) (37). The armadillos are hooked with 
wires and pulled out of their burrows. They claw wildly when pulled 
out, result ing in skin injury and inoculation of sporothrix which 
grows in the grass lining the burrow. Recently, an unprecedented 
mini-epidemic occurred in Denton Co. following exposure to cats with 
disseminated infection. Up to six cases, including a family member, 
veterinar_ian and co-workers who did the autopsy, became infected 
(J. Smilack). The infection is rare in zones of the world with little 
rainfall, or in countries where protracted low temperatures are found. 
Since the organism fails to grow at temperatures above 38.5°C, 
therapeuticly successful trials of diathermy or rubifacient drugs 
have been reported (34). However, standard therapy for lymphangitis 
is SSKI, beginning with 10 days 3 X daily and increasing to 25 drops 
6 X a day {best to ingest in orange juice). The drug has no in 
vitro effect on the organism, but presumably enhances the myeTOperoxi
dase system of leukocytes, thus facilitating killing of organisms. 
We have also seen extra-cutaneous infections involving the tendon 
sheathes overlying a joint, as wrist ~ Amphotericin B has been used 
with success for such extra-cutaneous infection (38). 

When drinking wine amongst the roses 

Or guzzling beer while throwing bricks 

Or hooking armadillos in Uruguay, 

Where lurks the tricky sporothrix, 

Beware, the price you pay for play, 

When you get struck by dread mycoses 

Adapted from Vaisrub (34) 
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C. Chronic sinusitis: Alternaria infection treated with alternating 
cycles of Amphotericin B 

F.E. is a 64 year old black male who presented initially to the DVAMC 
in 1971 with swelling of the left cheek below the eye. Tissue examina
tion revealed hyphae but no culture was obtained. The swelling 
responded to surgical excision but recurred in 1976 slightly lateral 
to the previous site. X-rays showed involvement of orbital bone and 
maxillary sinus. Biopsy of the subcutaneous lesion again showed 
hyphae and a fungus was isolated which was identified at the Bascom 
Palmer Eye Institute in Miami, Florida as an Alternaria sp. The 
organism was sensitive to Amphotericin Bat 1.5 mcg/ml but was re
sistant to flucytosine and ketoconazole. He was initially treated 
with 550 mg of Amphotericin B with improvement but the infection 
recurred in 1978 lateral to the previously involved site. He was 
retreated with 1.35 g of Amphotericin B over six weeks along with 
surgical debridement. However, within a year he again noted swelling 
with difficulty closing the left eye. Consequently he was treated 
in April 1979 _with 1200 mg Amphotericin B after placement of a bovine 
graft for ease of administration. On this occasion, tomograms 
showed persistent bony destruction of the medial wall of the left 
maxillary sinus, part of the lateral wall of the left, and the in
ferior wall of the left orbit with partial opacification of the left 
ethmoid sinus. Thus the three recurrences of the infection after 
extensive surgery and two courses of Amphotericin B were considered 
to be due to fungal osteomyelitis. We thus embarked on a plan to 
administer Amphotericin B in alternating cycles over the next two 
years. He received four courses varying between 400 and 555 mg of 
Amphotericin B each given over a six week period at six month inter
vals. The total dose was limited since he could tolerate no more 
than 15 mg per day. When last seen ten months after his last course 
of therapy, he was going well with only postsurgical distortion of 
the left eye lid. His serum creatinine was 1.9 mg/dl which has been 
stable over a three year period. 

Although Alternaria is a well-known plant pathogen, it is frequently 
considered a soil contaminant in medical mycology laboratories. It 
is an important cause of hypersensitivity pneumonitis (39). There 
are now sufficient reports in the literature to consider it a patho
gen in infections of the eye and sinuses. Alternaria is to be con
sidered along with mucor and aspergillus in the differential diagnosis 
of slowly progressive paranasal sinus infection with bony involve
ment (39,40). Although mucormycosis is generally rapidly progressive 
in ketotic diabetics~ slowly prog~ssive infection has been noted in 
otherwise healthy persons given antibiotics for chronic sinusitis (41). 
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Aspergillus infections of the paranasal sinuses is a common cause of 
chronic sinusitis in women in hot, dry climates (41). Characteristi
cally, it forms a sclerosing granuloma invading blood vessels leading 
to progressive infection of bones at base of skull which are poorly 
responsive to therapy. No defects in cellular immunity or leukocyte 
function have been found in these patients or in our patient. 

[Note: Alternaria, mucor and cryptococcus are all inhibited by cyclo
heximide, so cultures from subcutaneous, eye and sinuses should be 
cultured on Sabouraud•s destroxe agar without cycloheximide. (39)] 

D. Mycotic keratitis: An acrimonious affair leading to an Acremonium 
affliction. 

M.W. - A 40 year old black male was hit in the right eye with an Afro 
haircomb during a domestic altercation. Two days later he noticed 
pain and decreased vision and by the day of admission to the Dallas 
VA Medical Center he could only see light but could not distinguish 
a finger held 311 from his face. His right eye was swollen, firm and 
tender with a severe conjunctivitis and corneal ulceration. He was 
treated initially with systemic and subconjunctival antibiotics but 
the infection progressed to endophthalmitis. The ophthalmologists 
did a surgical repair of the corneal ulceration, a lensectomy and 
aspiration of the vitreous humor. The vitreous had a 11 fluff-ball 11 

appearance, suggestive of a mycotic infection (Wagnon) . Vitreous 
fluid culture grew Staphylococcus aureus and Acremon ium (Cephalo
sporium) sp. He was given one injection of Amphotericin B into the 
vitreous, pimaricin (Natamycin) topically and miconazole subconjuncti
vally daily and eye drops hourly. He was also given Amphotericin B 
systemically for ten days which resulted in a significant rise in 
creatinine. He noted visual improvement on therapy so that he was 
able to distinguish objects (vision of 20/400) . He was discharged 
on miconazole drops with only evidence of increased intraocular 
pressure. On return to clinic, his cornea was improved, his visual 
acuity was 20/200 and no cells were present on slit-lamp exam (SLE). 

Mycotic keratitis occurs in otherwise health individuals following 
external injury to the cornea (42). Causative organisms include 
more than 84 species in 38 genera; most of these are common sapro
phytes or plant pathogens and only a few cause nonocular mycotic 
infections. In the past aspergillus and Candida were reported most 
frequently, but now Fusarium solani is the single most frequently 
reported causative organism (by Miami Eye Institute) {42). Other 
Fusarii sp. dematiaceous molds, such as Alternaria sp. and Curvul
arin sp., and Acremonium or cephalosporium, may be sensitive 
organisms (43). The most reasonable explanation for increasing 
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reports of mycotic infections in the eye in the last two decades is 
due not only to early recognition but also because of t he general 
use of corticosteroids in treatment of trauma of the eye (42). A 
seasonal distribution was noted in cases occurring due to Fusarium 
solani in southern Florida with a majority occurring during the 
ra1ny winter months in fruit pickers or other agricultural workers (44). 

Now that ophthalmologists are aware of the entity of mycotic kera
titis, smears and cultures are set up in the examining room on 
solid media (Sabouraud 1 s without Cycloheximide) . Most of the com-
mon etiologic fungi appear within one or two days after inoculation 
although plates are to be held for at least a week before being 
considered negative. Characteristics that should alert physicians 
to the possibility of keratomycosis include an evacualated ulcer 
having hyphate margins, satellite lesions and occas ionally an 
hypopyon (42). There may be an immune infiltrate halo with moderate 
conjunctival reaction. The most serious aspect of keratomycosis is 
penetration into the aqueous humor, resulting in endophthalmiti s, 
so they should have repeated SLE. 

Endophthalmitis may occur following spread from a mycotic kerati
tis, following intraocular lens implanation (Paecilomyces conta
minating lens rinse) or as a result of an endogenous infection 
secondary to fungemia as with Candida albicans (1,45). The latter 
leads to a progressive granulomatous uvertis, retinitis and sometimes 
a deep vitreous abscess. Although Histoplasma capsultasum has been 
postulated to be a cause of granulomatous uveitis, this organism 
rarely if ever causes an active infection (23) . Ophthalmologists 
consider the lesion of multiple focal choroiditis to be specific 
for histoplasmosis. Since this organism has rarely, if ever, been 
responsible for infection of the ~ye, the lesion likely is an 
immune phenomenon. We have seen one person with the typical 
choroiditis who had CSF complement fixation antibody to histoplasma 
with a negative serum CF titer. He has done well with no treat
ment over a three year period of follow-up. 

Treatment of mycotic infections of the eye depends upon the causa
tive organism. Recently a new drug, pimar icin (Natamycin) has 
been introduced which is highly effective aga i nst superficial 
keratitis caused by many of the saprophytic organisms, particularly 
Fusarium sp. (46). The drug is relatively non-toxic when given 
topically but is not effective. for deep lesions. Unfortunately, 
most of the saprophytic organisms are resistant to Amphotericin B. 
Furthermore, if used, as in this case, it must be injected into the 
vitreous since it does not penetrate when administered topically. 
It is extremely toxic when injected into the eye (47) . Recently 
miconazole has been shown to penetrate the eye, especially if an 
epithelial defect is present, and to cause l i ttle toxicity (48). 
Since many causative organisms are susceptible, miconazole may 
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become the treatment of choice. Ketoconazole is known to penetrate 
the eye but susceptibility testing has not been uniformly done with 
causative organisms (the Acremonium was resistant) to know if this 
antifungal agent is efficacious (47). The treatment of choice for 
Candida chorioretinitis is a combination of Amphotericin B and flucy
tosine since these areas of the eye (choroid and retina) are suffi
ciently well vascularized for the drugs to achieve acceptable levels 
( 16). 

IV. Cutaneous mycotic infections in Immuno-compromised patients* (49) 

Candidisis (50) 

Aspergillosis 

Cryptococcosis 

Histoplasmosis 

Mucormycosis 

Table 7 

Underlying Disease Clinical Features 
in Da 11 as cases 

Leukemia 

Renal transplant 
on steroids/ 
azothiaprim 

Polymyositis on 
methotrexate and 
steroids 

Diabetic on 
hemodialysis 

erythematous 
papulonodular 

subcutaneous abscess 
or nodules, 

painful, indurated 
nodules 

Erysipelas-like 
eruption; : ~~pul~i 
Pannicuiitis: 
progress to ulcer 

board-like induration 
of face and upper 
trunk with little 
systemic manifestation 

*Adapted from presentation by D. Whiting, BUMC 

A. Mucormycosis 

Histopathologic Findings 

Pseudohyphae near 
vessel with focal 
necrosis 

Lymphocytic infiltrate 
in dermis; septate 
hyphae 

Scattered cells with 
encapsulated yeast 

Macrophages with 
histoplasma 

Vasculitis with 
invasion by broad, 
non-septate hyphae 

C.B. - A 55 year old black male with adult onset diabetes mellitus 
and chronic renal failure on home hemodialysis since 1974, was ad
mitted to the Hillcrest Baptist Hospital in Waco, Texas in November 
1981 after a submental carbuncle had failed to respond to oral anti
biotics. The initial culture of the lesion revealed Staphylococcus 
epidermitis so he was treated with I-V antistaphylococcal antibiotics 
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for a week. As a margin of facial swelling advanced and submandi
bular induration increased, aminoglycosides and chloramphenicol 
were added. These drugs failed to halt the process, and he de
veloped suppurative lymph nodes. Skull films and CAT scan were 
read as normal. Following local surgical debridement, tissue ex
aminations revealed nonseptate hyphae consistent with phycomycetes. 
He was then explored surgically with biopsies of the involved chin 
which revealed hyphae and grew a Rhizopus sp. He was begun on 
Amphotericin B in late November 1981 and had a number of debridement 
procedures of the chin under anesthesia. On therapy, a submandi
bular abscess began to form and the open skin continued to drain. 
He became obtunded and developed a peripheral seventh nerve facial 
weakness, secondary to compression of the nerve by the indurated 
parotid gland. After failing to respond to 2,075 mg Amphotericin 
B over a six week period, he was transferred to the Dallas VA 
Medical Center. On admission he had a temperature of 99.6°F, a 
swollen tender left parotid gland and submandibular nodes on the 
left side. His lower jaw showed necrotic granulation tissue with 
mucopurulent discharge from an open sore. Panorex and oblique x-rays 
of the mandible showed complete destruction from ramus to ramus with 
osteomyelitis. The sinuses were free of fluid. CAT scan showed an 
abscess posterior and lateral to the left mandibular ramus near the 
base of the brain. He had a subtotal mandibulectomy, intraoral 
parotidectomy and radical debridement to the base of the brain. 
Broad nonseptate hyphae were seen in the sections of the soft tissue 
in areas of active granulation. He has had a fairly benign postop 
course and after the drains were removed, the wound looked clean. 
He has been treated with hyperalimentation orally and continued on 
Amphotericin B intravenously. 

Pathogenesis: This patient does not fit the usual categories of 
those patients at high risk for mucormycoses: poorly controlled 
diabetics with ketoacidosis or leukopenic leukemic patient. This 
uncommon infection can rarely occur in any diabetic or renal failure 
patient and must be considered early (51). The principal host 
defense for the causative organism as well as for Candida and 
Aspergillus is the polymorphonuclear leukocyte (52,53). Although 
hyphae are too large to be pagocytosized, electron microscopic 
observations by Diamond et al indicate that neutrophils attach to 
and spread over the surfaces of the hyphae even in the absence of 
serum (52). Following this attachment, dramatic morphologic changes 
occur, suggesting damage and probably death of the hyphae. Oxida
tive microbicidal mechanisms of neutrophils appear to be of central 
importance with neutrophil cationic proteins of secondary import
ance (53}. Since pH and hypoxia lower the phagocytic capabilities 
of leukocytes, then acidosis in adult diabetics (with vascular dis
ease) could contribute to this infection (54). Further evidence of 
the importance of polymorphonuclear leukocytes is the increased 
incidence of fungal infections in chronic granulomatous disease 
(CGD) (55). In fact, presently fungal infections may represent 
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the most common infection in CGD since bacterial infections have 
been significantly diminished with the prophylactic use of 
trimethoprim/sulfamethoxazole. An additional factor contributing 
to the increase of fungal infections is the inhibition of Candidacidal 
activity of neutrophils by sulfonamides (56). 

Mycology: Three genera of the Mucoraceae family are the most import
ant pathogens that cause mucormycosis, Rhizopus, Absidia and Mucor 
(57). The pathogenic organisms are capable of growth in the absence 
of oxygen. These organisms have broad, nonseptate hyphae which 
branch at right angles and can be demonstrated by direct micro
scoptic examination done by mixing clinical specimens with 10 to 
20% KOH or in tissue sections with special fungal stains. These 
organisms do not elicit a granulomatous pattern of inflammati on but 
rather an acute and chronic i nflammatory reaction with necrosis of 
blood vessels. The fungi can be identified directly by smear or 
grow within two to four days on usual mycologic media (without 
cycloheximide) . 

Clinical Features: Cutaneous infection has been seen in burn pa
tients~ in persons with protracted post-operative recuperation, and 
in immunosuppressed (57). Recently, use of Elastoplast bandages 
over wounds resulted in inflammatory necrotic local wound infec
tion (58). Elastoplast was not sterile and the occlusive dressing 
provided a good environment for infection. The rhinocerebral form 
of infection usually begins in the nasal mucus membrane and spreads 
rapidly to the paranaral sinus or palate. The infection can then 
extend through the ethmoid to the retroorbital region and then 
through the apex of the orbit to the brain. Persons usually first 
note facial pain or a generalized headache. Early visual loss is a 
clear indication of mucormycosis in association with sinus or 
palatal involvement. Loss of ocular movement, proptosis, and ptosis 
may ensue. A black nasal discharge over the nasal or palate may be 
an important clue. Radiographic abnormalities include thickening 
of the sinuses, without fluid levels or spotty destruction of the 
bond of the sinuses. If suspected, biopsy with microscopic exam 
of tissue imprints or sections will show typical organism invading 
blood vessels . Disseminated infection is very uncommon but has been 
seen in patients following extensive surgery especially if receiving 
high dose corticosteroids (Drennan) . 

Therapy: Survival rates exceeding 50% have been reported with pa
tients treated with Amphotericin B with early and repeated surgery. 
The organisms are routinely susceptible to Amphotericin B but are 
resistant to flucytosine and imidazoles (59) . Although our patient 
received aggressive anti-fungal therapy and surgery prior to trans
fer to the DVAMC, it was not appreciated that the infection had 
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spread to the mandible (an unprecedented feature). Malnutri tion, 
known to be associated with mucormycosis, may have facilitated this 
spread. This infection has been treated successfully with the 
combination of surgery and variable quantities of Amphotericin B 
(Dr. Tompsett recently had a cure with 140 mg). We plan a two month 
course post-operatively since he had infection near the base of the 
skull. 

V. Antifungal chemotherapy 

A. An oral Imidazole: Ketoconazole, a reasonable alternative 

The imidazoles are broad spectrum antifungal agents active against 
dermatophytes, dimorphic fungi, and many yeasts as well as having 
minimal antibacterial activity (25). The mode of action of the 
imidazoles is to impair the synthesis of ergosterol, a vital compon
ent of fungal cell membranes (60). Ketoconazole offers a reasonable 
alternative for certain mycoses since it is absorbed well when given 
orally, it has virtually no significant toxicity and has minimal side 
effects, and has been administered to outpatients over a long period 
of t ime. The drug is active against virtually all isolates of some 
causative agents of systemic mycoses including Coccidioides immitis, 
Blastomyces dermatitidis, and Histoplasma capsulatum (61). It also · 
appears to be effective for most strains of Cr tococcus neoformans, 
Candida sp ., Aspergillus sp. and Sporothrix schenkii 6 Suscep-
tibility testing is preferred before therapy for these organisms. 
The drug is not active against phycomycetes (59). It has been 
clinically effective at a dosage of 200-400 mg daily for super-
ficial dermatophyte infections that fail to respond to other anti
fungal agents, for chronic mucocutaneous Candidasis and for a number 
of systemic mycoses including paracoccidioidomycosis,, blastomycoses 
and mildly symptomatic infections with histoplasmosis and coccidioido
mycosis (Table 8). Ketoconazole would be an ideal drug for treatment 
of coccidioidomycosis, particularly if it would forestall the long 
hospitalizations required when Amphotericin B is given for long 
periods. Since the usual dose of 400 mg a day leads to inadequate 
CSF levels and poor clinical response, studies are underway to 
evaluate higher doses in meningitis (63). The drug is not 
synergistic with other antifungal agents; in fact, it was only 
additive at best when used in experimental infections with 
Amphotericin B. Since the drug does not achieve adequate urinary 
levels it is not acceptable as therapy for renal candidasis. We 
have used it successfully for locally invasive candidasis such as 
candidal esophagitis. 
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Table 8 

Tentative conclusions on the efficacy of ketoconazole in the 
treatment of superficial and deep mycoses. (25) 

Diagnosis (no. of patients) 

Superficial mycoses 
Vaginal candidosis (339) 
Oral thrush (45) 
Pityriasis versicolor (99) 
Dermatomycoses due to 

yeasts (51) 
Dermatomycoses due to 

dermatophytes (178) 

Treatment schedule 

Daily dose 
(mg) 

400 
200 
200 

200 

200 

Suggested duration 
of treatment 

3-5 days 
1-2 weeks 
3 (1-6) weeks 

3 (1-6) weeks 

4 (2-8) weeks 
Mycosis of hair and scalp (20) 200 6 (4-8) weeks 
Onychomycosis (21) 200 6 (1-12) months 
Chronic mucocutaneous 

candidosis (30) 200 5 (1-12) months 
Deep mycoses 

Paracoccidioidomycosis (50) 200 2 (1-6) months 
Histoplasmosis (20) 200 2 (1-6) months 
Systemic candidosis (7) 200 1-2 months 
Coccidioidomycosis (54) 200-400 >6 months 
Chromomycosis (12) 200 ? 
Aspergillosis (6) 200 1-2 months? 
Aspergi 11 oma (7) 200 ? 
Mycetoma (11) 200 > 1 year? 

Efficacy* 

+ + + 
+ + + 
+ + + 

+ + + 

+ + + 
+ + (+) 
+ + (+) 

+ + (+) 

+ + + 
+ + + 
+ + + 
+ + 
+ + 
+ (+) 
(+) 
(+) 

*+ + + = treatment highly effective; + + = treatment moderately effective; 
(+) = effect of treatment doubtful 

D.S. - A 63 year old white male with oat cell carcinoma of the lung 
with bone marrow metastisis, developed nausea, vomiting and diarrhea 
on chemotherapy. He was admitted when he had so much pain swallowing 
and fever that he became volume depleted. Barium swallow showed a 
plaque in the mid esophagus with narrowing consistent with Candida 
esophagitis. After two days of ketoconazole 200 milligrams b.i.d., 
he had subjective relief of pain and decreased bleeding around the 
pharyngeal plaques. Within a week he was able to eat satisfactorily 
but diarrhea continued without a cause being established (no clostri
dial toxin done). Repeat barium swallow ten days after therapy showed 
no abnormality. 
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We have also used the drug successfully in two cases of pulmonary 
sporotrichosis who have relapsed following Amphotericin B adminis
tration. Their chest x-rays have improved and their sputum cul
tures are negative on therapy. Duration of therapy is not well 
established for systemic mycoses (25). In South America, physi
cians have found that they must treat cases of paracoccidioidomycosis 
indefinitely (G. Del Negro). Since the drug is converted in the 
stomach into the hydrochloride salt, concomitant therapy with 
agents that reduce gastric acid such as antacids, antichlorinergic 
drug or cimetidine may i nterfere with the absorption of the drug 
and result in treatment failures (25). If the patient is known to 
be achlorhydric, the tablets should be dissolved in HCl. Since its 
long term effects rema ins to be determined, careful observation of 
patients must be done to follow closely side-effects and/or drug 
toxicity. Thus far fewer than 2% have either symptoms such as nausea 
or rash or mild laboratory abnormalities such as liver functi on ab
normalities or thrombocytopenia. The mos t prominent side-effects 
requiring discontinuation of drug have been gynecomastia (3 cases) 
and rash (64). 

B. Miconazole: Does it add anything? 

Miconazole is a parenterally administered imidazole with broad 
spectrum antifungal activity; however its role presently appears 
to be limited. The drug fails to cure coccidioidmycosis and, in 
fact, appears to be less reliable for men ingitis than Amphotericin 
B due to inadequate penetration into the CSF unless given intra
ventricularly (65,66). Although miconazole i.s effective therapy 
for paracoccidioidomycosis, ketconazole offers better ease of 
administration. Most experts consider it as a second line agent 
for coccidioidomycosis, candidasis and cryptococcosis and reserve 
it for patients who cannot tolerate Amphotericin B (67 ,68). The 
duration of therapy is from 3 to 12 weeks with an initial dose of 
200 milligrams given with the physician in attendance. Phlebitis, 
pruritis , and nausea are fairly frequent side-effects with fever, 
chills, rash, and skin eruptions less frequently seen (68). The 
most feared complication is cardiorespiratory complications which can 
occur if the drug is administered too rapidly (less than 30 minutes), 
probably secondary to microembolization of the pulmonary vascular 
bed (69). Laboratory abnormalities are frequent including hypona
tremia, aggregation of erythrocytes and rarely thrombocytopenia. 
Hypertriglyceridemia is frequent secondary to the vehicl e (PEG 40 
castor oil). Significant drug interactions include enhancement of 
anticoagulation effect of the courmarin drugs. Micona zole is not 
to be used with Amphotericin B since its mode of action (impaired 
synthesis of ergosterol) would lead to reduction in binding and 
effectiveness of Amphotericin B (70). 

C. Flucytosine: Combination chemotherapy at its best 

Flucytosine is a synthetic antifungal agent principally effective 
against yeast including Candida, Torulopsis, and Cryptococcus (71). 
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Most of the strains of C. albicans and parapsilosis are susceptible 
to the drug but one-third of C. tropicalis are resistant (68). 
Resistance also develops rapidly in some patients treated with the 
drug alone. Hence we have used it alone in mildly symptomatic can
didiasis such as those with renal infections. Its major advantage 
is that in combination with Amphotericin B~ synergism occurs~ 
enabling reduction in the dose of Amphotericin Band enhancing cure 
rates. Synergism occurs because Amphotericin B binds to ergosterol 
in the fungal cell membranes~ enabling flucytosine to penetrate~ 
thus enhancing killing (68). Combination therapy has been of par
ticular value in Cryptococcal meningitis and in some cases of 
candidiasis (renal and meningeal infections (3~68). The main 
limitation to the combination is the enhanced hematologic toxicity 
of flucytosine which occurs in up to 10% of patients. The combina
tion has also been used successfully in severe cases of chromo
mycoses since resistance to flucytosine has developed in up to one
third patients receiving the drug alone. The dose of flucytosine 
must be reduced in renal failure since the drug is excreted in 
urine and is removed by dialysis (72). Plasma levels must be 
followed in order to keep levels from exceeding 100 ug/ml~ a level 
associated with enhanced toxicity (3). 

D. Amphotericin B- Why did this sow•s ear turn into a purse? 

This polyene macrolide agent~ a fungicidal drug~ has had a certain 
notoriety among clinicians because of its significant toxicity 
(renamed 11 ampho-terrible) although it was also respected for the 
impressive cure rates in a variety of fatal fungal infections. 
Recently the drug has been studied extensively by immunologists~ 
membrane physiologists and oncologists. Extensi ve experimental 
studies have highlighted its immunoadjuvant properties (68). The 
effect of Amphotericin B on immunologic function however varies 
with the animal species~ duration of therapy or in vivo design of 
the study. The drug potentiates macrophage phagocytic~ anti
bacterial activity~ and tumoricidal capacity in mice (73,74). 
Amphotericin B is a potent immunopotentiator of T-helper cells in 
mice, but in guinea pigs, the drug decreases cellular immune 
response as shown by a reduction in skin test reactivity and MIF · 
production (75-77). The drug also enhances antibody response to a 
number of antigens, suggesting that it stimulates antibody-producing 
cells orB-lymphocytes (78). Similar activity remains to be 
demonstrated in humans. Since suppression of cellular immunity is 
documented to occur with fungal infections, perhaps therapy with 
Amphotericin B restores the immune system in patients with fungal 
infections to a more normal responsiveness (79). The tumoricidal 
activity has been confirmed in tissue culture systems and in 
experimental animals, especially in situations in which resistance 
has been acquired to certain drugs (80,81). Amphotericin B reverses 
this resistance, thus improving response rates (82). In contrast, 
Amphotericin B inhibits activity of polymorphonuclear leukocytes 
specifically, chemotaxis and chemiluminescence (83). 
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Figure 1. Chemical structure 

of amphotericin B. 

3.0 

.:: .... 
"' .. 

2.0 o . 
E 
.3 
:::;: 

2 
· >< 

1.0 " ;:;: 

~ 

0 
7.4 

Fig. 2 Diagrams of half of an amphotericin-B-created 
pore. Each amphotericin B molecule is schematized as a 
plane with a protuberance and a solid dot. The shaded 
portion of each plane represents the hydroxyl face of the 
amphipathic chain, the protuberance represents the amino 
sugar, and the solid dot represents the single hydroxyl 
group at the nonpolar end of the molecule. The aqueous 
phase is at the bottom of the figure and the middle of the 
membrane is at the top. We see that the interior of the pore 
is polar, whereas the exterior is completely nonpolar; there 
is also a wedge in the exterior of the pore, between each 
pair of amphotericin B molecules, that can accommodate a 
sterol molecule. Note the ring of hydroxyl groups in the 
middle of the membrane that can hydrogen bond with an 
identical structure from the other side to form a complete 
pore. From Finkelstein and Ho!z.<2u 
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Fig. 5 Increased backdiffusion of H+, -J~"", in turtle 
urinary bladders after addition of amphotericin B to the 
mucosal solution. See Fig. 2 for comparison with control 
bladders. Control backdiffusion is indicated by -J~ ... 
(shaded area). Point C indicates the minimal pH achieved 
in control bladders. At point A, -J~, equals J:c, in 
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pH that can be achieved after exposure to amphotericin B. 
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The antifungal activity and toxicity of the drug results from the 
binding of the polyene to cell membrane sterols, resu lting in 
leaks in the membranes (84). The drug increases the permeability 
of ions in bilayer membranes, with leaks also of nonelectrolytes 
and water but molecules larger than glucose are essentially imper
meant (85). The drug forms a cylinder after binding to sterols in 
the cell membrane , resulting in a channel in the lipid bilayer 
(Fig. 2). Since only the outside layer of the cell membrane (luminal 
side in the kidney or the fungal cell membrane) is exposed to 
Amphotericin B, the channel traverses only one-half of the lipid 
membrane (84,86) . This favors the transfer of cations along the 
inner lining of hydroxyl groups. Upon binding to fungi, inhibi
tion of growth and reversible cell membrane permeability to Na and 
K+ occurs (87). Intrac~llular Na+ increases and K+ decreases (Fig. 3) 
followed by loss of Mg2 • These same changes in cell membrane per
meability occurred when Amphotericin B was added to human erythro
cytes (88) [Fig. 4]. This rise in cell Na+ and fall in K+ resembles 
the changes seen in the 11 sick cell syndrome 11 of Welt (89). Anemia 
is a frequent accompaniment of Amphotericin B therapy, likely due to· 
these cellular changes in erythrocyte. 

The binding of Amphotericin B to membranes in the distal renal tubule 
leads to permeability defects and leakage of cations. The turtle 
urinary bladder , a model for the distal tubule, shows increased back 
diffusion of H+ following exposure of the mucosal surface to 
Amphotericin B (Fig. 5) (90). Recently Hamm used an isolated rabbit. 
cortical collecting tubule model to examine the mechanism of the 
distal renal tubular acidosis (RTA) (91). Amphotericin B induced 
an increase in the permeability of hydrogen ions (H+) which would 
explain the inability to maintain a H+ gradient across the distal 
tubule. When humans on therapy, are studied carefully, distal 
tubular defects are found in most patients: potassium wasting and 
distal RTA (92). This has been termed an 11 incomp1ete 11 RTA since 
the acidification defects were usually found only after an acid 
load is administered and since the reduction in serum bicarbonate 
is rarely below 20 mcg/L (93). 

The most significant complication of Amphotericin B therapy is 
nephrotoxicity. The severity of impaired glomerular filtration 
rate (GFR) is highly variable and cannot be predicted from the 
pretreatment GFR (68 ,94). Unlike most other nephrotoxic drugs, 
Amphotericin B shows only minimal excretion in the urine (less 
than 5% of administered dose) (95) . Nephrotoxicity does appear to 
relate to the level of drug administered and duration of therapy. 
It is not certain how Amphotericin B leads to a reduction in GFR. 
Some have contended that nephrotoxicity relates to renal vasocons
triction (94). Sodium depletion enhances acute Amphotericin B -
induced nephrotoxicity in the dog (96). A reduction in renal 
blood flow followed sodium depletion and was attenuated when 
animals were pretreated with furosemide. These observations are 
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compatible with an acute response due to activation of a renal regula
tory mechanism resulting in reflex vasoconstriction (i.e., tubule
glomerular feedback). Hence sodium depletion might be a significant 
enhancing factor in nephrotoxici ty that has not been appreciated pre
viously (97) . Some i nvestigators have related nephrotoxicity to the 
acidification and potassium wasting defects which accompany 
Amphotericin B therapy (98). However, other drugs such as toluene 
that produce distal RTA do not reduce GFR (99). 

While alkali may prevent the acidosis in humans, it has not been 
establi shed that such therapy will prevent nephrotoxicity. In a 
well controlled comparison study, administration, mannitol had no 
beneficial effect on GFR or tubular function in persons treated 
with Amphotericin B (100). In fact renal biopsies from patients 
suggested a vacuolar lesion of arterioles was slightly more marked 
in patients receiving mannitol with the drug. Consequently, we 
recommend careful monitoring of serum potassium and replacement with 
oral potassium if the serum potassium drops below 3.8 mg/L . We 
would not recommend preventive therapy with alkali at present. 

Certain immediate complications in therapy with Amphotericin Bin
clude fever, chills and even hypotension with the initial adminis
tration of Amphotericin B. These reactions generally subside with 
subsequent administration as the patient appears to develop tolerance 
to the drug. If the patient continues to have moderate reactions 
with each administration, hydrocortisone sodium succinate 20 mg can 
be added to the infusion bottle: this does not diminish the activity 
of the Amphotericin B nor impair the immune response in the immuno
compromised (86). Also Meperidine can be used to treat shaking 
chills after their occurrence (101). If phlebitis is severe, we 
have employed either a Hickman catheter or an A- V fistula with much 
easier administration. Recently severe pulmonary reactions have been 
noted in neutropenic patients with bacterial seps is who receive 
leukocyte transfusions while on Amphotericin B (102). This reaction 
was noted at the NCI to be more frequent when amphotericin infusions 
were given within four hours after a leukocyte transfusion. In 
five of 14 patients with reactions, respiratory failure was followed 
shortly by death. A nonspecific intra-alveolar hemorrhage was 
found in the lung without evidence of i nfection, a situation rarely 
reported after leukocyte infusion per se. Amphotericin B enhances 
the aggregation of PMNs damaged by incubation with nylon fiber (103). 
Furthermore, administration of PMNs incubated on nylon wool into 
rabbits receiving Amphotericin B led to pulmonary hemorrhage and 
accumulation of leukocytes in the pulmonary vasculature, similar to 
the findings in humans . 

Should Amphotericin B be used in early treatment of prolonged fever 
in granulocytopenic patients? Fungal infections have been increas
ingly recognized as a cause of morb idity and mortality in cancer 
patients. Between 1970 and 1979, 57% of the autopsies of pediatric 
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oncology patients at the National Cancer Institute, NIH, Bethesda 
had a disseminated fungal infection at autopsy· (104). As a result 
of this pattern, oncologists have attempted to forestall the 
development of fungal infections. Protocols for prophylactic 
therapy with oral antimicrobial agents have included oral anti
fungal agents as Nystatin with success (105). Surveillance cultures 
have been used to predict the early development of systemic fungal 
infections (106). This has only been partially successful, since 
invasive disease with fungi can occur in persons without prior isola
tion of fungi from the urine, stools or respiratory tract. Surveil-

_lance cultures were shown at the Johns Hopkins Hospital Oncology 
Center to be most useful in predicting urinary tract infections with 
Candida tropicalis but had low predictive value for Candida albicans 
infection and aspergillus infections of the respiratory tract (107). 
Consequently a number of groups have instituted therapy for granu
locytopenic patients who fail to respond to antimicrobial agents. 
A recently published study from the NCI demonstrated that persons 
colonized with Candida rapidly deferesced when given Amphotericin B 
0.5 milligrams per kilogram daily in addition to antibiotics (104). 
Also if fever and granulocytopenia were present on the seventh day 
of antibiotic therapy, the addition of Amphotericin B to antibiotics 
led to fewer infectious complications than if antibiotics were dis
continued (Table 9). 

Table 9 

Effect of Ampho B on Febrile Cancer Patients (Pizzo) 

D/C Antibiotics Antibiotics Antibiotics + Ampho B 

Total Number of 
Patients 16 16 18 

Days to defervescence 11 8 6 

Infectious complications 9 6 2 

Total died/Died with 
infection 5/2 5/3 3/2 

Electrolyte abnormalities more pronounced with Ampho B 

However, they did not defervesce any more rapidly than those in whom 
antibiotics were continued, nor did the number of deaths due to in
fectious complications differ between any of the groups . Electrolyte 
abnormalities were more severe in the patients given both antibiotics 
and Amphotericin B, particularly hyponatremia, hypokalemia, hypocal
cemia and hypomagnesemia. Fever and chills due to Amphotericin B 
were easily controlled with intravenous meperidine. The International 
Antimicrobial Therapy Project Group also has reported similarly that 
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Amphotericin B leads to earlier defervescence and is associated with 
improved case fatality rates if leukopenic patients continued to be 
febrile at seven days of antimicrobial therapy (Klastersky). So 
these initial enthusiastic reports suggest a role for prophylactic 
treatment with a short course of 500-1000 mg of Amphotericin B in 
this specific situation. Unfortunately Amphotericin B could have a 
number of adverse effects. Since it is known to depress leukocyte 
function (chemotaxis of leukocytes), it might predispose to bacterial 
infections. We have noted an increased frequency of bacterial in
fections in pulmonary patients and occasionally in leukemic patients 
receiving Amphotericin B. Bone marrow suppression has been noted 
with the combination of Amphotericin B with fl ucytosine and conceiv
ably could occur in patients who are receiving Amphotericin B with 
myelosuppressive drugs. Since a rationale for the antitumor effect 
of Amphotericin B is to increase the permeability of these agents, 
this could also apply to hematopoetic cell s. Finally, a possible 
increase in the frequency of Amphotericin B resistant isolates could 
occur. Recently , up to 8% of patients from an oncology service with 
yeast infection who had received long term treatment with antibacterial 
and antifungal agents had isolates of fungi res istant to Amphotericin B 
(108) . Perhaps ketoconazole, a relatively non-toxic agent with little 
hematologic side effects could be used in this situation so Amphotericin 
B could be reserved for proven fungal infections. Clinical trials 
are underway presently . 

Since most laboratories do not determine Amphoter icin B susceptibility 
testing, this presents unique difficulties . Steve Seidenfeld in a 
study of Amphotericin B susceptibility testing f ound susceptibility 
testing with Amphotericin B to be practical, and reproducible. It 
can be done inexpensively with microtiter plates which can be saved 
and frozen for later testing (109). The only difficulties for dimor
phic yeast is the difficulty in converting the organisms to the yeast 
form for testing. We can expect susceptibility testing to Amphotericin 
B, ketoconazole and miconazole will be important feature of clinical 
microbiology laboratory assignments in the future. 

E. Susceptibility testing for fungi: feasible and fascinating 
(S . Seidenfeld) 

Thirty-four fungal strains obtained from clinical specimens, includ
ing 24 Candida species, 2 Torulopsis glabrata, 4 Cryptococcus neo
formans, and 4 Sporothrix schenckii were tested for susceptibility 
to Amphotericin B. Susceptibility determi nat ions were performed at 
30, 37, and 39C in a microtiter system using 2-fold dilution of 
Ampho B in antibiotic medium 3. All nine strains of C. parapsilosis 
and the single strain of C. pseudotropicalis tested were inhibited 
by <4 ~g/ml of Ampho B but had MFCs > 32X higher than their MICs. 
This discrepancy between inhibitory and fungicidal concentrations 
is similar to antibiotic 11 tolerance 11 that has been observed with 
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certain strains of staphylococci. All of the other fungi had 
MFCs < 8X their Ampho B MICs, in other words were killed as wel l as 
inhibTted. In spite of previous reports of impaired growth and en
hanced susceptibility of various fungi at physiologically elevated 
temperatures, no difference in susceptibility to Ampho B was observed 
when comparing results obtained at the three experimental tempera
tures. This is the first description of antimicrobial 11 toler.ance 11 

among fungi. Further study is required to determine the clinical 
significance of this observation. Fever that accompanies 
Amphotericin B administration does not appear to have therapeutic 
implications based on these studies. 

Credits to: 

Dr. William Cooper for assistance in identifying and testing suscept ibilities 
on many of these organisms. 

Many house officers who cared for these patients, but in particular: 
Keith Parker, Craig Deligdish, Norman Ramirez, Peng Chen. 

Members of the car pool, who provided invaluable critical expertise. 

Ann Burns, who put it on paper for me with good humor. 
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