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IN T R O D U C T IO N

During the past two decades there has been 
a marked increase in the number of yeast-like 
fungous infections. This has been largely 
attributed to the increasing use of antibiotics. 
O ther factors, such as the prolongation of 
the survival time of patients w ith serious 
underlying diseases and with poor general con
dition, the development of more advanced 
surgical procedures— for example, open heart 
surgery— and the introduction and increasing
ly common use of immunosuppressive and 
cytostatic agents have surely also contributed. 
The infections are usually due to species of 
Candida , especially Candida albicans.

Candida infections may be systemic, with 
septicemia and involvement of several organ 
systems, or they may be localized, either 
superficially as in cutaneous, oral or vaginal 
candidiasis, or in the deep tissues as in endo
carditis, meningitis or renal candidiasis.

Generalized infections due to Candida pre
viously affected mainly patients w ith serious, 
often incurable, underlying diseases. In such 
cases the infection was a terminal event, and 
the lack of effective therapy made little dif
ference in the overall prognosis. The present 
situation is quite another. Candida infections 
now occur in patients who have undergone 
kidney transplantation or other major surgical 
procedures, and in those treated with anti
biotics and steroids. M any of these patients 
would have a good prognosis if the fungous 
infection could be eliminated.

Candidiasis of the urinary trac t—with the 
exception of prostatitis, epididymitis and 
urethritis—was chosen as the subject of this 
special study for a number of reasons. It has 
not been known whether Candida albicans 
is normally present in the urine and/or whether 
a certain number of organisms per ml can be 
accepted as insignificant. There have thus 
been no firm criteria for the diagnosis of

urinary tract candidiasis. Both experimental 
studies and clinical experience have shown 
that the kidneys are the main target organs 
in generalized candidiasis. The disease picture 
in urinary tract candidiasis is highly variable 
and little known. The prognosis in asymp
tomatic candiduria has not been studied. 
Furthermore, the means available for treating 
urinary tract candidiasis—and other deep 
candida infections—have been unsatisfactory.

During the course of this investigation 
Torulopsis glabrata was occasionally encoun
tered. This yeast-like fungus is therefore 
briefly discussed in the pertinent chapters.

The specific aims of this investigation were 
to determine whether Candida is norm ally 

present in the urinary tract
to determine the factors that favour the 

development of candiduria
to study the prognosis in asymptomatic 

candiduria and to determine whether patients 
w ith such candiduria can undergo surgical 
procedures and be treated w ith antibiotics 
without the asymptomatic candiduria giving 
rise to manifest infection

to outline the various ways in which candid
iasis of the urinary tract can manifest itself 

to attem pt to improve on the available 
therapy by testing a new antimycotic agent, 
5-fluorocytosine

to conduct pharmacokinetic studies w ith 
5-fluorocytosine in persons w ith normal or 
impaired renal function

to investigate the prevalence of Candida 
strains w ith prim ary resistance to 5-fluoro
cytosine and the risk for the development of 
resistance to the compound

to study the mechanisms underlying the 
resistance of Candida albicans to 5-fluorocyto
sine.
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CHAPTER I

C A N D ID A  — CLASSIFICATION A N D  D ESC R IPTIO N

A natural system of classification of the yeasts 
does not exist at present. According to Lodder 
(1970) the yeasts are divided into four groups. 
The fourth of these comprises the asporo- 
genous yeasts which do not belong to the 
group Sporobolomycetaceae. Candida and 
Torulopsis belong to this group. The genus 
Candida can be further divided into many 
species, of which Candida albicans is by far 
the most im portant clinically. However, sev
eral other Candida species can be pathogenic 
for both man and laboratory animals. Among 
the Candida species that have been isolated 
from patients with candidiasis are: albicans, 
tropicalis, pseudotropicalis, krusei, parakrusei, 
guilliermondii and stellatoidea. It is therefore 
im portant that the isolation of Candida from 
a patient with symptoms of infection is not

Fig. 1. Candida albicans (Y-form). Scanning electron 
microscopy X1200

Fig. 2. Candida albicans (M-form). Scanning electron 
microscopy X 6000

ignored in the belief that a given type of 
Candida cannot be a pathogen.

The yeasts occur mainly in the unicellular 
form. Candida cells (Fig. 1) measure about 
3 X 7  //, and are thus considerably larger than 
bacteria. Characteristic of Candida species is 
their ability to form a (pseudo)mycelium 
(Fig. 2). This can measure about 3— 5 X up 
to 600 u. Both forms are seen in vivo as 
well as in vitro. The transition from the 
yeast (Y) form to the mycelial (M) form can 
be affected by a number of different factors. 
Under certain circumstances Candida albicans 
forms chlamydospores, thick-walled spherical 
cells 8— 10 /a in diameter. Chlamydospore 
formation in vitro is of importance in distin
guishing Candida albicans from other Candida 
species. Protoplasts, finally, are forms which 
lack a cell wall. Their clinical importance is



still unknown. Protoplast formation may be 
of importance in infections due to Candida 
tropicalis (Rosner, 1966), but to my know
ledge there is no evidence that this is true 
of infections due to Candida albicans or other 
Candida species.

In some patients with funguria, the fungus, 
on typing, proved to be Torulopsis glabrata. 
The genus Torulopsis belongs to the same

group as the genus Candida. Torulopsis does 
not form a mycelium but occurs as spherical 
or oval yeast-like cells which are somewhat 
smaller than the cells of Candida. Torulopsis 
glabrata can give rise to manifest urinary tract 
infection (Edebo &c Spetz, 1965; Spetz, 1966) 
and even to septicemia (Webb, Speller & 
Buckler, 1970).
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CHAPTER II

O C C U R R E N C E

Candida albicans occurs as a saprophyte in 
the digestive tract of man and a large number 
of animal species, especially mammals and 
birds (Winner & Hurley, 1964). It is patho
genic for several species, among them mouse, 
rabbit, pig, sheep and man. Candida is seldom 
found in nature outside these host animals 
except when its presence is due to faecal con
tamination. It is possible that Candida can 
survive for long periods outside an animal 
host. Di Menna & Parle (1954) found Candida 
albicans in soil samples nine months after the 
samples had been inoculated with Candida.

Nilsby & Nordén (1949) exposed plates of 
substrate to the air in a number of large cities 
and to the air in private homes and hospital 
rooms. In no case was there growth of 
Candida. When samples of dust from the 
bedside table and bedding respectively of 
patients whose sputum cultures were positive 
for Candida albicans were cultured, Candida 
albicans grew out on three of eight and one 
of six samples respectively. In a laboratory 
where work with Candida was conducted 
there was no growth on plates exposed for 
one hour (Hurley, 1966). Schönebeck & Ån- 
séhn (unpublished data), after exposing sub
strate plates to the air in a urological ward, 
found only a few scattered colonies of Candida 
albicans on 10 of 90 plates. Two other plates, 
which had been exposed in the room of a

patient with urinary tract candidiasis, con
tained 12 and 20 colonies respectively. One 
plate contained several hundred colonies, but 
it was probably contaminated. After taking 
samples from skin lesions due to Candida albi
cans, Midgley & Clayton (1971) found that 
49 %  of the samples of air taken in the exa
mining room were positive for Candida albi
cans on culture. Cultures of samples from the 
bedding of mentally defective children were 
positive for Candida in 25 %  of cases, in spite 
of the fact that none of the children had a 
known Candida infection. It is thus obvious 
that Candida albicans is not infrequently 
present in the air in the neighbourhood of 
patients who are carriers of the fungus.

In man Candida occurs w ith varying fre
quency in the oral cavity, the stomach, the in
testinal tract and the vagina. It is not normally 
present on the skin. Granits (1954) found 
Candida in 3 of 2 444 skin scrapings; these 
few positive findings were probably due to 
faecal or oral contamination. Candida is not 
normally present in the urine, but it may be 
present without giving rise to symptoms, for 
example, in patients receiving antibiotics (II) 
or in diabetics.

Torulopsis glabrata is normally present in 
the vagina and in the gastrointestinal tract 
(Schönebeck, 1968; Taschdjian, Kozinn & 
Toni, 1971).

1 0



CHAPTER III

SOURCES OF IN F E C T IO N  A N D  RO U TES OF SPREAD IN  
U R IN A R Y  T R A C T  CANDIDIASIS

In an investigation of the frequency of 
funguria in a material of male out-patients, 
candiduria was found to be present in 29 of 
148 cases (I). The patients were not hospi
talized at the time candiduria was discovered. 
One patient, whose urinary tract candidiasis 
had been successfully treated in hospital with 
antimycotic therapy and who had been dis
charged from hospital, was found on control 
to have had a recurrence of candiduria. 
Patients who have undergone kidney trans
plantation are often isolated postoperatively. 
Nevertheless, 20 °/o of them have candiduria at 
some time during the postoperative course 
(Schönebeck, unpublished data). Patients with 
cutaneous or vaginal candidiasis have a con
siderably higher frequency of Candida in the 
faeces than that found in a normal material 
(Sousa & van Uden, 1960; Lynch, Minkin 
& Smith, 1969). These findings suggest that 
the Candida reservoir in the patient’s own 
intestinal tract is the source of infection in 
most cases of urinary tract candidiasis, and 
can be the source of candidiasis in other sites 
as well. The relationship between the intestinal 
flora and bacterial infections of the urinary 
tract has long been recognized, and has been 
the subject of increased attention in recent 
years (Lincoln, Lidin-Janson & Winberg,
1970).

The route of spread from the gastrointestinal 
tract would appear to be mainly
1. by penetration of the intestinal wall and 
transport via the lymph- and bloodstream to 
the kidneys (haematogenous infection)
2. from the anus via the urethra (ascending 
infection).

1. Volkheimer et al. (1964) showed that 
following oral adm inistration of polyvinyl

particles of various diameters, particles up 
to 95 n  in diameter could be found in the 
peripheral blood. It was demonstrated in dogs 
that the particles were taken up by the lymph 
vessels in the intestinal wall and reached the 
bloodstream by way of the thoracic duct. 
It is therefore not surprising that Candida 
albicans, which in the yeast form has a dia
meter of about 3— 7 fi can easily reach the 
bloodstream from the intestine. Conclusive 
evidence that this can happen was provided 
by Krause, Matheis & W ulf (1969). A healthy 
volunteer ingested 80 g (approximately 1012 
cells) of Candida albicans. Positive blood 
cultures were obtained after 3 and 6 hours, 
and positive urine cultures after 23/4 and 3V4 
hours respectively. The amount of Candida 
ingested may seem large, but such an amount 
could theoretically be present in the intestinal 
tract following antibiotic therapy, when 
Candida may be present to the extent of 109 
cells per ml faeces (Cohn, 1957).

2. As early as the end of the nineteenth 
century it was shown (Lewin, 1897) that 
powdered charcoal and lycopodium spores in
stilled into the urinary bladder could be re
covered in the renal pelves. There have been 
very few experimental studies of retrograde 
spread of Candida infections. Parkash et al. 
(1970) showed, however, that if Candida 
albicans is injected into the urinary bladder 
of rabbits, it can be demonstrated both by 
histological examination of the renal paren
chyma and by culture of renal tissue in 32 %  
of cases. Cultures taken from the renal pelves 
at autopsy of one case of Candida cystitis (II) 
and of two patients in whom ileal conduit (V) 
had been created and who died a few days 
postoperatively were positive for Candida
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albicans. In one patient who underwent 
caeco-cystoplasty and who died postoperative- 
ly in anuria both the renal pelves were filled 
w ith Candida bezoars and there was fungous 
infiltration of the papillae (V). These cases, 
as well as some in which patients who died 
following ureterosigmoidostomy were found 
to have Candida infection in the kidneys 
(Lehner, 1964; Crosby, 1967), indicate that 
the Candida cells may ascend via the ureters, 
although haematogenous spread cannot be 
completely excluded in such cases.

The hypothesis that the patient’s own in
testinal reservoir of Candida is the source of 
infection in candidiasis of the urinary tract

is of clinical importance. Patients who are 
judged to run a high risk of developing 
candidiasis— for example those who are to 
receive a kidney transplant— should be treated 
with a suitable antimycotic agent, for example 
nystatin, administered orally, in order to 
eliminate or diminish the Candida flora in 
the intestine. This is, however, not an abso
lutely reliable prophylactic measure. U tz 
(1966) described a case of lymphoblastic 
leukaemia in which Candida meningitis de
veloped during a course of oral treatm ent with 
amphotericin B. The explanation could be 
that there was deficient contact between the 
fungus and the drug, at least in the oral 
cavity, pharynx and esophagus.

12



CHAPTER IV

EXPERIM EN TAL STUDIES OF U R IN A R Y  T R A C T  CANDIDIASIS

There have been few experimental studies of 
urinary tract candidiasis. It is meanwhile 
apparent that studies of generalized infections 
with yeast-like fungi yield valuable inform a
tion even—perhaps prim arily— applicable to 
infections of the urinary tract.

Louria, Fallon & Browne (1960) and Louria, 
Bray ton & Finkel (1963) showed that if Can
dida was injected intravenously into mice and 
if the animals were killed immediately after 
the injection, Candida could be cultured from 
the kidneys, brain, liver, spleen and lungs. 
If the animals were not killed until 2 or 7 
days after the injection, the kidneys were the 
only organs in which the infection had pro
gressed. In the other organs it had either 
remained stationary or had regressed. The 
cellular reaction to infection occurred some
w hat later in the kidneys than in the other 
organs. The authors believed that this was 
due to the fact that the fungus entered the 
tubules, where it was protected from the in
flam m atory reaction. From the tubules, it 
could again invade the renal parenchyma. 
The kidneys are thus the organs that are most 
severely affected in generalized candidiasis. 
This fact has been used to establish the final 
criterion for the evaluation of antifungal 
effectiveness in Candida albicans infection as 
negative cultures from the kidney (Roche: 
D ata Sheet on 5-fluorocytosine RO 2—9915).

Hurley & W inner (1963) found that the 
amount of Candida injected intravenously 
determined whether an acute or a chronic 
disease picture would develop. In the acute 
type of infection there were disseminated 
mycotic lesions in the brain, heart and kidneys. 
The fungus was present in the abscesses in 
both the yeast and mycelial forms. In the 
chronic type of infection, which developed

when a lesser amount of Candida was injected, 
only the kidneys were affected. The infection 
was first localized to the renal cortex, in which 
multiple abscesses developed. These abscesses 
eventually healed, and instead (on about the 
9th day) the tubules and collecting tubules 
filled with fungi and papillary necrosis de
veloped (about the 11th day). Increasing 
numbers of organisms collected in the renal 
pelves where they clumped to form bezoars 
which could cause mechanical obstruction. In 
the final stages, fungi could no longer be 
demonstrated in the renal parenchyma, which 
however was severely damaged w ith advanced 
atrophy and scarring in the cortex. In the 
renal pelves ball-like masses of fungi were 
present. The pathological changes could be 
very different in the right and left kidney, 
and the damage was sometimes unilateral. 
These experimental studies are of great help 
in interpreting the clinical picture in renal 
candidiasis. The various clinical expressions 
of renal candidiasis (Chapter V II) could in 
principle all be attributable to haematogenous 
infection.

The possibility that urinary tract candidiasis 
may be due to ascending infection can, of 
course, not be excluded. This route of spread 
has been little studied experimentally. Parkash 
et al. (1970), however, found that when 
Candida was instilled into the urinary bladder 
of rabbits, along w ith a small glass bead to 
partially obstruct the outflow of urine, renal 
involvement could be demonstrated by histo
logic examination and by culture in 32 %  of 
cases. The histological changes were those of 
pyelitis with destruction of the calyx epitheli
um. It thus seems clear that retrograde spread 
from the urinary bladder to the renal pelvis 
can occur, but this problem deserves further 
study.
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CHAPTER V

FACTORS T H A T  FA V O U R T H E  D EV ELO PM EN T OF C A N D ID U R IA

The development of candiduria can be pro
moted by a number of factors affecting dif
ferent points in the route of spread from the 
gut to the urinary tract, for example:
1. an increase of the Candida flora in the 

intestine
2. weakening of the cellular defense mecha

nisms
3. impairment of the fungicidal properties 

of the prostatic secretion
4. local conditions in the urinary tract

1. Administration of antibiotics depresses 
the bacterial flora in the intestinal tract and 
leads to an increase in the Candida reservoir. 
Culture of the intestinal contents of a patient 
being treated with antibiotics can sometimes 
yield a pure culture of Candida albicans. 
Candida can be present in the faeces to the 
extent of 109 organisms per ml (Cohn, 1957). 
Candida is normally present in about 20— 30 
%  of faeces cultures (Winner & Hurley, 1964). 
In my opinion, based in part on studies of 
intralum inal gastric mycosis, Candida ablicans 
ought to be much more common in the in
testinal tract than these figures would indicate, 
and I suspect that it is demonstrated in only 
a fraction of the cases in which it is present 
due to some limitation in the sampling pro
cedure.The commonly demonstrable frequency 
of 20— 30 %  increases markedly when the 
patient is treated with antibiotics (Winner & 
Hurley, 1964). Moreover, antibiotic therapy 
is often followed by funguria, mainly due to 
Candida (Bergmann & Lipsky, 1964; II). 
It may be that when the reservoir of Candida 
increases, so many Candida organisms reach 
the urinary tract, either by way of the 
lymphatics and bloodstream or by way of 
the anus and urethra, that the normal defense

mechanisms are overwhelmed. Candiduria 
which originates in this way seems usually to 
be nondeleterious to the patient (Schönebeck, 
1971 c; II).

2. The administration of cortisone or of 
cytostatic agents as well as radiation therapy 
favour the development of Candida infections.

According to Raab (1971) cortisone in low 
concentrations (10— 30 //g/ml depending on 
the type of glucocorticoid) enhanced the 
metabolism of yeasts, but in high concentra
tions lowered their oxygen consumption. The 
capacity of polymorphonuclear leukocytes to 
kill Candida albicans was not affected by 
cortisone in vitro (Lehrer & Cline, 1969). 
In vivo, cortisone has an inhibitory effect on 
lymphocytes.This is probably the main mecha
nism by which it favours the development of 
candidiasis. Louria et al. (1963) have demon
strated the capacity of cortisone to potentiate 
experimental Candida infections in animals.

Cytostatic agents may potentiate Candida 
infections by producing leukopenia. In addi
tion, Folb & Trounce (1970) showed that 
lymphocytes from patients who had been 
treated with cyclophosphamide (Sendoxan®) 
had lost their normal capacity to react to 
stimulation by Candida antigen.

Experimental animals that have been sub
jected to whole-body radiation with 160—495 
rad show a markedly lowered resistance to 
attack by Candida (Hurley, 1966). This dose 
of radiation affects mainly the lymphocytes, 
but probably also the polymorphonuclear 
leukocytes, chiefly the immature forms in the 
bone marrow.

3. O ’G rady & Brum fitt (1968, cit. Gip & 
Molin, 1970) showed that the normal bacteri
cidal effect of the prostatic secretion is reduced
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in men with bacterial prostatitis. Whether the 
fungicidal capacity of the prostatic secretion 
is reduced in men with Candida infections of 
the urinary tract is not known.

4. As early as the middle of the nineteenth 
century it was recognized that yeast-like fungi 
are often present in the urine of diabetics. 
At that time funguria was considered an 
im portant sign of diabetes. That this disease 
plays a major role in the development of 
manifest candidiasis of the urinary tract is 
clearly shown by the cases of urinary tract 
bezoar summarized in Table 3. It has been 
shown experimentally that alloxan treatment 
lowers the resistance of animals to Candida 
infection (Hurley, 1966). Mehnert & Mehnert 
(1958) and Ahearn, Jannach & Roth (1966) 
found that diabetics have a higher frequency 
of funguria than that found in a normal 
material. The risk for candiduria appears to 
be greater if the patient’s diabetes is poorly 
controlled, since an increase in growth rate 
of Candida can be demonstrated in vitro only 
at glucose concentrations exceeding 150 mg 
per 100 ml (Johnson, 1954). The effect of 
cortisone in promoting Candida infection 
may partly  depend on the fact that it pro
motes hyperglycemia and glycosuria. Knight 
& Fletcher (1971) showed that Candida albi
cans grew more rapidly in saliva from dia
betics or from patients who had been treated 
with cortisone or broad-spectrum antibiotics. 
They further demonstrated that this was due 
to the fact that the saliva from such patients 
contained more glucose than did saliva from 
normal persons.

Although it is possible for Candida to 
grow over a wide p H  range, according to 
Johnson (1954) it grows most rapidly at pH  
5.1— 6.4. The acidity of the urine is thus an
other factor favouring the growth of Candida. 
This fact has been exploited therapeutically, 
and alkalinization of the urine has sometimes 
given good results in cases of yeast-like fungus 
infections of the urinary tract.

The normal anatomic structure of the 
kidneys may explain why they are the organs 
most severely affected by Candida infection. 
Louria et al. (1960) believed the susceptibility 
of the kidney to be due to the fact that the 
fungi, once they reach the tubules, are pro
tected from the body’s defence mechanisms, 
and from the tubules can then reinfect the 
renal parenchyma.

Foreign bodies in the urinary tract appear 
to favour the development of candiduria, for 
example an indwelling catheter (II), or per
haps calculi in the presence of another dis
order such as a blood dyscrasia (II). Con
cretions in the urinary tract can also com
plicate the treatm ent of urinary tract candid
iasis; it may be impossible to overcome a 
fungous infection if such concretions are not 
removed (Hodgin, 1969). On the other 
hand, concretions in themselves do not seem 
to predispose to the development of funguria 
(I).

The following cases illustrate the signific
ance of antibiotic therapy and/or the presence 
of an indwelling catheter for the development 
of candiduria: One patient was an 83-year-old 
man with prostatism who on three occasions 
was treated with an indwelling catheter 
and various antibiotics. Fig. 3 shows that 
candiduria developed during each of these 
periods of treatment. Another patient with 
manifest urinary tract candidiasis made a 
dramatic clinical recovery after treatment 
with 5-fluorocytosine. When the drug was

3*3* 38Ô** 00 0 * 0 0 0 2*2*23*

!l-i i ^ t  i *
1970 1971 1972 t ,me

Fig. 3. Correlation between periods of antibiotic treat
ment combined with indwelling catheter (shadowed 
areas) and periods of candiduria. The degree of candid
uria is indicated as 3 Jr =  massive, 2 +  =  moderate, 
+  ^sparse and 0 =none.
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discontinued, candiduria recurred to the ex
tent that a few isolated colonies grew out on 
sediment cultures; the patient had no signs of 
manifest candidiasis (VI). The whole time 
the patient had a pyelostomy, but no anti
biotics were given after the discontinuation 
of 5-fluorocy tosine.

Candida infections can thus arise either 
because conditions are favourable for the 
growth of the fungus (antibiotics, hypergly
cemia, glycosuria) or because the patient’s 
defence mechanisms are depressed (cytostatic 
agents, cortisone, radiation therapy, under
lying diseases).
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CHAPTER VI

ASYM PTOM ATIC C A N D ID U R IA

O ur lack of knowledge about the significance 
of candiduria in a patient free of symptoms 
or whose symptoms can hardly be associated 
w ith the candiduria has led to a great deal of 
variation in the treatm ent of such patients. 
The finding is often ignored, but is sometimes 
taken as an indication for discontinuing anti
biotic therapy and substituting treatm ent with 
sulfa of Furadantin, as well as for giving the 
patient youghurt, B-vitamins and butterm ilk 
(Seneca, Longo & Peer, 1968).

Before attem pting to establish principles 
of therapy, it is necessary to answer two 
questions:
1. Is Candida norm ally present in the urine?
2. If not, w hat is the significance of the 
finding for the patient?

1. This problem has not been previously 
studied in detail. In an investigation of the 
importance of antibiotics for the development 
of funguria, Ballowitz & Schäfer (1954) 
found no case of funguria among 800 child 
controls, whereas Bergmann & Lipsky (1964) 
found funguria to be present in 3 of 141 
healthy volunteers. Beck &: Löhlein (1951) 
examined urine sediments in a study of peni
cillin’s role in the development of funguria. 
In a control m aterial of 3 700 sediments they 
found fungi in 3 cases. These control materials 
have usually not been defined w ith respect 
to age and sex distribution, diagnosis, status 
of renal function, and the data (except for 
those of Beck & Löhlein) have not been based 
on sediment findings.

Schönebeck & Ånséhn (I) therefore studied 
the frequency of funguria in a normal material 
consisting of 440 adults who met certain 
criteria: absence of urinary tract symptoms, 
normal serum creatinine, normal urine sedi

ment and absence of antibiotic treatment. 
The urine samples were collected by the clean 
voided midstream technique. Initially, fungi 
were found in the urines of 10 persons, 2 
men and 8 women. When these subjects were 
rechecked, using clean voided midstream 
samples from men and catheterized samples 
from women, there was no fungous growth 
on culture in any case. Sediment cultures p ro
vided a more sensitive test of the presence of 
candiduria than do ordinary urine cultures (I). 
We now always use sediment cultures when 
checking for the presence of candiduria.

When yeast-like fungi are found in the 
urine sediment or on urine culture, the find
ing should always be checked by culture of 
an adequately collected urine sample. In 
women the urine sample is easily contaminated 
with vaginal or faecal flora; therefore only 
catheterized or aspirated samples give reliable 
results. In men, on the other hand, samples 
collected by the clean voided midstream tech
nique are usually satisfactory.

Provided that the urine sample has been 
properly collected, the finding of Candida 
on culture is always pathological. Grow th of 
fungi on culture of the urine sediment is 
surely also pathological. This has not been 
demonstrated by investigation of a normal 
material, but is confirmed by the fact that 
cultures of the urine sediment become and 
remain negative both in patients w ith candid
uria that clears spontaneously and in patients 
who are treated for manifest Candida infec
tions of the urinary tract (II).

2. Candiduria is thus a pathological find
ing. The question then arises as to the proper 
course of treatment. If  there are symptoms, 
therapy should be instituted. Usually, how-
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ever, patients with candiduria have no symp
toms that can be attributed to this finding. 
Since the significance of asymptomatic candid
uria for the patient has not been known, it 
has not been possible to prescribe a rational 
clinical program.

Schönebeck (1971 c; II) therefore follow
ed 40 cases of asymptomatic funguria. It was 
found that it usually disappeared spontan
eously within a period of a few months, but 
in some cases it persisted for over a year 
without causing any discernable harm to the 
patient. It was even possible for such patients 
to undergo major surgical procedures and to 
be treated with broad-spectrum antibiotics 
w ithout the candiduria giving rise to manifest 
infection.

If, however, the patient’s general condition 
deteriorated due to, for example, a post
operative complication, the asymptomatic 
candiduria could give rise to manifest infec
tion. This occurred in four patients in this 
group. The precipitating causes in the respec
tive cases were cardiac infarct, severe pernici
ous anemia and—in two cases—postoperative 
hydronephrosis following resection of the 
urinary bladder.

In one case candiduria gave rise to compli
cations in spite of the fact that the patient’s 
general condition was excellent. This occurred 
in a man with a kidney transplant, in whom 
the fungi aggregated to form bezoars which 
obstructed the ureter, resulting in anuria (III).

The reasons for the disappearance of candid
uria are shown in Table 1. One of the two 
cases in which funguria disappeared spontan
eously is of special interest. This was a 60- 
year-old woman with a renal adenocarcinoma 
and Candida albicans in the urine on repeated 
occasions. Following nephrectomy the funguria 
cleared. A similar case was described by Key 
(1922). That patient was a 50-year-old man 
with sterile pyuria and renal adenocarcinoma. 
Conidia were seen in fresh urine sediments. 
Following operation, both pyuria and funguria 
disappeared.

Patients in whom an ileal conduit is created 
or caeco-cystoplasty performed usually have 
candiduria postoperatively (I). This is prob
ably due to the reservoir of fungi present in 
the isolated intestinal segment. It is im portant 
to note that this candiduria appears to follow 
the same rules as asymptomatic candiduria of 
other origin. That is, it disappears spontan
eously, usually within a few months, and it 
does not appear to be deleterious to the 
patient. If the patient’s general condition 
deteriorates, usually because of postoperative 
complications in such cases, it can, however, 
give rise to manifest infection. This happened 
in one of our patients, with death in anuria 
as a result (V).

Two patients have had asymptomatic can
diduria for over a year, and it is still present 
at the time of writing. One, a 82-year-old 
man, has a blood dyscrasia w ith leukocytosis, 
a high serum uric acid concentration and a 
tendency to form urate concretions. It has 
not been possible to make an exact diagnosis 
of his blood disease; it is probably a chronic 
myelogenous leukemia. His general condition 
is excellent, and he has no urinary tract 
symptoms save for the occasional passage of 
a small concretion. He was treated for two 
weeks with 5-fluorocytosine, and prom ptly 
became free of fungi. Candiduria recurred, 
however, when the drug was discontinued.

No. 
of cases

Indwelling catheter +  antibiotics discontinued 7
Antibiotics discontinued 4
Indwelling catheter discontinued 3
Proteus infection 7
Removal of calculus 1
Removal of concretions in the urinary tract 
and discontinuation of antibiotic therapy 1
”Spontaneous” disappearance 2
Treatment with 5-fluorocytosine 5

Total 30

Table 1. Possible reasons for disappearance of fung
uria in those 30 patients in whom it disappeared during 
the period of observation.
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The other patient is a 48-year-old man who 
was operated upon for a diverticulum of the 
urinary bladder and sclerosis of the bladder 
neck. The bladder mucosa was found to be 
thick and edematous around the inner urethral 
orifice, but biopsy showed no signs of malig
nancy. Candiduria was discovered postopera- 
tively; it was massive during the first few 
weeks after operation but later became sparse. 
The patient was treated with 5-fluorocytosine 
and the fungi disappeared, to reappear later, 
probably because the patient failed to take 
the medication prescribed. Cystoscopy several 
months later showed that the mucous mem
brane around the inner urethral orifice was 
still abnormal, but histological examination 
showed no sign of invasive fungous infection 
or malignancy. The patient is free of symp
toms.

The following case clearly illustrates the 
significance of asymptomatic candiduria. The 
patient was a somewhat peculiar 70-year-old 
man who was treated for urine retention 
w ith an indwelling catheter and sulfa. He 
developed candiduria. After transurethral re
section of the bladder neck he became symp- 
tomfree, but candiduria persisted for ten 
months postoperatively. At that time he was 
readm itted to hospital in m arkedly deterio
rated condition with serious anemia, massive 
candiduria and pyuria but no bacteriuria. 
He was given blood transfusions and was 
treated with 5-fluorocytosine, w ith dramatic 
improvement. The candiduria did not recur. 
He refused further investigation, but was 
adm itted to hospital half a year later with 
anemia more pronounced than on the previous 
admission. His general condition, however, 
was now considerably better and he did not 
have funguria. The blood dyscrasia proved to 
be pernicious anemia.

The connection that appears to exist between 
blood dyscrasias and candiduria is not sur
prising in view of the importance of the leuko
cytes in the body’s defences against Candida 
infections (Chapter IX). In addition to the

two cases described above, the group of 
patients with asymptomatic candiduria in
cluded a man with anemia of uncertain origin 
and a concretion of the urinary bladder. In 
this case the candiduria cleared, however, 
following removal of the concretion.

The fungi which were isolated from the 40 
patients with asymptomatic candiduria have 
been divided into three groups: Candida albi
cans, Candida, other species, and Torulopsis 
glabrata (Table 2) (VIII). In three cases 
there were two or more fungal strains simul
taneously and in two other patients the fungus 
strain changed during the period of study. 
Thus in 35 cases the same type of fungus was 
repeatedly isolated. In men, Candida albicans 
predominated, while in women Torulopsis 
glabrata was the most common.

Asymptomatic Manifest urinary 
funguria tract infection
c? ? cf ?

Candida albicans 20 1 7 3
Candida, other species 15 0 1 0
Torulopsis glabrata 6 4 0 0

Table 2. The frequencies of Candida albicans,Candida, 
other species and Torulopsis glabrata in patients with  
asymptomatic funguria and manifest fungous infection 
of the urinary tract.

O f 20 patients with ileal conduit or caeco- 
cystoplasty and in whom fungus typing was 
carried out, 17 had Candida albicans in their 
urine, 6 had Candida, other species, and 6 
Torulopsis glabrata. In samples from 4 patients 
there was more than one fungus strain and 
5 patients had changing fungal flora.

Table 2 also shows the distribution of the 
three groups of fungi in the cases of manifest 
fungous infection that I have observed. It is 
evident that Candida albicans is the most 
virulent of these groups.

Torulopsis glabrata is fairly often present 
in cases of funguria. In this m aterial there was 
no patient with manifest infection due to this
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fungus. The literature, however, contains re
ports of a few such cases. Edebo & Spetz 
(1965) described a case of cystitis due to Toru- 
lopsis glabrata and Newman & Hoog (1969) a 
case of pyelonephritis. The latter case is some

w hat questionable; it probably was a 
asymptomatic funguria. A diabetic 
w ith necrotizing renal papillitis and 
growth of Torulopsis glabrata in the 
described by Ahearn et al. (1966).

case of 
woman 
massive 
urine is
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CHAPTER VII

M ANIFEST CANDIDIASIS OF T H E  U R IN A R Y  T R A C T

The clinical and pathological-anatom ical fea
tures of urinary trac t candidiasis are highly 
variable. I have found the following to be a

I. Asym ptom atic candiduria

II. Manifest candidiasis of the urinary tract

1. Bezoar formation --------

2. Classical picture of infection

Combinations of these may be present, for 
example bezoar formation can occur in asymp
tomatic candiduria as well as in cases of 
Candida cystitis or Candida pyelonephritis.

I. Asymptomatic candiduria has been dis
cussed in the previous chapter. I t may persist 
for a long time, disappear spontaneously or 
give rise to clinically manifest urinary tract 
candidiasis.

II: 1. Certain fungi may aggregate to 
form large masses, so-called bezoars. Such 
aggregation can occur in a number of sites 
such as the respiratory tract (Ernst, 1894), the 
atrium  of the heart (Utz et al., 1971) and in 
the stomach, mainly following gastric resec
tion (Schönebeck, Ahnlund, Pallin & Peter- 
hoff, 1967). In the urinary tract Candida 
bezoars are by far the most common. Cases 
of Pénicillium  bezoars in the renal pelvis

useful outline of the possible relationships 
between Candida and the urinary tract:

spontaneous recovery

 >

urinary tract candidiasis with symptoms

progressive renal failure

anuria

a. cystitis

b. pyelonephritis

c. septicemia

(Gilliam & Vest, 1951) and in the urinary 
bladder (Chute, 1911), as well as Aspergillus 
bezoars in the renal pelvis (Comings, Turbow, 
Callahan & Waldstein, 1962) have, however, 
been described. U rinary tract bezoars seem 
to be able to form in the renal pelvis as well 
as in the urinary bladder. Table 3 presents 
some data on 24 cases of Candida bezoar 
gathered from the literature as well as 5 of 
my own patients.

Bezoar formation can occur at all ages and 
the sexes are about equally affected. The time 
distribution is interesting; only two of the 
reported cases were observed earlier than 
1952. This may reflect the fact that anti
biotics play a role in the development of 
candiduria and thereby in bezoar formation. 
T hat diabetes is another im portant factor is 
clear from the fact that at least 14 of the 29 
patients had this disease.
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It would seem that bezoar formation in 
the absence of invasive Candida infection of 
the urinary tract is not common. I have 
seen two such cases. One of them has been 
described elsewhere (III). The other was 
a two-months-old boy who was born with 
anal atresia. A colostomy was performed. On 
some occasions yeast cells had been observed 
in the urine sediment. The patient tolerated 
surgery very well. Two weeks later recon
struction of the rectum was performed. One 
month later it was necessary to return the 
patient to surgery because of wound rupture, 
but his general condition after reoperation 
was good. A fter another month the patient 
suddenly became anurie. Bilateral nephro
stomies were created. The kidneys were 
somewhat swollen but otherwise normal 
in appearance. Both renal pelves were filled 
w ith shaggy fibrinous material, which on 
microscopic examination proved to be aggre
gates of Candida. Candida albicans grew out 
on culture of this material. Postoperatively 
the patient received Bay b 5097, a fairly new 
antimycotic agent (Farbenfabriken Bayer AG) 
but his urine did not become free of fungi. 
Treatm ent w ith 5-fluorocytosine was institut
ed, and funguria prom ptly disappeared. The 
two cases described by W underlich (1953) 
probably also belong to the group in which 
there is bezoar formation in the renal pelvis 
w ithout involvement of the parenchyma.

Cases of bezoar formation in the urinary 
bladder in the absence of invasive infection 
have been described by Chisholm be H utch
(1961).

In most cases, however, bezoar formation 
occurs in association with invasive Candida 
infection. It should be emphasized that a 
bezoar may be formed in a patient whose 
general condition is in no way affected. It has 
then usually—perhaps always—been preceded 
by asymptomatic candiduria.

The clinical picture produced by bezoar 
formation in the renal pelves may be that of 
progressive uremia and varying urine volume

(Tannenberg, 1923; Taylor be Rundle, 1952; 
IV), or acute anuria due to obstruction of the 
renal pelvis and collecting tubules (V) or of 
the ureter (III). If the bezoar fastens in the 
ureter the patient may experience attacks 
resembling renal colic (Harbach, Burkholder 
be Goodwin, 1970). If the bezoar is located 
in the urinary bladder the patient usually 
experiences frequent urgency of micturition. 
Small bezoars are often passed spontaneously 
at micturition (Frisch, 1898; Tannenberg, 
1923). This may be the only symptom of 
bezoar formation in the urinary bladder 
(Bartkowiak, 1964).

It is not known why Candida albicans 
sometimes aggregates to form fungous balls. 
The serum contains a macroglobulin which 
agglutinates Candida albicans in vitro (Louria,
1971) and which migrates in the region of 
fast /^-mobility on electrophoresis. N o such 
factor has been demonstrated in the urine. 
Fungous balls are often formed when Candida 
albicans is grown in certain types of liquid 
media (Schönebeck, unpublished data). Scann
ing electron microscopic studies showed that 
these bezoars were composed almost en
tirely of the pseudomycelial form of the 
fungus (Figs. 4 and 5). Factors that favour 
the formation of pseudomycelium probably 
thereby predispose to the formation of bezoars.

11:2 a. Cystitis due to yeast-like fungi 
was described as early as the end of the last 
century. Such cases were noticed mainly 
because the fungi present in patients with 
diabetes brought about alcoholic fermentation 
of the sugar in the urine (Senator, 1891), thus 
producing pneumaturia. The fermentation 
could be so effective as to cause a marked 
decrease in the sugar content of the urine. 
MUllern-Aspegren (1921) described a 74-year- 
old diabetic w ith prostatism whose pneum at
uria was of such a degree that his micturition 
sounded like the passing of flatus. Effective 
diabetic management has made pneumaturia 
a rare sign of cystitis due to yeast-like fungi.
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However, as recently as 1962 Gibbard & 
Williams described a 68-year-old diabetic 
woman with pneum aturia caused by Candida 
albicans. The sign is not pathognomonic of 
fungous infections, but can also be due to 
the presence of E. coli or to a vesico-intestinal 
fistula.

Cystitis associated with bezoar formation 
was first described by Frisch, 1898. Catheteri
zation of residual urine from a 64-year-old 
woman w ith diabetes and severe cystitis 
yielded 300 ml of urine containing a large 
number of fungous clumps the size of hemp 
seeds. The urine was extremely frothy, so 
the patient also had pneumaturia. At cysto
scopy the mucous membrane of the bladder 
was seen to contain reddened patches, and at 
the ostium of the left ureter there were three 
small fungous clumps attached to the mucous 
membrane. Chisholm & H utch (1961) found 
a rounded Candida bezoar about 10 cm in 
diameter in the bladder of a 63-year-old 
diabetic woman with severe dysuria. It was 
removed by surgery. The same authors 
mention a similar case, an 82-year-old woman 
w ith diabetes, dysuria and a large Candida

bezoar in the bladder. A 50-year-old diabetic 
woman who sought medical attention because 
of haematuria was found to have a bladder 
filled with a Candida ball measuring 10 cm in 
diameter (Margolin, 1971).

Moulder (1946) described a case of mem
branous cystitis in a 26-year-old non-diabetic 
man. At cystoscopy the mucous membrane of 
the bladder was seen to contain numerous 
small white patches which became confluent 
and formed a large membrane. H istopatho
logic examination of a biopsy from this mem
brane showed numerous fungi and repeated 
urine cultures were positive for Candida 
albicans. The patient’s symptoms and the 
bladder membrane disappeared after alkalini- 
zation of the urine.

Snyder (1948) and Sauer & M etzner (1948) 
described two cases that are often cited as 
examples of Candida cystitis. Both were 
older women; Snyder’s patient had severe 
cystitis and had been treated with alkalini- 
zation, which had intensified her symptoms. 
The cystoscopic diagnosis was membranous 
cystitis. When the urine was acidified, 
mycelia were found in the sediment. The

i
¥

Fig. 4. Candida albicans bezoar grown in a test tube, 
Scanning electron microscopy X240.

Same as Fig. 4 X 2400.
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patient improved following instillations of 
silver nitrate into the bladder, but her mem
branous cystitis recurred. This time no mycelia 
were demonstrable. Sauer’s and M etzner’s 
patient had an ulceration in the bladder and 
strongly alkaline urine. On culture, a number 
of bacteria grew out as well as Candida albi
cans on two occasions. She was treated with 
sodium bicarbonate w ith no improvement, 
although urine cultures became negative for 
fungi. She was re-examined later when her 
condition had improved considerably. Mem
branous changes were still present in the 
bladder, but Candida could not be demon
strated in the urine. I do not believe that either 
of these patients had Candida cystitis. It is 
possible that Candida cystitis can give rise to 
membrane formation in the mucous membrane 
of the bladder, comparable for example to the 
membranes of thrush. However, the formation 
of membranes in association with Candida 
cystitis is probably often nonspecific, and in 
the cases described by Guze & Haley (1958) 
and by Goldman, Littman, Oppenheimer & 
Glickman (1960) no fungi were found in ex
cised samples of the membrane. Membranous 
cystitis can also have a bacterial etiology.

Olanescu, Streja & Zaharia (1956) described 
a cystoscopic picture which they considered 
pathognomonic of Candida cystitis. Numerous 
reddened papules about the size of a grain of 
rice surrounded by a paler margin were seen 
in the mucous membrane of the bladder. A part 
from these areas, the bladder mucosa was not 
especially inflamed.

My own experience is limited to one case, 
that of an 8 3-year-old man with asympto
matic candiduria, which, in connection with 
a cardiac infarct, developed into Candida 
cystitis. A t cystoscopy the mucous membrane 
was seen to be diffusely reddened and there 
were many small haemorrhages; the picture 
was that of haemorrhagic cystitis. The patient 
did not have bacteriuria. Similar findings in 
Candida cystitis have been described by

Olanescu et al. and Annamunthodo & Pinker
ton (1957).

Cozza (1950) described a case of Candida 
cystitis with an unusual origin. A 34-year-old 
man with prostatic trouble gave himself 
bladder irrigations with the help of the 
fam ily’s enema bag. H e developed a 
severe Candida cystitis which regressed 
on alkalinization of the urine in com
bination with tryptoflavin instillations into 
the bladder. A similar case, that of a 
19-year-old youth who had been treated for 
frequent seminal emissions with a chilled rectal 
probe and bladder irrigations was described 
by O ta & Masuda (1930). The patient de
veloped a fulm inant Candida cystitis; how
ever, according to the authors the fungus did 
not have the fermentation pattern of Candida 
albicans.

If cystitis is accompanied by bladder calculi 
the infection may be difficult to overcome 
unless the calculi are removed. Hodgin (1969) 
described a 5 3-year-old man with Candida 
pseudotropicalis cystitis and a bladder con
cretion. In spite of bladder irrigations w ith 
amphotericin B, the patient did not become 
free of fungi until the concretion was removed. 
This is analogous to the experience that bac
terial infections are very difficult to cure 
unless any concretions that may be present in 
the urinary tract are removed.

II: 2 b. Candida pyelonephritis occurs in 
two main forms:

M ultiple abscess formation, prim arily in the 
renal cortex.

Diffuse fungous infiltration of the tips of 
the papillae or infiltration along the collect
ing tubules, sometimes leading to papillary 
necrosis.

These forms of pyelonephritis often occur 
together and may be accompanied by bezoar 
formation.
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Multiple abscesses, mainly localized to the 
renal cortex, are a secondary phenomenon in 
Candida septicemia. Clinical experience 
(Louria, Stiff & Bennett, 1962; Lehner, 1964) 
and experimental studies on animals (Louria 
et ah, 1960; Louria et ah, 1963; H urley & 
Winner, 1963) have shown that the kidneys 
are the principal target organs in generalized 
candidiasis. M ultiple abscesses, however, may 
be present in the absence of septicemia (Taylor 
& Rundle, 1952; Cowan, Dillon, Talbot & 
Bridge, 1962) and are then probably an ex
pression of prim ary disease of the urinary 
tract.

In 1923 Tannenberg described a 32-year- 
old diabetic man who became anurie. When 
urine production resumed after a few days, 
the urine contained grayish-white casts of 
the ureters. The patient died. At autopsy the 
renal pelves were found to be filled with 
bezoars and there was fungous infiltration of 
the renal medulla with excavation of the 
papillae. Similar findings have been described 
in a diabetic woman (IV) and as a complica
tion following caeco-cystoplasty (V). Knep- 
shield, Feller & Leb in 1968 described a case 
of papillary necrosis due to Candida albicans 
infection in a transplanted kidney.

Ernst (1894) at autopsy of a 42-year-old 
male diabetic found the renal pelves to be 
distended by brownish-yellow pus; inflam 
m atory streaks extended up into the medulla. 
These pathological changes were due to a 
fungus which was probably a species of 
Candida. There were also fungous abscesses 
in the renal cortex, so the case is an example 
of a mixture of the two main types of Candida 
pyelonephritis. It is interesting that the patient 
also had an Aspergillus infection of the lungs 
w ith bezoar formation in the bronchi.

The symptoms of Candida pyelonephritis 
are variable. The patient is usually seriously 
ill, w ith high fever, progressive uremia and 
flank pain. The onset may be acute with pain 
resembling that of renal colic or with sudden 
anuria due to obstruction of the ureters or

the renal pelves. A clinical picture which has 
been claimed to be pathognomonic of renal 
candidiasis is that of progressive uremia in 
combination with marked variation in the 
urine volume (Taylor & Rundle, 1952). This 
sign has also been described by Tannenberg 
(1923) and by Schönebeck & Winblad (IV). 
Progressive uremia may dominate the clinical 
picture (Gillam & W adelton, 1958). Candida 
can usually be demonstrated in the urine, and 
as a rule— but not always!— the patient has 
pyuria. If the patient’s renal function is poor, 
retrograde uretero-pyelography should be per
formed in order to determine whether there 
is bezoar formation. Antimycotic therapy 
with 5-fluorocytosine or another antimycotic 
agent should always be instituted, and the 
urine should be alkalinized. If the patient 
develops marked oliguria or anuria, surgery 
should be considered, since the cause is often 
bezoar formation.

II: 2 c. In Candida septicemia the kidneys 
are almost always involved, and it may be 
difficult to determine which is prim ary, renal 
involvement or septicemia. In some cases, 
however, there is not doubt that a Candida 
septicemia has originated in the urinary tract. 
I have seen one such case, a 68-year-old man 
who underwent resection of the urinary 
bladder and reim plantation of the left ureter 
because of cancer of the bladder. Postopera- 
tively he developed a moderate degree of 
hydronephrosis. He was receiving antibiotics 
and had candiduria, but was free of symptoms. 
Some weeks after operation he became acutely 
ill with flank pain and a high fever. Blood 
cultures were taken, ampicillin therapy was 
instituted and a left-sided nephrostomy was 
created. At operation a number of small 
clumps were removed from the renal pelvis. 
The patient improved dram atically after 
operation. The day after surgery the blood 
culture report was: Grow th of Candida albi
cans. The patient’s condition, however, was 
so satisfactory that antimycotic therapy was
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not started. Microscopic examination of the 
clumps removed from the renal pelvis showed 
them to consist of amorphous material in
filtrated with Candida. Since the patient’s 
candiduria persisted, he was treated with 5- 
fluorocytosine and prom ptly became free of 
fungi. This case is of interest because it illu
strates the fact that a patient can overcome 
a candidemia if the focus of infection is 
drained. Ellis & Spivack (1967) found that 
patients could remain unaffected by candid

emia and that it could be a transient pheno
menon which cleared spontaneously. C andid
emia in a patient in good general condition 
is thus not an absolute indication for anti- 
mycotic therapy. If the patient is generally 
ill, however, antimycotic therapy should be 
instituted and the focus of infection should 
be drained, if possible.

In cases of Candida endocarditis, Candida 
embolism can give rise to renal infarction 
(Utz, 1966).
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CHAPTER VIII

SOME F U R T H E R  C LINICAL ASPECTS O N  C A N D ID U R IA

The following questions are of major clinical 
interest. Some of them have already been 
briefly discussed, but they deserve a fuller 
treatm ent here in view of the conflicting views 
that are to be found in the literature.

On the pathogenicity of yeast (Y )- and 
mycelial (M )-forms of Candida.
The question whether Candida is pathogenic 
only in the yeast-like form (Y-form) or only 
in the mycelial form (M-form) has been ex
tensively discussed in the literature. This 
discussion will not be reviewed here. Neither 
will the many factors that stimulate the 
transition from the Y- to the M-form be 
treated in detail. The prevailing opinion 
seems to be that Candida is pathogenic only 
in the M-form. However, I have seen both the 
Y-form and the M-form, often mainly the 
latter, in the urine sediments of patients with 
asymptomatic candiduria which eventually 
disappeared spontaneously without giving 
rise to a manifest infection. Ahearn et al. 
(1966) also failed to find any correlation 
between the presence of the (pseudo)mycelial 
form in the urine sediment and clinical 
disease. Patients in whom an ileal con
duit is created or who undergo caeco- 
cystoplasty often have candiduria postopera- 
tively, and in my experience both forms of 
the fungus are usually present in such cases. 
These patients, however, practically never 
develop manifest Candida infections, provided 
their condition does not deteriorate due to 
another cause. In the cases of manifest candid
iasis of the urinary tract which we have 
investigated, the M-form has always been 
present in the sediment. It is possible that 
this form is necessary in order for Candida 
to give rise to manifest infection, but its

presence does not mean that the patient has 
a manifest Candida infection. The question 
whether candiduria can be safely ignored if 
only the Y-form is found in the sediment is 
difficult to answer on the basis of the in
formation available. However, since the Y- 
form can be transformed into the M-form by 
a number of factors, it seems to me that, 
regardless of which morphological variant is 
seen in the urine sediment, candiduria should 
never be ignored. Furthermore, I have seen 
a case of renal candidiasis in which both the 
Y-form and the M -form were present, but 
in which it was the Y-form that obstructed the 
collecting tubules and thus was an im portant 
contributing cause of anuria (V).

Candiduria and pyuria. An im portant ques
tion—which to my knowledge has not pre
viously been discussed—is whether candiduria 
unaccompanied by pyuria can safely be 
ignored. A systematic investigation of this 
problem has not been done, and would in 
any case be complicated by the fact that 
patients w ith candiduria often have recently 
undergone urinary tract surgery or have a 
concomitant bacteriuria which makes the 
evaluation of pyuria difficult. However, the 
question can definitely be answered in the 
negative— the absence of pyuria is no guaran
tee that candiduria is not due to potentially 
fatal renal candidiasis. Cases of massive 
urinary tract candidiasis in which there was 
little or no pyuria have been described by 
Ernst (1894), Vergez & Simon (1953) and by 
Schönebeck & W inblad (IV). In the two 
latter cases the finding of yeast-like fungi in 
the sediment was ignored because of the ab- 
scence of pyuria; in the last case the patient 
died. The reason why some patients do
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not have pyuria in spite of having a 
severe Candida infection in the urinary tract 
may be that the infection is explosive and 
occurs in a patient with poor defences. The 
inflam m atory reaction in the kidney can also 
be only moderate in spite of a massive attack 
by Candida (IV). Usually, however, pyuria 
is present in candidiasis of the urinary tract 
(II). Cases in which there were even cylinders 
of yeast-like fungi in the urine sediment have 
been described (Ballowitz & Schäfer, 1954).

Quantitation of candiduria. It has been pro
posed that in candiduria— as in bacteriuria— 
the number of organisms per ml should be 
determined, and that candiduria can, on this 
basis, be said to be either significant or in
significant. Thus, Guze & H aley (1958) 
placed the threshold of significance at 103 
organisms per ml. Perry (1964) considered 
105, perhaps 103, organisms per ml to be the 
borderline for significant candiduria, whereas 
Freis (1971) drew the line at 105 organisms 
per ml. Meanwhile, H aley (1965) pointed 
out that quite large numbers of Candida may 
occasionally be present in the urine without 
appearing to be of any significance. Seneca, 
Longo & Peer (1968) stated of Candida that 
”its presence in urine is considered patho
logical” .

Schönebeck & Ånséhn (I) showed that 
Candida is not normally present in the urinary 
tract. Under certain circumstances, such as 
during antibiotic therapy or after the creation 
of an ileal conduit or caeco-cystoplasty, 
patients can have massive candiduria without 
apparently suffering any deleterious effects. 
On the other hand, a patient who died in 
renal candidiasis had only about 104 orga
nisms per ml urine (V). Q uantitation of 
Candida is thus not only unnecessary, but 
can be directly misleading, so that patients 
w ith serious candidiasis of the urinary tract 
go untreated. The im portant point in eva
luating candiduria is not its magnitude but 
its relationship to the total clinical picture.

Candiduria as a warning signal. Louria et al.
(1962) stated that candiduria should be re
garded as a signal warning of manifest 
Candida infection. In cases in which there is 
reason to suspect Candida septicemia the urine 
sediment should be examined, since the kidneys 
are the organs most severely affected in dis
seminated candidiasis, and their involvement 
can give rise to candiduria. ”The sudden 
appearance of large numbers of yeasts in a 
fresh, clean urine specimen should raise the 
possibility of disseminated candidiasis” (Ellis 
ôc Spivack, 1967). Although large numbers 
of Candida may be present in the urine 
without harming the patient (II), I think 
that these statements are correct. If Candida 
is present in the urine sediment of a patient 
who is generally ill, the finding must not be 
ignored. Since effective and relatively atoxic 
antimycotic agents (e.g. 5-fluorocytosine) are 
now available, antimycotic therapy is in
dicated in ill patients with candiduria at least 
provided that the patient has no underlying 
incurable disease. The consequences of neglect 
can be serious (IV).

It should be emphasized that neither candid
uria nor candidemia should be evaluated as 
an isolated phenomenon; the patient’s general 
condition must always be taken into account. 
If the patient has no symptoms, one may 
adopt an expectant attitude in regard to 
therapy. Patients with candidemia who are 
generally ill may improve without antimycotic 
therapy if the focus of infection is drained 
(Chapter VII).

C andiduria may not only be a signal w arn
ing of generalized candidiasis, but can also 
indicate the presence of another, sometimes 
serious, disease. During the nineteenth century 
funguria was an im portant sign of diabetes. 
One of my patients with asymptomatic 
candiduria proved to have a (probable) 
chronic myelogenous leukemia; another, who 
also had a bladder stone, had an anemia of 
uncertain origin; a third patient proved to 
have pernicious anemia; and a fourth had a
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peculiar oedematous mucous membrane in the 
trigonal region of the urinary bladder. 
W ith some exaggeration, it is fair to say that 
”as soon as candidiasis is diagnosed or even 
suspected, the search for another disease should 
be the clinician’s first obligation” (Wilson & 
Plunkett, 1965).

Sterile pyuria and candiduria. The term 
sterile pyuria refers to pyuria associated with 
negative findings on routine urine culture. 
Such pyuria occurs in connection with tuber
culosis or neoplasms of the urinary tract. It 
may, however, also be due to candiduria. This 
was the case in the patient described by

Ernst (1894), and also in the cases described 
by Albers (1953), Olanescu et al. (1956) and 
by Pankey, Lockwood & M ontalvo (1971). 
I have on several occasions received negative 
reports on routine urine cultures in cases of 
asymptomatic candiduria with pyuria. Can
dida grows fairly well even on the media 
used for urine culture. The negative reports 
may depend in part on Candida's being re
garded as a contaminant and therefore ignor
ed. In any case, the result is that the clinician 
is confronted with a case of sterile pyuria. 
The possibility of fungous infection should 
always be borne in mind in such cases.
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CHAPTER IX

DEFENCES A G A IN ST U R IN A R Y  T R A C T  CANDIDIASIS

If, on the basis of the evidence that has been 
presented, it is assumed that the Candida 
flora in the intestine is the source of infection 
in urinary tract candidiasis, and that the 
route of spread is either by way of the lymph 
and blood or via the urethra, the following 
defence mechanisms can be assumed to apply:
1. The normal bacterial flora in the intestine
2. The humoral and cellular defences of the 

blood as well as the reticuloendothelial 
system

3. The prostatic secretion in men and (pos
sibly) the secretion of the periurethral 
glands in women

4. Local factors in the urinary tract

It is clear that these factors—above all the 
bacterial flora of the intestine, the circulating 
defences of the blood and the reticuloendo
thelial system— are im portant in the overall 
control of Candida infection. The following 
discussion is not intended to be an exhaustive 
treatment of the subject but deals w ith some 
parameters of probable importance.

1. There is normally an equilibrium be
tween the bacterial flora of the intestine and 
Candida albicans. This balance is probably 
maintained in part by competition for sub
strate, in part by bacterial products which 
tend to retard the growth of Candida. Both 
Paine (1958) and Isenberg, Pisano, Carito & 
Berkman (1960) showed that Proteus has an 
inhibitory effect on Candida in vitro. This 
is consistent with the clinical observation that 
candiduria usually disappears when the urine 
becomes infected with Proteus (II). According 
to Paine, E. coli also has an inhibitory effect 
on Candida. The importance of the normal 
intestinal flora is further illustrated by the

fact that when it is eliminated in preoperative 
sterilization of the gut, there is often abundant 
growth of Candida (Cohn, 1957; Crosby, 
1967).

There is some evidence that in certain 
disease states which are often known to be 
complicated by Candida infection, the in
testinal wall offers an increased penetration 
facility to the organism. Viola (1967), for 

example, stated that this is the case in leukemia.

2. W hether serum has a candidicidal effect 
is a m atter of discussion. Louria & Brayton 
(1964) claimed that it has, whereas Lehrer & 
Cline (1969) found serum to be wholly lacking 
in such an effect. O ther workers (Caroline 
et al., 1964) have stated that blood has a 
fungistatic effect based upon chelation of 
ionic iron by serum transferrin. Lack of ionic 
iron inhibits the organisms’ ability to multiply.

The humoral defences are probably of 
little or no importance in the defence against 
urinary tract candidiasis. Patients with hypo- 
or agammaglobulinemia are not predisposed to 
Candida infections (Rosen & Janeway, 1966), 
and Dobias (1964) found no evidence that 
immunoglobulins provide protection against 
Candida. Some patients w ith hypogamma
globulinemia and Candida infections have 
been described (Symmers, 1966; Shadomy, 
1970), but this apparent relationship may 
have depended on another defect in their de
fences, for example lymphocytopenia, which 
is present in hypo- or agammaglobulinemia of 
the so-called ”Swiss type” . The patient de
scribed by Shadomy (1970) had this type of 
agammaglobulinemia.

The great importance of the cellular de
fences against Candida infections is apparent 
from both in vitro experiments and clinical
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experience. Polymorphonuclear leukocytes, 
monocytes, lymphocytes, and macrophages in 
the reticuloendothelial system participate in 
this type of defence.

Lehrer & Cline (1969) in in vitro experi
ments showed that polymorphonuclear leuko
cytes are able to phagocytize and kill Candida 
albicans. Neutrophils were most effective, but 
even eosinophils and basophils had this capa
city. The presence of a heat-labile serum 
factor was necessary to phagocytosis, but the 
blood cells had candidicidal capacity even 
in the absence of this factor. The reaction 
was not affected by the presence of cortisone. 
N either was it influenced by tetracycline, 
puromycin or actinomycin D and thus the 
candidicidal effect of the leukocytes is not 
dependent on the synthesis of ribonucleic acids 
or protein. The ability to kill Candida seems to 
be associated with the enzyme myeloperoxid
ase. Lehrer & Cline (1969) demonstrated that 
myeloperoxidase activity was lacking in the 
polymorphonuclear leukocytes of a patient 
with candidiasis. Defective candidicidal ca
pacity of the polymorphonuclear leukocytes 
may also be due to a defect later in the 
myeloperoxidase reaction. Kim, Rodey, Good, 
Chilgren & Quie (1969) stated that the poly
morphonuclear leukocytes of children with 
chronic granulomatous diseases were normal 
in their capacity to phagocytize, but defective 
in their ability to kill Candida albicans. Their 
leukocytes, however, contained myeloper
oxidase activity. Lehrer & Cline (1969) also 
described three boys with chronic granulo
matous diseases whose neutrophilic polym or
phonuclear leukocytes were able to phago
cytize, but unable to kill, Candida albicans. 
Myeloperoxidase activity was present in the 
leukocytes of these patients as well. Bellanti, 
Lantz & Schlegel (1970) showed that the 
leukocyte enzyme glucose-6-phosphodehydro- 
genase was labile in the patients with chronic 
granulomatous diseases, another abnormality 
which could perhaps account for a defect in 
candidicidal capacity.

Even monocytes are able to phagocytize and 
kill Candida albicans, but they are much 
less effective in this respect than the neu
trophils (Lehrer &: Cline, 1969).

Smolin & Okumoto (1968) showed that 
experimentally produced Candida keratitis 
in rabbits became much more severe if the 
animals were given anti-lymphocyte globulin. 
Folb & Trounce (1970) found that when 
lymphocytes from normal persons were stimu
lated with Candida antigen in vitro, 65 °/o 
responded with increased D N A  synthesis. 
Cells from patients who had been treated 
with prednisone or prednisone +  azathioprine 
responded weakly, and the response was 
wholly lacking in cells from patients treated 
with cyclophosphamide (Sendoxan®). On the 
other hand, cortisone and azathioprine caused 
no, and cyclophosphamide only a moderate 
depression of the titre of circulating anti
bodies to Candida. Patients with alym pho
cytosis often develop Candida infections 
(Donohue, 1953; Tobler & Cottier, 1958). 
K irkpatrick, Rich, Graw & Rogentine (1970) 
found the lymphocytes to be defective in a 
patient with hypoparathyroidism  and chronic 
mucocutaneous candidiasis. Transfusion of 
normal lymphocytes brought about a marked 
regression of the Candida infection, and at 
the same time led to a tem porary recurrence 
of the patient’s inability to produce a de
layed hypersensitivity reaction. The effect 
of lymphocytes on Candida infection may 
depend on the activation of macrophages.

Taschdjian, Kozinn & Toni (1971) found 
Candida in the macrophages, mainly in the 
liver, spleen and pancreas, in 75 %  of cases 
of leukemia complicated by Candida infection 
that came to autopsy. This suggests that the 
reticuloendothelial system may be an im
portant part of the defence against Candida. 
The white blood cells and the macrophages 
in the reticuloendothelial system are thus the 
chief defences against Candida infection, and 
the humoral defences appear to be of little 
importance.
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3. Gip & Molin (1970) found that the 
prostatic secretion has a candidicidal effect 
and believed that this may explain why 
Candida infections of the urinary tract seem 
to be more common in women than in men.

4. With the exception of the prostatic 
secretion, local factors in the urinary tract 
which provide protection against fungous in
fection have not been described. Since Candida 
does not tolerate a high pH , the urine of 
patients with urinary tract candidiasis should 
be alkalinized.
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CHAPTER X

STUDIES ON 5-FLUOROCYTOSINE AND ITS RELATION 
TO CANDIDA ALBICANS

5-fluorocytosine (5-FC) (Fig. 6) was synthe
sized in 1957 (Duschinsky, Pleven & Heidel
berger, 1957) in the hope that it, like the 
chemically related compound 5-fluorouracil 
(Fig. 6), would prove to have cytostatic 
properties and be of use in the treatm ent of 
malignant tumours. However, Heidelberger 
et al. (1957) found that it did not produce 
leukopenia in animals and that it had no 
cytostatic effect. Some years later, Grunberg, 
Titsworth & Bennett (1964) in in vivo ex
periments on mice found that the compound 
had a therapeutic effect against infections 
caused by Candida albicans and Cryptococcus 
neoformans. 5-FC has since been used in a 
fairly large number of cases of infection with 
these organisms and also in chromomycoses. 
The results have been essentially positive.

Two preparations for the treatment of deep 
Candida infection were previously available: 
amphotericin B and nystatin. Amphotericin B 
is very toxic. N ystatin, which is also toxic, 
can only be administered orally or locally 
and is not absorbed from the intestinal tract. 
It was therefore considered worthwhile to 
study some aspects of 5-FC more closely.

NH

5-FC
Fig. 6. Formulas for 5-fluorocytosine and 5-fluoro
uracil.

Chemical properties and forms available. 
5-FC is an odourless, crystalline substance 
with molecular weight 129.1. It is fairly 
soluble in water (1.5 °/o at + 2 5  ° C). At 
present it is available in the form of tablets 
containing 0.5 g, as a 10 %  ointment and as 
a 1 °/o solution for intravenous administration. 
The latter has also been used as an aerosol 
and for intrathecal injection. Ophthalmic 
ointments (5 %  and 10 °/o) have also been 
prepared (Roche: D ata Sheet on 5-fluoro
cytosine R O 2—9915)"'.

Toxicology. In animal experiments, the toxi
city of 5-FC has generally been low, but has 
varied somewhat according to the animal used 
(Data Sheet). The LD50 for mice was > 2 0 0 0  
mg/kg on oral adm inistration and > 5 0 0  mg/ 
kg when it was given intravenously. For 
rabbits the LD50 on oral administration was 
295 mg/kg. Cebus monkeys could swallow 
up to 400 mg 5-FC/kg daily for 13 weeks 
without showing any side-effects, and tole
rated 200 mg/kg per day when it was ad
ministered intravenously. Were 5-FC de- 
aminated to 5-fluorouracil in the body, this 
would constitute a serious drawback, since 
5-fluorouracil is very cytotoxic. However, 
no such metabolism has been detected 
in experiments w ith dogs and monkeys. In 
rats, there was a certain amount of deamina
tion when 5-FC was administered orally, but 
not when it was given intravenously. It is 
assumed that the intestinal flora of the rats 
was able to perform the deamination (Data 
Sheet). There is no evidence that the com
pound is metabolized in man (Koechlin et al., 
1966; VII).

*) This reference will hereafter be referred to as 
Data Sheet.
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Teratogenic properties. Using intraperitoneal 
injections of 500— 3000 mg/kg in rats, Chaube 
& M urphy (1969) found 5-FC to have a 
teratogenic effect if administered on the 11th 
or 12th day of gestation. The lowest terato
genic dose was 700 mg/kg. No deformities 
resulted if the compound was administered 
on the 9th or 10th day of gestation. Deamina
tion could not be demonstrated. The same 
authors showed that 5-fluorodeoxycytidine 
had a teratogenic effect many thousand times 
that of 5-fluorocytosine. Although the terato
genic effects of 5-FC were observed only at 
considerably higher doses than those now 
suggested for clinical use (200 mg/kg body 
weight daily), the preparation should not be 
administered during pregnancy except on 
vital indication.

Side-ejfects of therapy. In 312 patients who 
were treated with the drug there was a rever
sible rise in transaminase in 61 (SGOT) and 28 
(SGPT) respectively, and in 9 cases leukopenia 
(Data Sheet). Since patients with Candida 
infection are usually receiving a number of 
other preparations (antibiotics, immunosup
pressive drugs, cytostatic agents), it is difficult 
to determine in the individual case whether 
the observed side-effects were due to 5-FC. 
In 18 cases of Candida infection which I 
have treated with 5-FC there was no effect 
on the blood picture, transaminases or alkaline 
phosphatases (Schönebeck 1971 a, b; VI). One 
of these patients had progressive hepatic in
sufficiency due to serum hepatitis. N ot even 
in this case was there any change in the 
blood transaminase levels during treatment 
with 5-FC (Fig. 7). In another patient with 
postoperative liver insufficiency the bilirubin 
value and the alkaline phosphatases norm a
lized and there was no increase in trans
aminases during the period of 5-FC treatment 
(Schönebeck, unpublished data). Thus 5-FC 
therapy is not contraindicated in patients with 
liver insufficiency.

In a pharmacokinetic study of 5-FC con
ducted in 10 normal controls and 39 patients 
with renal insufficiency, no changes in the 
blood picture or in transaminase levels could 
be demonstrated (VII). Bennett (1970), how
ever, described three cases of bone marrow 
or liver toxicity. Two of these patients were 
azotemic. A death which may possibly have 
been due to side-effects of 5-FC was reported 
by Reckord, Skinner, Sleight & Speller (1971). 
This patient had a Candida infection and 
severe uremia following treatment w ith 
amphotericin B. 5-FC was administered in a 
dose of 8 g per day, and because of renal 
insufficiency (urea N  130 mg/100 ml) the 
serum concentration rose to a very high level 
(100— 180 //g/ml). Very large total amounts 
(up to 3200 g, Fass & Perkins, 1971) have 
been administered to patients w ithout side- 
effects. Some other side-effects, for example 
nausea, vomiting and diarrhoea, as well as 
skin eruptions have occurred but are rare 
(Data Sheet).

Pharmacokinetics. 5-FC is rapidly absorbed 
from the intestinal tract and the maximal 
serum concentration after oral administration 
of a single dose is normally attained within 
1— 2 hours (VII). In uremic patients the 
maximal serum concentration is reached con-

B iliru b in /s  G P T /s
400 u  1 ml

*  B i l i r u b i n / s  

•—•= GPT / s350

300

>250
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100
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19711970

Fig. 7. Serum level of bilirubin and GPT before, 
during and after treatment with 5-fluorocytosine.
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Fig. 8. The concentration of 5-fluorocytosine in serum 
at different times in three typical subjects: an anurie 
patient (A), a patient with a moderate degree of renal 
insufficiency (B) and a normal person (C).

siderably later, in certain cases not until 12 
hours after administration. A therapeutic con
centration, however, is attained fairly rapidly 
even in such cases (Fig. 8) (VII). Intravenous 
administration is therefore indicated only in 
cases of severe acute Candida infection and 
in cases in which oral administration is not 
feasible. Experiments in mice have shown 
that only about 5 °/o of 5-FC administered 
by mouth is lost in the faeces (Polak, un
published data).

The plasma distribution coefficient is near 
1, which indicates that the drug is rather 
uniform ly distributed throughout the body
(VII). A therapeutic concentration would 
thus be expected in the spinal fluid, and 
Shadomy (1969) has shown that such a con
centration is actually attained. Richards, 
Jones, W hitwell & Clayton (1969) found 
that a therapeutic concentration is attained 
in the anterior chamber of the eye. Clinical 
experience indicates that satisfactory con
centrations are reached even in joint fluid 
(Schönebeck, 1971 b).

Schönebeck, Polak & Scholer (VII) per
formed pharmacokinetic studies in healthy 
volunteers and in patients with various degrees 
of impaired renal function. The subjects were 
given 2 g of 5-FC by mouth, and the serum 
and urine concentrations determined at de
finite intervals. Fig. 8 shows the serum con
centrations of 5-FC at different times in three 
typical subjects: a patient w ith anuria, a 
patient with moderately impaired renal func
tion and a normal person. It is clear that the 
excretion of 5-FC is delayed in renal insuffi
ciency. The relationship between the rate- 
constant of elimination k e (that is, the amount 
of 5-FC eliminated per hour) and the creati
nine clearance (ClCr) is shown in Fig. 9. It is 
represented by a straight line. The intercept 
of this line and the ordinate (Clcr~ 0 )  is knr

Q25

0.2

nr
(ml/min 

100 and 1.73 m2 
body area)

Fig. 9. ke in relation to creatinine clearance, C lçr. 
The point where the line intersects the ordinate (ClGr 
=  0) is knr, i.e. the portion of 5-fluorocytosine that is 
eliminated by extrarenai routes.
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which represents the extra-renal elimination 
of 5-FC. The latter was calculated to less 
than 4 °/o. This means that the drug is prac
tically not metabolized in the body, and that 
the extra-renal mechanisms of elimination can 
be ignored in practice. The state of renal 
function must be taken into account when 
the drug is prescribed. A fairly simple dose 
schedule for patients with normal renal func
tion or with various degrees of renal insuffi
ciency has been developed (VII):

Recommended dose 
50 mg/kg body weight 
every 6 hours

50 mg/kg body weight 
every 12 hours 
50 mg/kg body weight 
every 24 hours 
a single dose of 50 
mg/kg body weight 
followed by regular 
control of 5-FC 
concentration in serum

In persons with normal kidney function 
the urine concentration of 5-FC reaches a 
high level, several hundred j u g /ml at ordinary 
therapeutic doses. Even when kidney function 
is markedly impaired, urine concentrations 
are relatively high (VII). Table 4 shows the 
5-FC concentrations for the 5 patients in the 
material whose renal function was most 
severely impaired. The urine concentrations 
were consistently well above the lowest de
sirable therapeutic concentration, 25 j u g /ml. 
It should be mentioned, however, that there 
are substances in urine which exert an in
hibitory effect on 5-FC (VII).

The drug can be used without difficulty 
in patients who are being treated with 
haemodialysis (VII). The serum concentra
tions before and after dialysis in three 
such patients were 23 /  7.6, 20.7 /  7.2 and 
21/2.5 f i g / ml respectively. Fig. 10 (adapted

Norm al renal function

Renal insufficiency 
Creatinine clearance 

25 —40 ml/min

12,5— 25 ml/min

< 1 2 ,5  ml/min

Collecting period 
after administration of 5-FC (hours)
0-2 2-4 4-6 6-12 12-24

Patient Cr/s Urine 5-fluorocytosine 
concentration (/^g/ml)

KP cT 9.1 150 140 124 200 240
AS o ' 9.3 50 270 510 180 390
AS 5 10.2 120 540 300 150 150
EH c? 11.3 34 64 50 41 42
G T cT 15.3 70 110 150 145 150

Table 4. 5-fluorocytosine concentrations in urine col
lected during various intervals after oral administration 
of 2 g of the drug to 5 patients with advanced renal 
insufficience.

5-FC 5-FC 5-FC
2q Dialyse l^g Dialyse 2g

i vi I iv] i 1

Yv
24 48 12 24 48 12 24 48 h r* after

dosis
Fig. 10. The serum concentrations of 5-fluorocytosine 
before and after haemodialysis; the compound was ad
ministrated intravenously. (Adapted from Data Sheet).

from D ata Sheet) shows the variations in 
5-FC concentration in a patient during two 
haemodialyses and following intravenous ad
m inistration of the drug.

The short half-time for 5-FC in normal 
persons, 2.92 hours (VII) may possibly be 
prolonged by simultaneous administration of 
diuretics. Scholer & Polak (unpublished data) 
have namely shown that administration of 
Diamox®1 to rats and mice and of Esidrex®2 
to mice resulted in a significant prolongation 
of the half-time for 5-FC.

Results of therapy. More than 300 cases of 
candidiasis, cryptococcosis or chromomycosis 
treated with 5-FC have now been described. 
The results, on the whole, have been good. 
Table 5, adapted from D ata Sheet, shows the 
results of treatm ent in these three groups. My

1) Diamox =  acetazolamid
2) Esidrex =  hydrochlorothiazid

5-FC
jjg/m l

40
30

20

10
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Type of disease Response to treatment

1
Candidiasis 32 6 4 13 50 64
Cryptococcosis 18 5 10 16 27 31
Chromomycosis — 2 — 9 8 17

Table 5. Overall results collected from clinical records 
on infections due to Candida albicans and Cryptococcus 
neoformans and from cases of chromomycosis (adapted 
from Data Sheet).
O ^no response
1 =  transient clinical improvement only
2 =  transient mycological improvement only
3 =  transient clinical and mycological improvement

(short term or with relapse)
4 =  disappearance of symptoms and fungi but the

follow-up being considered insufficient
5 =  complete response with prolonged follow-up

own experience with the use of the drug has 
been very positive. Part of this material has 
been described (Schönebeck 1971 a, b; VI).

Development of resistance to 5-FC by species 
of Candida and strains of Torulopsis glabrata 
isolated from  patients. Shadomy (1970) de
scribed cases in which there was development 
of resistance to 5-FC, mainly during treatment 
of cryptococcosis but also in some cases of 
candidiasis. He had the impression that re
sistance developed more readily during trea t
ment with fairly low doses. Schönebeck & 
Ånséhn (VIII) made the same observation in 
connection with the treatm ent of patients with 
Candida infections. This experience led to two 
investigations. One (V III) was a study of 
the frequency of prim ary resistance to 5-FC 
among species of Candida and strains of 
Torulopsis glabrata isolated from patients 
who had been treated with 5-FC and from 
those who had not received the drug. The 
other (IX) was aimed at investigating the 
frequency of mutations to 5-FC resistance at 
different 5-FC concentrations, and at elucidat
ing the mechanisms underlying the develop
ment of resistance by Candida albicans.

In the first of these investigations (V III) 
the fungi were divided into three groups: 
Candida albicans; Candida, other species; and 
Torulopsis glabrata. O f fungi isolated from 
non-treated patients, 10 of 135, 12 of 43 and

3 of 50 strains from the respective groups 
showed resistance to 5-FC (Fig. 11), that is, 
7.4, 28 and 6 °/o. Several patients were follow
ed for a long time with repeated sampling. 
In general, only one type of fungus was 
isolated from a given patient, and changes 
in flora were uncommon. However, the same 
patient might harbour both 5-FC-resistant and 
5-FC-sensitive strains.

Follow-up cultures from 18 patients who 
had been treated with the drug (5 with 
throat candidiasis, 1 with lung candidiasis, 
1 with Candida polyarthritis and 11 with 
urinary tract candidiasis or asymptomatic 
funguria) were negative for Candida 
after discontinuation of treatm ent in 4 
cases of urinary tract infection and 3 
cases of throat candidiasis. The woman with 
Candida polyarthritis became free of symp-

of

ai ns

20

7 days

20

B
10

10

3 days

rhsa..,
7 days

A
3 days

7 days

0.1 0.4 1.6 SA 25.6 204 1638
5-FC CONC. 

/kg/ml

Fig. 11. MIC values of 5-fluorocytosine for 135 
Candida albicans strains (A), 43 strains of Candida , 
other species (B) and 50 strains of Torulopsis glabrata 
(C) after 3 and 7 days of incubation.
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toms following treatment, but had a recurrence 
after a few months. Culture of joint fluid was 
positive for Candida albicans, probably still 
sensitive to 5-FC as she was again cured by 
5-FC treatment. The patient with lung can
didiasis recovered and became symptom-free. 
On sputum culture one month after discon
tinuation of treatment, however, there was 
sparse growth of 5-FC-resistant Candida albi
cans. A patient w ith cancer of the larynx and 
growth of Candida albicans on throat culture 
was treated w ith 5-FC in the hope that his 
dysphagia might be due to a Candida infec
tion. However, his condition did not improve 
and cultures taken after cessation of treatment 
showed growth of Candida albicans resistant 
to 5-FC. A 47-year-old man with acute 
myelogenous leukemia and extensive thrush
like changes in the throat which prevented 
him from eating responded well to treatment 
w ith 5-FC. A fortnight later he had a ful
minating explosion of his leukemia. A few 
days before death the membranous changes 
in the mouth recurred. Culture showed the 
presence of Candida albicans resistant to 
5-FC. In 3 cases of urinary tract infection 
5-FC-sensitive strains of Candida albicans 
could occasionally be isolated after discon
tinuation of treatment. In a fourth case with 
recurrent bezoar formation the recurrence 
was probably caused by a 5-FC-sensitive 
strain as renewed 5-FC therapy was success
ful. In 3 funguria cases resistance developed. 
One was a man with asymptomatic candid- 
uria who had probably failed to take the 
drug as prescribed. The second was a woman 
with a kidney transplant and asymptomatic 
funguria (Torulopsis glabrata). Urine cultures 
became negative following treatm ent with 
5-FC but a few months later culture of a 
voided urine sample showed growth of Toru
lopsis glabrata wholly resistant to 5-FC. The 
third was a patient who underwent cystectomy 
and the creation of an ileal conduit because 
of cancer of the bladder. He developed 
staphylococcal enteritis w ith septicemia and

was given 5-FC to prevent the development 
of manifest fungous infection. Therapy proved 
to be inadequate, because the patient had 
difficulty in taking the drug by mouth and 
a preparation for intravenous administration 
was not available at the time. The patient 
died and cultures taken from the ileal conduit 
at autopsy showed growth of Candida albi
cans sensitive to 5-FC but also of a resistant 
strain of Torulopsis glabrata.

On the basis of our observations, it would 
seem that resistance develops more readily if 
the concentration of 5-FC in the affected 
tissue is relatively low. Such concentrations 
are to be expected in cases of throat and lung 
candidiasis, and may also be present in cases 
of urinary tract candidiasis if the dosage is 
inadequate or if the prescribed course of treat
ment is not followed. In adequately treated 
cases of urinary tract candidiasis resistance 
did not develop, and, as has been stated, the 
urine concentrations of 5-FC are very high. 
Another im portant observation was that in 
two of the cases in which resistance to 5-FC 
developed, the resistant strains were still 
present in cultures taken one and nine months 
respectively after discontinuation of treatment.

That prim ary resistance of Candida albicans 
to 5-FC is fairly rare is confirmed by the 
results of Scholer (1970). He investigated 15 
strains, and found that all were sensitive to 
5-FC, the minimal inhibitory concentrations 
(MIC) after 3 days of incubation being 0.025 
— 0.8 //g/ml. Toala, Schroeder, D aly & Fin
land (1970) obtained quite different results. 
They found that only about 40 %  of Candida 
albicans strains isolated from patients were 
sensitive to 5-FC concentrations < 1 0 0  jug/ 
ml. Their test for susceptibility to 5-FC must, 
however, be questioned. It was carried out 
on heart infusion agar, which contains a 
number of small molecular substances which 
inactivate 5-FC (Scholer, 1970).

Prim ary resistance of Torulopsis glabrata to 
5-FC was also uncommon (3 of 50 strains)
(V III). This confirms the results of Marks,
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Steer & Eickhoff (1971) who found that 90 °/o 
of 35 strains were sensitive to 5-FC at a 
concentration of 0.2 /ig/ml. Following 5-FC 
therapy, resistant strains were present in 2 
of our 18 patients.

The 5-FC-resistant Candida strains could 
be divided into two classes. One (class A) was 
able to form colonies normal or nearly normal 
in appearance after 3 days of incubation at 
5-FC concentrations as high as 1638 fig/ml. 
The other (class B) was m arkedly affected by 
even low concentrations of 5-FC, but after 
7 days of incubation was able to thrive at 
the highest concentration tested (1638 //g/ml). 
This latter class was the more common and 
constituted 77 %  of the resistant Candida 
strains isolated from patients.

All the 5-FC-resistant strains of Torulopsis 
glabrata belonged to class A.

In vitro investigations of 5-FC-resistance in 
Candida albicans and Torulopsis glabrata. 
The following discussion will be easier to 
understand if the reader has a basic know
ledge of how pyrimidines are handled by 
microorganisms. The metabolism of pyrim id
ines and their incorporation into R N A  has 
been studied mainly in Salmonella and E. coli 
(for review, see O ’Donovan & Neuhard, 
1970). On the basis of these data and their 
own studies of 5-FC-resistance in Candida al
bicans, Schönebeck & N orm ark (IX) develop
ed a schematic outline of the uptake of pyri
midines and their incorporation into R N A  
in this organism (Fig. 12). Cytosine is taken 
up by the Candida cell, and is deaminated to 
uracil by cytosine deaminase. Uracil is trans
formed into uridine monophosphate (UMP) 
by the enzyme UM P pyrophosphorylase. 
UM P is then phosphorylated to uridine tr i
phosphate and incorporated into RNA. 
The enzymes responsible for the uptake of 
pyrimidines by the Candida cell and for 
their incorporation into R N A  also accept 5-F 
analogues of the pyrimidines. The incorpo
ration of 5-FC into RNA, however, is stated

CYTOSINE- 
URIDINE . 
URACIL ■

CYTOSINE
i -

U R A C IL ^ U R ID IN E  

U M P '^ ^ - D E  NOVO

RÌVIA

Fig. 12. Presumptive scheme of uptake and utilization 
of pyrimidines in Candida albicans. The scheme is 
partly based on the data for S. cerevisiae presented by 
Grenson and by Jund & Lacroute. a— d indicate possi
ble mutations increasing the tolerance to 5-fluorocyto- 
sine.

to be one-fourth to one-fifth as effective as 
the incorporation of cytosine (Polak, un
published data).

Koechlin et al. (1966) in prelim inary ex
periments found that 14C-marked 5-FC was 
incorporated into the RN A  of Candida al
bicans as 5-fluorouracil riboside. Giege & 
Weil (1970) showed that when Saccharomyces 
cerevisiae was grown in the presence of 5-FC, 
up to 50 °/o of the uracil in transfer-RN A  
was replaced by 5-fluorouracil (5-FU) but 
only 10—20 °/o of that in ribosomal RNA. 
Polak (unpublished data) found the corre
sponding percentages for Candida albicans 
to be about 40 and 20 %  respectively. 
The 5-FU containing transfer-R N A  mole
cules could still be charged by amino- 
acids but in proportions different from 
the normal ones (Giege, Heinrich, Weil & 
Ebel, 1969). This is probably not the main 
mechanism by which 5-FC affects fungi. To
gether w ith misreading of the code on the 
ribosomes, however, it should result in non
functioning proteins and the yeast cells will 
stop growing. 5-FC is thus essentially a fungi
static agent.

The clinical observation that strains of 
Candida albicans resistant to 5-FC seemed to 
occur more often when the therapeutic level 
of the agent was comparatively low was 
tested by plating the 5-FC-susceptible strain
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Candida albicans H  1200 on yeast m orpho
logy agar containing different concentrations 
of 5-FC (IX). The number of visible clones 
was counted after 2, 4 and 7 days of incuba
tion. The number of m utant clones was v irtu
ally the same in the range of 25— 500 jug 
5-FC/ml. Below this range it increased rapidly. 
In the region 25— 500 //g/ml a plateau was 
formed and here the number of m utant 
clones increased by a factor of 5 between 2 
and 7 days of incubation. After 7 days there 
was no appreciable increase in the number 
of mutants. The frequency of m utation to 
5-FC resistance after 7 days of incubation 
was calculated to 7X 10“ 8 in the plateau 
region, which is a fairly high value. The rather 
high frequency of m utation might possibly be 
due to the incorporation of 5-FC in DNA. 
This would make it possible for 5-FC to act as 
a mutagen. This possibility is presently under 
study and prelim inary data (N orm ark & 
Schönebeck, to be published) suggest that 5-FC 
is not incorporated into D N A  in Candida 
albicans.

On the basis of the above experiments, the 
in vitro mutants could also be divided into 
two main classes, corresponding to the classes 
of the in vivo strains. Mutants belonging to 
class A were thus able to form normal or 
nearly normal appearing colonies after 2 
days of incubation at a 5-FC concentration of 
2000 /ig/ml. Those belonging to class B were 
affected by 5-FC even at low concentrations. 
After 7 days they were, however, able to 
form colonies on very high concentrations of 
the drug. In this experiment about 80 %  of 
the mutants belonged to class B, which is in 
good agreement with the data on the clinical 
strains. O f the 5-FC-resistant clinical Candida 
albicans strains, 7 of 10, and of the Candida, 
other species, 12 of 14 could be referred to 
class B, i.e. 77 °/o.

This type of resistance, in which an 
organism is retarded by low concentrations of 
a drug but is able to form colonies at very 
high drug levels when the incubation time is

prolonged has, to my knowledge, not been 
previously described.

The growth rates in the presence of 5-FC 
of two strains belonging to class B, one iso
lated from a patient (CA 12) and the other 
isolated in vitro (S 23) were compared with 
those of the 5-FC-sensitive Candida albicans 
strain FI 1200 and Candida albicans FI 12R3 
(IX). The latter is a 5-FC-resistant m utant of 
FI 1200 and belongs to class A. The growth 
rate of strain FI 12R3 was unaffected by a 
5-FC concentration of 1000 /u g/ml. The 
growth rates of CA 12 and S 23 were, how
ever, m arkedly affected even by a 5-FC 
concentration of 1 /ig/ml. However, growth, 
although retarded, was not inhibited at any 
concentration tested.

The distinction between these two main 
phenotypic classes should be of clinical im
portance. In cases of Candida infection, 
where resistant strains are isolated which 
form colonies of normal or nearly normal 
appearance after 2 days of incubation on 
plates containing 5-FC in therapeutic con
centrations, therapy with 5-FC should prob
ably not be continued. Infections caused by 
strains belonging to class B should still be 
able to control by the drug at moderately 
high concentrations. This is illustrated by the 
fact that the increase in cell mass for strains 
CA 12 and S 23 at a 5-FC concentration of 
1 jug/ml was for the first 30 hours not greater 
than for the completely 5-FC-sensitive strain 
H  1200 (IX). During this period the patient’s 
own defence mechanisms are given a chance 
to overcome the infection. One patient with 
urinary tract candidiasis caused by Candida, 
other species, with class B resistance has been 
successfully treated with 5-FC (VIII). The 
M IC value after 3 days of incubation was 
409 jug 5-FC/ml. This high M IC value could 
easily have led to a decision to not attem pt 
therapy with 5-FC. Because resistance data 
were not available and the situation was acute, 
5-FC was instituted, with dramatic clinical 
improvement as a result. This Candida strain
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after 7 days of incubation had a M IC value 
of >  1638 jug 5-FC/ml.

Mechanisms of 5-FC resistance in Candida 
albicans and Torulopsis glabrata.
The mechanisms of 5-FC resistance in the 
yeast Saccharomyces cerevisiae have been 
worked out by Grenson (1969) and by Jund & 
Lacroute (1970). Using UV mutagenesis the 
latter authors showed that four types of 
m utation may give rise to a decreased sus
ceptibility to 5-FC: a) m utation in the cell
membrane affecting a cytosine-specific per
mease, b) cytosine deaminase mutations, c) 
UM P pyrophosphorylase mutations, and d) 
mutations giving rise to an increased de novo 
synthesis of pyrimidines (Fig. 12).

To obtain inform ation about the mechanisms 
of resistance in our 5-FC-resistant strains, we 
grew them in the presence of different con
centrations of 5-FC, 5-FU and 5-fluorouridine
(IX). M utant H  12R3, which was totally 
resistant to 5-FC in vitro, proved to be 
wholly resistant to 5-FU and 5-fluorouridine 
as well. Its incorporation of 3H-uracil and 
3H -uridine was very low compared with that 
of FI 1200 (IX). Recent experiments (Nor- 
m ark & Schönebeck, to be published) have 
shown that in H  12R3 14C-labelled 5-FC is 
not at all incorporated into RNA.

The activities of the enzymes which trans
form uridine to UM P (uridine kinase) and 
uracil to UM P (UMP pyrophosphorylase) 
were tested in cell-free extracts of strains H  
1200 and H  12R3. The latter proved to have a 
UM P pyrophosphorylase activity considerably 
lower than that in strain H  1200, while the 
uridine kinase activity was approxim ately 
the same in the two strains (IX). The resist
ance of FI 12R3 to 5-FC would thus seem to 
be due to a m utation in the gene coding for 
UM P pyrophosphorylase. The results suggest 
that in Candida albicans uridine is largely 
transform ed to uracil before it is incorporated 
into RNA , and that the direct pathw ay uridine 
to UM P is used to only a slight extent. O f

course, other genetic defects may also underlie 
the marked resistance to 5-FC characteristic 
of class A, but this problem has not been 
studied in detail.

Class B strains, both in vitro mutants and 
the clinical strains, were also tested for their 
resistance to the three different 5-fluoro- 
pyrimidines and for their ability to incorpo
rate 3H-labelled uridine (IX). It could be 
concluded that in none of these mutants was 
the specific cytosine permease or the cytosine 
deaminase affected. It therefore seemed plau
sible to assume that the conversion of 5-FU 
to 5-FUMP was in some way affected in all 
these mutants. The results further strengthened 
the hypothesis that in Candida albicans uridine 
is mainly transformed to uracil before being 
incorporated into RNA.

When two class B mutants were tested for 
their ability to incorporate 14C-labelled 5-FC 
into R N A  it appeared that the amount in
corporated was considerably less than that 
of the 5-FC-sensitive parent strain H  1200, 
but much higher than that of FI 12R3 (N or- 
m ark & Schönebeck, to be published).

Medoff, Com fort & Kobayashi (1971) 
stated that amphotericin B acted synergistic- 
ally with 5-FC in Candida albicans, Candida 
pseudotropicalis and Saccharomyces cerevisiae. 
This synergism was thought to be due to 
amphotericin B increasing the permeability of 
the cell membrane to 5-FC. It was further 
shown that the incorporation of 14C-labelled 
5-FC into R N A  increased if the yeast cells 
were treated with amphotericin B in concen
trations well below the M IC values for the 
respective strains (Medoff et al., 1972). In 
theory, combination therapy with these two 
drugs in the way suggested ought to have no 
effect on class A mutants like H  12R3. The 
effect on other mutants in this class is hard 
to predict. M utants belonging to class B might 
be affected by such treatment. It is possible 
that the combination of amphotericin B + l  
jug 5-FC/ml would retard the growth rate 
and perhaps have the same effect as 50 jug
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5-FC/ml. However, prelim inary experiments 
suggest that amphotericin B at a concentration 
of 0.06 /ig/ml (which is the concentration used 
by Medoff et al., 1972) does not affect the 
growth of class B mutants in the presence of 
5-FC (N orm ark & Schönebeck, to be pub
lished).

In this connection, it may be mentioned 
that strains of Candida albicans resistant to 
5-FC retain a high sensitivity to amphotericin 
B (Norm ark & Schönebeck, unpublished data).

In view of the clinical experience that 
resistant strains of Candida may persist in a 
patient long after discontinuation of 5-FC 
therapy, the growth rate of the 5-FC-resistant 
m utant H  12R3 was compared w ith that of 
the parent strain H  1200. No difference was 
found. Moreover the m utant and the wild 
type reached the same density during the 
stationary phase.

Another im portant question is whether any 
of these mutations to 5-FC resistance change 
the virulence of the strain. We are presently 
attem pting to determine this in mice.

All the resistant strains of Torulopsis gla- 
brata belonged to class A, and all seemed to 
closely resemble m utant H  12R3. When 
Candida albicans was tested for prim ary 
resistance to 5-FC there was a slight shift 
toward higher M IC values between the 3rd 
and the 7th day of incubation (VIII). This 
could not be detected for Torulopsis glabrata; 
neither was class B resistance seen. It is possible 
that a fundamental difference in pyrimidine 
metabolism is responsible for the fact that 
class B resistance is common in Candida but 
does not seem to occur in Torulopsis glabrata.

In summary , 5-FC has proved to be an 
effective antimycotic agent in the treatm ent 
of infections due to Candida; it is also 
effective against Torulopsis glabrata and 
Cryptococcus neoformans and in chromomy
cosis.

It is relatively atoxic and side-effects are 
rare. It has proved to be teratogenic in animal

experiments, and should therefore not be ad
ministered to pregnant women except on vital 
indication. It is excreted to nearly 100 %  by 
the kidneys, and it is thus im portant that 
the dosage be adapted to the functional state 
of the kidneys.

Prim ary resistance to 5-FC is fairly un
common in Candida albicans and Torulopsis 
glabrata but seems to be more frequent in 
other Candida species. Resistance appears to 
be rather easily induced by 5-FC therapy, and 
this is the main drawback of the drug. Re
sistance seems to develop more readily if the 
therapeutic concentration is less than 25 {i%! 
ml, but the frequency of m utation to 5-FC 
resistance is then constant at 5-FC concentra
tions from 25 to 500 /^g/ml.

The 5-FC-resistant mutants could be divided 
into two main classes. One (class A) was able 
to form normal or nearly normal appearing 
colonies in the presence of very high levels of 
the drug after 2 days of incubation. The 
growth rate of the other (class B) was m arked
ly decreased by even low 5-FC concentrations, 
but after 7 days of incubation these strains 
could form colonies at very high drug levels. 
In infections due to class A strains 5-FC 
therapy is probably futile, but infections 
due to class B strains may respond favourably. 
Class B strains are initially so strongly in
hibited by the drug that the patient’s own 
defences are given a chance to overcome the 
infection.

At present 5-FC would seem to be the drug 
of choice in the treatment of deep infections 
due to Candida or Torulopsis glabrata. In 
view of the relative ease w ith which resistance 
appears to develop and the fact that resistant 
strains can remain in the patient for con
siderable periods of time, the indications for 
therapy should be strict and the dose ad
ministered large enough to give a therapeutic 
concentration exceeding 25 /^g 5-FC/ml.
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