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Over the past two decades, Candida species have come to be regarded as impor-
tant agents of nosocomial infection. In this paper, initially presented as a teach-
ing conference at the Yale University School of Medicine, we summarize recent
information pertaining to the epidemiology, diagnosis, and treatment of sys-
temic Candida infections.

INTRODUCTION

The past two decades have witnessed a significant change in the epidemiology of
nosocomial infections in the United States. Increasing rates of invasive procedures, bone
marrow and solid organ transplantation, and use of immunosuppressive agents and broad-
spectrum antibiotics have resulted in an increasingly large population of patients with high
susceptibility to nosocomial infections. Of note, the rate of fungal infections, primarily
caused by Candida species, has risen significantly since the early 1980s [1]. These infec-
tions are often difficult to diagnose and treat and carry a high burden of morbidity and
mortality. We discuss the recent literature pertaining to the changing epidemiology of sys-
temic Candida infections in the United States, new diagnostic tests, available antifungal
agents, and currently recommended treatment, with an emphasis on candidemia and deep
Candida infections rather than mucocutaneous manifestations of candidiasis.

EPIDEMIOLOGY

Importance of Candida spp. as nosocomial pathogens

Candida species are the pathogens in an increasing proportion of nosocomial blood-
stream infections in the United States. This increase has been noted in hospitals of all
sizes, but is particularly striking in large tertiary care institutions. Much of the data docu-
menting this has been collected by the National Nosocomial Infections Surveillance
System (NNIS)®. This cooperative group of over 100 U.S. hospitals conducts prospective
surveillance on nosocomial infections [2]. The participating hospitals are of varying sizes
and include both teaching and non-teaching facilities. A uniform definition of nosocomi-
al infection [3] is employed and all such infections were reported to the Centers for
Disease Control and Prevention.

The data collected by the NNIS have been analyzed in a number of ways and at sev-
eral timepoints. All of these analyses indicate an increase in the frequency of fungi as
agents of nosocomial infection, with Candida spp. being by far the most common agents.
Considering all major sites of infection, the proportion of nosocomial infections reported
secondary to fungi in 115 of the NNIS hospitals rose from 6.0 percent in 1980 to 10.4 per-
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cent in 1990 [1]. The overall rate of nosocomial infections secondary to fungi rose from
2.0 to 3.8 infections per 1,000 patient discharges during this period. By site, the largest
increases were noted in surgical wound infections (an increase from 1.0 to 3.1 per 10,000
patient discharges), urinary tract infections (9.0 to 20.5 per 10,000 patient discharges) and
bloodstream infections (1.0 to 4.5 per 10,000 patient discharges). The majority (78 per-
cent) of these infections were secondary to Candida species, predominantly C. albicans
(approximately 59 percent).

Another study [4] analyzed NNIS data between 1980-1989 to estimate changes in
both the rates and microbiology of nosocomially-acquired primary bloodstream infections
in 124 hospitals. Hospitals were stratified by size and teaching affiliation. Significant
increases in the overall nosocomial bloodstream infection rate were noted in all hospitals
studied and ranged from an increase of 279 percent in small nonteaching hospitals to 70
percent in large teaching hospitals. The largest rate increases were noted for four groups
of pathogens: coagulase-negative Staphylococci, Staphylococcus aureus, Enterococci, and
Candida spp. For Candida, the bloodstream infection rate increased the most in large
teaching hospitals (1.61 per 1,000 hospital discharges in 1989, representing a 487 percent
increase over 1980).

Candida spp. have supplanted gram-negative rods in terms of frequency of isolation
in nosocomial infections (Table 1, [5]). In 1984, Candida were the eighth most common
pathogen isolated, behind coagulase-negative Staphylococci, S. aureus, and several
species of gram-negative rods. By 1988, Candida spp. rose in frequency to the fourth most
common pathogen isolated, surpassing all of the above gram-negative rods.

A recently published twelve-year retrospective study of nosocomial bloodstream
infections in a single large tertiary care institution [6] revealed data similar to that obtained
by the NNIS. An overall increase in the crude nosocomial infection rate was noted, from
6.7 per 1000 discharges in 1980 to 18.4 per 1000 discharges in 1992. The bulk of this
increase was secondary to increases in the rates of Staphylococci, Enterococci, and
Candida spp. The rate of Candida bloodstream infection increased twelve-fold during this
period.

Table 1: Relative frequencies of bloodstream infection pathogens, 1988 vs. 1984.

Pathogen Percent of bloodstream Rank in 1988 Rank in 1984
infections, 1988

Coagulase-negative

Staphylococci 25.5 1 1
S. aureus 15.0 2 2
Enterococci 79 3 6
Candida spp. 7.8 4 8
E. coli 6.8 5 3
Enterobacter spp. 52 6 7
P. aeruginosa 5.0 7 5
Klebsiella spp. 44 8 4

From: Horan et al, [5].

Mortality and risk factors

Candidemia and deep Candida infections are associated with a high mortality rate.
Most series document a crude mortality rate of sixty to eighty percent [7-9]. The patients



Grohskopf and Andriole: Systemic Candida infections 507

represented in these studies are generally quite ill and have at least one serious comorbid
condition (such as leukemia, lymphoma, other malignancy, bacterial sepsis, complicated
post-operative course). These underlying conditions could in themselves contribute to a
substantial proportion of mortality. One retrospective case-control study [8] attempted to
determine the excess mortality attributable to candidemia. In this study 88 candidemic
patients were matched with 88 control patients on the basis of age, sex, time in hospital,
underlying illness, and major surgical procedure. The crude mortality rate for the candi-
demic patients was 57 percent, compared with 19 percent for the control patients, with a
calculated attributable mortality of 38 percent. Thus, candidemia appears to be responsi-
ble for considerable mortality, even after controlling for underlying comorbid illness.

Another recent series of 106 medical and surgical patients [9] with candidemia in a
tertiary care hospital attempted to determine host and iatrogenic factors associated with
serious Candida infections as well as factors predictive of increased mortality. Common
factors among the patients revealed the presence of a central venous catheter in 85 per-
cent, use of parenteral hyperalimentation in 61 percent, and prior antibiotic use in 94 per-
cent (62 percent receiving 4 or more antibiotics). Neutropenia was also a common risk
factor (29 percent). Patients with sustained candidemia, defined by the authors as positive
blood cultures of greater than two days duration, were significantly more likely to die than
were those with shorter duration of positive blood cultures (mortality rates of 74 percent
vs. 39 percent). Use of central venous catheters, parenteral nutrition, and neutropenia were
significantly associated with sustained candidemia. Also, among those with sustained can-
didemia, infection with a non-albicans species was associated with a higher mortality rate,
whereas absence of a malignancy or fatal underlying illness was associated with a lower
mortality rate.

PATHOGENESIS

Candida consist of approximately 150 species of oval budding yeasts which are ubiq-
uitous in the environment. Of these, only about 10 species are common pathogens in
humans [10]: C. albicans, C. glabrata (formerly Torulopsis glabrata), C. guilliermondii,
C. parapsilosis, C. tropicalis, C. pseudotropicalis, C. lusitaniae, C. krusei, C. stellatoidea,
and C. rugosa. C. stellatoidea is now considered a variant of C. albicans.

C. albicans is the most common pathogen, accounting for roughly sixty to seventy-
five percent of Candida isolates in most series [1, 6, 8]. There is some evidence, howev-
er, that this is changing with changing patterns of antifungal administration. In particular,
the extensive use of fluconazole appears to select for certain non-albicans species. One
institution [11] noted a shift from C. albicans as the predominant isolate (87 percent) in
1987 to only 31 percent in 1992 (one year after the introduction of fluconazole). Also
noted were proportionate increases in the percentages of C. glabrata, C. parapsilosis, and
C. tropicalis isolates, which were generally less sensitive to fluconazole. Use of flucona-
zole for prophylaxis in bone marrow transplantation patients [12] was noted to be associ-
ated with an approximately twofold higher colonization rate and approximately sevenfold
higher infection rate of C. krusei, which is natively resistant to fluconazole.

Candida species are normal commensals in the human gut, respiratory, and female
genital tracts. The principal defenses against invasive infection are normal bacterial flora,
intact integument and, if this is breached, blood and tissue phagocytes [10]. The roles of
humoral immunity and T-lymphocytes are less well characterized. Antibodies are made to
several Candida antigens, but their functional significance is unclear. The importance of
T-cell function is suggested by the presence of delayed-type hypersensitivity to Candida
antigens in most adults with normal immune systems, as well as the increased vulnerabil-
ity of persons with HIV disease to mucocutaneous Candida infections.
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The most important risk factors associated with candidemia and deep Candida infec-
tions are summarized in Table 2. In general, most of these conditions involve either
breaching of integument or impaired phagocytic function. Immunosuppression, such as
that associated with organ or bone marrow transplantation, is associated with extremely
high risk. Some studies suggest a predilection for C. tropicalis infections in patients
undergoing treatment for leukemia and lymphoma [13, 14], though this has not been as
apparent in more recent series [9]. As discussed above, use of broad spectrum antibiotics,
central venous catheters, and parenteral hyperalimentation also appear to predispose to
candidemia. Parenteral hyperalimentation fluids support growth of Candida species by
virtue of their high dextrose content. C. parapsilosis has been noted to have a particular
affinity for such high-dextrose solutions and outbreaks of C. parapsilosis fungemia have
been traced to contaminated fluids and laboratory equipment used in their preparation [14,
15]. ,
In addition to hematologic malignancies and neutropenia, underlying illnesses asso-
ciated with an increase in Candida infections include human immunodeficiency virus
infection, diabetes mellitus, and chronic renal failure. HIV infection definitely does pre-
dispose to mucocutaneous candidiasis (oral thrush, esophageal, and vulvovaginal candidi-
asis), but disseminated candidiasis associated with HIV infection alone is relatively rare
[16]. Chronic renal failure predisposes to fungal peritonitis, primarily candidal, in patients
with indwelling peritoneal dialysis catheters [17].

Table 2. Risk factors for severe Candida infections.

Severe underlying disease
organ transplantation (especially bone marrow)
leukemia, lymphoma
diabetes mellitus
chronic renal failure

Impaired phagocytic function
congenital defects
neutropenia
granulocytopenia

Other conditions and iatrogenic factors
intravenous drug use
central venous catheters
broad spectrum antibiotic use
systemic steroids, immunosuppressive and cytotoxic agents
parenteral hyperalimentation
trauma, burns
abdominal and thoracic surgery

CLINICAL MANIFESTATIONS

Once in the bloodstream, Candida produce a clinical picture which is indistinguish-
able from bacteremia, with fever, leukocytosis, and hypotension, and which may progress
to septic shock. In a series of 55 surgical patients with candidemia, 71 percent had a
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leukocytosis, 60 percent were febrile, and 29 percent were hypotensive [7]. From the
bloodstream the organism can disseminate to multiple organs, producing diffuse microab-
scesses. The skin, eye, kidney, and brain are most commonly affected, but myocardium,
heart valves, joints, and bone may be involved as well [18, 19].

Chronic disseminated candidiasis, also referred to as hepatosplenic candidiasis, is a
distinct clinical entity. It occurs primarily in cancer chemotherapy patients who are recov-
ering from neutropenia. Typically patients with this infection have right upper quadrant
abdominal pain and are persistently febrile after recovery from neutropenia despite broad
spectrum antibiotics [19].

DIAGNOSIS

Most Candida species grow well in routine vented or biphasic blood culture bottles
[20]. However, severe multiorgan infection can exist in the absence of positive blood cul-
tures. This makes definitive diagnosis of disseminated candidiasis difficult, and often
results in delay in the institution of therapy.

Telenti et al. [21] conducted a retrospective review of all cases of Candida-positive
blood cultures at their institution between 1985 and 1987 (172 episodes in 169 patients).
The authors classified each case either as a probable intravascular infection (defined as
having intravascular device present, positive peripheral blood cultures before removal of
device, catheter tip grew at least 15 colony-forming units (cfu), no other source identified;
patients with endocarditis included in this group), or extravascular infection (defined as
culture proven extravascular source and either no intravenous device present or tip grew
less than 15 colony-forming units). Of these, 39 percent of cases were classified as
intravascular, 42 percent as extravascular, and 17 percent as unidentified. Marked differ-
ences were observed in the mean colony counts for the intravascular vs. extravascular
groups (45 cfu vs. 1 cfu). It is important to note that patients in this study were included
on the basis of having a positive peripheral blood culture; therefore each case would be
expected to have some number of colony forming units on quantitative culture. The strik-
ing feature of these data is the extremely low colony count for nearly all the patients with
extravascular infections, as well as a significant number of those with intravascular infec-
tions (for 19 of the 172 episodes, 5 or fewer cfu were noted on quantitative culture). These
observations suggest that there might be patients with similar infections and negative
blood cultures. This possibility is supported by the observations of Berenguer et al. [22].
In a retrospective review of 67 cases of autopsy-proven single-organ and multiorgan dis-
seminated candidiasis, these authors found that only 28 percent of single-organ cases and
58 percent of multiorgan cases had any positive blood cultures, even though the median
number of blood cultures was 11 in the single-organ group and 17 in the disseminated
group.

The unreliability of culture-based diagnosis has led to substantial efforts to develop
other diagnostic methods. These have recently been reviewed elsewhere [23]. Numerous
serologic assays have been developed which are designed to detect circulating Candida
antigens. These include the cell wall polysaccharide mannan, a 48 kD cytoplasmic glyco-
protein antigen, and a heat-labile glycoprotein antigen. Another approach involves detec-
tion of sugar alcohol metabolites such as D-arabinitol by gas chromatography. Also, a
polymerase chain reaction assay was recently developed which detects conserved portions
of the Candida actin gene [24]. Other assays have been designed which detect antibodies
to major cytoplasmic protein antigens. However, no serologic or polymerase chain reac-
tion assay to date has been found to have sufficient sensitivity and specificity. Therefore
none of these tests has yet been developed for routine clinical use. Therefore, the decision
to treat patients for candidemia and/or disseminated candidiasis rests in large part upon
maintaining a high degree of suspicion, particularly in the susceptible host with one or
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more risk factors, and often must be undertaken empirically, without confirmatory data
from cultures or other tests.

TREATMENT

The currently available antifungal agents most often used to treat patients for docu-
mented candidemia and/or disseminated candidiasis include amphotericin B, fluconazole,
and 5-fluorocytosine. Of these, amphotericin B is the oldest, and although it has the great-
est potential toxicity, it also has the advantage of being the most well-known agent in
terms of efficacy in serious Candida infections.

Amphotericin B is a lipophilic polyene first isolated in 1956 from Streptomyces
nodosus. It acts by binding to ergosterol, a steroid crucial to fungal cell wall integrity,
causing leakage of cellular contents and cell death. Conventional amphotericin B consists
of the drug complexed to sodium deoxycholate in order to improve water solubility. It is
available only in intravenous formulation for systemic use, as it is poorly absorbed though
the gastrointestinal tract. Cerebrospinal fluid penetration is poor [25, 26]. Amphotericin B
has a number of important adverse effects, the most common of which are nephrotoxici-
ty (secondary to renal vascular spasm, proximal and distal tubular damage, and renal tubu-
lar acidosis) and anemia (secondary to direct suppression of erythropoesis and sometimes
thrombopoesis) [27]. Most species of Candida are susceptible, but both primary and sec-
ondary resistance are seen in C. lusitaniae and occasionally in other Candida species [28].

Lipid-associated amphotericin B preparations include liposomal amphotericin B,
amphotericin B colloidal dispersion, and amphotericin B lipid-complex. Rather than
deoxycholate, the lipid-associated preparations contain amphotericin B incorporated into
liposomes, complexed with cholesteryl sulfate, or with dimyristoyl phosphatidylcholine
and dimyristoyl phosphatidylglycerol. These agents have a wider therapeutic index than
conventional amphotericin B, allowing administration of higher cumulative doses with
minimum renal toxicity [29-32]. In addition, these agents are preferentially taken up by
the reticuloendothelial cells of the liver and spleen, offering a theoretical advantage in the
treatment of hepatosplenic canddiasis. Amphotericin B lipid complex, with dimyristoyl
phosphatidylcholine and dimyristoyl phosphatidylglycerol, was recently licensed for use
in the United States.

5-Fluorocytosine (5-FC) or flucytosine is a water-soluble pyrimidine. It is converted
to 5-fluorouracil (5-FU) by the enzyme cytosine deaminase in susceptible fungi. 5-FU in
turn is converted into 5-fluoro-2’-deoxyuridylic acid (FAUMP), which inhibits thymidy-
late synthtase and therefore inhibits DNA synthesis. Cytosine deaminase is not present in
human cells; therefore the conversion of 5-FC to 5-FU is confined to susceptible fungi
[33]. It is absorbed well orally and penetrates the cerebrospinal fluid well. Although the
majority of Candida species are initially susceptible, resistance develops readily; there-
fore flucytosine cannot be used as a single agent. It is used primarily in combination with
amphotericin B in serious candidal and cryptococcal infections which fail to respond to
amphotericin B alone. However, no evidence currently exists to suggest that the addition
of flucytosine provides any therapeutic advantage over amphotericin alone in the treat-
ment of serious Candida infections. The combination of the two can in fact be quite harm-
ful, as both may cause bone marrow suppression [25]. 5-FU has been noted to be present
in human serum after the administration of 5-FC, possibly secondary to conversion by
intestinal microflora followed by gut reabsorbtion, and this is one mechanism that has
been put forth for the myelosuppressive effect of the drug [34]. However, a study of 5-FC
toxicity in patients with cryptococcal meningitis found that peak 5-FU levels were not pre-
dictive of toxicity [35].
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Fluconazole is a water soluble triazole which was introduced in 1991. It selectively
inhibits the fungal cytochrome P-450 enzymes which catalyze the conversion of lanosterol
to ergosterol. Oral bioavailability is 85-90 percent, and CSF penetration is 80 percent in
the presence of inflamed meninges [36]. It has a broad spectrum of activity including most
Candida species, but C. krusei is resistant, as well as Aspergillus species.

A comparison of the toxicities and adverse effects of amphotericin B and fluconazole
is shown in Table 3. With the exception of hepatic necrosis, which is rare, the adverse
effects of fluconazole are relatively minor compared with those of amphotericin B. Also,
the most common adverse effects of fluconazole (nausea, abdominal pain and headache)
occur with fairly low frequency (less than 2.5 percent) [37]. This contrasts with the fre-
quency of nephrotoxicity (nearly 100 percent) and hematologic toxicity (approximately
75 percent) observed with amphotericin B [27].

Table 3. Adverse effects of amphotericin B and fluconazole.

Amphotericin B Fluconazole
thrombophlebitis nausea, vomiting, abdominal pain
chills, fever, aches rash (rarely exfoliative)
nausea/vomiting headache
hypotension elevated liver function tests
nephrotoxicity hepatic necrosis (rare)
hypokalemia

hypomagnesemia
suppression of erythro- and thrombopoesis

The more favorable toxicity profile of fluconazole makes it an attractive alternative
agent to amphotericin B. There are numerous reports in the literature which describe the
successful use of fluconazole in the treatment of oropharyngeal candidiasis, as well as
deep-seated Candida infection, including endocarditis [38], endophthalmitis [39],
osteomyelitis [40], and prosthetic joint infections [41]. However, there is a paucity of stud-
ies which directly compare the efficacy of fluconazole with that of amphotericin B.
Amphotericin B therefore remains the treatment of choice for most sorts of serious
Candida infection.

One notable exception is in the treatment of candidemia in non-neutropenic patients.
A recent randomized trial [42] included 206 patients with culture-documented candidemia
without neutropenia or major immunodeficiency (patients with hematologic malignancies,
acquired immunodeficiency syndrome, and organ transplantation were excluded) and who
had not received greater than 0.6 mg/kg of amphotericin B or 400 mg of fluconazole pre-
viously. All had fever, hypotension, or other signs of infection. Patients were randomly
assigned to receive either 0.5-0.6 mg/kg/day of amphotericin B or 400 mg/day of flu-
conazole. Therapy continued for 14 days after the resolution of clinical signs or 14 days
after the last positive blood culture, whichever period was longer. Therapy with flucona-
zole was discontinued if the serum alkaline phosphatase rose to greater than 1.5 times nor-
mal or baseline, or if serum transaminases exceeded three times normal or baseline;
amphotericin B was discontinued if serum creatinine became greater than 3.5 mg/dl.
Patients in either treatment group received approximately the same duration of therapy
(mean 17 days for fluconazole and 18 days for amphotericin B). Treatment was judged to
be successful in 79 percent of patients in the amphotericin B group and 70 percent of
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patients in the fluconazole group; the difference in success rates was not statistically sig-
nificant. However, rates of adverse effects were significantly higher for amphotericin B
than fluconazole. Amphotericin B caused renal failure in 37 percent of 103 patients and
hypokalemia in 10 percent, while the frequency of both of these effects was only 2 per-
cent among the 103 patients in the fluconazole group. The frequency of elevated liver
function tests, on the other hand, was 14 percent in the fluconazole group (not statistical-
ly significant) compared with 10 percent in the amphotericin B group.

This study offers evidence for the promise of fluconazole as an effective, safe thera-
peutic agent for the treatment of systemic Candida infections in non-neutropenic patients.
It has important limitations, however, which must be considered. First, the study popula-
tion was very carefully selected, excluding patients with the most common immunodefi-
ciency states which predispose to serious Candida infections. It was not specified whether
any patients were on systemic steroid therapy, so it is unclear whether fluconazole would
be equally effective to amphotericin B in patients taking such agents. Also, it is important
to note that the majority of infections in this study were caused by to C. albicans, and that
other species were not represented in sufficiently large numbers to allow for detection of
differences in the relative efficacy of the two antifungal agents.

The currently recommended first-line therapy for candidemia and disseminated
Candida infections in neutropenic and otherwise immunocompromised hosts is therefore
still amphotericin B, at a dose of 0.5-0.7 mg/kg/day, to be continued until fourteen days
after resolution of clinical symptoms and signs or after the last positive blood culture. In
non-neutropenic, non-immunosuppressed patients, fluconazole may be used as a first-line
agent, with the duration of therapy determined on the same basis. Fluconazole may also
be used as a second line agent in immunosuppressed patients who are unable to tolerate
the adverse effects of amphotericin B. Any intravascular catheters should be removed and
completely changed if possible, as leaving catheters in prolongs the duration of can-
didemia [43]. Chronic disseminated or hepatosplenic candidiasis responds poorly to con-
ventional amphotericin B therapy [44, 45], but fluconazole is effective and is therefore the
first-line therapy for this infection [46-49]. Liposomal amphotericin B has also been found
to be effective in chronic disseminated candidiasis [50].

SUMMARY

Systemic Candida infections pose many and increasingly frequent challenges in
terms of diagnosis and treatment. Timely institution of treatment for these potentially life-
threatening infections relies upon maintaining a high degree of clinical suspicion in
patients with one or more risk factors, particularly those who remain ill or febrile despite
broad spectrum antibacterial agents. Blood cultures are not a sensitive means of detecting
candidemia and disseminated candidiasis, and therefore negative blood cultures should
not preclude empiric therapy for the at-risk patient in the appropriate clinical situation.
Finally, although the toxicity of amphotericin B is problematic, it is still considered the
first-line therapy for most systemic candidal infections, with two exceptions being can-
didemia in non-immunocompromised hosts and chronic disseminated candidiasis.

REFERENCES

1. Beck-Sague, C.M., Jarvis, W.R., and the National Nosocomial Infections Surveillance System.
Secular trends in the epidemiology of nosocomial fungal infections in the United States, 1980-
1990. J. Infect. Dis. 167:1247-1251, 1993.

2. Emori, T.G., Culver, D.H., Horan, T.C., Jarvis, W.R., White, J.W., Olson, D.R., Banerjee, S.,
Edwards, J.R., Martone, W.J., Gaynes, R.P, et al. National Nosocomial Infections Surveillance
System: description of surveillance methodology. Am. J. Infect. Control 19:91-35, 1991.

3. Garner, J.S., Jarvis, W.R., Emori, T.G., Horan, T.C., and Hughes, J.M. CDC definition for noso-
comial infections. Am. J. Infect. Control 16:128-140, 1988.



Grohskopf and Andriole: Systemic Candida infections 513

4. Banerjee, S.N., Emori, T.G., Culver, D.H., Gaynes, R.P, Jarvis, W.R., Horan, T., Edwards, J.R.,

10.

11.

12.

13.
14.
15.

16.

17.

18.
19.
20.
21.
22.

23.
24.
25.
26.

27.

Tolson, J., Henderson, T., Martone, W.J., and the NNIS System. Secular trends in nosocomial
primary bloodstream infections in the United States, 1980-1989. Am. J. Med. 91 (Suppl
3B):86S-89S, 1991.

. Horan, T.C., Culver, D.H., Jarvis, W.R. et al. Pathogens causing nosocomial infections:

Preliminary data from the National Nosocomial Infections Surveillance System. Antimicrob.
Newslett. 5:65-67, 1988.

Pittet, D. and Wenzel, R.P. Nosocomial bloodstream infections: Secular trends in rates, mortal-
ity, and contribution to total hospital deaths. Arch. Intern. Med. 155:1177-1184, 1995.

. Marsh, PK., Tally, EP, Kellum, J., Callow, A., and Gorbach, S.L. Candida infections in surgi-

cal patients. Ann. Surg. 198:42-47, 1983.

Wey, S.B., Mori, M., Pfaller, M.A., Woolson, R.F.,, and Wenzel, R.P. Hospital-acquired can-
didemia: The attributable mortality and excess length of stay. Arch. Intern. Med. 148:2642-
2645, 1988.

. Fraser, V.J., Jones, M., Dunkel, J., Sorfer, S., Medoff, G., and Dunagan, W.C. Candidemia in a

tertiary care hospital: Epidemiology, risk factors, and predictors of mortality. Clin. Infect. Dis.
15:414-421, 1992.

Edwards, J.E. Candida species. In: Mandell, G.L., Douglas, R.E. Jr, and Bennet, J.E., eds.
Principles and Practice of Infectious Diseases. New York: Churchill Livingstone Inc; 1994, pp.
2289-2306.

Price, M.F,, LaRocco, M.T., and Gentry, L.O. Fluconazole susceptibilities of Candida species
and distribution of species recovered over a S-year period. Antimicrob. Agents Chemother.
38:1422-1424, 1994.

Wingard, J.R., Merz, W.G., Rinaldi, M.G., Johnson, T.R., Karp, J.E., and Saral R. Increase in
Candida krusei infection among patients with bone marrow transplantation and neutropenia
treated prophylactically with fluconazole. N. Engl. J. Med. 331:1274-1277, 1991.

Wingard, J.R., Merz, W.G., and Saral, R. Candida tropicalis: A major pathogen in immuno-
compromised patients. Ann. Intern. Med. 91: 539-543, 1979.

Meunier-Carpentier, F.,, Kiehn, TE., and Armstrong, D. Fungemia in the immunocompromised
host. Am. J. Med. 71:363-370, 1981.

Plouffe, J.F.,, Brown, D.G,, Silva, J., Eck, T., Stricof, R.L., and Fekety, R. Nosocomial outbreak
of Candida parapsilosis fungemia related to intravenous infusions. Arch. Intern. Med.
137:1686-1689, 1977.

Reef, S.E. and Mayer, K.H.. Opportunistic Candidal infections in patients infected with human
immunodeficiency virus: prevention issues and priorities. Clin. Infect. Dis. 21(suppl 1):599-
102, 1995.

Bayer, A.S., Blumenkrantz, M.J., Montgomerie, J.Z., Galpin, J.E., Coburn, J.W., and Guze, L.B.
Candida peritonitis: report of 22 cases and review of the English literature. Am. J. Med. 61:832-
840, 1976.

Edwards, J.E. and Filler, S.G. Current strategies for treating invasive candidiasis: emphasis on
infections in nonneutropenic patients. Clin. Infect. Dis. 14(Suppl 1):S106-113, 1992.
Swerdloff, J.N., Filler, S.G., and Edwards, J.E. Severe candidal infections in neutropenic
patients. Clin. Infect. Dis. 17(Suppl 2):S457-467, 1993.

Murray, P.R. Comparision of lysis-centrifugation and agitated biphasic blood cultures for the
detection of fungemia. J. Clin. Microbiol. 29:96-98, 1991.

Telenti, A., Steckelberg, J.M., Stockman, L., Edison, R.S., and Roberts, G.D. Quantitative blood
cultures in candidemia. Mayo Clin. Proc. 66:1120-1123, 1991.

Berenguer, J., Buck, M., Witebsky, F., Stock, F,, Pizzo, P.A., and Walsh, T.J. Lysis-centrifuga-
tion blood cultures in the detection of tissue-proven invasive candidiasis. Diag. Microbiol.
Infect. Dis. 17:103-109, 1993.

de Repentigny, L. Serodiagnosis of candidiasis, aspergillosis, and cryptococcosis. Clin. Infect.
Dis. 14(Suppl 1):S11-22, 1992.

Kan, V.L. Polymerase chain reaction for the diagnosis of candidemia. J. Infect. Dis. 168:779-
783, 1993.

Terrell, C.L. and Hughes, C.E. Antifungal agents for deep-seated mycotic infections. Mayo Clin
Proc 67:69-91, 1992.

Bennet, J.E. Antifungal agents. In: Gilman, A.G., Rall, T.W,, Nies, A.S., and Taylor, P, eds. The
Pharmacological Basis of Therapeutics. Elmsford, NY: Pergamon Press Inc;1990, pp. 1165-
1168.

Hoeprich, P.D. Clinical use of amphotericin B and derivatives: Lore, mystique, and fact. Clin.
Infect. Dis. 14(Suppl 1):S114-119, 1991.



514

28.

29.

30.

31.
32.

33.
34.

35.

36.

37.
38.

39.
40.
41.
42.

43.

45.
46.

47.

48.
49.

Grohskopf and Andriole: Systemic Candida infections

Pappagianis, D., Collins, M.S., Hector, R., and Remington, J. Development of resistance to
amphotericin B in Candida lusitaniae affecting the human. Antimicrob. Agents Chemother.
16:123-126, 1979.

Lopez-Berenstein, G., Fainstein, V., Hopfer, R., Mehta, K., Sullivan, M.P, Keating, M.,
Rosenblum, M.G., Mehta, R., Luna, M., Hersh, E.M., Reuben, J., Juliano, R.L., and Bodey, G.P.
Liposomal amphotericin B for the treatment of fungal infections in patients with cancer: A pre-
liminary study. J. Infect. Dis. 151:704-710, 1985.

Lopez-Berenstein, G., Bodey, G.P., Fainstein, V., Keating, M., Frankel, L.S., Zeluff, B., Gentry,
L., and Mehta, K. Treatment of systemic fungal infections with liposomal amphotericin B. Arch.
Intern. Med. 149:2533-2536, 1989.

Oppenheim, B., Herbrecht, R., and Kusne, S. The safety and efficacy of Amphotericin B col-
loidal dispersion in the treatment of invasive mycoses. Clin. Infect. Dis. 21:1145-1153, 1995.
Kline, S., Larsen, T.A., Fieber, L., Fishbach, R., Greenwood, M., Harris, R., Kline, M.W.,
Tennican, P.O., and Janoff, E.N. Limited toxicity of prolonged therapy with high doses of
amphotericin B lipid complex. Clin. Infect. Dis. 21:1154-1158, 1995.

Diasio, R.B., Bennett, J.E., and Myers, C.E. Mode of action of 5-fluorocytosine. Biochem.
Pharmacol. 27:703-707, 1978.

Diasio, R.B., Lakings, D.E., and Bennett, J.E. Evidence for conversion of 5-fluorocytosine to 5-
fluorouracil in humans: possible factor in 5-fluorocytosine clinical toxicity. Antimicrob. Agents
Chemother. 14:903-908, 1978.

Stamm, A.M., Diasio, R.B., Dismukes, W.E., Smith, S., Cloud, G.A., Bowles, C.A., Karam,
G.H., Espinel-Ingroff, A, and additional members of the NIAID Mycoses Study Group. Toxicity
of Amphotericin B plus flucytosine in 194 patients with cryptococcal meningitis. Am. J. Med.
83:236-242, 1987.

Tucker, R. M., Williams, PL., Arathoon, E.G., Levine, B.E., Hartstein, A.L., Hanson, L.H., and
Stevens, D.A. Pharmacokinetics of fluconazole in cerebrospinal fluid and serum in human coc-
cidioidal meningitis. Antimicrob. Agents Chemother. 32:369-373, 1989.

Washton, H. Review of fluconazole: A new triazole antifungal agent. Diagn. Microbiol. Infect.
Dis. 12:2295-2235, 1989.

Venditti, M., De Bernardis, F., Chirletti, P., Cassone, A., and Martino, P. Fluconazole treatment
of catheter-related right-sided endocarditis caused by Candida albicans and associated with
endophthalmitis and folliculitis. Clin. Infect. Dis. 14:422-426, 1992.

Urbak, S.F. and Degn, T. Fluconazole in the treatment of Candida albicans endophthalmitis.
Acta Ophthalmologica (Copenhaven) 70:528-529, 1992.

Tang, C. Successful treatment of Candida albicans osteomyelitis with fluconazole. J. Infect.
26:89-92, 1993.

Tunkel, A.R., Thomas, M.D., and Wispelwey, B. Candida prosthetic arthritis: Report of a case
treated with fluconazole and a review of the literature. Am. J. Med. 94:100-103, 1993.

Rex, J.H., Bennett, J.E., Sugar, A.M., Pappas, P.G., van der Horst, C.M., Edwards, J.E.,
Washburn, R.G., Scheld, WM., Karchmer, A.W., Dine, A.P,, Levenstein, M.J., and Webb, C.D.
A randomized trial comparing fluconazole with amphotericin B for the treatment of candidemia
in patients without neutropenia. N. Engl. J. Med. 331:1325-1331, 1994.

Rex, J.H., Bennett, J.E., Sugar, A.M., Pappas, P.G., Serody, J., Edwards, J.E., and Washburn,
R.G. Intravascular catheter exchange and duration of candidemia. Clin. Infect. Dis. 21:994-996,
1995.

. Haron, E., Feld, R., Tuffnell, P, Patterson, B., Hasselback, R., and Matlow, A. Hepatosplenic

candidiasis: an increasing problem in immunocompromised patients. Am. J. Med. 83:17-26,
1987.

Thaler, M., Pastakia, B., Shawker, T.H., O’Leary, T., and Pizzo, P.A. Hepatic candidiasis in can-
cer patients: the evolving picture of the syndrome. Ann. Intern. Med. 108:88-100, 1988.
Anaissie, E., Bodey, G.P.,, Kantarjian, H., David, C., Bamnett, K., Bow, E., Defelice, R., Downs,
N., File, T., Karam, G., et al. Fluconazole therapy for chronic disseminated candidiasis in
patients with leukemia and prior amphotericin B therapy. Am. J. Med. 91:142-150, 1991.
Flannery, M.T., Simmons, D.B., Saba, H., Altus, P., Wallach, PM., and Adelman, H.M.
Fluconazole in the treatment of hepatosplenic candidiasis. Arch. Intern. Med. 152:406-408,
1992.

Jakab, K., Kelemen, E., Pring, G., and T6rok, I. Amphotericin-resistant invasive hepatosplenic
candidiasis controlled by fluconazole (letter). Lancet 335:473-474, 1990.

Kauffman, C.A., Bradley, S.F, Ross, S.C., and Weber, D.R. Hepatosplenic candidiasis:
Successful treatment with fluconazole. Am. J. Med. 91:137-141, 1991.



Grohskopf and Andriole: Systemic Candida infections 515

50. Lopez-Berenstein, G., Bodey, G.P,, Frankel, L.S., and Mehta, K. Treatment of hepatosplenic
candidiasis with liposomal amphotericin Br. J. Clin. Oncol. 5:310-317, 1987.



