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Revisiting the Source of Candidemia:
Skin or Gut?
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The incidence of candidemia has increased substantially
during the past 20 years [1], and Candida species now
rank among the 4 pathogens most frequently isolated
in blood cultures. The source of this infection has been
the subject of considerable debate, with some suggesting
the gastrointestinal tract (endogenous acquisition) [2]
and others favoring the skin (exogenous acquisition)
as a source [3, 4], the latter being implicated in the
pathogenesis of catheter-related candidemia. Identification of the source of candidemia is important because
of the implications for preventive strategies. Other
sources of candidemia have also been hypothesized,
including the genitourinary tract [5] and contaminated
iv solutions [6]. In this article, we review studies that
evaluated potential sources of candidemia with special
emphasis on studies that used appropriate definitions,
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evaluated both gut and skin sources, and performed
molecular-relatedness studies.

METHODS
Data source. We performed a computerized search
of the MEDLINE database for studies published from
January 1966 through November 2000 in any language.
The keywords used were “candidemia,” “Candida,”
“gut,” “gastrointestinal tract,” “skin,” “molecular typing,” “source,” “origin,” and “animal model.” All abstracts published from 1987 through 2000 at the yearly
meetings of the American Society for Microbiology, the
Infectious Diseases Society of America, and the Society
of Healthcare Epidemiology of America were also reviewed.
Study selection. We focused on the papers that
fulfilled the following criteria: (1) evaluation of the
source of candidemia by investigation of prior colonization of the skin and/or the gastrointestinal tract
and (2) use of molecular methods to support relatedness between colonizing and infecting strains. We required molecular-relatedness studies because of the
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The source of candidemia has been the subject of considerable debate, with some suggesting a origin in the
gastrointestinal tract and others suggesting a skin origin. To evaluate the potential sources of candidemia, we
performed a computerized search of the MEDLINE database for studies published from January 1966 through
September 2000 and we identified relevant abstracts presented at national meetings. We reviewed the literature
with special emphasis on studies that used appropriate definitions, evaluated both gut and skin as sources,
and conducted molecular-relatedness studies. Among 203 candidemia studies published, we identified 21 that
evaluated a specific source for candidemia and only 5 that performed molecular typing. Those studies and
additional experimental, epidemiologic, and molecular-relatedness studies strongly suggested that the gut is
an important source of candidemia, and studies that supported the skin as a source for this infection were
surprisingly incomplete.

genotypic diversity of Candida species [7]. Therefore, finding
the same species at a colonizing site does not necessarily imply
that the same organism is responsible for the bloodstream infection. We also evaluated the density and sequence of candida
colonization and analyzed all of our findings according to patient population to find out whether the pathogenesis of candidemia differed among various patient populations.
Data extraction. We reviewed methodology, definition of
candidemia, source of candidemia, patient characteristics, and
the results of surveillance cultures and molecular-relatedness
studies.
RESULTS
Limitations of the Current Literature

Experimental evidence. Theoretically, Candida species could
enter the bloodstream from the skin via 2 routes: invasion from
a skin lesion (e.g., burn wounds) or contamination of a vascular
catheter from colonized skin (table 1). Therefore, an experimental model obtained by inoculating Candida organisms into
a wound or the skin, followed by the insertion of a venous
catheter at the inoculated site, should lead to hematogenous
candidiasis. We could not identify such a model, which indicates that no experimental data support skin as the source of
candidemia.
Clinical evidence from epidemiological studies. Among
the 4 studies that investigated only skin colonization, 2 were
conducted using patients with burns. In 1 study, 50% of patients
with candidemia had positive burn wound cultures [4]. However, no correlation between burn wound cultures and candidemia was made. In the other study, positive burn wound
cultures were not predictors of candidemia, according to multivariate analysis [7].
Another study [9] performed skin surveillance cultures (umbilicus and groin) on 57 low–birth-weight infants admitted to

Figure 1. Selection of studies that evaluated the sources of candidemia. PFGE, pulsed-field gel electrophoresis; REA, restriction enzyme analysis;
RFLP, restriction-fragment length polymorphism.
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We identified 203 candidemia studies (figure 1). Of those studies, only 21 had investigated specific sources of candidemia: 4
evaluated the skin [3, 4, 8, 9], 11 evaluated the gut [10–20],
and 6 evaluated both sources [21–26]. Among these 21 studies,
only 5 performed DNA typing: 4 studies that evaluated the gut
[17–20] and 1 evaluated both the skin and gut [26].

Findings: The Skin Hypothesis

Findings: The Gut Hypothesis

Experimental evidence: laboratory. A large number of experimental animal models of gastrointestinal colonization and
disseminated infection have been published elsewhere [27]. In
these models, candidal gut colonization is established through
feeding the animals with a diet that contained Candida species.

Immunosuppression of these colonized animals usually leads
to disseminated candidiasis [28–34].
Experimental evidence: clinical. A healthy human subject
volunteered to receive an oral suspension of ∼1012 cells of Candida albicans and developed hematogenous candidiasis [35].
Clinical evidence from epidemiological studies. El-Mohandes et al. [25] performed cultures of stool, gastric aspirate,
and skin samples obtained from 82 neonates admitted to an
intensive care unit. Candida parapsilosis was recovered in 75%
of stool cultures and 80% of cultures of gastric aspirates. By
contrast, only 50% of positive skin cultures yielded C. parapsilosis. Furthermore, positive stool cultures always preceded
positive skin cultures, and the baseline stool cultures of all 4
patients with candidemia yielded C. parapsilosis, whereas baseline skin cultures were negative in these same patients.
In a prospective study, Bow et al. [10] showed that colonization by Candida species of sites other than the skin (e.g.,
nose, oropharynx, anus, and urine) was a risk factor for hematogenous candidiasis. Similar findings were reported in 2
studies by Martino et al. [12, 13]. Chryssanthou et al. [11]
reported that 3 patients with candidemia (out of 277 patients
with neutropenia) had the same Candida species isolated from
stool and blood cultures.
MacFie et al. [14] prospectively studied 279 patients who
underwent laparotomy and obtained cultures of gastric aspirates. Candida species were the organisms most frequently recovered from gastric aspirates (54%), and the same Candida
species was recovered from blood and gastric aspirate in 1
patient with candidemia.
Pierro et al. [15] prospectively evaluated 94 infants who received parenteral nutrition with twice-weekly oral and anal
swabs. Only 1 patient developed candidemia, and the same
species (C. albicans) was isolated from the anal swab surveillance cultures and blood samples.
Pittet et al. [16] studied 650 critically ill surgical and neonatal
patients with sequential cultures of samples of the oropharynx,
trachea, and stomach. Among 29 patients with significant colonization (positive cultures in ⭓3 samples obtained from the
same or different body sites on ⭓2 consecutive screening days),
density of colonization was a good predictor of subsequent
candidemia by multivariate analysis. The association between
density of colonization and invasive candidiasis was also demonstrated in another study of surgical patients [36].
Two retrospective studies evaluated patients with cancer who
had candidemia in which the researchers obtained samples of
the skin and gut. In one study [22], gut (but not skin) colonization was a risk factor for candidemia by univariate analysis,
whereas colonization at any site (skin, urine, oropharynx, or
feces) was a risk factor for candidemia by multivariate analysis.
The other study [24] also identified colonization at any site
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a neonatal unit. All 3 patients with candidemia had the same
Candida species recovered from skin cultures.
In the fourth study [3], 53 patients who received parenteral
nutrition were prospectively evaluated. At the time of catheter
removal, cultures of skin samples obtained from the site of
catheter insertion and of the intravascular (first 3 cm from the
tip of the catheter) and the subcutaneous (1 cm distal to the
site of dermal entry) segments of the catheter were performed.
Six patients had candidemia, and in 2 patients, the same species
was isolated from the blood, skin, and subcutaneous and intravascular segments of the catheter.
Two other studies evaluated skin and other sites as potential
sources for candidemia. Sheridan et al. [21] retrospectively reviewed Candida colonization and infection in 962 children with
burns by reviewing surveillance cultures of samples of the respiratory tract, wound, stool, and urine. All 17 patients with
candidemia had the same species isolated from the wound samples, whereas only 35% of stool cultures yielded the same Candida species that was recovered from blood samples.
Huang et al. [23] prospectively evaluated 116 low–birth-weight
infants with weekly cultures from specimens of oropharynx, rectum, skin (groin and axilla), urine, and endotracheal aspirates.
Three patients developed candidemia, and 1 of these patients
had prior colonization at 4 sites by the same species. However,
the sites of positive cultures were not mentioned.
Clinical evidence from molecular-relatedness studies. One
report evaluated skin (and gut) colonization and performed
molecular-relatedness studies with restriction enzyme analysis
and restriction-fragment length polymorphism [26]. In this
study, 64 neonates had weekly cultures of specimens of the
oropharynx, umbilicus, groin, and iv site(s), starting in the first
24 h after birth. One of these neonates developed candidemia,
and DNA typing showed an identical pattern of the strains
isolated from blood, mouth, groin, and umbilicus samples.
However, it is practically impossible to identify the primary
source of infection in this single case, because, as shown by ElMohandes et al. [25], the groin may have became secondarily
colonized by strains that originated in the gastrointestinal tract,
particularly given that the gut mucosa (mouth) harbored the
same organism and that the sequence of colonization and infection in this patient was not evaluated.
Density and sequence of colonization and infection. No
studies have been published that support the skin hypothesis
on the basis of density and sequence of candidal colonization.

Skin, urine, oropharynx, and
feces

Respiratory tract, wound,
stool, and urine

Gut
Bow, 1995 [10]

138 patients with AML,
16 with hematogenous
candidemia

64 neonates, 1 with candidemia due to C. albicans

Prospective
cohort

Prospective
cohort

Not mentioned

Nasal, oral, and anal swabs
and urine

Swabs from oropharynx, umbilicus, groin, and iv site

Not mentioned

2 positive blood cultures, recovered
within 72 h of each other (source
of blood collection not mentioned)

1 positive blood culture, source of
blood collection not mentioned

Reef, 1998 [26]

Retrospective,
case-control

Retrospective

Burn wound

Burn wound

Site of iv catheter insertion

Umbilicus and groin

Sites of colonization sampled

1 positive blood culture from periphOropharynx, rectum, axilla,
eral vein plus clinical signs of
groin, urine, and tracheal
infection
tube aspirate
1 positive blood culture from periphNasal, pharyngeal, rectal, urieral vein or an iv catheter plus clininary, and skin swabs
cal signs of infection
1 positive blood culture from periphStool, gastric aspirate, and
eral vein plus clinical signs of
skin (retroauricular)
infection

30 patients with cancer
who had candidemia
and 58 controls

962 patients with burns,
17 with candidemia

Not mentioned

Not mentioned

Not mentioned

Definition not mentioned; blood was
drawn from an iv catheter

Definitions of candidemia,
source of blood collection

116 low–birth-weight inProspective
fants in neonatal ICU,
cohort
3 with candidemia
Pagano, 1999 [24]
76 patients with candideRetrospective
mia who had hematological malignancies
El-Mohandes, 1994 [25] 82 neonates in NICU, 4
Prospective
with candidemia due
cohort
to C. parapsilosis

Huang, 1998 [23]

Karabinis, 1988 [22]

Gut and skin
Sheridan, 1995 [21]

Ekenna 1993 [8]

452 patients with burns
Retrospective
who had Candida species
isolated from any source,
52 with candidemia
209 patients with burns,
Retrospective
16 with candidemia

Spebar, 1981 [4]

Prospective
cohort

Prospective
cohort

53 patients receiving TPN,
6 with candidemia

57 low–birth-weight neonates, 3 with candidemia

Study design

Bjornson, 1982 [3]

Skin
Schattuck 1996 [9]

Patients

Studies that evaluated the source of candidemia.

Source, author, year,
and reference

Table 1.
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Number of sites colonized by Candida species was a risk factor for invasive candidiasis by univariate but not multivariate
analysis

All patients with candidemia had the same
species isolated from the wound; 35%
had the same species isolated from the
stool; colonization at multiple sites was
associated with candidemia
Fecal and oral colonization were risk factors for candidemia by univariate analysis; colonization from ⭓1 site was a risk
factor by multivariate analysis.
Only 1 of 3 patients with candidemia (C.
albicans) was colonized (4 sites, not
specified) by the same species
Colonization by Candida species (any site)
was a risk factor for candidemia by multivariate analysis
C. parapsilosis was predominant in gastric
and stool cultures; positive skin cultures
were always preceded by positive stool
cultures; all 4 patients with C. parapsilosis fungemia had rectal colonization
with the same species
Isolates from mouth, umbilicus, and groin
showed DNA patterns that were identical to the blood isolate (RFLP and REA)

Burn wound culture positive for Candida
species was not predictor of candidemia
by multivariate analysis; large burn size
was a risk factor for candidemia by multivariate analysis

Positive skin cultures in 9 patients (16%);
3 had positive blood cultures with the
same species recovered from skin
In 2 of 6 patients with candidemia, Candida albicans grew from the iv catheter
insertion site, subcutaneous catheter
segment, and blood
50% of patients with candidemia had positive burn wound cultures; no species
identification provided

Results and comments

∼650 patients admitted to
surgical and neonatal
ICUs

424 patients with
neutropenia

139 patients with
neutropenia

Pittet, 1994 [16]

Martino, 1989 [12]

Martino, 1994 [13]

Prospective
cohort

Saiman, 2000 [20]

1 positive blood culture, source of
blood collection not mentioned

1 positive blood culture, source of
blood collection not mentioned

Not mentioned

1 positive blood culture, source of
blood collection not mentioned
1 positive blood culture (iv catheter
or peripheral vein) plus clinical
signs of infection
1 positive blood culture (peripheral
vein or iv catheter) plus histological
documentation of invasive candidiasis or endophtalmitis, or 2 positive
blood cultures from peripheral vein
or 1 positive blood culture from peripheral vein and 1 from iv catheter,
both with identical species
2 positive blood cultures from peripheral vein; if blood sample was
taken from an iv catheter, candidemia was considered present if clinical signs of infection persisted after
catheter removal
1 positive blood culture from peripheral vein; if blood sample was
taken from an iv catheter, candidemia was considered present if clinical signs of infection persisted after
catheter removal
Not mentioned

Not mentioned

Invasive candidiasis occurred more frequently in patients colonized at multiple,
noncontiguous sites

Colonization at multiple, noncontiguous
sites was associated with increased risk
for hematogenous candidiasis

Intensity of colonization was a risk factor
for candidemia by multivariate analysis
(species not mentioned)

Candida species was the most frequent
isolate in gastric aspirates (54%); the
same Candida species was recovered
from blood and gastric aspirate in 1
patient.
All 3 patients with candidemia had positive
stool cultures for the same species
The same Candida species was recovered
from blood and anal swab

Oral and anal swabs and urine Blood, urine, oral cavity, and stool strains
showed identical DNA profiles (PFGE)
Oral swab, urine, and stool
5 patients with blood and stool cultures
positive had strains available for testing
and showed identical DNA patterns
(RED with Southern hybridization)
Genital swabs, stool, urine,
Stool culture was available for 2 patients;
and tracheal secretion or
1 had similar DNA pattern in blood
sputum
and stool (PFGE)
Perianal and rectal swabs
C. albicans (63%), C. parapsilosis (29%); all
14 blood and colonization strains available for testing (species not specified)
showed identical DNA pattern (PFGE);
colonization preceded candidemia in 15
of 35 patients

Nasal, oral vaginal, and anal
swabs, urine, stool, and
sputum

Nasal, oral vaginal, and anal
swabs, urine, stool, and
sputum

Oropharynx or trachea and
stomach

Oral and anal swabs

Throat, urine, and feces

Gastric aspirate and mesenteric lymph nodes

NOTE. AML, acute myeloid leukemia; ICU, intensive care unit; NICU, neonatal intensive care unit; PFGE, pulsed-field gel electrophoresis; REA, restriction enzyme analysis; RED, restriction endonuclease digestion of
chromosomal DNA; RFLP, restriction-fragment length polymorphism; TPN, total parenteral nutrition.

2847 patients in NICU,
35 with candidemia

Prospective

Prospective
cohort

Case report

Prospective
cohort

Retrospective
analysis

Prospective
cohort

Prospective
cohort

Retrospective

Prospective
cohort

Klempp-Selb, 2000 [19] 6 patients with candidemia

Reagan, 1990 [18]

1 AIDS patient with C. albicans candidemia
16 patients with positive
blood and surveillance
cultures (various sites)

277 patients with neutropenia, 3 with candidemia
94 infants receiving TPN,
1 with candidemia

Chryssanthou, 1998
[11]
Pierro, 1996 [15]

Colombo, 1996 [17]

279 patients undergoing
laparotomy, 1 patient
with candidemia

MacFie, 1999 [14]
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Table 2. Evaluation of density and sequence of colonization and molecular-relatedness studies in specific patient populations.
Patients with
neutropenia

Neonates

Surgical
patients

Patients
with burns

Gut

Yes [10, 12, 13, 22]

Yes [16]

Yes [16]

NAS

Skin

Yes [22]

NAS

NAS

NAS

Gut

Yes [14, 18, 22]

Yes [16, 20, 26a]

NAS

NAS

Skin

NAS

NAS

NAS

NAS

Gut

Yes [18]

Yes [20, 26a]

Skin

NAS

[26]

Study subject
Density of colonization

Sequence of colonization and
subsequent infection

Molecular studies

NOTE.

a

NAS

NAS

NAS

NAS

NAS, no available studies.

a

Relationship of the infection to the site was possible: 1 patient had colonization of gut and skin, but there
was not a study of sequence of colonization to identify primary source.
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Evaluation of Specific Patient Populations

The patient populations of the 21 studies reviewed were clustered in 4 major categories: patients with neutropenia who had
cancer [10–13, 22, 24], newborns [9, 15, 16, 20, 23, 25, 26],
surgical patients [14, 16], and patients with burns [4, 8, 21].
We analyzed 3 factors that may help identify the source of
candidemia in these patient populations: density of colonization, sequence of colonization and subsequent infection, and
molecular-relatedness of colonizing and infecting strains. Data
in patients with neutropenia and neonates strongly suggest, on
the basis of density and sequence of colonization and supporting molecular-relatedness studies, that the gut is the likely
source of infection [10, 12, 13, 16, 18, 20, 22, 25]. On the other
hand, the paucity of data in the surgical and burn population
precludes any conclusion regarding the primary source of the
infection in these settings (table 2).

Application of Koch’s Postulates to the Skin
and Gut Hypotheses

We applied the Koch’s postulates to further determine the
strength of the relationship between candidemia and its source
(table 3). All postulates were fulfilled for the gastrointestinal
tract origin of candidemia, but not for the cutaneous origin.
The postulates included (1) development of candidemia after
the inoculation of the organism at the likely source of infection
(animal models and experiment in a human volunteer) [28–
35], (2) recovery of Candida species from the source in almost
every case of candidemia [10–13, 16–22, 25], (3) eradication
of Candida species from the likely source results in reduction
of the incidence of candidemia (antifungal prophylaxis studies)
[37], (4) demonstration of the sequence of colonization at the
likely source and subsequent development of candidemia [16,
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(nose, pharynx, rectum, urine, or skin) as a risk factor for
candidemia by multivariate analysis.
Molecular-relatedness studies.
Saiman et al. [20] prospectively evaluated 2847 neonates with weekly swabs of the
perianal and rectal areas. Among 35 patients with candidemia,
gut colonization preceded hematogenous infection in 15 patients. By use of pulsed-field gel electrophoresis (PFGE), all
blood and gut strain pairs exhibited identical DNA patterns.
Reagan et al. [18] prospectively surveyed patients admitted
to the bone marrow transplant and hematological malignancy
units with weekly cultures of samples of the pharynx, urine,
and stool. Sixteen patients had positive surveillance cultures
and subsequently developed candidemia. In 5 patients, the gut
was the colonizing site, and in all 5 cases, both colonizing and
infecting strains had the same DNA pattern when tested by
restriction endonuclease digestion of chromosomal DNA with
Southern hybridization.
Klempp-Selb et al. [19] identified 2 patients with candidemia
in whom stool cultures were obtained. In 1 of these 2 patients,
the DNA patterning by use of PFGE was similar for blood and
stool isolates.
Colombo et al. [17] reported an HIV-positive patient who
developed a C. albicans fungemia. Oral, anal, and urine samples
were obtained for culture, which yielded the same Candida
species. By use of PFGE, those authors observed identical DNA
profiles of the colonizing and infecting strains.
Density and sequence of colonization and infection. The
gut origin of candidemia is supported by the findings that the
density of colonization from gut sources is a good predictor
of subsequent candidemia [10, 12, 13, 16, 22] and that gut
colonization precedes hematogenous candidiasis [14–16, 18, 20,
25, 35].

Table 3.

Koch’s postulates adapted to source(s) of candidemia.

Postulate

Skin

Gastrointestinal tract

Experimental

NAS

Yes [28–34]

Clinical

NAS

Yes [35]

Eradication of Candida species from the
likely source results in reduction of the
incidence of candidemia

NAS

Yes [37]

Sequence of colonization at likely source
and subsequent development of
candidemia

NAS

Density of colonization at likely source
and development of candidemia

NAS

Yes [10–13, 16]

Recovery of Candida species from the
source in almost every case of
candidemia

Yes, but without molecular
studies [3, 4, 21]

Yes, with molecular studies [20]; yes,
but without molecular studies [10–13,
16–22, 25]

[26]a

Yes [17–20, 26 ]

Development of candidemia after the inoculation of the organism at the likely
source of natural infection

NOTE.

a

NAS, no available studies.

a

Relationship of the infection to the site was possible: 1 patient had colonization of gut and skin, but there was not a study of
sequence of colonization to identify primary source.

18, 20, 25], (5) demonstration of the influence of the density
of colonization at the likely source and the development of
candidemia [12, 13, 16, 22], and (6) supporting molecularrelatedness studies [17–20, 26].
DISCUSSION
Our review led us to 2 conclusions. First, the data on the source
of candidemia is limited to a few studies. Second, and most
important, our review suggests an endogenous, gastrointestinal
origin for candidemia, as evidenced by experimental [28–35],
clinical [10–16, 18, 20, 22, 25, 35], and molecular-relatedness
studies [17–20], and this is further supported by fulfillment of
Koch’s postulates (table 3). Additional arguments that support
the gut origin include the presence of extensive gastrointestinal
tract involvement in disseminated candidiasis [38], the identification of gastrointestinal colonization as a risk factor for candidemia [16], and the efficacy of antifungal prophylaxis in patients with cancer in preventing hematogenous candidiasis by
eliminating or reducing colonization by Candida species [37].
The cutaneous origin of candidemia is suggested in C. parapsilosis infections. A central venous catheter is a risk factor
for candidemia [22, 39, 40]. Because C. parapsilosis is frequently
recovered from skin samples [41] and candidemia with this
organism occurs more frequently in patients with central venous catheters [42], it is tempting to speculate that contamination of skin near the insertion site of a venous catheter leads
to venous catheter colonization, biofilm production [43], and
subsequent fungemia. However, the gut and not the skin appears to be the primary source for this infection, as shown in

the study by El-Mohandes et al. [25]. In that study, stool colonization by C. parapsilosis was present in all patients, and a
clear-cut sequence of colonization (stools followed by skin) was
observed.
The data used to support skin as the source of candidemia
are surprisingly incomplete. However, and although it appears
that skin may not be an important source of infection in neonates and in patients with neutropenia, it is possible that this
site plays an important role as a primary source in other patient
populations, such as patients with burns. Indeed, extensive
burn wounds may be colonized and infected with Candida
species, which increases the risk of candidemia [8]. In addition,
the limited power of a literature review and the paucity of the
data available to support a cutaneous source of candidemia
cannot exclude the potential role of skin as a source for candidemia. Indeed, septic thrombophlebitis and candidemia acquired from total parenteral nutrition or from contamination
of skin (by stools colonized by Candida species) at vascular
insertion sites do suggest a skin origin. Alternatively, these infections may result from contamination of a deep vein thrombus by candidemia that originated from the gut.
If confirmed by carefully conducted prospective clinical studies, our findings have implications for the clinical management
of candidemia. Because the gut and not the skin may be the
primary source of candidemia, attempts aimed at reducing gut
colonization by Candida species may have a favorable impact
in reducing the incidence of candidemia. Indeed, studies in
patients with neutropenia who are at high risk for candidal
infections have proved the efficacy of this strategy [37]. By
contrast, and although formally recommended by experts in
Source of Candidemia • CID 2001:33 (15 December) • 1965
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Supporting molecular-relatedness studies

Yes, with molecular studies [18, 25];
yes, but without molecular studies
[14–16, 20, 35]

this field [44], the automatic removal of all vascular catheters
to treat all cases of candidemia should be reevaluated, particularly given that successful therapy of some cases of candidemia
without vascular catheter removal is possible [45].
Finally, the most rigorous approach to confirm or refute our
hypothesis is the conduct of carefully planned prospective clinical
trials. These trials need to use appropriate definitions of candidemia, obtain surveillance cultures from various sites, including
skin and gut, test density and sequence of colonization, and
perform molecular-relatedness studies. In addition, prospective
randomized studies should be performed to address the question
of vascular catheter removal in the setting of candidemia.
In conclusion, the available data suggest that the source of
candidemia has not been well studied and that the gut may be
an important source. Additional studies are needed to confirm
or refute our findings and to further evaluate the role of the
skin as a potential source of this infection.
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