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Candida spp. colonization: a
genotype source found in
blood cultures that can
become widespread
Aina Mesquida1,2, Pablo Martı́n-Rabadán1,2, Luis Alcalá 1,2,
Almudena Burillo1,2, Elena Reigadas1,2, Patricia Muñoz1,2,3,4,
Jesús Guinea1,2,3,5*† and Pilar Escribano1,2,5*†

1Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregorio Marañón,
Universidad Complutense de Madrid, Madrid, Spain, 2Instituto de Investigación Sanitaria Gregorio
Marañón, Madrid, Spain, 3Centro de Investigación Biomédica en Red (CIBER) Enfermedades
Respiratorias-CIBERES (CB06/06/0058), Madrid, Spain, 4Medicine Department, Faculty of Medicine,
Universidad Complutense de Madrid, Madrid, Spain, 5Facultad HM de Ciencias de la Salud,
Universidad Camilo José Cela, Madrid, Spain
Objective: Our previous genotyping studies suggest that some anatomical

locations act as reservoirs of genotypes that may cause further candidemia,

since we found identical genotypes in gastrointestinal tract or catheter tip

isolates and blood cultures, in contrast, we did not find blood culture

genotypes in vagina samples. We observed that some genotypes can be found

in blood cultures more frequently than others, some of them being called

widespread genotypes because have been found in unrelated patients

admitted to different hospitals. The presence of widespread genotypes may be

more frequently found because of their predisposition to cause candidemia. It is

unclear whether genotypes colonizing other anatomical sites different from the

gastrointestinal tract can also be detected in this way; we studied C. albicans, C.

parapsilosis, and C. tropicalis colonizing genotypes to assess what proportion

could be found in blood cultures and the proportion of widespread genotypes.

Methods: The isolates (n= 640Candida isolates from 323 patients) studied herein

were obtained from samples processed at the Clinical Microbiology and

Infectious Diseases Department of the Gregorio Marañón Hospital (Madrid,

Spain) from July 1, 2016, to June 30, 2019. C. albicans (n=486), C. parapsilosis

(n=94), and C. tropicalis (n=60) isolates were genotyped using species-specific

microsatellite markers and sourced from blood (n=120) and colonized

anatomical sites (n=520; catheter [n=50], lower respiratory tract [n=227], skin/

mucosa [n=132], and urinary tract [n=111]). Isolates with identical genotypes were

those presenting the same alleles for all markers or with only differences at one

locus of a given marker. Identical genotypes were further classified as a match

(identical genotype found in different groups of samples from a given patient) or

as a cluster (identical genotype found in ≥2 patients). Finally, singletons were

genotypes detected once. The genotypes found were then compared with our

in-house database containing 587 blood genotypes from patients admitted to

the Gregorio Marañón Hospital (2007-2023) to assess the proportion of

genotypes found in colonized samples that were also found in blood cultures.

Moreover, since some of our in-house database genotypes had been tagged as

widespread genotypes, we compared the proportions of widespread genotypes
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as well as the proportions of matches, clusters, and patients involved in clusters

found among exclusively colonizing genotypes, exclusively blood culture

genotypes, and both colonizing and blood culture genotypes using a standard

binomial method.

Results: Intra-patient analysis was conducted exclusively on those patients

(n=225; 69.7%) who had ≥2 isolates from a given species; the proportion of

patients with matches was lower in exclusively colonized patients than in patients

with candidemia and colonizing genotypes (87.3% vs. 94.1%; p = 0.126). Inter-

patient analysis was conducted considering all patients (n=323) and isolates from

groups 1, 2, and 3 (n=640). Overall, we detected 341 genotypes, of which 320

were singletons and 21 were clusters (6.16%). Clusters involving blood cultures

and colonizing isolates sourced from catheter tips (14.6%), skin and mucosa

(7.5%), urine (7.4%), and lower respiratory tract (4.6%). Cluster-involved patients

had not been admitted to the same ward at the same time. Of the 290 colonizing

genotypes, 91 (31.1%) were also found in blood cultures, the highest proportion

beingC. parapsilosis (p < 0.05); proportions of identical genotypes found in blood

cultures and catheter tips were higher than those found in blood cultures and

other colonized samples (79.2% vs. 26.7%; p < 0.001). Widespread genotype

ratios were significantly higher among genotypes found in both blood and

colonized samples than among genotypes found exclusively in either blood

culture or other colonizing genotypes (31.9% vs. 7.1% vs. 3.7%, respectively;

p < 0.001).

Conclusion: We observed that 94% of patients with candidemia were colonized

by a genotype causing the infection; likewise, a total of 31% of colonizing

genotypes were detectable in blood cultures. Finally, identical genotypes found

in both colonized samples and blood cultures had a higher probability of

being widespread.
KEYWORDS
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Part of this study was partially presented at the 29th European

Congress of Clinical Microbiology and Infectious Diseases

(ECCMID; P2178 and P2179), Amsterdam, Netherlands 2019.
1 Introduction

Infections caused by Candida can be either superficial (skin,

nails, oropharynx, and vagina) or systemic (invasive candidiasis that

involves the bloodstream with or without deep involvement)

(Ostrosky-Zeichner and Pappas, 2006). Candidemia is the most

common manifestation of invasive candidiasis and is caused by

superficial colonizing isolates, including catheter tip or

gastrointestinal tract isolates (Nucci and Anaissie, 2001; Leon

et al., 2009; Miranda et al., 2009; Lau et al., 2015; Hallen-Adams

and Suhr, 2017).
02
Previously, we found identical genotypes in gastrointestinal

tract or catheter tip isolates and blood cultures (Escribano et al.,

2014; Mesquida et al., 2023). In contrast, we did not find blood

culture genotypes in vagina samples (Mesquida et al., 2021). Our

previous genotyping studies suggest that some anatomical locations

act as reservoirs of genotypes that may cause further candidemia

(Escribano et al., 2014; Mesquida et al., 2021; Mesquida et al., 2023).

The clinical significance of Candida isolation from superficial

samples (including mucosa), lower and upper respiratory tract

samples, and urine samples is commonly regarded as

controversial (Fanello et al., 2006; Eggimann et al., 2015; Jensen

et al., 2015; Pendleton et al., 2017). Candida colonizing isolates

cause invasive infections when the patient’s risk factors predispose

them to candidemia (Leon et al., 2009; Leon et al., 2014);

alternatively, some colonizing genotypes may have the ability to

cause candidemia. However, genotyping studies focusing on
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patients with candidemia who had previous colonization are not

only scarce but also limited by the low number of isolates studied

and/or by the use of poorly discriminatory molecular techniques

(Nucci and Anaissie, 2001; Chaves et al., 2012; Jensen et al., 2015; Li

et al., 2016).

We previously observed that some genotypes can be found in

blood cultures more frequently than others, some of them being

called widespread genotypes because have been found in unrelated

patients (Guinea et al., 2020; Diaz-Garcia et al., 2022b; Mesquida

et al., 2023). The presence of widespread genotypes is unclear;

however, it could be hypothesized that they are more frequently

found because of their predisposition to cause candidemia. In line

with this, we previously reported that the higher the probability of a

rectal genotype being found in blood cultures, the higher the odds of

it being a widespread genotype (Mesquida et al., 2023). However,

the proportion of widespread genotypes in non-rectal colonizing

isolates is unknown.

We studied C. albicans, C. parapsilosis, and C. tropicalis

colonizing genotypes to assess what proportion could be found in

blood cultures and the proportion of widespread genotypes.
2 Materials and methods

2.1 Isolates collected and studied

From July 1, 2016, to June 30, 2019 all consecutive (and

available) isolates (n=640) collected at the Clinical Microbiology

and Infectious Diseases Department of the Gregorio Marañón

Hospital (Madrid, Spain) were here studied. Briefly, isolates were

sourced from three groups of samples: group 1 (blood cultures),

group 2 (catheter tips), and group 3 (skin/mucosa [excluding

vaginal exudates], lower respiratory tract, and urinary tract). A

total of 323 patients had either isolates from group 1 and, therefore,

had candidemia (n=120; 68 of whom also had isolates from groups

2 and/or 3) or from groups 2 and/or 3 (n=203; 157 of whom had ≥2

isolates from the same species). Isolates from groups 2 and/or 3

were called colonizing isolates/genotypes; we did not conduct

prospective screening of Candida colonization in critically ill

patients. Isolate distributions among species and sample groups

and details of the source of the isolates and selection criteria are

described in Table 1 and Figure 1.
2.2 Genotyping data analysis

Isolates were genotyped using species-specific microsatellite

markers to detect C. albicans (CDC3, EF3, HIS3 CAI, CAIII, and

CAVI), C. parapsilosis (CP1, CP4a, CP6, and B), and C. tropicalis

(Ctrm1, Ctrm10, Ctrm12, Ctrm21, Ctrm24, and Ctrm28) (Botterel

et al., 2001; Sampaio et al., 2005; Sabino et al., 2010; Vaz et al., 2011;Wu

et al., 2014). PCR products underwent electrophoresis using an ABI

3730XL Analyzer and electropherograms were analyzed with

GeneMapper v.4.0 software (Applied Biosystems-Life Technologies

Corporation, California). Genetic relationships between genotypes

were studied by constructing a minimum spanning tree using
Frontiers in Cellular and Infection Microbiology 03
BioNumerics version 7.6 (Applied Maths, Sint-Martens-Latem,

Belgium). Isolates with identical genotypes were those presenting the

same alleles for all markers or with only differences at one locus of a

given marker (Mesquida et al., 2024). Identical genotypes were further

classified as a match (identical genotype found in different groups of

samples from a given patient) or as a cluster (identical genotype found

in ≥2 patients). Finally, singletons were genotypes detected once.

The genotypes found were then compared with our in-house

database containing 587 blood genotypes from patients admitted to

the Gregorio Marañón Hospital (2007–2023) to assess the

proportion of genotypes found in colonized samples that were

also found in blood cultures. Moreover, since some of our in-

house database genotypes had been tagged as widespread genotypes

(clusters involving isolates from patients admitted to different

hospitals) (Guinea et al., 2020; Diaz-Garcia et al., 2022b), we

compared the proportions of widespread genotypes found among

exclusively colonizing genotypes, exclusively blood culture

genotypes, and both colonizing and blood culture genotypes.

The proportion of genotypes, matches, clusters, patients

involved in clusters, and widespread genotypes were compared

using a standard binomial method (95% confidence intervals;

Epidat 3.1 software, Servicio de Información sobre Saúde Pública

de la Dirección Xeral de Saúde Pública de la Consellerıá de

Sanidade, Xunta de Galicia, Spain).
2.3 Ethical considerations

This study was approved by the Ethics Committee of the Gregorio

Marañón Hospital (CEim; study no. MICRO.HGUGM.2020-012).
3 Results

3.1 Intra-patient genotype
analysis (matches)

Intra-patient analysis was conducted exclusively on those

patients (n=225; 69.7%) who had ≥2 isolates from a given species.

A total of 157 patients only had colonizing isolates (mean: 2.23;

range: 2 to 6 per patient) sourced from the respiratory tract, urine,

skin and mucosa, and catheter tips. We observed matches in 87.3%

(n=137/157) of the patients, whereas the remaining patients (n=20)

had non-matching genotypes involving mostly lower respiratory

tract isolates (n=19) (Table 2).

Moreover, 68 patients had candidemia plus colonizing isolates

(mean: 1.8; range: 1 to 5 per patient). Of these, 29 patients had

colonizing isolates only from group 3 samples, 20 patients had

isolates from catheter tips, and 19 patients had isolates from

catheter tips + other group 3 samples. In 64 of these 68 patients

(94.1%), we observed matches between blood culture and colonizing

genotypes sourced from catheter tips (n=38/38; 100%), urine (n=23/

25; 92%), skin and mucosa (n=15/17; 88.2%), and lower respiratory

tract (n=36/44; 81.8%) (Supplementary Table S1). In the remaining

four patients without matches, the colonizing isolates came from

urine, skin and mucosa, or the lower respiratory tract, and were
frontiersin.org
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collected before (one patient infected by C. tropicalis) or after (two

patients infected by C. albicans and one by C. parapsilosis) the

candidemia diagnosis (Supplementary Table S1).

As for C. albicans, 43/45 patients had blood culture genotypes

matching colonizing genotypes isolated before the candidemia

diagnosis (range: 2-29 days; six patients), after the candidemia

diagnosis (range: 0-231 days; 27 patients), or both before and

after blood culture isolation (range: -119 days to +90 days from

the candidemia diagnosis; 10 patients). As for C. parapsilosis, 15/16

patients had blood culture genotypes matching colonizing

genotypes isolated before the candidemia diagnosis (71 days; one

patient), after the candidemia diagnosis (range: 1-92 days; 12

patients), or both before and after blood culture isolation (range:

-14 days to +2 days from the candidemia diagnosis; two patients).

As for C. tropicalis, 6/7 patients had blood culture genotypes

matching colonizing genotypes isolated before the candidemia

diagnosis (range: 2-32 days; three patients), after the candidemia

diagnosis (one day; one patient) or both before and after blood

culture isolation (range: -28 days to +7 days from the candidemia

diagnosis; two patients). In 24/68 patients (35.3%), the colonizing

genotypes matching blood culture genotypes were detected a mean

of 21 days before candidemia onset, and in 20 cases, the genotype

was found in the lower respiratory tract.
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The proportion of patients exclusively colonized and presenting

genotypes matching different colonized sample groups tended to be

lower than the proportion of patients presenting genotypes

matching colonized samples and blood cultures (87.3% vs. 94.1%;

p = 0.126).
3.2 Inter-patient genotype
analysis (clusters)

Inter-patient analysis was conducted considering all patients

(n=323) and isolates from groups 1, 2, and 3 (n=640). The genotype

distributions among species and isolate groups are described in

Table 3. Overall, we detected 341 genotypes, of which 320 were

singletons and 21 were clusters (6.16%) involving isolates from

group 1 exclusively (n=1/341; 0.3%), from group 3 exclusively (n=7/

341; 2%), from groups 1 + 2 and/or 3 (n=12/341; 3.5%), and groups

2 and 3 (n=1/341; 0.3%). Clusters involving blood cultures and

colonizing isolates sourced from catheter tips (n=7/48 genotypes;

14.6%), skin and mucosa (n=8/106 genotypes; 7.5%), urine (n=7/94

genotypes; 7.4%), and lower respiratory tract (n=8/173 genotypes;

4.6%). Cluster-involved patients had not been admitted to the same

ward at the same time.
TABLE 1 Number of patients (isolates) studied and distributed by clinical source (groups 1, 2, 3, or combinations of them).

Species
Patients with candidemia Patients without candidemia

Overall
G1 G1+G2 G1+G3 G1+G2+G3 G2 G2+G3 G3

C. albicans 23 (23) 10 (20) 22 (67) 13 (50) 6 (16) 164 (310) 238 (486)

C. parapsilosis 25 (25) 9 (18) 3 (6) 4 (14) 1 (1) 3 (11) 11 (19) 56 (94)

C. tropicalis 4 (4) 1 (2) 5 (11) 1 (4) 1 (3) 17 (36) 29 (60)

Overall 52 (52) 20 (40) 30 (84) 18 (68) 1 (1) 10 (30) 192 (365) 323 (640)
G1: group 1; G2: group 2; G3: group 3; Isolates from G3 were sourced from the lower respiratory tract (n=227), skin and mucosa (n=132), or urine (n=111).
Bold numbers indicate the overall data.
FIGURE 1

Isolates and selection criteria from each study group.
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A total of 14 (5.6%) C. albicans genotypes were clusters and

involved 20.6% of patients harboring C. albicans (range: 2 to 9

patients/cluster); clusters involved isolates from group 1 exclusively

(n=1/14; 7.1%), from group 3 exclusively (n=6/14; 42.9%), or group 1 +

groups 2 and/or 3 (n=7/14; 50%). A total of five C. parapsilosis

genotypes were clusters and involved 28.6% of patients harboring C.

parapsilosis (range: 2 to 6 patients/cluster); clusters involved isolates

from group 1 + groups 2 and/or 3 (n=5/5; 100%). Finally, a total of two

C. tropicalis genotypes were clusters and involved 13.8% of patients

harboringC. tropicalis; clusters involved two patients each and involved

isolates from groups 2 and/or 3 (n=2/2; 100%) (Table 3). None of these
Frontiers in Cellular and Infection Microbiology 05
differences reached statistical significance for the proportion of clusters

and patients involved in a cluster by species (p > 0.05).
3.3 Comparisons between colonizing
genotypes and blood culture genotypes.
Proportions of widespread genotypes

The colonizing genotypes found herein were then compared

with blood culture genotypes, not only from group 1 but also those

retrieved from our database. Of the colonizing genotypes found,
TABLE 2 Intra-patient analysis of genotypes; only patients with two or more isolates of the same Candida spp. are shown.

C. albicans C. parapsilosis C. tropicalis Overall

No. of patients with candidemia and colonization

Total of patients 45 16 7 68

Patients with matches 43 15 6 64

Patients without matches 2 1 1 4

No. of patients with colonization exclusively

Total of patient/genotypes 131 9 17 157

Patients with matches 116 9 12 137

Patients without matches 15 0 5 20

Overall 176 25 24 225
Bold numbers indicate the overall data.
TABLE 3 Inter-patient analysis of genotypes, distribution among species, and group of samples.

Species (and kind of genotypes)

No. of genotypes per group of samples Overall

G1 G2 G3
G1
+G2

G1
+G3

G1
+G2+G3

G2
+G3

C. albicans

No. of genotypes 24 2 180 12 18 10 5 251

No. of singleton 23 2 174 12 15 6 5 237

No. of clusters (No. of patients involved; range of patients
per cluster)

1
(2; 2)

0
6 (18;
2-6)

0
3 (15;
3-9)

4 (14; 2-5) 0
14 (49;
2-9)

C. parapsilosis

No. of genotypes 21 2 13 7 4 5 2 54

No. of singleton 21 2 13 7 2 2 2 49

No. of clusters (No. of patients involved; range of patients
per cluster)

0 0 0 0 2 (8; 2-6) 3 (8; 2-4) 0 5 (16; 2-6)

C. tropicalis

No. of genotypes 6 0 24 1 3 1 1 36

No. of singletons 6 0 23 1 3 1 0 34

No. of clusters (No. of patients involved; range of patients
per cluster)

0 0 1 (2; 2) 0 0 0 1 (2; 2) 2 (4; 2)

Overall genotypes 51 4 217 20 25 16 8 341
fro
G1: group 1; G2: group 2; G3: group 3; Genotypes from G3 were sourced from the lower respiratory tract (n=173), skin and mucosa (n=106), and urine (n=94).
Bold numbers indicate the overall data.
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31.1% (91/290) were identical to those found in blood cultures;

C. parapsilosis being the species with the highest proportion (57.6%;

p < 0.01; Table 4). The proportion of identical genotypes found in

blood cultures and catheter tips was higher than that found in blood

cultures and group 3 isolates (38/48 genotypes [79.2%] vs. 71/266

genotypes [26.7%]; p < 0.001). The group 3 genotypes also found in

blood cultures were sourced from the following locations (and

accounted for the corresponding proportion within the genotypes

from these locations): the lower respiratory tract (n=50/173; 28.9%),

skin and mucosa (n=33/106; 31.1%), and urine (n=34/94; 36.2%; p >

0.5). Similar observations were found in the analysis disaggregated

per species (Table 4).

The proportions of widespread genotypes were significantly

higher among genotypes found in both blood and colonized

samples than among those found exclusively in either blood

culture or group 3 isolates (29/91 genotypes [31.9%] vs. 42/588

genotypes [7.1%] vs. 7/189 genotypes [3.7%], respectively; p <

0.001). We did not find widespread genotypes exclusively in

catheter tips (Figure 2). Identical observations were found in the

analysis disaggregated per species (Figure 2).
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4 Discussion

In this study, we observed that 94% of patients with candidemia

and colonizing isolates were colonized by the genotype causing the

infection. Furthermore, 31% of the colonizing genotypes studied

were detectable in blood cultures, with catheter tips showing the

highest percentage of identical genotypes found in blood cultures.

Finally, identical genotypes found in both colonized samples and

blood cultures were more likely to be widespread.

Candidemia can have an endogenous source, where the intra-

abdominal cavity is a relevant reservoir of Candida spp. isolates

causing further candidemia. Genotyping may be helpful to illustrate

such an infection route. In a previous study, we observed that 15.5%

of genotypes found in the rectum were also found in blood cultures

and/or intra-abdominal samples (Mesquida et al., 2023).

Alternatively, the exogenous sources are colonizing genotypes able

to reach the bloodstream. Since patients may become colonized by

Candida spp., further invasive infections are a consequence of some

of the colonizing genotypes reaching the bloodstream. Some score-

based procedures have proven useful in the detection of patients at
TABLE 4 Genotypes from colonizing samples also found in blood cultures including all the blood cultures analyzed (587 added).

Species No. of colonizing genotypes
No. of colonizing genotypes found in blood

G1+G2 G1+G3 G1+G2+G3 Overall

C. albicans 277 12 (4.3%) 43 (15.5%) 11 (3.9%) 66 (23.8%)

C. parapsilosis 33 7 (21.2%) 6 (18.2%) 6 (18.2%) 19 (57.6%)

C. tropicalis 30 1 (3.3%) 4 (13.3%) 1 (3.3%) 6 (16.6%)

Overall 290 20 (6.9%) 53 (18.3%) 18 (6.2%) 91 (31.4%)
G1: group 1; G2: group 2; G3: group 3.
Bold numbers indicate the overall data.
FIGURE 2

Venn diagram showing widespread clusters involving colonizing samples, and/or blood culture, and/or catheter tip isolates, overall and
disaggregated by species. Circle colors indicate the isolate’s clinical source (blood culture: red; catheter tip: yellow; colonizing sample: blue).
Numbers in the larger font indicate widespread clusters; numbers in the smaller font indicate total clusters. Percentages indicate the proportions of
widespread clusters.
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high risk of acquiring candidemia: multifocal Candida colonization is

one of the predisposing factors to candidemia (Ostrosky-Zeichner

and Pappas, 2006; Leon et al., 2009). Our current observations also

endorse the exogenous route of infection. Up to 31% of colonizing

genotypes (26.7% excluding catheter tip genotypes) were detectable in

blood cultures and matches between blood culture and colonizing

genotypes were observed in 94% of the patient subset with

candidemia plus colonizing isolates. In fact, the colonizing

genotypes matching blood genotypes had been detected before

candidemia in at least one-third of the patients studied, most of

them sourced from the lower respiratory tract. However, we cannot

rule out the presence of intra-abdominal genotypes matching those

found in blood cultures in the remaining two-thirds of patients given

that the retrospective nature of the study prevented us from screening

patients for Candida colonization. Candida-colonized catheter tips

are a well-known source of candidemia; we previously found identical

genotypes in blood cultures and catheter tips in patients with

catheter-related candidemia (Escribano et al., 2013a; Escribano

et al., 2014). The high number of matches between blood cultures

and catheter tips here reported reinforces this candidemia source.

Given that we also observed matches between blood cultures and

other types of colonized samples, such as mucosa or the lower

respiratory tract, in 40 patients may simply reflect the fact that

multicolonization by a given genotype is a risk factor for further

development of candidemia caused by the genotype in question. Such

observations had been previously reported (Chaves et al., 2012).

The genotyping of blood culture isolates has also been useful in

uncovering the presence of Candida clusters (identical Candida spp.

genotypes infecting ≥2 different patients). Clusters may indicate

patient-to-patient hospital transmission and thus are useful to trace

hospital outbreaks in epidemiologically related patients (Escribano

et al., 2018; Diaz-Garcia et al., 2022b). In contrast, some clusters

involve non-epidemiologically related patients, and patients may be

admitted to different hospitals and cities; we previously called these

clusters “widespread” and they do not indicate patient-to-patient

transmission (Guinea et al., 2020; Diaz-Garcia et al., 2022b; Diaz-

Garcia et al., 2022a). The significance of these widespread clusters is

not yet clear, however, they may indicate frequent genotypes: the

more frequent a genotype is, the higher the probability of detecting it

in blood cultures. We previously found that up to 11% of blood

culture genotypes were clusters involving different patients

(Escribano et al., 2013b; Guinea et al., 2020); these genotypes may

be more suitable as a cause of candidemia than singleton genotypes.

In line with this hypothesis, we believe that there might be some

genotype reservoirs that could cause candidemia. One of these

reservoirs may be the intra-abdominal cavity (endogenous source)

that hosts between 6 and 11% of clusters that can cause candidemia

(Diaz-Garcia et al., 2022b; Mesquida et al., 2023). Other reservoirs

may be mucosa, lower respiratory tract, catheter tips, and urine

(exogenous), which host up to 6% of clusters, as shown in the current

study. On balance, our data suggest that the aforementioned

reservoirs host singleton and cluster genotypes (the latter

accounting for up to 6% of genotypes), which can be found to

cause candidemia in (unrelated) patients. The fact that the proportion

of widespread genotypes tended to be significantly higher when more
Frontiers in Cellular and Infection Microbiology 07
sample types were involved—as reported here and previously (Diaz-

Garcia et al., 2022b; Mesquida et al., 2023)—reinforces the idea that

widespread clusters can cause invasive infections.

Our study is subjected to limitations. The main limitation of our

study is that the sample collection was retrospective and, therefore,

made upon clinical indication, this could introduce bias in sample

collection and affect the ability to establish causal relationships

between isolates colonization or invasive candidiasis. Furthermore,

the study does not fully address potential confounding factors that

may influence the observed relationships, such as the underlying

health conditions of the patients or prior antibiotic use. Finally,

other clinically relevant species such as C. glabrata or C. krusei were

not here studied. Prospective studies involving colonized patients ±

invasive infections, and including those ones infected by species

other than C. albicans, C. parapsilosis, and C. tropicalis, are needed

to address this question.

In conclusion, we observed that 94% of patients with

candidemia were colonized by the genotype causing the infection.

A total of 31% of colonizing genotypes were detectable in blood

cultures, and identical genotypes found in both colonizing samples

and blood cultures had a higher probability of being widespread.
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2023). The study was co-funded by the European Regional

Development Fund (FEDER) ‘A way of making Europe.’ PE

(CPII20/00015) is a recipient of a Miguel Servet contract
frontiersin.o
rg

https://doi.org/10.3389/fcimb.2024.1468692
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Mesquida et al. 10.3389/fcimb.2024.1468692
supported by FIS. AM (FI20/00089) holds a predoctoral grant

from FIS.
Acknowledgments

The authors are grateful to Helena Kruyer for editing assistance.
Conflict of interest

JG has received funds for participating in educational activities

organized on behalf of Gilead, Pfizer, Mundipharma, and MSD; he

has also received research funds from FIS, Gilead, F2G, Scynexis,

Mundipharma, and Cidara outside the submitted work. PE has

received funds for participating in educational activities organized

on behalf of Gilead and has also received research funds from FIS.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Frontiers in Cellular and Infection Microbiology 08
The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fcimb.2024.1468692/

full#supplementary-material
References
Botterel, F., Desterke, C., Costa, C., and Bretagne, S. (2001). Analysis of microsatellite
markers of Candida albicans used for rapid typing. J. Clin. Microbiol. 39, 4076–4081.
doi: 10.1128/JCM.39.11.4076-4081.2001

Chaves, G. M., Santos, F. P., and Colombo, A. L. (2012). The persistence of multifocal
colonisation by a single ABC genotype of Candida albicans may predict the transition
from commensalism to infection.Mem Inst Oswaldo Cruz. 107, 198–204. doi: 10.1590/
S0074-02762012000200008

Diaz-Garcia, J., Gomez, A., Alcala, L., Reigadas, E., Sanchez-Carrillo, C., Perez-Ayala,
A., et al. (2022a). Evidence of Fluconazole-Resistant Candida parapsilosis Genotypes
Spreading across Hospitals Located in Madrid, Spain and Harboring the Y132F
ERG11p Substitution. Antimicrob. Agents Chemother. 66, e0071022. doi: 10.1128/
aac.00710-22

Diaz-Garcia, J., Gomez, A., MaChado, M., Alcala, L., Reigadas, E., Sanchez-Carrillo,
C., et al. (2022b). Candida Genotyping of Blood Culture Isolates from Patients
Admitted to 16 Hospitals in Madrid: Genotype Spreading during the COVID-19
Pandemic Driven by Fluconazole-Resistant C. parapsilosis. J. Fungi (Basel) 8(11)1228.
doi: 10.3390/jof8111228

Eggimann, P., Que, Y. A., Revelly, J. P., and Pagani, J. L. (2015). Preventing invasive
Candida infections. Where could we do better? J. Hosp Infect. 89, 302–308.
doi: 10.1016/j.jhin.2014.11.006

Escribano, P., Guinea, J., Marcos-Zambrano, L. J., Martin-Rabadan, P., Fernandez-
Cruz, A., Sanchez-Carrillo, C., et al. (2014). Is catheter-related candidemia a polyclonal
infection? Med. Mycol 52, 411–416. doi: 10.1093/mmy/myt018

Escribano, P., Guinea, J., Marcos-Zambrano, L., Recio, S., Pelaez, T., Rodriguez-
Creixems, M., et al. (2013a). Does identification to species level provide sufficient
evidence to confirm catheter-related fungemia caused by Candida albicans?Med. Mycol
51, 769–773. doi: 10.3109/13693786.2013.803165

Escribano, P., Rodriguez-Creixems, M., Sanchez-Carrillo, C., Munoz, P., Bouza, E.,
and Guinea, J. (2013b). Endemic genotypes of Candida albicans causing fungemia are
frequent in the hospital. J. Clin. Microbiol. 51, 2118–2123. doi: 10.1128/JCM.00516-13

Escribano, P., Sanchez-Carrillo, C., Munoz, P., Bouza, E., and Guinea, J. (2018).
Reduction in Percentage of Clusters of Candida albicans and Candida parapsilosis
Causing Candidemia in a General Hospital in Madrid, Spain. J. Clin. Microbiol. 56(7),
e00574-18. doi: 10.1128/JCM.00574-18

Fanello, S., Bouchara, J. P., Sauteron, M., Delbos, V., Parot, E., Marot-Leblond, A.,
et al. (2006). Predictive value of oral colonization by Candida yeasts for the onset of a
nosocomial infection in elderly hospitalized patients. J. Med. Microbiol. 55, 223–228.
doi: 10.1099/jmm.0.46155-0

Guinea, J., Arendrup, M. C., Canton, R., Canton, E., Garcia-Rodriguez, J., Gomez, A.,
et al. (2020). Genotyping reveals high clonal diversity and widespread genotypes of
Candida causing candidemia at distant geographical areas. Front. Cell Infect. Microbiol.
10, 166. doi: 10.3389/fcimb.2020.00166
Hallen-Adams, H. E., and Suhr, M. J. (2017). Fungi in the healthy human
gastrointestinal tract. Virulence. 8, 352–358. doi: 10.1080/21505594.2016.1247140

Jensen, R. H., Johansen, H. K., Soes, L. M., Lemming, L. E., Rosenvinge, F. S., Nielsen,
L., et al. (2015). Posttreatment antifungal resistance among colonizing Candida isolates
in candidemia patients: results from a systematic multicenter study. Antimicrob. Agents
Chemother. 60, 1500–1508. doi: 10.1128/AAC.01763-15

Lau, A. F., Kabir, M., Chen, S. C., Playford, E. G., Marriott, D. J., Jones, M., et al.
(2015). Candida colonization as a risk marker for invasive candidiasis in mixed
medical-surgical intensive care units: development and evaluation of a simple,
standard protocol. J. Clin. Microbiol. 53, 1324–1330. doi: 10.1128/JCM.03239-14

Leon, C., Alvarez-Lerma, F., Ruiz-Santana, S., Leon, M. A., Nolla, J., Jorda, R., et al.
(2009). Fungal colonization and/or infection in non-neutropenic critically ill patients:
results of the EPCAN observational study. Eur. J. Clin. Microbiol. Infect. Dis. 28, 233–
242. doi: 10.1007/s10096-008-0618-z

Leon, C., Ostrosky-Zeichner, L., and Schuster, M. (2014). What’s new in the clinical
and diagnostic management of invasive candidiasis in critically ill patients. Intensive
Care Med. 40, 808–819. doi: 10.1007/s00134-014-3281-0

Li, Z., Jiang, C., Dong, D., Zhang, L., Tian, Y., Ni, Q., et al. (2016). The correlation
between Candida colonization of distinct body sites and invasive candidiasis in
emergency intensive care units: statistical and molecular biological analysis.
Mycopathologia 181, 475–484. doi: 10.1007/s11046-016-9991-9

Mesquida, A., Alcoceba, E., Padilla, E., Ramirez, A., Merino, P., Gonzalez-Romo, F.,
et al. (2024). Fluconazole-resistant Candida parapsilosis genotypes from hospitals
located in five Spanish cities and one in Italy: Description of azole-resistance profiles
associated with the Y132F ERG11p substitution. Mycoses. 67, e13706. doi: 10.1111/
myc.13706

Mesquida, A., Machado, M., Davila-Cherres, L., Vicente, T., Sanchez-Carrillo, C.,
Alcala, L., et al. (2023). The Gastrointestinal Tract is Pinpointed as a Reservoir of
Candida albicans, Candida parapsilosis, and Candida tropicalis Genotypes Found in
Blood and Intra-Abdominal Samples. J. Fungi (Basel) 9(7), 732. doi: 10.3390/
jof9070732

Mesquida, A., Vicente, T., Reigadas, E., Palomo, M., Sanchez-Carrillo, C., Munoz, P.,
et al. (2021). In vitro activity of ibrexafungerp and comparators against Candida
albicans genotypes from vaginal samples and blood cultures. Clin. Microbiol. Infect. 27,
915 e5–915 e8. doi: 10.1016/j.cmi.2021.02.006

Miranda, L. N., van der Heijden, I. M., Costa, S. F., Sousa, A. P., Sienra, R. A., Gobara,
S., et al. (2009). Candida colonisation as a source for candidaemia. J. Hosp Infect. 72, 9–
16. doi: 10.1016/j.jhin.2009.02.009

Nucci, M., and Anaissie, E. (2001). Revisiting the source of candidemia: skin or gut?
Clin. Infect. Dis. 33, 1959–1967. doi: 10.1086/cid.2001.33.issue-12

Ostrosky-Zeichner, L., and Pappas, P. G. (2006). Invasive candidiasis in the intensive
care unit. Crit. Care Med. 34, 857–863. doi: 10.1097/01.CCM.0000201897.78123.44
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcimb.2024.1468692/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1468692/full#supplementary-material
https://doi.org/10.1128/JCM.39.11.4076-4081.2001
https://doi.org/10.1590/S0074-02762012000200008
https://doi.org/10.1590/S0074-02762012000200008
https://doi.org/10.1128/aac.00710-22
https://doi.org/10.1128/aac.00710-22
https://doi.org/10.3390/jof8111228
https://doi.org/10.1016/j.jhin.2014.11.006
https://doi.org/10.1093/mmy/myt018
https://doi.org/10.3109/13693786.2013.803165
https://doi.org/10.1128/JCM.00516-13
https://doi.org/10.1128/JCM.00574-18
https://doi.org/10.1099/jmm.0.46155-0
https://doi.org/10.3389/fcimb.2020.00166
https://doi.org/10.1080/21505594.2016.1247140
https://doi.org/10.1128/AAC.01763-15
https://doi.org/10.1128/JCM.03239-14
https://doi.org/10.1007/s10096-008-0618-z
https://doi.org/10.1007/s00134-014-3281-0
https://doi.org/10.1007/s11046-016-9991-9
https://doi.org/10.1111/myc.13706
https://doi.org/10.1111/myc.13706
https://doi.org/10.3390/jof9070732
https://doi.org/10.3390/jof9070732
https://doi.org/10.1016/j.cmi.2021.02.006
https://doi.org/10.1016/j.jhin.2009.02.009
https://doi.org/10.1086/cid.2001.33.issue-12
https://doi.org/10.1097/01.CCM.0000201897.78123.44
https://doi.org/10.3389/fcimb.2024.1468692
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Mesquida et al. 10.3389/fcimb.2024.1468692
Pendleton, K. M., Huffnagle, G. B., and Dickson, R. P. (2017). The significance of
Candida in the human respiratory tract: our evolving understanding. Pathog. Dis. 75
(3),ftx029. doi: 10.1093/femspd/ftx029

Sabino, R., Sampaio, P., Rosado, L., Stevens, D. A., Clemons, K. V., and Pais, C.
(2010). New polymorphic microsatellite markers able to distinguish among Candida
parapsilosis sensu stricto isolates. J. Clin. Microbiol. 48, 1677–1682. doi: 10.1128/
JCM.02151-09

Sampaio, P., Gusmao, L., Correia, A., Alves, C., Rodrigues, A. G., Pina-Vaz, C., et al.
(2005). New microsatellite multiplex PCR for Candida albicans strain typing reveals
Frontiers in Cellular and Infection Microbiology 09
microevolutionary changes. J. Clin. Microbiol. 43, 3869–3876. doi: 10.1128/
JCM.43.8.3869-3876.2005

Vaz, C., Sampaio, P., Clemons, K. V., Huang, Y. C., Stevens, D. A., and Pais, C.
(2011). Microsatellite multilocus genotyping clarifies the relationship of Candida
parapsilosis strains involved in a neonatal intensive care unit outbreak. Diagn.
Microbiol. Infect. Dis. 71, 159–162. doi: 10.1016/j.diagmicrobio.2011.05.014

Wu, Y., Zhou, H. J., Che, J., Li, W. G., Bian, F. N., Yu, S. B., et al. (2014). Multilocus
microsatellite markers for molecular typing of Candida tropicalis isolates. BMC
Microbiol. 14, 245. doi: 10.1186/s12866-014-0245-z
frontiersin.org

https://doi.org/10.1093/femspd/ftx029
https://doi.org/10.1128/JCM.02151-09
https://doi.org/10.1128/JCM.02151-09
https://doi.org/10.1128/JCM.43.8.3869-3876.2005
https://doi.org/10.1128/JCM.43.8.3869-3876.2005
https://doi.org/10.1016/j.diagmicrobio.2011.05.014
https://doi.org/10.1186/s12866-014-0245-z
https://doi.org/10.3389/fcimb.2024.1468692
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Candida spp. colonization: a genotype source found in blood cultures that can become widespread
	1 Introduction
	2 Materials and methods
	2.1 Isolates collected and studied
	2.2 Genotyping data analysis
	2.3 Ethical considerations

	3 Results
	3.1 Intra-patient genotype analysis (matches)
	3.2 Inter-patient genotype analysis (clusters)
	3.3 Comparisons between colonizing genotypes and blood culture genotypes. Proportions of widespread genotypes

	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


