
The Correlation Between Candida Colonization of Distinct
Body Sites and Invasive Candidiasis in Emergency Intensive
Care Units: Statistical and Molecular Biological Analysis

Zhen Li . Cen Jiang . Danfeng Dong .

Lihua Zhang . Yuan Tian . Qi Ni .

Enqiang Mao . Yibing Peng

Received: 26 November 2015 / Accepted: 1 February 2016 / Published online: 17 February 2016

� Springer Science+Business Media Dordrecht 2016

Abstract Both statistical and molecular biological

methods were used to evaluate the association

between Candida colonization of different body sites

and invasive candidiasis (IC) and analyse the potential

infection sources of IC. Candida surveillance cultures

from the urine, sputum, rectum and skin were

performed on patients admitted to an emergency

intensive care units (EICU) of a tertiary care hospital

in Shanghai, China, from February 2014 to January

2015. Specimens were collected once a week at

admission and thereafter. The patients’ clinical data

were collected, and Candida isolates were genotyped

using polymorphic microsatellite markers. A total of

111 patients were enrolled. Patients with positive urine

(23.3 vs. 2.5 %, p = 0.001) and rectal swab (13.6 vs.

0 %, p = 0.010) cultures were more likely to develop

IC. However, the risk for IC was not significantly

different among patients with and without respiratory

(10.0 vs. 5.8 %, p = 0.503) and skin (33.3 vs. 6.5 %,

p = 0.056) colonization. Gene microevolution fre-

quently occurred at rectal swab and urine sites, and IC

with possible source of infection was caused by rectal

isolates (2/7), urine isolates (4/7) and sputum isolate

(1/7).The colonization of gut and urinary tract maybe

more relevant indicators of IC, which should be taken

into consideration when selecting practical body sites

for Candida surveillance cultures.

Keywords Candida colonization � Invasive

candidiasis � Intensive care unit � Anatomical site �
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Introduction

Recently, the incidence of invasive Candida infection

(especially candidemia) has substantially increased in

intensive care units, contributing to high mortality

[1–4]. However, the early diagnosis of invasive

candidiasis (IC) is difficult due to the lack of specific

signs and symptoms and the complexity of the

patients’ underlying conditions [5].

A variety of prediction rules for invasive Candida

infection have been reported. Candida colonization

has been suggested as an independent risk factor for

invasive candidiasis and helps to distinguish between

high-risk and low-risk patients [6–11]. Candida
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colonization screening based on multiple-body sites is

now performed routinely in many ICUs, but the body

sites surveyed vary considerably [12–14]. Some

researchers suggested that the collection of samples

from all of these sites (rectal swab, urine, throat and

skin) was practical, while others indicated that the

throat and skin were not feasible sites due to lower

positivity rates [15, 16].The reason for this contro-

versy is not clear. Most previous studies used only

statistical methods, whereas few performed molecu-

lar-relatedness studies.

Molecular typing methods can be used to analyse

the genetic correlation of isolates from different

surveillance sites and may offer evidence of the

potential infection sources of IC. Polymorphic

microsatellite markers (PMMs) represent an effective

genotyping method based on microsatellite loci,

which are 2- to 10-bp multiple tandem repeats in

fungal genomes. PMM analysis offers advantages

over other commonly used genotyping methods

because microsatellite loci are codominant markers

that rapidly evolve in the fungal genome. Thus, their

use may be able to distinguish between the following

scenarios: (1) isolates that are the same strain, (2)

isolates that are the same strain(s) but that have

apparently undergone a process of microevolution

and (3) isolates that correspond to distinct strains

[17, 18].

The purpose of this study was to evaluate the

association between Candida colonization of different

body sites and IC using both statistical and molecular

biological methods, and analyse the genetic correla-

tion of the isolates from different body sites to study

the potential infection sources of IC.

Materials and Methods

Study Population

This study was conducted in an EICU of a tertiary care

hospital in Shanghai, China. Patients admitted to the

EICU between February 2014 and January 2015 were

enrolled with the following exceptions: neutropenia

(neutrophil count B500/mm3), under 18 years of age,

length of stay in EICU\7 days, receipt of antifungals

within 7 days of EICU admission, pregnant women

and nursing mothers. The study was approved by the

Ruijin Hospital Ethics Committee.

Candida Surveillance Cultures and Identification

For all of the patients, Candida surveillance cultures

were performed upon EICU admission and then weekly

until discharge from the EICU or death. Specimens were

routinely collected from the sputum or with a throat

swab, the stool or with a rectal swab, the urine and the

skin. Other specimens, such as vascular catheters,

peripheral blood, wounds or drainage exudates, were

ordered by the attending physician as clinically indi-

cated. Specimens were inoculated onto Sabouraud agar

at 35 �C for 48 h with the exception of blood cultures,

which were processed using the automated BACTEC

system. The presence of Candida growth in the culture

medium was considered a positive result. Candida

species were identified using the CHROMagar (bio

Mérieux, Marcy l’É toile, France) and the VITEK 2

system. Molecular identification was conducted by

amplification and sequencing of the internal transcribed

spacer (ITS) regions using the primers ITS1/ITS4 [19].

DNA Isolation and PMM Genotyping

Genomic DNA was extracted according to the method of

Redkar et al. [20]. Prior to the PMM typing, we carried

out pre-experiment on 20 strains of the same species

isolated from the same biological sample. No different

PMM type was observed, that is to say Candida strains

from the same biological sample were likely to have

identical PMM type. Hence, PMM molecular typing

methods were performed as previously described in the

following situations [21–24]: (1) when the same species

of Candida was isolated from sterile sites and surveil-

lance sites of a single patient and (2) when the same

species of Candida was isolated from three or more

surveillance sites of the same patient, even when no

isolates were detected from sterile sites. In the latter case,

the PMM method was used to analyse the genetic

correlation of the isolates from different body sites.

Microsatellite loci with high discriminatory powers were

selected for eachCandida species, includingC. albicans,

C. glabrata, C. tropicalis and C. parapsilosis (Table 1).

The fragment sizes of microsatellite markers were

determined by Sangon Biotech (Shanghai).

Clinical Data Collection

Patient clinical data were collected from the hospital

information system. The following variables were

476 Mycopathologia (2016) 181:475–484

123



recorded: gender, age, date of EICU admission, reason

for EICU admission, hospital stay prior to ICU

admission, risk factors for Candida species coloniza-

tion and infection, concomitant infection, results of

serum (1-3)-b-D-glucan (BG) measurement, dates of

EICU discharge and vital status at discharge (survival

vs. death).Underlying diseases included insulin-de-

pendent diabetes mellitus, chronic obstructive pul-

monary disease chronic liver disease, renal failure,

acute pancreatitis and heart failure.

Data Analysis

Continuous variables were expressed as the

mean ± SD when the data followed a normal distri-

bution or as medians when the distribution departed

from normality. The categorical variables were shown

as percentages and frequencies. The means were

compared by the F test, medians by the Kruskal–

Wallis test and percentages by the likelihood ratio test.

A statistically significant difference was considered if

Table 1 Microsatellite DNA sequences selected and primers used for PCR amplification

Candida

species

Microsatellite

designation

Primer sequence Repetitive motif DP Dye

label

C. albicans CAI FWD:5-ATGCCATTGAGTGGAATTGG-3 (CAA)2CTG(CAA)n 0.97 FAM

REV:5-AGTGGCTTGTGTTGGGTTTT-3

CAIII FWD:5-TTGGAATCACTTCACCAGGA-3 (GAA)n 0.85 HEX

REV:5-TTTCCGTGGCATCAGTATCA-3

CAVI FWD:5-ACAATTAAAGAAATGGATTTTAGTCAG-3 (TAAA)n 0.93 TAM

FWD:5-TGCTGGTGCTGCTGGTATTA-3

C. glabrata RPM2 FWD:5-ATCTCCCAACTTCTCGTAGCC-3 0.949* FAM

REV:5-ACTTGAACGACTTGAACGCC-3

ERG3 FWD:5-AGTGCGAGTGTATGTAAAGAATG-3 HEX

REV:5-CGTATACCTTATCTCCGTTCAA-3

MTI FWD:5-CAGCAATAATAGCTTCTGACTATGAC-3 TAM

REV:5-GACAGGAGCAACCGTTAGGA-3

CLM4 FWD:5-AGTGTTCATTGTCGCCTTC-3 FAM

REV:5-AATGCAGGCTCACCATTTTC-3

CLM5 FWD:5-TGGGGATAGTGGGAACTCAA-3 HEX

REV:5-CGATGATTTCATGTCCGATG-3

C. tropicalis Ctrm1 FDW:5-CAACAGTTGATAGATCAAGC-3 (AGA) 22 0.95 FAM

REV:5-CGAACTATCACTTTTAGGAG-3

Ctrm10 FDW:5-AGTTTTCCTGTTGCTGGTTG-3 (ATG)52 0.91 HEX

REV:5-CATTGAGATTGGAAGAAGTG-3

Ctrm12 FDW:5-TGTGTGTCTATTACCTCCCA-3 (AC)39 0.85 TAM

REV:5-CTGTCAGTTGTACATCATCG-3

C. parapsilosis

Sensustricto

CP1 FDW:5-AAAGTGCTACACACGCATCG-3 (AAG)27 0.85 TAM

REV:5-GGCTTGCAATTTCATTTCCT-3

CP4 FDW:5-CAAATCATCCAGCTTCAAACC-3 (AAC)29 0.89 HEX

REV:5-CATCAAACAAGAATTCGATATCAC-3

CP6 FDW:5-CAGGAACAGGACAATGGTGA-3 (AAC)48 0.96 FAM

FDW:5-TCTGGAGCCTCTAGGACGTTT-3

FWD forward primer, REV reverse primer; DP discriminatory power

* A higher discriminatory power (0.949) is obtained when combining four microsatellite markers: MTI, ERG3, GLM4 and GLM5
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p\ 0.05. The area under the receiver operating

characteristic curve (ROC curve) was used to assess

the discriminatory power of the site numbers of

Candida colonization for IC. Additionally, the relative

risks (RRs), sensitivity, specificity, and positive and

negative predictive values of colonization status were

calculated for the development of IC.

Definitions

Candida colonization was defined as a positive

Candida culture from any of the non-sterile specimens

tested weekly. Colonization was considered to be

unifocal when Candida species were detected from

one focus and multifocal when Candida species were

simultaneously isolated from various non-contiguous

foci, even when distinct Candida species were

obtained [9]. Invasive candidiasis was defined as

previously reported [25]. The colonization index (CI)

was calculated as the ratio of the number of non-blood

body sites colonized to the total number of sites

cultured [26]. The Candida score (CS) was calculated

as described previously: surgery, ?1; total parenteral

nutrition, ?1; multifocal Candida colonization, ?1;

and severe sepsis, ?2 [9].

Results

Patient Characteristics and Statistical Results

A total of 193 patients were admitted to the EICU

during the study period, of which 17 were excluded due

to inadequate data collection and 64 due to a length of

stay in the EICU of less than 7 days. Another patient (a

pregnant woman) was also excluded. Therefore, the

study population consisted of 111 patients. These

patients included 29 patients who were neither colo-

nized nor infected, 34 patients who were colonized at

one single site, 32 patients who were colonized at two

sites and 16 patients who were colonized at three or

more sites. Clinical data from the 111 participants are

shown in Table 2. Statistical comparisons were per-

formed among the three groups of colonized patients.

A total of 86.5 % of the patients were admitted to

the EICU for medical reasons, 12.6 % for surgical

operations and 0.9 % for trauma. The positive rates of

the (1-3)-b-D-glucan assay (17.6, 31.2, 56.2 %,

p = 0.024), the incidence of invasive candidiasis (0,

9.4, 37.5 %, p\ 0.001) and mortality rates (11.8,

34.4, 37.5 %, p = 0.006) were elevated significantly

concomitant with the increase in the number of

colonization sites among the three colonized groups.

Moreover, the APACHE II scores, median days of

hospital length of stay (both ICU and total hospital

stay), median CI, median CS, bacterial infection rate

and the incidence of sepsis were also significantly

different between groups. There were no statistically

significant differences in the underlying disease and

the hospital stay prior to ICU admission.

Among the 111 patients, nine (8.1 %) developed IC,

of whom three (9.4 %) were colonized at two body sites

prior to infection and six (37.5 %) were colonized at

three or more sites. The mean days from the detection of

Candida colonization to the development of IC were 8

days (sputum colonization), 14 days (rectum coloniza-

tion) and 18 days (urine colonization), respectively. The

days of skin colonization was not obtained, because the

positive rate of skin swab culture was low. The

association between different body colonization sites

and IC is shown in Table 3. Patients with positive

surveillance cultures from the urine (23.3 vs. 2.5 %,

p = 0.001) and faecal/rectal swabs (13.6 vs. 0 %,

p = 0.010) detected at any time during the EICU stay

were more likely to develop IC compared with patients

with negative cultures from these sites. In contrast, the

risk of developing IC was not significantly different

among patients with and without respiratory tract or

skin colonization (Table 3).

PMM Genotyping Results

During the study period, Candida colonization at three

or more body sites was detected in 16 patients. A total

of 13 of these patients were colonized with C. albicans

(n = 40 isolates), eight patients with C. glabrata

(n = 28 isolates), two patients with C. tropicalis

(n = 6 isolates) and four patients with C. parapsilosis

(n = 7 isolates). Therefore, a total of 81 isolates were

genotyped by PMM.

The majority of isolates that colonized diverse

anatomical sites of the same patient were the same

strain (C. albicans 53.85 %, C. glabrata 50.00 %),

whereas some were undergoing microevolution

(C. albicans 15.38 %, C. glabrata 50.00 %) and a

few were distinct strains with different PMM types.

The two patients with C. tropicalis were colonized
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with distinct strains. Microevolution was also

observed in the C. parapsilosis isolates.

Microevolution resulted from minor changes of the

strain genotypes, i.e. a change at one certain locus that

could be explained by a single mutational step. In our

study, microevolution occurred in eight isolates

(Table 4). For patient 6, the isolate Clo242 from urine

had a change at CaIII locus compared with sputum

isolate Clo243 and rectal isolate Clo244, suggesting

that microevolution had occurred. Other seven cases

of microevolution were detected on patient 11(sputum

isolate Clo231), patient 13 (skin isolate Clo165 and

urine isolate Clo171), patient 15 (urine isolate Clo91),

patient 16 (rectal isolate Clo4), patient 17 (urine

Table 2 Clinical data for the study patients according to colonization status

Overall

(n = 111)

Neither colonizd

nor infected

(n = 29)

Colonized in

one site

(n = 34)

Colonized in

two sites

(n = 32)

Colonized in

three or more

sites (n = 16)

P

Baseline characteristics:

Age, years, mean(± SD) 59.3 ± 16.8 57.4 ± 21.2 57.9 ± 16.3 61.7 ± 12.8 60.9 ± 16.9 0.581

Male/female (%)* 57.7/42.3 82.8/17.2 55.9/44.1 31.2/68.8 68.8/31.2 0.028

Diagnosis on ICU admissiona no (%)*

Medical 96 (86.5) 23 (79.3) 33 (97.1) 25 (78.1) 15 (93.8) 0.039

Surgical 14 (12.6) 5 (17.2) 1 (2.9) 7 (21.9) 1 (6.2)

Trauma 1 (0.9) 1 (3.4) 0 (0) 0 (0) 0 (0)

APACHE II score, mean (± SD)

ICU admission* 9.5 ± 6.0 5.4 ± 3.1 7.5 ± 3.7 11.4 ± 6.1 15.4 ± 7.1 \0.001

Maximum value during ICU stay* 18.1 ± 5.4 15.0 ± 3.5 17.3 ± 5.0 18.5 ± 5.3 22.8 ± 5.5 0.007

Hospital stay prior to ICU

admission, median days (range)

5 (0–74) 3 (0–28) 3 (0–30) 5 (0–74) 8.5 (0–74) 0.142

ICU length of stay, median days (range)* 18 (6–198) 12 (7–32) 23.5 (8–69) 19.5 (6–182) 55.5 (8–198) 0.06

Total hospital length of stay,

median days (range)*

26 (7–233) 18 (7–39) 29.5 (10–103) 28.5 (9–233) 85.5 (8–202) 0.008

Mortality rate, no (%)* 21 (18.9) 0 (0) 4 (11.8) 11 (34.4) 6 (37.5) 0.006

Infection related indicators:

Colonization index (median)

ICU admission* 0 (0–0.75) 0 (0–0) 0.25 (0–0.25) 0.25 (0–0.5) 0.25 (0–0.75) 0.001

Maximum value during ICU stay* 0.25 (0–0.75) 0 (0–0) 0.25 (0.25–0.25) 0.5 (0.5–0.5) 0.75 (0.5–0.75) \0.001

Candida score (median)* 1 (0–4) 0 (0–3) 0 (0–3) 1 (1–4) 1.5 (1–4) \0.001

(1-3)-b-D-glucan assay positiveb, no (%)* 26 (23.4) 1 (3.4) 6 (17.6) 10 (31.2) 9 (56.2) 0.024

Invasive candidiasis, no (%)* 9 (8.1) 0 (0) 0 (0) 3 (9.4) 6 (37.5) \0.001

Positive bacteria detection

in sterile body fluid, no (%)*

22 (19.8) 2 (6.9) 0 (0) 10 (31.2) 10 62.5) \0.001

Severe sepsis, no (%)* 14 (12.6) 1 (3.4) 2 (6.9) 5 (15.6) 6 (37.5) 0.023

Underlying illnesses, no (%)

Diabetes mellitus 31 (27.9) 10 (34.5) 9 (26.5) 6 (18.8) 6 (37.5) 0.377

Respiratory failure 39 (35.1) 5 (17.2) 12 (35.3) 15 (46.9) 7 (43.8) 0.619

Renal failure 42 (37.8) 10 (34.5) 12 (35.3) 11 (34.4) 9 (56.3) 0.297

Chronic liver disease 37 (33.3) 7 (24.1) 11 (32.4) 14 (43.8) 5 (31.3) 0.560

Heart failure 25 (22.5) 2 (6.9) 8 (23.5) 10 (31.2) 5 (31.3) 0.743

Acute pancreatitis 51 (45.9) 15 (51.7) 16 (47.1) 12 (37.5) 8 (50.0) 0.632

APACHE II Acute Physiology and Chronic Health Evaluation

* There are significant differences between groups (p\ 0.05)
a Patients are classified as trauma, surgical or medical according to the diagnosis at the time of EICU admission. Surgical patients are

those admitted for post-operative treatment, trauma patients are those admitted for trauma-related acute lesions, and medical patients

are those admitted for any other reason
b When the result is greater than 100 pg/ml indicates the (1-3)-b-D-glucan assay positive according to instructions of manufacturer
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isolate Clo260) and patient 18 (rectal isolate Clo178).

In this study, gene microevolution frequently occurred

at rectal swab (2/8) and urine (4/8) isolates, only one

occurred at sputum and skin isolate, respectively.

A total of six patients were detected with Candida

colonization of distinct strains. For patient 7, the three

microsatelite loci of urine isolate Clo199 were differ-

ent in comparison with those of skin isolate Clo198,

sputum isolate Clo200 and rectal isolate Clo201,

showing that urine isolate Clo199 was distinct strain

with other corresponding isolates from the same

patient. Other five cases of distinct Candida coloniza-

tion were found on patient 12 (urine isolate Clo182),

patient 10 (rectal isolate Clo107), patient 17(rectal

isolate Clo55), patient 2 (rectal isolate Clo194) and

patient 13 (sputum isolate Clo161).

During the study period, 13 cases of IC developed

in nine patients. Among the 13 cases of IC, seven cases

could find the possible source of infection (Table 4).

The patient 12 got three cases of IC (2 C. albicans,1

C.glabrata) during hospital time. The first IC caused

by C. albicans maybe occurred secondary to rectal

colonization, because the drainage fluid isolate Clo181

had the same PMM type with the rectal isolate Clo184

from rectal swab rather than the isolate from urine;

moreover, as for the other two sites of skin and

sputum, no C. albicans colonization was detected. In

the similar situation, the possible sources of other two

cases of IC on patient 12 maybe both were the urine

colonization (Clo180 and Clo185).On patient 13,

C.tropicalis isolates were collected from blood, spu-

tum and urine sample, while the culture of skin and

rectal swab samples were not obtained C.tropicalis

isolates during the hospital time. So the blood stream

infection of C.tropicalis happened on patient 13

maybe developed secondary to urine colonization,

considering that the blood isolate Clo159 had the

identical PMM type with urine isolate Clo170 rather

than with sputum isolate Clo161. What’s more, rectal

colonization was the possible infection source of

patient 11 (Clo230 and Clo232), and the possible

sources of IC on patient 17 were urine (Clo260 and

2697) and sputum (2665 and 2683) colonization.

Moreover, three isolates causing IC (two C. parap-

silosis and one Pichia guilliermondii) were found only

in sterile body fluids.

Discussion

Most studies have demonstrated that prior Candida

colonization is a major risk factor for IC (especially

multifocal colonization) [9, 10, 13]. However, the

predictive value of colonization at different body sites

is controversial and lacks genetic evidence. Therefore,

our study focused on the relationship between

Table 3 Association between Candida colonization of different anatomical sites and IC

Colonization site Proven

Candida

Infection %

P Sensitivity

(%)

Specificity

(%)

PPV

(%)

NPV

(%)

RR (95 %CI)

Urine

Yes 23.3 0.001 77.8 77.5 23.3 97.5 9.450 (2.078–42.975)

No 2.5

Faeces/rectal swabs

Yes 13.6 0.01 100 44.1 13.6 100

No 0

Respiratory

Yes 10 0.503 66.7 47.1 10 94.1 1.709 (0.448–6.458)

No 5.8

Skin

Yes 33.3 0.056 33.3 91.2 25 93.9 4.125 (1.182–14.394)

No 6.5

PPV positive predictive value, NPV negative predictive value, RR relative risk, CI confidence interval
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Table 4 The genotyping results of isolates from sterile body fluid and their counterparts from non-sterile sites

Patients Species Isolate Source Isolation date PMM genotype

CaI CaIII CaVI

P3 C.albicans Clo202 Rectal swab 2014-10-31 200/215 92/101 236/236

C.albicans Clo203 Sputum 2014-11-10 200/215 92/101 236/236

C.albicans Clo204 Drainage fluid 2014-11-18 200/215 92/101 236/236

P6 C.albicans Clo242* Urine 2014-9-22 203/215 101/101 240/268

C.albicans Clo243 Sputum 2014-9-19 203/215 95/101 240/268

C.albicans Clo244 Rectal swab 2014-9-22 203/215 95/101 240/268

P11 C.albicans Clo230 Drainage fluid 2014-8-25 200/200 95/95 236/344

C.albicans Clo231* Rectal swab 2014-8-25 200/200 95/95 236/236

C.albicans Clo232 Sputum 2014-8-25 200/200 95/95 236/344

P12 C.albicans Clo181 Drainage fluid 2014-9-12 203/266 92/95 236/240

C.albicans Clo182 Urine 2014-9-12 203/203 92/92 236/288

C.albicans Clo184 Rectal swab 2014-9-15 203/266 92/95 236/240

C.albicans Clo185 Blood 2014-9-22 203/203 92/92 236/288

P13 C.albicans Clo162 Rectal swab 2014-9-22 206/269 95/104 236/236

C.albicans Clo165* Skin 2014-9-22 206/206 95/104 236/236

C.albicans Clo169 Sputum 2014-10-20 206/269 95/104 236/236

P2 C.albicans Clo191 Sputum 2014-10-20 200/215 92/101 236/236

C.albicans Clo194 Rectal swab 2014-10-31 203/215 92/92 236/280

P7 C.albicans Clo198 Skin 2014-11-10 203/215 95/101 240/268

C.albicans Clo199 Urine 2014-10-13 215/215 95/104 240/240

C.albicans Clo200 Sputum 2014-10-13 203/215 95/101 240/268

C.albicans Clo201 Rectal swab 2014-10-13 203/215 95/101 240/268

P10 C.albicans Clo103 Sputum 2014-6-30 203/233 95/101 240/240

C.albicans Clo106 Urine 2014-7-21 203/233 95/101 240/240

C.albicans Clo107 Rectal swab 2014-7-21 185/185 92/101 236/252

Patients Species Isolate Source Isolation date RPM2 ERG3 MT1 CML4 CML5

P12 C.glabrata Clo180 Drainage fluid 2014-9-12 128/128 198/198 243/243 275/275 303/303

C.glabrata Clo183 Urine 2014-9-12 128/128 198/198 243/243 275/275 303/303

P13 C.glabrata Clo163 Rectal swab 2014-9-22 128/128 198/198 243/243 275/275 300/300

C.glabrata Clo167 Skin 2014-10-20 128/128 198/198 243/243 275/275 300/300

C.glabrata Clo168 Sputum 2014-10-20 128/128 198/198 243/243 275/275 265/265

C.glabrata Clo171* Urine 2014-10-27 128/128 198/198 243/243 275/275 265/265

P15 C.glabrata Clo91* Urine 2014-6-10 128/128 198/198 243/243 281/281 303/303

C.glabrata Clo92 Rectal swab 2014-6-16 128/128 198/198 243/243 275/275 303/303

C.glabrata Clo93 Drainage fluid 2014-6-17 128/128 198/198 243/243 275/275 303/303

C.glabrata Clo94 Skin 2014-6-20 128/128 198/198 243/243 275/275 303/303

P16 C.glabrata Clo4* Rectal swab 2014-3-24 128/138 198/198 243/243 275/275 300/300

C.glabrata Clo5 Urine 2014-4-21 128/128 198/198 243/243 275/275 300/300

C.glabrata Clo7 Sputum 2014-6-16 128/128 198/198 243/243 275/275 300/300

P17 C.glabrata 2665 Sputum 2014-12-15 128/128 198/198 243/243 275/275 303/303

C.glabrata 2683 Bile 2014-12-22 128/128 198/198 243/243 275/275 303/303

C.glabrata 2697 Drainage fluid 2014-12-22 128/128 198/198 243/243 275/275 300/300

C.glabrata Clo260* Urine 2014-11-10 128/128 198/198 243/243 275/275 300/300
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confirmed invasive candidiasis and the colonized body

site using both statistical and molecular biological

methods.

Our statistical data supported the hypothesis that

the clinical significance of Candida colonization

differed by body site. Urine and rectum colonization

were more valuable for monitoring invasive Candida

infection compared with respiratory and skin colo-

nization in the EICU, which was consistent with in the

results of a multicentre study conducted in mixed

medical-surgical ICUs [9]. Contrary to our findings,

Shelley’s study [15] in a SICU indicated that patients

with respiratory Candida colonization were also

significantly more likely to develop IC than patients

who were not colonized. Moreover, a multicentre

study of immunocompetent critically ill patients found

that Candida colonization of the respiratory tract was

common in patients receiving mechanical ventilation

for[2 days, which was associated with an increased

risk of ventilator-associated Pseudomonas infections

[27]. The reason for this difference in assessing

respiratory Candida colonization is not clear, but

may be linked to different patients’ conditions and

disease types in diverse ICUs. This discrepancy need

to be confirmed by additional multicentre studies.

The significance of Candida microevolution in the

pathogenesis of IC is not very clear. Jong Hee Shin’s

study [28] on catheter-related candidemia suggested

that some C. albicans strains undergo microevolution

during catheter colonization, producing genetically

stable variants and thereby allowing the establishment

BSI in the patient and nosocomial transmission among

patients. In our research, we found that gene

microevolution frequently occurred at rectal swab

(2/8) and urine sites (4/8), isolates that corresponded to

distinct strains compared with their corresponding

isolates from other body sites were frequently detected

in rectal swab (3/6) and urine sites (2/6), and the

possible sources of IC were rectal isolates (2/7) and

urine isolates (4/7). Perhaps Candida microevolution

during urine and rectal colonization is also one of the

adaptation mechanisms that permitted Candida to

obtain novel variants and become a successful human

pathogen eventually. It has been strongly suggested

that the gut colonization is an important source of

candidemia [29], while whether urine colonization is

also a source of IC is unclear. According to our results

of PMM genotyping and statistical data, there was a

significant association between urine colonization and

IC. The colonization of urinary tract maybe is a more

relevant indicator of IC.

In the three cases of IC caused by C. parapsilosis

(two cases) and Pichia guilliermondii (one case),

colonization with the same strain of Candida was not

found before the occurrence of infection, even though

the three patients possessed a multifocal colonization

status before they became infected (colonized with

C. albicans or C. glabrata). The two cases of C.

parapsilosis may be explained by the phenomenon

that Candida parapsilosis nosocomial infection may

occur without colonization through contact with the

hands of healthcare workers and contaminated care

Table 4 continued

Patients Species Isolate Source Isolation date Ctrm1 Ctrm10 Ctrm12

P13 C.tropicalis Clo159 Blood 2014-9-3 361/361 315/321 235/245

C.tropicalis Clo161 Sputum 2014-9-15 370/424 355/239 239/251

C.tropicalis Clo170 Urine 2014-10-27 361/361 315/321 235/245

P17 C.tropicalis Clo53 Urine 2014-4-28 370/424 355/355 239/251

C.tropicalis Clo55 Rectal swab 2014-5-5 370/373 321/321 237/245

C.tropicalis Clo56 Skin 2014-5-19 370/424 355/355 239/251

Patients Species Isolate Source Isolation date Cp6 Cp4 Cp1

P16 C.parapsilosis Clo8 Vascular catheter 2014-6-30 286/306 367/367 229/250

C.parapsilosis Clo9 Blood 2014-6-30 286/306 367/367 229/250

P18 C.parapsilosis Clo179 Urine 2014-9-15 266/286 304/304 263/263

C.parapsilosis Clo178* Rectal swab 2014-9-9 266/286 304/304 263/223

* Isolates that occurred microevolution
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equipment [30–33]. Moreover, Pichia guilliermondii

is the model organism of a group of so-called

flavinogenic yeasts [34]. The virulence and

pathogenicity of these yeasts is unclear, although in

recent decades pathogenic Pichia guilliermondii

emerged as one of the non-albicans Candida spp.

causing fungemia that represented 1–5 % of all

candidemias in Krcmery’s report [35].

In our study, quantitative or semi-quantitative

surveillance cultures were not performed in this study

because they add to the laboratory workload. Can-

diduria was defined as the presence of at least 104 cfu/

mL of the same Candida species and was suggested as

a marker of heavy colonization [36, 37]. Quantitative

or semi-quantitative surveillance cultures (especially

urine specimens) may provide more clues about the

relationship between colonization and IC.

In conclusion, prior Candida colonization (espe-

cially multifocal colonization) is a risk factor for IC.

The majority of isolates that colonized diverse

anatomical sites of the same patient were the same

strain, whereas some were undergoing microevolution

and a few were distinct strains with different PMM

types. Gene microevolution frequently occurred at

rectal swab and urine sites. Urine and rectal Candida

colonization were more valuable for monitoring

invasive Candida infection compared with respiratory

and skin colonization in our EICU study. These

findings should be taken into consideration when

selecting practical body sites for clinical Candida

surveillance cultures and evaluating risk factors for IC.
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