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Abstract

To investigate the causes and the clinical significance of persistent candidemia (PC) in adults diagnosed in a tertiary hospital with
an active antifungal stewardship program. Retrospective cohort including all adults with candidemia from 2010 to 2018. PC was
defined as any positive follow-up blood culture (BC) obtained > 5 days from the first BCs yielding the same Candida species. PC
was detected in 35/255 (13.7%) patients. There were no differences regarding antifungal adequacy in PC vs. non-PC (94.3% vs.
82.3%, p =0.084) and primary source control (63.3% vs. 76.4%, p =0.172) at the time of the follow-up BCs. The average time
until source control (2 [0-37] vs. 2 days [0—44], p=0.311) or adequate antifungal treatment (2 [0-26] vs. 2 days [-2-10], p =
0.748) was similar. Patients with PC had more non-ocular complications (31.4% vs. 10.5%, p =0.002). No impact on 30-day
mortality was observed (31.4% vs. 22.3%, p = 0.238). The only independent factor associated with PC was to have a previously
undetected site of infection [OR 4.28, 95%CI (1.77—-10.34), p = 0.001]. Persistent candidemia was not associated with inadequate
or delayed therapeutic management, nor higher 30-day mortality rates. Timely screening and control of unexpected infection
sources are encouraged to shorten hospitalization and improve patient care.

Keywords Persistent candidemia - Antifungal stewardship - Mortality - Candidemia
Introduction nosis [1-4]. Literature on the topic is scarce and difficult to
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Methods
Study design, population, and setting

Retrospective study including all adult patients > 18 years of
age with one or more positive peripheral blood culture yield-
ing a Candida species, who were admitted from May 2010 to
February 2018 to a 1550-bed tertiary hospital in Madrid,
Spain.

Our multidisciplinary antifungal stewardship program was
progressively implemented starting in 2010. Among other
measures, a bedside intervention is provided with non-
coercive diagnostic and therapeutic advice by an infectious
diseases physician using a bundle of care during the episode
of candidemia [7]. A detailed description of the program and
its impact on healthcare has been reported elsewhere [8, 9].

For this study, a pre-establish protocol was fulfilled for
each patient according to laboratory and medical history until
hospital discharge or death. Data included demographics, co-
morbidities, Charlson Comorbidity Index, Department of
Admission, and risk factors for candidemia. The clinical pre-
sentation was also registered, along with Pitt Scores, primary
source of infection, Candida species, antifungal treatment,
source control, metastatic complications, and outcomes.
Information on survival at 30 days from the diagnosis was
confirmed through medical records even for patients
discharged before this period. No patients had to be excluded
due to missing data.

Persistent candidemia was defined as any positive blood
culture taken after >5 days from the first ones, yielding the
same species of Candida in patients receiving antifungal treat-
ment. All the remaining patients with follow-up blood cultures
were referred to as those with “non-persistent” candidemia.

Patients with persistent vs. non persistent candidemia were
compared to assess the underlying causes and clinical signif-
icance of PC with respect to complications (ocular candidiasis,
septic thrombophlebitis, endocarditis, or dissemination to oth-
er organs) and 30-day mortality.

Other definitions

The diagnosis of candidemia was set at “day 0”, which was
the date the first positive blood cultures were drawn. Follow-
up blood cultures (BCs) were referred to as those performed at
least 24 hours after the first positive set of BCs, any time
during the course of the candidemia infection. There was no
pre-specified routine for follow-up BCs.

Primary candidemia was defined when there was no appar-
ent focus for the infection and no other origin criteria was met
[10]. A central venous catheter (CVC)-related candidemia was
defined according to current guidelines [11]. Other origins
required a culture from the site of infection source with the
same Candida species found in peripheral blood cultures [10].
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Adequate antifungal therapy was defined according to cur-
rent guidelines [12]. To have received a treatment containing
antibiofilm activity was defined when either liposomal
amphotericin B or echinocandins were prescribed for at least
three consecutive days.

Source control was individualized, including catheter with-
drawal, invasive procedures to resolve urinary tract obstruc-
tion, intra-abdominal abscess drainage, among others. Source
control was considered “early” when performed within
48 hours from the initial antifungal treatment.

Microbiology and biofilm detection

Candida species were identified by classical phenotypical
methods combined with matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-TOF
MYS). Antifungal susceptibility testing was performed accord-
ing to the EUCAST recommendations [13].

Candida isolates were incubated for 24 hours at 35 °C on
Sabourad dextrose agar plates before the study of biofilm pro-
duction according to its metabolic activity using the
tetrazolium-salt (XTT) reduction assay, as previously de-
scribed [14, 15]. Biofilm production was studied only in
strains isolated in the first positive blood cultures. Strains with
a moderate-high biofilm forming profile were those with an
optic density (OD490nm) =>0.097 [14].

Statistical analysis

Data was summarized using descriptive statistics.
Categorical variables were reported as counts (%) and
compared using either Fisher’s exact test or chi-square
test, as appropriate. Quantitative variables with a normal
distribution were reported as mean =+ standard deviation
(SD) and compared using the Student’s ¢ test. Those
with a non-normal distribution were described as medi-
an and interquartile range (IQR) and compared using
the Mann-Whitney U test. Statistical significance was
set at a two-tailed p value <0.05. Variables with a
p<0.1 in the univariate model were included in the
multivariate logistic regression. Analysis was performed
using SPSS V24 software package (SPSS Inc., Chicago,
IL, USA).

Results

Study population and incidence of persistent
candidemia

During the period of study, 322 adults with a first episode of
candidemia were diagnosed in our hospital. Overall, 255/322
(79.2%) had at least one set of follow-up blood cultures. The
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main single reason for not having follow-up BCs was early
death, which occurred in 39/67 cases (58.2%), with a median
of time until death of 3 days from the initial blood cultures.
The definition of persistent candidemia was fulfilled by 35/
255 (13.7%) patients.

Epidemiology

Baseline characteristics of our study population are shown in
Table 1. When comparing patients with and without PC, there
were no significant differences regarding demographics and
comorbidities, although there was a trend towards a higher
proportion of solid malignancy patients among those with
PC (62.9% vs. 47.7%, p = 0.095).

Microbiology and biofilm detection

We did not find any differences between PC and non-PC pa-
tients regarding Candida species, antifungal resistance, or bio-
film production. Although there was a higher percentage of
biofilm production among patients with PC, such difference
did not reach statistical significance (Table 2).

Clinical manifestation and infection source

The distribution of the primary source of candidemia and pa-
tients’ clinical manifestations were not significantly different
between groups (Table 2). A CVC-related infection was the
most frequent source of candidemia in both groups (71.4% vs.
55.0%, p = 0.097), and similar rates of Pitt Score values [0 (0—
10) vs. 1 (0-9), p =0.312] and septic shock (14.3% vs. 12.7%,
p=1) were observed.

Therapeutic management

Infection management is detailed in Table 3. Overall, flucon-
azole was the most frequent initial antifungal agent, prescribed
in 61.2% of cases. Although an echinocandin was the first
drug in 33.3%, they were prescribed in up to 49.4% of cases
throughout the course of the candidemia episode. When com-
paring patients with PC vs. non-PC at the moment the follow-
up blood cultures were drawn, there were no differences re-
garding the rates of antifungal adequacy (94.3% vs. 82.3%,
p=0.084), and primary source control (63.3% vs. 76.4%, p =
0.172). The median of days until initiation of adequate anti-
fungal therapy since diagnosis [2 (—2-10) vs. 2 (0-26), p=
0.748] or until source control since initial antifungal treatment
[2 (044) vs. 2 (0-37), p=0.311] was similar.

Clinical outcomes

The clinical outcomes and the distribution of complications
are shown in Table 3. Although rates of ocular candidiasis

were comparable (11.4% vs. 11.8%, p=1), patients with PC
had non-ocular sites of infection more often (31.4% vs.
10.5%, p =0.002). Despite requiring a longer hospital length
of stay among survivors [41.5 (8—112) vs. 28 days (5-254),
p=0.021] and extended duration of antifungal treatment [24
(4-66) vs. 19 (0-63) days, p =0.026], no statistically signifi-
cant impact on mortality at 30 days (31.4% vs. 22.3%, p=
0.238), or after 30 days during hospitalization (42.9% vs.
30.9%, p =0.177) was observed.

Risk factors for persistent candidemia

The only independent factor associated with PC according to
the multivariate regression model was to have a previously
unsuspected site of infection [OR 4.28; 95%CI (1.77—
10.34), p =0.001], as shown in Table 4.

Discussion

We studied the underlying causes and the clinical significance
of persistent candidemia in a large series of unselected adult
patients. Our findings support that in a setting with a struc-
tured antifungal stewardship program, PC was not associated
with inadequate or delayed therapeutic management, nor
higher 30-day mortality rates. In addition, our definition of
PC proved to be clinically useful, indicating the need for
prompt complementary screening of unexpected sites of in-
fection that usually require specific management.

Persistent candidemia has been associated with aspects re-
lated to the host, including onco-hematological diseases, neu-
tropenia, and other markers of the net state of immunosup-
pression [5, 6, 16]. Distinct mechanisms of immune dysfunc-
tion seem to contribute to a delay in microbiological clearance
from blood, hindering infection control [17]. However, even
though there was a trend towards a higher proportion of solid
malignant tumors among patients with PC (62.9% vs. 47.7%,
p=0.095) in our series, we did not find significant demo-
graphic nor epidemiologic differences between groups.
Recent developments in the management of invasive fungal
infections in immunocompromised hosts such as better con-
trol of baseline diseases and more invasive diagnostic and
therapeutic approaches [ 18] might have contributed to prevent
infection persistence.

Regarding the source of infection, Kang et al. reported the
sole presence of a central venous catheter (CVC) during the
episode of candidemia as an independent risk factor of PC [6].
According to other authors, such finding could be related not
only to a higher systemic fungal burden expected in intravas-
cular sources but also to biofilm formation [5, 19].
Interestingly, the group of non-PC in such study had an intra-
abdominal site of infection as the leading source of infection,
most likely with a lower circulating fungal burden comparing
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Table 1 Baseline characteristics

of adult patients with persistent Variables Total (n=255)  Non-persistent (n=220)  Persistent (n=35)  p value

vs. non-persistent candidemia

diagnosed in a tertiary hospital Demographics

from 2010 to 2018 Age (years), median (IQR) 68 (23-91) 68 (23-90) 71 (39-91) 0.533
Gender (male), n (%) 161 (63.1) 139 (63.2) 22 (62.9) 1
Department of admission, n (%)
Medical 84 (32.9) 75 (34.1) 9(25.7) 0.344
Surgical 83 (32.5) 68 (30.9) 15 (42.9) 0.177
Onco-hematology 30 (11.8) 27 (12.3) 3 (8.6) 0.594
Intensive care units 58 (22.7) 50 (22.7) 8(22.9) 1
Comorbidities, n (%)
Cardiovascular disease 80 (31.4) 66 (30.0) 14 (40.0) 0.244
Lung disease 53 (20.8) 48 (21.8) 5(14.3) 0.376
Chronic kidney failure 62 (24.3) 54 (24.5) 8(22.9) 0.840
Diabetes mellitus 68 (26.7) 62 (28.2) 6(17.1) 0218
Neurological disorder 60 (23.5) 52 (23.6) 8(22.9) 1
Chronic liver disease 30 (11.8) 28 (12.7) 2(5.7) 0.277
Gastrointestinal disease 93 (36.5) 79 (35.9) 14 (40.0) 0.706
Solid cancer 127 (49.8) 105 (47.7) 22 (62.9) 0.095
Hematological malignancy 11 4.3) 10 4.5) 1(2.9) 0.719
Bone marrow transplant 72.7) 6(2.7) 1(2.9) 1
Solid organ transplant 9(3.5) 9@4.1) 0 0.370
HIV 6(24) 52.3) 1(2.9) 1
Charlson Comorbidity Index, 6 (0-14) 6 (0-14) 7 (1-10) 0.771

median (IQR)

Risk factors of candidemia, 7 (%)
Chemotherapy 49 (19.2) 42 (19.1) 7 (20.0) 1
Neutropenia (< 500 cells/uL) 18 (7.1) 14 (6.4) 4(114) 0.285
Surgery 129 (50.6) 108 (49.1) 21 (60.0) 0.276
Abdominal surgery 99 (38.8) 83 (37.7) 16 (45.7) 0.455
Total parenteral nutrition 151 (59.2) 126 (57.3) 25(71.4) 0.139
Central venous catheter 188 (73.7) 160 (72.7) 28 (80.0) 0415
Antibiotic use 232 91) 201 (91.4) 31 (88.6) 0.750
Antifungal use 64 (25.1) 56 (25.5) 8(22.9) 0.836
Corticosteroids 78 (30.6) 65 (29.5) 13 (37.1) 0.430
Other immunosuppressives 21 (8.2) 19 (8.6) 2(5.7) 0.748

HIV human immunodeficiency virus

with cases of CVC-related candidemia [19]. Diversely, a CVC
was the leading primary source of infection in both PC and
non-PC groups in our study (71.4% vs. 55.0%, p =0.097),
which might explain why no significant correlation was found.
Yet, our patients with PC presented a trend towards less cases
of intra-abdominal source (5.7% vs. 18.2%, p =0.084), sug-
gesting that this spectrum of disease may be easier to clear from
blood when compared to cases of intravascular origin.

A few authors have proposed a positive correlation be-
tween Candida biofilm production and persistent candidemia
[20, 21]. In parallel, echinocandins have been reported as a
better treatment choice in cases of PC because of their fungi-
cide anti-biofilm activity [22]. In our study, although there was
a higher percentage of biofilm production in cases of
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persistent candidemia, its role as an independent risk factor
for PC was not confirmed (p = 0.107). Importantly, techniques
and breakpoints to quantify biofilm production vary widely
among studies [23]. Also, such differences could be due to the
limited sample size of our series, or even to the similar pro-
portion of treatment with anti-biofilm activity in both groups
(p=0.472).

Modifiable underlying causes of persistent candidemia
have also been described, including inadequate antifungal pre-
scription and delayed or unaccomplished source control [35, 6,
16, 21, 22]. Our center endorses a multi-faceted AFS program
that could potentially reduce the burden of such underlying
causes [7-9, 24]. In fact, at the moment the follow-up blood
cultures were drawn, we found no differences concerning
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Table 2 Clinical and
microbiological characteristics of Variables Total (n=255)  Non-persistent Persistent (n=35)  p value
255 adult patients with persistent (n=220)
vs. non-persistent candidemia
diagnosed in a tertiary hospital Clinical presentation
from 2010 to 2018 Septic shock, n (%) 33 (12.9) 28 (12.7) 5(14.3) 1
Pitt Score, median (IQR) 0 (0-10) 0(0-9) 1 (0-10) 0312
Infection source, n (%)
Primary 30 (11.8) 26 (11.8) 4(11.4) 1
CVC-related 146 (57.3) 121 (55.0) 25(71.4) 0.097
Intra-abdominal 42 (16.5) 40 (18.2) 2 (5.7) 0.084
Urinary tract 22 (8.6) 21 (9.5) 129 0.224
Others 15(5.9) 12 (5.5) 3 (8.6) 0.701
Candida species, n (%)
C. albicans 121 (48) 101 (45.9) 20 (57.1) 0.274
C. parapsilosis 61 (23.9) 53 (24.1) 8(22.9) 1
C. tropicalis 20 (7.8) 18 (8.2) 2(5.7) 0.750
C. glabrata 39 (15.3) 35(15.9) 4(114) 0.619
C. krusei 8(3.1) 73.2) 1(2.9) 1
C. guilliermondi 2(0.8) 2(0.9) 0 1
Other species 9 (3.5) 8 (3.6) 12.9) 1
> 1 Candida species 52) 4(1.8) 1(2.9) 1
Biofilm production, 7 (%)
Moderate-high metabolic activity® 158/207 (76.3) 131/177 (74.0) 27/30 (90.0) 0.064

CVC central venous catheter

#Moderate-high biofilm producing strains were assessed through metabolic activity and had an optic density

(OD490nm) > 0.097

antifungal adequacy (94.3% vs. 82.3%, p =0.084) or control
of the presumed source of infection (63.3% vs. 76.4%, p =
0.172). Noteworthy, many patients with PC had more time
since initial blood cultures were obtained. This allowed for
treatment adjustment to definitive microbiological results, jus-
tifying the higher percentage of antifungal adequacy.

The impact of early source control on the duration of
candidemia is controversial [5, 22, 25, 26]. Nucci et al. evaluated
the outcomes of early CVC removal in patients with candidemia
and did not observe any impact on time to blood culture steril-
ization [25], suggesting that other aspects could play a more
important role in patients with anti-biofilm antifungals. In our
series, source control within 48 h of initial treatment was not
significantly more frequent among patients without PC (60.7%
vs. 53.8%, p=0.525). As much as there is room for improve-
ment, severely ill patients are often no candidates for prompt
catheter withdrawal or other invasive procedures [5, 6]. This
could partially clarify why rates of early source control were
not higher, along with the fact that our AFS program is based
on non-coercive measures. Contrasting with other authors [6],
time to primary source control was also not longer for patients
with PC (p =0.255), probably due to AFS interventions.

In our experience, the only factor independently associated
with persistent candidemia was to have an unsuspected addi-
tional site of infection, which included thrombophlebitis,

endocarditis, and infection in other organs. Similarly, PC has
been previously linked to occult metastatic infections, including
deep-tissue abscesses, new endovascular sources, or secondary
infection of prosthetic devices [5, 6, 16, 21]. As opposed to
ocular candidiasis in patients with non-PC, septic thrombophle-
bitis was the leading complication for patients with PC. Such
condition has been classically related to persistent bloodstream
infections, although it is still often underdiagnosed [27]. In this
context, advances on imaging such as the whole-body 18F-
fluorodeoxyglucose positron emission tomography/computed
tomography (18F-FDG PET/CT) could be a valid tool for chal-
lenging cases with occult sites of infection [28, 29].

Our findings suggest that even in cases of optimized thera-
peutic management, follow-up blood cultures remain useful.
Considering that there is no consensus on the best timing for
the screening of complications [12, 30, 31], our definition of
persistent candidemia may function as a marker of unexpected
additional infection sources that require either a longer treatment
or a specific management. Thus, given that adequate antifungal
treatment and control of the presumed source of infection have
been guaranteed, the next step in cases of patients with a positive
follow-up blood culture >5 days from diagnosis should be to
search for occult non-ocular complications. Furthermore, in
agreement with other authors [6], patients with PC required a
longer hospital stay (p = 0.021), probably owing to the additional
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Table 3 Therapeutic

management and clinical Variables Non-persistent Persistent (n=35)  p value
outcomes of 255 adults with (n=220)
persistent vs. non-persistent
candidemia diagnosed in a center Antifungal therapy, 7 (%)
with a non-coercive antifungal Empirical 33 (15.0) 6(17.1) 0.800
stewardship program Adequate empirical 29/33 (87.9) 5/6 (83.3) 1
Echinocandin as initial AF 74 (33.8) 11 (31.4) 0.849
Adequate AF at follow-up BC 181 (82.3) 33 (94.3) 0.084
Adequate targeted AF 219 (99.5) 34 (97.1) 0.256
Anti-biofilm AF 117 (53.2) 21 (60.0) 0.472
Time to adequate AF, median in days (IQR) 2 (—2-10) 2 (0-26) 0.748
Duration of AF treatment, median in days (IQR) 19 (0-63) 24 (4-66) 0.026
Days of adequate AF at follow-up BC, median (IQR) 3(—2-25) 4 (1-16) 0.003
Infection source control, n (%)
Time to source control from initial AF, 2 (0-44) 2 (0-37) 0.311
median in days (IQR)
Early source control® 99 (60.7) 14 (53.8) 0.525
Source control at follow-up BC 133 (76.4) 19 (63.3) 0.172
Source control during the course of infection in 163/174 (93.7) 26/30 (86.7) 0.245
applicable cases
Complementary screening, n (%)
Ophthalmoscopy 185 (84.1) 27 (77.1) 0.332
Echocardiogram 196 (89.1) 32 (914) 0.779
Doppler ultrasound of deep vessels 26 (11.8) 12 (34.3) 0.002
Complications, n (%)
Ocular candidiasis 26 (11.8) 4(11.4) 1
Non-ocular complications 23 (10.5) 11 31.4) 0.002
Septic thrombophlebitis 13(5.9) 5(14.3) 0.082
Endocarditis 4(1.8) 3(8.6) 0.056
Other organs 62.7) 3(8.6) 0.066
Outcomes, 1 (%)
ICU admission due to candidemia 21 (9.5) 6(17.1) 0.231
30-day mortality 49 (22.3) 11 (31.4) 0.283
> 30-day mortality® 68 (30.9) 15 (42.9) 0.177
Hospital length of stay, median in days (IQR) 28 (5-254) 41.5 (8-112) 0.021

AF antifungal, BC blood culture, /CU intensive care unit

#Source control was defined as “early” when performed within 48 h from the initial antifungal treatment

®Death at any time after 30 days during hospitalization

interventions such complications may suppose or to an extended
duration of treatment, which was also observed (p = 0.026).
Finally, there is controversy regarding the potential impact
that persistent candidemia could have on mortality [1, 3, 5,
32-34]. In our study, the higher 30-day mortality rate found
among patients with PC was not statistically significant
(31.4% vs. 22.3%, p = 0.283), consistent with previous reports
[6, 32, 35]. Nevertheless, the relatively low number of deaths in
our series may have contributed to the lack of statistical signif-
icance despite clinical relevance. This may also rely on the
adjusted therapeutic management, which is known to impact
the prognosis of candidemia [36, 37]. In fact, a previous study
from our group measuring the impact of AFS on quality of care
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outcomes reported a reduction of candidemia-related mortality
[7, 8]. Thus, the potential influence of AFS on therapeutic ad-
equacy and consequently on persistent candidemia may have
diminished the mortality gap between groups.

Our study is subject to limitations, mainly owing to its
single-center, retrospective nature. Follow-up blood cultures
until sterile are strongly recommended but not guaranteed in a
timeline fashion by our AFS team. Thus, patients identified as
with non-PC could have been classified otherwise if daily
blood cultures had been performed. Yet, monitoring infection
clearance through blood cultures is often neglected in real-life
practice, especially if patients respond well to treatment [5, 6,
19]. However, there are no recent large studies with adult
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Table 4 Multivariate logistic regression model for independent factors
associated with persistent candidemia in 255 adult patients diagnosed
from 2010 to 2018

Variables OR (95%CT) p value
Solid malignancy 2.18 (0.995-4.794) 0.051
CVC-related candidemia 1.90 (0.847-4.269) 0.119
Biofilm production 2.83 (0.798-10.07) 0.107
Unsuspected sites of infection® 4.28 (1.774-10.34) 0.001

OR odds ratio, CI confidence interval, CVC central venous catheter

#Unsuspected sites of infection were additional candidemia sources not
diagnosed or managed previous to follow-up blood cultures in patients
with an established initial source of candidemia. These additional sources
comprised non-ocular complications, such as thrombophlebitis, endocar-
ditis, and infection in other organs

patients designed to evaluate the clinical significance of per-
sistent candidemia in settings that actively monitor and pro-
mote an optimized antifungal management.

In conclusion, persistent candidemia in adults managed in a
setting with an active antifungal stewardship program was not
associated to inadequate or delayed therapeutic management,
nor a higher 30-day mortality rate. The diagnosis of persistent
candidemia demands from clinicians to search for unexpected
sites of infection in order to promote a faster mycological
eradication, reduce the length of hospital stay, and improve
patient care.
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