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Abstract: Background: The delayed diagnosis of the presence of Candida in severe intra-abdominal
infections exposes patients to an increased risk of mortality. The prevalence of intra-abdominal
candidiasis (IAC) varies with the type of intra-abdominal infection, the underlying conditions and
the presence of risk factors for Candida infection. This study aims to evaluate the interest of the
measure of 1.3-3-D-glucan (BDG) in the peritoneal fluid for the early diagnosis of IAC. Methods and
analysis: This is a prospective multicenter (1 = 5) non-interventional study, focusing on all critically ill
patients with an intra-abdominal infection requiring intra-abdominal surgery. The primary objective
is to assess the diagnostic performance of the BDG measured in the peritoneal fluid for the early
detection of IAC using the Candida culture as the gold standard. The secondary objective is to report
the prevalence of IAC in the selected population. This study aims to enroll 200 patients within
48 months. By estimating the prevalence of IAC in the selected population at 30%, 50 patients
with TAC (cases) are expected. These 50 IAC cases will be matched with 50 non-IAC patients (as a
control group). The peritoneal BDG will be measured a posteriori in all of these 100 selected patients.
This article presents the protocol and the current status of the study. Only the prevalence of IAC is
reported as preliminary result.

Keywords: intra-abdominal candidiasis; critically ill; abdominal surgery; 1.3-B-D-Glucan;

diagnosis; protocol

Highlights

- This is the first prospective multicenter trial to investigate the interest of the measure
of peritoneal BDG for the early diagnosis of intra-abdominal candidiasis (IAC).

- The known prevalence of IAC in critically ill patients with an intra-abdominal infection
requiring abdominal surgery means that 200 patients should be enrolled to obtain at
least 50 confirmed IACs.

- Fifty critically ill patients with a confirmed IAC will be compared to 50 patients with
non-IAC intra-abdominal infection after matching and the random selection of cases.
Matching factors include the known confounding factors for the measure of BDG.
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1. Introduction

Recently, in a narrative review on intra-abdominal infection, the European Society
of Intensive Care Medicine highlighted the “peculiar challenges” regarding fungal in-
fections and the “need for more solid evidence to firmly guide the use of rapid fungal
diagnostics” [1].

Because of the heterogeneity in patient characteristics, clinical presentations and
therapeutic management, intra-abdominal infections are not well defined. Regarding
fungal infections in this setting, the term intra-abdominal candidiasis (IAC) is widely
used and is defined by sterilely collected peritoneal fluid (PF) cultures that are positive
for Candida spp., as determined by the signs and symptoms consistent with an active
infection [2]. Considered to be the most common type of invasive candidiasis in critically ill
patients [3], IAC is associated with mortality rates of approximately 25-60% [4,5]. This high
variability in mortality could be explained by the heterogeneity of studying populations [3].
Because of the time needed for the PF yeast culture (3 to 5 days) to develop, a delayed
introduction of antifungal treatment may occur [6,7]. Thus, the decision to start an empirical
antifungal treatment is based on predictive scores such as the Candida score [8], the Candida
colonization index [9] or the peritonitis score [10]. These scores must be integrated in a
global evaluation of risk factors and the patient’s underlying conditions. These clinical
scores and traditional risk factors of invasive candidiasis were unable to identify patients
at risk for IAC [11].

In this context, biomarkers such as serum 1.3-3-D-glucan (BDG) have emerged. This
non-culture-based method has primarily been performed in the serum of patients with
invasive fungal infections or candidemia [12-15]. However, candidemia is present in
only 10-20% of patients with IAC [5,16]. Moreover, up to 17% of candidemic adults had
persistently negative BDG during their episode of candidemia [17]. The usage of serum
BDG to guide the continuation or interruption of antifungal treatment should be performed
twice with a 48-h interval. In the presence of two serum measures <80 pg/mL, the clinician
should stop the empirical antifungal therapy [18]. Moreover, as highlighted by experts, to
be useful, testing for BDG should be performed on homogeneous high-risk patients with
invasive candidiasis, accompanied by specific clinical questions [19].

A retrospective pilot study was conducted, evaluating the diagnostic performance of
BDG in the PF in comparison to the peritonitis score, direct examination and peritoneal
fungal polymerase chain reaction of the same sample [20]. The study indicates a negative
predictive value of 100% with one measure of peritoneal BDG. In a population of secondary
peritonitis (1 = 38), a peritoneal measurement of BDG <310 pg/mL could rule out an IAC.
Regarding the measurement of BDG in the PF (compared with serum assay, which is the
only technique validated by the US Food and Drug Administration), no technical issues
were noted. Moreover, this diagnostic strategy was independent of the underlying condi-
tions as well as Candida risk factors; it could predict the diagnosis of IAC in comparison
with culture-based methods.

Hypothesis 1. We hypothesize that the measure of BDG in the PF could be used for the early
detection of IAC. Considering the small sample and the retrospective nature of the pilot study, we
aim to confirm these preliminary results in a prospective study by enrolling 200 critically ill patients.

The present article reports the protocol of the study. No results will be presented,
except for the current number of included patients and the prevalence of IAC observed in
the first inclusions.

2. Materials and Methods
2.1. Study Design

This multicenter prospective study is being conducted in five centers in France in
tertiary teaching hospitals (Besangon, Dijon, Metz, Nancy and Strasbourg).
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The study is classified as non-interventional; thus, the intensive care unit (ICU) man-
agement and anti-infective strategies (choice of antibiotics or antifungal treatment) is left
to the discretion of the clinicians.

This article was written according to STROBE (strengthening the reporting of observa-
tional studies in epidemiology) and STARD (studies of diagnostic accuracy) guidelines.

2.2. Patients

The targeted population is all adult patients satisfying the following inclusion criteria
(Table 1): (i) covered by health insurance, (ii) admitted in participating ICUs, (iii) presented
with intra-abdominal infection as well as Candida risk factors (according to French recom-
mendations [21]—these include patients with septic shock, immunosuppressive conditions,
organ transplants, inflammatory bowel disease or healthcare-associated peritonitis) and
(iv) indicated for abdominal surgery. Intra-abdominal infection, which requires abdominal
surgery, are abdominal abscess, peritonitis, purulent or necrotic infection in patients hav-
ing recent abdominal surgery or intra-abdominal events complicated by gastrointestinal
perforation or anastomotic leak.

Table 1. Inclusion and non-inclusion criteria. ICU: intensive care unit.

Inclusion Criteria Non-Inclusion Criteria
Adult
Covered by health insurance Death within the first 24 h of ICU admission
Pregnant or lactating woman
Admitted in participating ICUs with intra-abdominal infection Patient deprived of liberty after administration of juridical
requiring abdominal surgery decisionPatient under psychiatric care

Patient under supervision or legal guardianship

After information has been provided and non-opposition has
been granted by patient or substitute decision-maker

2.3. Objectives and Endpoints

The primary objective is to compare the measure of the BDG in the PF in the IAC
population (cases) and the non-IAC population (controls).

The secondary objectives are (i) to measure the prevalence of IAC in critically ill
patients with Candida risk factors and an intra-abdominal infection requiring an abdominal
surgery, (ii) to identify the risk factors for IAC, (iii) to assess the diagnostic performance of
the BDG measured in the PF for early detection of IAC using Candida culture as the gold
standard and (iv) to compare peritoneal and serum BDG in the same patient.

2.4. Gold Standard Test

An IAC is defined by sterilely collected PF cultures that are positive for Candida spp.,
as determined by the signs and symptoms consistent with an active infection. The Candida
growth should be performed on mycological media (Sabouraud), at 37 °C. A first result
(positive or negative) is given to clinicians after five days. All cultures are stored until
21 days. Species of Candida are identified using MALDI-Tof technique.

Accordingly, the case group is composed of critically ill patients who underwent
abdominal surgery with pre-operative signs consistent with intra-abdominal infection
as well as a positive Candida culture. The control group is composed of critically ill
patients who underwent abdominal surgery with pre-operative signs consistent with
intra-abdominal infection and a negative Candida culture.

2.5. Enrolment

In each participating center, all consecutive patients who fulfilled the inclusion criteria
are being enrolled in the study. The Figure 1 depicts the flow-chart of the protocol. In the
five centers currently participating in the pBDG2 study, 70 patients have been included in
the trial to date.



Microbiol. Res. 2021, 12 199

-20°C

Ll .
storage il X

Day 0

iing:}

Bl = o o o ) ) T o

Figure 1. Flowchart of the study: from inclusion to analysis. Gold standard IAC: Intra-abdominal Candidiasis (IAC) is

defined by sterilely collected peritoneal fluid cultures that are positive for Candida spp., as determined by the signs and
symptoms consistent with an active infection. BDG: 1.3 Beta D Glucan.

PF samples are being sterilely collected by the surgeon after peritoneal incision with
aspiration of 5 mL of peritoneal exudate. This sample is sent to the local microbiological
laboratory for routine analysis:

- Laboratory of bacteriology: direct examination (gram stain), culture and antibiotic
susceptibility test.

- Laboratory of mycology: direct examination with microscopy, culture and antifungal
susceptibility test in cases of non-albicans Candida. Indeed, based on the local ecol-
ogy of Candida albicans resistance in the five centers with no current resistance with
fluconazole, antifungal susceptibility test would not be performed in this case.

Then, the remainder of the PF will be stored until the end of the study in a BDG-free
device at —20 °C. Fungitell kits (Associates of Cape Cod, Inc., East Falmouth, MA, USA) are
already used for serum and will be used for peritoneal BDG measurements. Serum BDG is
sampled during the ICU stay on days 1 and 3, according to guidelines [18]. Concerning the
measure of the peritoneal 1.3BDG: at the end of the study, if more than 50 patients of the
case group are identified, then a random selection will be performed to obtain 50 cases only
for further analyses. Each of the 50 remaining patients will be matched with one patient
from the control group. The matching criteria are the following: Sepsis-Related Organ
Failure Assessment (SOFA) score on the day of the surgery for intra-abdominal infection



Microbiol. Res. 2021, 12

200

(£2), the presence of more than four Candida risk factors (parenteral nutrition, pump proton
inhibitors, pancreatitis, priori antibiotic exposure <72 h, corticosteroids, renal replacement
therapy or Candida colonization) and, as a BDG test confounder, the coinfection with
documented bacteria. If more than one matching control per case is available, a random
selection will be performed to retain one control only per case. All of the 100 peritoneal
samples (50 for cases and 50 for controls) will be sent to and analyzed by the laboratory of
mycology at the university hospital of Nancy.

2.6. Follow-Up

The following baseline characteristics and medical-related variables of patients are
being collected from electronic health records during patients’ ICU stay: age, sex, body
mass index, comorbidities, Knauss and McCabe scores at admission, Candida risk fac-
tors and surgery data (type of surgery and presence of signs of peritonitis), BDG test
confounders [22] (3-lactam exposure, human albumin administration, red blood cell trans-
fusion and renal replacement therapy). The supplementary variables collected are the
following: simplified acute physiological score (SAPS II) at admission; SOFA score at
admission and at diagnosis of peritonitis; and life-support therapies (vasopressors, renal
replacement therapy or invasive mechanical ventilation) as well as their duration of usage
and the ICU mortality rate. We are additionally collecting microbiological data, types of
antibiotics and types of antifungals used.

2.7. Information Provided to Patients

The pBDG2 study is classified as non-interventional. Consequently, the need for
informed consent is being waived, and only the “decline to participate” is being requested
from patients or substitute decision-makers.

2.8. Data Quality, Regulatory Issues and Confidentiality

All personal and medical information is being collected and shared in accordance with
medical confidentiality as well as French and European regulations regarding data protec-
tion. Furthermore, all data are being recorded in a secured database for statistical analysis
with pseudonymization (number of the center, first letter of name and last name). The study
data are being collected by each investigator site and are being reported in an electronic
case report form. At the end of the trial, the study database and documents will be archived
by investigator sites and sponsors in accordance with French and European regulations.

2.9. Number of Patients to Include

According to the literature, the prevalence of IAC in severe intra-abdominal infection
is estimated to be between 1.5% and 41%. [1] In the pilot study, the rate was 21%. [20] Con-
sequently, the inclusion criteria of severe intra-abdominal infection requiring abdominal
surgery and possible Candida coinfection indicates an estimate for attempt prevalence of
30%. To obtain at least 50 cases, 165 patients should be enrolled. This number was extended
to 200 to facilitate the matching process.

2.10. Missing Data

In case of missing data regarding the peritoneal BDG measurements, the baseline
and demographics data will be used to study prevalence. If the attempted prevalence in
the whole population is less than 30%, then an extension of the number of patients will
be requested.

2.11. Limitations

For financial reasons, the peritoneal BDG measure could not be performed for all
the included patients. Nevertheless, with the inclusion criteria, we hope to obtain a
homogenous population of ICU patients with intra-abdominal infection which could limit
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the selection bias. Moreover, the process of matching and selection includes a random
selection in case of more cases (patients with IAC) than expected.

We fully acknowledged that a recent major surgery is a BDG confounder [23], in
particular for its measurement in the serum. Nevertheless, this factor concerns all of
the included patients. Moreover, especially in this high-risk post-operative population,
the need for a diagnostics biomarker to early identify the presence of fungi is urgently
warranted. Lastly, we could hypothesize that the measure of BDG directly in the peritoneal
fluid could be less influenced by confounders than its measure in the serum.

2.12. Statistical Analysis
2.12.1. For the Primary Endpoint

Student t-tests (parametric) or Mann-Whitney tests (non-parametric) are being utilized
to compare BDG concentrations between IAC and non-IAC groups.

2.12.2. For the Secondary Endpoints

The baseline characteristics of the study population are presented as numbers and
percentages (qualitative variables including the prevalence of IAC) with the mean and
standard deviation or median and extreme values (quantitative variables), depending on
the nature of their distribution.

The risk factors of IAC are being explored by employing a univariate and then multi-
variate logistic regression utilizing a stepwise variable selection (sle = 0.20, sls =0.05).

The threshold of BDG to obtain the optimal specificity and sensitivity is determined
by the receiver operating characteristic (ROC) curve.

The concordance between peritoneal and serum BDG levels measured in the same
patients is explored through the Bland and Altman method (graphical method). Intraclass
correlation coefficients between these variables is also being calculated.

3. Trial Status

This trial is registered with clinicalTrial.gov (accessed on 5 September 2019) since
5 September 2019, with the last protocol version 1 dated 3 May 2019. Inclusion started in
January 2020 and is expected to end in January 2022. The study was interrupted between
March and May 2020 because of the COVID-19 outbreak. Four additional months will be
necessary to perform matching, peritoneal sample analysis and statistical evaluation.

In the five centers currently participating in the pBDG2 study, 72 patients have been
included in the trial to date. Among these 72 patients, the prevalence of IAC is 47%
(n = 34/72) with a majority of Candida Albicans (60%) species.

4. Discussion and Conclusions

This study concerns two areas of research in intra-abdominal infections suggested by
international experts in the field:

- The definition and classification of intra-abdominal infection to identify a selected
population with high risk of intra-abdominal candidiasis [24].

- As a diagnostic tool, a novel application (peritoneal measurement) of an already
existing assay (BDG), which, if proved reliable, could be very useful for early diagnosis
of intra-abdominal candidiasis [25].

Indeed, if the peritoneal measure of BDG could confirm or rule out the diagnosis of
IAC, then this strategy would allow the rapid introduction of an antifungal treatment or
limit excessive exposure. We acknowledge that, currently, routine BDG results are not
rapidly available. One of the explanations is the lack of prescription of the BDG test, the
cost of the test and the result’s delays. Indeed, the real time need for BDG measurement
is short. However, because the low number of routine demand and its current cost, most
of the analyses are pooled. If we could demonstrate that one test, the day of the surgery,
could rule out an IAC and lead to less anti-fungal prescription that are quite expansive, we
believe that the routine use of BDG will increase.
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