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Abstract

:

Serum beta-D-glucan (BDG) determination plays an important role in the diagnosis of candidemia among critically ill patients admitted to the intensive care unit (ICU). However, BDG levels measured may be lower in the case of infections caused by some non-albicans species, such as C. parapsilosis and C. auris. The aim of this single-center study was to investigate the sensitivity of serum BDG for the diagnosis of candidemia stratified according to causative Candida species in ICU patients. This was a single-center, retrospective study, including all adult patients admitted to ICU during the period 2018–2021. All episodes of candidemia with a determination of BDG available within 3 days before or after positive blood culture were recorded. The preplanned primary objective was to investigate the sensitivity of serum BDG to detect candidemia early and the effect of different Candida species. The secondary objective was to measure serum BDG in patients with candidemia from different Candida species. In total, 146 candidemia episodes in 118 patients were analyzed. Median BDG value for C. albicans candidemia (182 pg/mL) was higher than that observed for C. parapsilosis (78 pg/mL, p = 0.015) and C. auris (48 pg/mL, p = 0.022). The overall sensitivity of BDG for the diagnosis of candidemia was low (47%, 95% CI 39–55%). In conclusion, in critically ill patients admitted to ICU, serum BDG levels for candidemia were different among species, with lower levels confirmed for C. parapsilosis and C. auris. Serum BDG sensitivity for early detection of candidemia was lower than previously reported in other ICU populations.
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1. Introduction


1,3-beta-D-glucan (BDG) is a key component of the cell wall of fungi, and its determination in serum samples is an indirect microbiological tool used to support the diagnosis of invasive fungal diseases [1].



Serum BDG has different sensitivity and specificity according to the characteristics of the baseline patient population considered [2]. Among critically ill patients admitted to the intensive care unit (ICU) and non-hematological patient population, the main limitation of serum BDG to detect candidemia has been a low specificity (with acceptable sensitivity) [3,4], while low sensitivity (but high specificity) has been reported in patients with hematological malignancies [5,6]. In the ICU, even with reported rather good sensitivity and specificity (respectively, 86% and 71%), low positive predictive value (PPV) has been reported at low prevalences of candidemia, with high negative predictive value (NPV) [3,7]. The use of a higher than standard cut-off for positivity has been suggested as potentially useful in ICU patients to increase PPV [8]. Despite these concerns, BDG has been supported for early diagnosis of invasive fungal infections and pre-emptive therapy in critically ill patients admitted to the ICU by international guidelines [9,10]. In a recently published study, good NPV and sensitivity were described among critically ill patients [11]. Although the evaluation of such parameters was not the primary aim of the study, the authors concluded that a negative value of serum BDG might be used as the only tool to discontinue empirical antifungal therapy in the ICU. However, serum BDG values might also be influenced by the fungal species responsible for the infection. A lower sensitivity of serum BDG in C. parapsilosis candidemia has been previously described [11], and growing evidence suggests a similar lower sensitivity in the detection of C. auris invasive infection [12,13,14]. Accordingly, we hypothesized that, in ICU patients, BDG sensitivity to detect candidemia early could be different for different Candida species. Consequently, the major aim of the present study was to assess the sensitivity of serum BDG in a population of critically ill patients diagnosed with candidemia and to evaluate possible differences in sensitivity according to the Candida species responsible for the infection.




2. Materials and Methods


2.1. Study Design and Patient Selection


This is a single-center, retrospective study conducted in the ICUs in Policlinico San Martino Hospital, Genoa, Italy, in the period between 1 January 2018 and 30 September 2021. Inclusion criteria for the present study were: (i) age ≥18 years, (ii) admission to any of the ICUs in our hospital, (iii) at least one blood culture positive for Candida spp., and (iv) a value of serum BDG available within 3 days before or after positive blood culture collection. In the case of multiple episodes of candidemia caused by the same species in the same patient during the study period, a new episode was considered only when at least 30 days elapsed after the last positive culture of the previous one. During the whole study period, four ICUs served our hospital, and a fifth was added during the novel coronavirus-19 disease (COVID-19) pandemic. The preplanned primary objective was to investigate the sensitivity of serum BDG to detect candidemia early and the effect of different Candida species on BDG sensitivity. The secondary objective was to descriptively compare serum BDG levels in patients with candidemia caused by different Candida species.




2.2. Microbiology


Blood cultures and BDG sampling were performed according to the caring clinicians’ judgment. Blood samples were cultured following standard recommendations by the automated Bactec method with both aerobic and anaerobic media (Bactec FX; Becton-Dickinson Microbiology Systems, Franklin Lakes, NJ, USA). Candida species identification in blood cultures was performed with matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS—VITEK MS; bioMérieux, Marcy-l’Etoile, France), using VITEK MS v4.0 software. BDG levels were tested with Fungitell assay (Associates of Cape Cod, Falmouth, MA, USA), according to the manufacturer’s instructions. The established cut-off for positivity was 80 pg/mL.




2.3. Statistical Analysis


Categorical variables are expressed as an absolute number, percentage, and 95% confidence interval (95% CI) and confronted with the Chi-square test. Continuous variables are expressed as median values and interquartile range (IQR) or mean values ± standard deviation (SD). Serum BDG values were compared among the Candida species using the Kruskal–Wallis test, while the Student’s t-test was used to compare the mean times of BDG sampling. Statistical analyses were carried out with Stata (v.16; StataCorp; Collage Station, TX, USA).




2.4. Ethical Considerations


This study was performed in accordance with the guidelines of the Declaration of Helsinki. It was approved by the Liguria Ethics Committee (approval number 43/2022).





3. Results


During the study period, 255 episodes of candidemia occurred in patients admitted to the ICUs. Overall, 146 candidemia (57.3%) episodes of candidemia occurring in 118 critically ill patients met the inclusion criteria of concomitant BDG testing and were included in the present study. In total, 72 patients (61.0%) were males, and the median age of the cohort was 66 years (IQR 60–74 years). The representativity of the included candidemia episodes with regard to all the episodes occurring during the study period was similar for each Candida species considered: 29/52 episodes for C. albicans (55.8%), 84/144 episodes for C. parapsilosis (58.3%), 21/33 episodes for C. auris (63.6%) and 12/26 episodes for other species (46.2%). Change in species epidemiology over time is shown in Figure 1, both for the overall population of the ICU (Figure 1A) and for patients included in the present study (Figure 1B). Serum BDG levels and sensitivity are summarized in Table 1. Median serum BDG values were higher in the case of C. albicans compared to C. auris (p = 0.022) and to C. parapsilosis (p = 0.015), while no difference in BDG levels was present between C. auris and C. parapsilosis (p = 0.57). No statistically significant difference was observed in serum BDG sensitivity among different species: neither C. albicans vs. C. auris (p = 0.18) nor C. albicans vs. C. parapsilosis (p = 0.09). When restricting the analysis only to BDG values available after the first positive blood culture, overall sensitivity was 52.5% (95% CI 39.6–65.1%), while the sensitivity according to species was 71.4% (95% CI 41.1–90.0%) for C. albicans, 14.3% (95% CI 1.2–70.1%) for C. auris, 51.5% (95% CI 34.3–68.4%) for C. parapsilosis, and 60% (95% CI 10.6–95.0%) for other Candida species.



Among 37 candidemia episodes, 2 or more serum BDG values were available, and a description of concordance or discordance among values per episode is reported in Table 2. The mean difference observed between the lowest and the highest BDG value available per episode was 79.1 pg/mL (median 33 pg/mL, IQR 9–108 pg/mL). When stratifying these results according to Candida species, a different concordance between serial BDG samples was noted. Indeed, the observed median difference of BDG values for C. albicans episodes (n = 10) was 13 pg/mL (IQR 0–60 pg/mL), 86 pg/mL (IQR 39–91 pg/mL) for C. auris episodes (n = 5), and of 87.4 pg/mL (IQR 9–124 pg/mL) for C. parapsilosis episodes (n = 18). An increase over time in the values of serum BDG available for each episode was noted in 4 episodes (40%) of C. albicans candidemia, 6 episodes (33%) of C. parapsilosis candidemia, and 2 episodes (40%) of C. auris candidemia (see Supplementary Figure S1 for more details).




4. Discussion


In critically ill patients admitted to the ICU, serum BDG values in temporal proximity of C. albicans candidemia were higher when compared either with C. parapsilosis or C. auris candidemia. Serum BDG sensitivity for early detection of candidemia in our study was lower than previously reported in ICU populations.



A lower release of serum BDG in the case of C. parapsilosis [11] or C. auris [12,13] candidemia has been previously reported. While we did not observe a statistically significant difference in sensitivity of a positive BDG value for the diagnosis of candidemia sustained by different species (although it was numerically higher for C. albicans), a general consideration stemming from our population of critically ill patients is that the sensitivity of BDG was generally low, ranging from 40% to 60%.



The sensitivity observed in the present study is lower than the 81% (95% CI 74 to 86%) sensitivity reported in a recent meta-analysis including 10 studies for ICU patients at risk for candidemia and candidiasis [15,16]. However, stratification of serum BDG sensitivity by Candida species was not performed in previous studies. The most recent randomized clinical trial on the use of serum BDG for guiding antifungal therapy in critically ill patients [7] reported a sensitivity of 64.3% for candidemia, despite C. albicans being the most frequently isolated Candida species responsible for infection. The data on sensitivity based on species distribution have not been reported in previous studies. A recent randomized trial reported 100% sensitivity, but it was not designed to specifically investigate this aspect, carrying the limitation of the low sample size for this question and that only 33% (i.e., 2 of 6 episodes) of documented infections of the bloodstream were caused by non-albicans species [17]. Our study showed that lower absolute serum BDG levels were observed in candidemia caused by C. auris, followed by C. parapsilosis, and higher values were observed for C. albicans [11,12,13,14]. High variability was observed in serum BDG values in candidemia episodes sustained by non-albicans species. Overall, the low sensitivity of serum BDG for the diagnosis of candidemia and the high variability of BDG values might be explained by the pathogenesis of candidemia in patients with central venous catheters (CVCs) due to species that are known skin colonizers, such as C. auris and C. parapsilosis. BDG was not helpful in anticipating the diagnosis of candidemia, but, on the contrary, higher levels of serum BDG were detected after the onset of invasive infection. This might be explained by a sudden inoculation of high fungal load through colonized or infected CVCs, in contrast to the progressive increase in fungal burden released in the bloodstream in the case of abdominal origin of candidemia. Unfortunately, this hypothesis could not be confirmed by our data as exact time-to-positivity for positive blood cultures drawn from CVC and peripheral vein, CVC tip cultures, and timing of CVC removal were not available for all the included subjects. An important aspect to be considered is that a reduced sensitivity may cast further doubts on the usefulness of BDG in hospitals where certain non-albicans species are more prevalent. In this regard, we think an interesting research question is to assess whether combinations of diagnostic biomarkers could improve the diagnostic accuracy of BDG in similar scenarios [18,19,20].



Limitations of our study are its retrospective nature and the predominance of C. parapsilosis infections, although the sample included is representative of the overall epidemiology of candidemia in our ICUs. Only 21 episodes of C. auris candidemia were included, and this might have impaired the power of our observation in detecting a difference in sensitivity of serum BDG. Moreover, repeated serum BDG values were available only for 1 in 4 episodes, thus impairing our ability to clearly evaluate the trend of BDG values over time. Some potential additional causes of high BDG levels (e.g., the administration of intravenous immunoglobulins) in the days preceding candidemia might have occurred, likely contributing to an increase in the observed sensitivity of BDG. Finally, as mentioned above, the lack of complete data on the rate of CVC-related infections and their management is a limitation in interpreting the findings of our study.



In conclusion, in critically ill patients admitted to the ICU, serum BDG levels were lower in C. parapsilosis and C. auris candidemia compared to episodes caused by C. albicans, with an overall rather low sensitivity of BDG for the diagnosis of bloodstream infections. Local epidemiology, with particular attention to emerging non-albicans species of Candida, should be carefully considered when assessing the role of BDG in the diagnosis and management of empirical therapy in ICU patients with suspected candidemia.
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Figure 1. Distribution of Candida species responsible for candidemia over time, both in the overall ICU population (A) and among included patients (B). 
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Table 1. Serum BDG values, overall sensitivity, and sensitivity stratified according to Candida species.
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Candida Species (Total Number of Episodes = 146; Total Number of BDG Samples = 187) §

	
Median BDG Value (IQR), in pg/mL §§

	
Median Time from Candidemia Onset to First BDG Determination (IQR), in Days

	
Sensitivity (95% CI)






	
For all samples (n = 187)

	
84 (21–314)

	
−0.06 (−1.28, 0.83)

	
51.3% (44.1–58.5%)




	
For all episodes (n = 146)

	
47.3% (39.0–55.0%)




	
For C. albicans (n = 40) samples

	
182 (30.5–523)

	
0 (−1.16–0.78)

	
65.0% (48.7–78.4%)




	
For C. albicans (n = 29) episodes

	
62.1% (42.8–78.2%)




	
For C. parapsilosis (n = 105) samples

	
78 (19–290)

	
−0.08 (−1.29–1.00)

	
48.6% (39.1–58.2%)




	
For C. parapsilosis (n = 84) episodes

	
44.0% (33.7–54.9%)




	
For C. auris (n = 26) samples

	
48 (15–159)

	
0 (−1.99–0.83)

	
42.3% (24.5–62.4%)




	
For C. auris (n = 21) episodes

	
42.9% (23.0–65.3%)




	
For other species (n = 16) samples *

	
81 (29–195)

	
−0.62 (−1.99–0.53)

	
50.0% (25.6–74.4%)




	
For other species (n = 12) episodes **

	
41.7% (16.4–72.2%)








§ Number of episodes refers to the number of candidemia episodes; §§ Referred to total number of BDG samples; * C. glabrata n = 11, C. tropicalis n = 4, C. lusitaniae n = 1; ** C. glabrata n = 7, C. tropicalis n = 4, C. lusitaniae n = 1; BDG: b-D-glucan, 95% CI: 95% confidence interval; IQR: interquartile range.
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Table 2. Description of serum BDG concordance/discordance in 37 candidemia episodes with ≥2 BDG results available.
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	BDG Values *
	All (n = 37)
	C. albicans (n = 10)
	C. auris (n = 5)
	C. parapsilosis (n = 18)
	Other Species (n = 4)





	Discordant values
	7 (18.9)
	1 (10)
	2 (40)
	3 (16.7)
	1 (25)



	Concordant values
	30 (81.1)
	9 (90)
	3 (60)
	15 (83.3)
	3 (75)







* Concordant values are defined as 2 or more serum BDG results all either negative (<80 pg/mL) or positive (≥80 pg/mL), while discordant values are defined as 2 values belonging to different categories: positive and negative. No differences were observed between groups: C. albicans vs. C. auris (p = 0.24), C. albicans vs. C. parapsilosis (p = 0.99), C. auris vs. C. parapsilosis (p = 0.29). BDG: b-D-glucan, 95% CI: 95% confidence interval; IQR: interquartile range.
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