

[image: image1]
A clinical analysis of Candida tropicalis bloodstream infections associated with hematological diseases, and antifungal susceptibility: a retrospective survey









 


	
	
TYPE Original Research
PUBLISHED 14 July 2023
DOI 10.3389/fmicb.2023.1092175






A clinical analysis of Candida tropicalis bloodstream infections associated with hematological diseases, and antifungal susceptibility: a retrospective survey

Beibei Yang†, Zhenbin Wei, Meiqing Wu, Yongrong Lai and Weihua Zhao*


Department of Hematology, The First Affiliated Hospital of Guangxi Medical University, Nanning, China

[image: image2]

OPEN ACCESS

EDITED BY
 Sameh S. M. Soliman, University of Sharjah, United Arab Emirates

REVIEWED BY
 Jonathas Sales De Oliveira, Unichristus, University Center, Brazil
 Hossein Zarrinfar, Mashhad University of Medical Sciences, Iran
 Ravinder Kaur, University of Delhi, India
 Ramasare Prasad, Indian Institute of Technology Roorkee, India

*CORRESPONDENCE
 Weihua Zhao, zhaowh21@163.com 

†These authors have contributed equally to this work and share first authorship

RECEIVED 30 December 2022
 ACCEPTED 29 June 2023
 PUBLISHED 14 July 2023

CITATION
 Yang B, Wei Z, Wu M, Lai Y and Zhao W (2023) A clinical analysis of Candida tropicalis bloodstream infections associated with hematological diseases, and antifungal susceptibility: a retrospective survey. Front. Microbiol. 14:1092175. doi: 10.3389/fmicb.2023.1092175

COPYRIGHT
 © 2023 Yang, Wei, Wu, Lai and Zhao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Summary objective: To assess the clinical features and outcomes of hematological disease patients with Candida tropicalis bloodstream infections and determine the antifungal susceptibility of C. tropicalis.

Methods: This is a retrospective, single-center, observational study conducted in the Department of Hematology at The First Affiliated Hospital of Guangxi Medical University from January 2013 to December 2021. A total of 26 hematological disease patients with C. tropicalis bloodstream infections were enrolled, and their clinical features, treatment plans, and prognoses were assessed. Univariate analysis was performed by Kaplan–Meier analysis and multivariate analysis was conducted using a Cox regression model. The antifungal susceptibility of C. tropicalis was determined from patient blood cultures.

Results: The patients had a mean age of 35 years (range: 10–65 years), 50% were male (13/26) and 88.5% had hematologic malignancies (23/26) while the remaining three patients included two cases of severe aplastic anemia and one case of β-thalassemia. All patients had neutropenia. Seven patients were initially given azole alone (26.9%), five of whom failed treatment and died (71.4%). Fifteen patients were treated with echinocandin (57.7%), three of whom failed treatment and died (20.0%), and eight patients were treated with amphotericin B (30.8%), two of whom failed treatment and died (25.0%). The total and attributable mortality rates were 42.3 and 34.6%, respectively. Univariate analysis showed that there are six risk factors for attributable deaths among hematological disease patients with C. tropicalis blood infections. These risk factors included septic shock, Pitt bacteremia scores ≥4, procalcitonin levels ≥10 ng/mL, positive plasma (1,3)- β-D glucan assay, serum albumin levels <30.0 g/L, time from fever to antifungal treatment initiation ≥5 days and time between neutropenia and antifungal treatment ≥10 days. Moreover, skin and mucosal infections and a treatment schedule that included amphotericin B and drug combinations are protective factors for attributable deaths. Multivariate analysis showed that septic shock (p = 0.006) was an independent risk factor for attributable death. All isolates were sensitive to flucytosine and amphotericin B. The intermediate or resistance of C. tropicalis to fluconazole, itraconazole and voriconazole were 41.7, 50, and 41.7%, respectively.

Conclusion: Hematological disease patients with C. tropicalis bloodstream infections had a high mortality rate, and early antifungal therapy significantly reduced mortality. Candida tropicalis was highly resistant to azole drugs and sensitive to flucytosine and amphotericin B. According to our study, the preferred agent is amphotericin B and drug combinations should be considered for severe infections.
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1. Introduction

The incidence of Candida bloodstream infections (CBI) has increased dramatically in recent decades and Candida is now the most common etiology of fungal sepsis (Lamoth et al., 2018; Arastehfar et al., 2021). In the United States, Candida is the fourth most common cause of nosocomial bloodstream infections (BSI; Wisplinghoff et al., 2004). In Europe, Candida is the third most common etiology of fungal sepsis and is associated with a 37% 30-day mortality rate (Koehler et al., 2019). The Chinese Consensus on the Diagnosis and Management of Adult Candidiasis has observed a substantial increase in the incidence of invasive fungal disease (IFD), of which Candida is the primary cause (Gui-Qiang, 2020). Candida sepsis is associated with prolonged hospitalization times and increased costs, burdening both patients and the healthcare system (Hassan et al., 2009; Bloos et al., 2013; Heimann et al., 2015).

In Asian countries, non-albicans Candida spp. (NAC) is more prevalent than Candida albicans (Lortholary et al., 2017; Zhang et al., 2020; El Zakhem et al., 2021). Hematologic disorders are significant risk factors for Candida infection due to several factors including neutropenia, frequent use of immunomodulatory agents, prolonged use of broad-spectrum antimicrobials, central vascular catheters (CVC), chemotherapy and hematopoietic stem cell transplantation (HSCT; Kashefi et al., 2021). The highest percentage of Candida tropicalis among blood isolates was found in haemato-oncology wards (Tan et al., 2015). This fungus is associated with the highest rates of sepsis and the poorest prognosis of any Candida spp. (Ko et al., 2019). The emergence of antifungal-resistant C. tropicalis has also been widely reported in recent years (Zuza-Alves et al., 2017). Multiple studies have shown that almost half of Candidemia patients infected with C. tropicalis are azole-resistant (Chong et al., 2012; Chen et al., 2019; Arastehfar et al., 2020a,b).

The study of C. tropicalis bloodstream infections (CTBI) with hematological diseases still needs further exploration. This study describes the clinical features of CTBI in a hematology ward, evaluates the risk factors associated with mortality, and analyzes the antifungal susceptibility of this pathogen. Understanding CTBI-associated hematologic diseases are critical for the development of effective prevention and treatment options.



2. Methods


2.1. Study design

This is a retrospective, single-center, observational study conducted in the Department of Hematology at The First Affiliated Hospital of Guangxi Medical University. All patients who were diagnosed with a CTBI-associated hematological disease between January 2013 and December 2021 were included in the study. Clinical information was collected from medical records and included underlying disease type, therapeutic methods, treatment conditions, clinical symptoms, signs, laboratory indices, neutropenia, immunomodulatory agents, broad-spectrum antimicrobials, CVC used, antifungal therapy, therapeutic outcomes, and C. tropicalis antifungal sensitivity.



2.2. Inclusion and exclusion criteria

All patients with a CTBI-associated hematological disease that included at least one positive C. tropicalis blood culture and the presence of clinical signs and symptoms outlined by the Chinese Society of Hematology (Xiaojun, 2020) and the Infectious Diseases Society of America (IDSA; Pappas et al., 2015) were included in the study. Patients who were diagnosed with the non-blood system-related disease or who had a C. tropicalis-positive blood culture with symptoms that improved without treatment were excluded.



2.3. The definition of antifungal resistance and susceptibility

According to the NCCLS M27-A standard, infection was considered to be antifungal resistant if cultured Candida spp. isolates exhibited a voriconazole minimal inhibitory concentration (MIC) above 2 mg/L, fluconazole above 64 mg/L, itraconazole above 1 mg/L, amphotericin B above 32 mg/L and flucytosine above 16 mg/L. Conversely, it was considered to be antifungal susceptibility if voriconazole MIC below 0.125 mg/L, fluconazole below 8 mg/L, itraconazole below 0.125 mg/L, amphotericin and flucytosine below 4 mg/L.



2.4. Patient follow-up

Patients were followed up by telephone and through both inpatient and outpatient visits. The starting point of follow-up was the time of the first positive blood culture and the end point was death. The follow-up period was the time from etiological diagnosis to death, the end of the study period, or loss to follow-up. The mean follow-up time to the end of the study period on January 31, 2022, was 176 days (range: 4–708 days).



2.5. Blood culture and drug sensitivity

Blood specimen was obtained and cultured before or at the peak of each patient’s fever. The culture and isolation of strains were conducted according to the National Clinical Test Regulations of Operation, using Bactec FX blood culture instruments and matching blood culture bottles (Becton, Dickinson, and company). Strain identification and drug sensitivity tests were conducted using the Phoenix100 fully automatic analyzer. The results were determined using the 2017 Clinical Laboratory Standards Institute (CLSI) standards.



2.6. Statistical analyses

SPSS 20 was used for data analysis. Means and extremums were used to compute continuous variables such as age. Frequency and percentage were used to determine qualitative variables including underlying disease type and clinical signs and symptoms. Univariate analysis was performed using the Kaplan–Meier test and multivariate analysis was conducted using the Cox regression. p < 0.05 were considered statistically significant.



2.7. Ethics approval

All procedures were performed following relevant guidelines. This manuscript has been approved by the ethics committee of The First Affiliated Hospital of Guangxi Medical University. Oral informed consent was obtained from all patients included in the study.




3. Results


3.1. Clinical features

A total of 26 cases were enrolled by the Department of Hematology. The mean age was 35 years (range: 10–65 years), and 50% of the patients were male (13/26). A total of 23 cases had hematologic malignancies (88.5%) and the specific types are described in Table 1. The three remaining cases had nonmalignant disorders including one case with β-thalassemia (3.8%) and two with severe aplastic anemia (SAA; 7.7%). The patients with hematologic malignancies included six newly diagnosed patients, nine who had achieved complete remission, one who had partial remission, three who had no remission after induction chemotherapy, and four who relapsed. Twenty-two of the hematologic malignancy patients received chemotherapy, one of whom had therapy prior to HSCT. Of the three nonmalignant patients, two had received HSCT, and one SAA patient had received anti-thymocyte globulin (ATG) therapy prior to the current study.



TABLE 1 Characterization of patients with CTBI-associated hematologic diseases.
[image: Table1]

All patients developed neutropenia, defined as a neutrophil count <0.5 × 109 /L, with an average duration of 19 days (range: 4–61). All patients had broad-spectrum antibiotic exposure, 21 had CVC, and three received immunomodulatory agents.

Digestive symptoms, such as abdominal pain, vomiting, diarrhea, and hematochezia, occurred in 15 patients, and respiratory symptoms, such as cough, sputum, or hemoptysis occurred in 21 patients. All patients had a fever, of whom 14 had temperatures >40°C. A total of 15 patients had skin or mucosal infections, including nine patients with oral infection, five with perianal infection, four with skin plaques, two with pharyngeal infections, one with a local skin infection, and one with a perineum infection. Ten patients experienced septic shock, one of the most serious BSI-associated complications.



3.2. Laboratory and pathogen testing

Our study checked for markers of infection in these patients, such as procalcitonin (PCT), hypersensitive C-reactive protein (CRP), galactomannan (GM), and plasma (1,3)- β-D glucan assay (BG). However, not all patients were checked for all markers of infection. According to the clinical dates, 52.6% of patients had a PCT ≥ 0.5 ng/mL (10/19), 21.1% of patients had a PCT ≥ 10 ng/mL (4/19), all patients had a CRP ≥ 10 mg/L, 68.8% had a CRP ≥ 100 mg/L (11/16), 38.9% had a BG ≥ 10 ng/L (7/19) and 66.7% had a GM ≥ 0.5 (10/16). Serum albumin <30.0 g/L was present in 42.3% of patients (11/26) (Table 2).



TABLE 2 Patient clinical symptoms and blood and pathogen testing results.
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There are two patients who were not only infected with C. tropicalis but also infected with other candida (C. glabrata and C. albicans, respectively). Candida was grown in the stool of 12 patients and from the sputum or throat swabs of eight patients. Blood cultures from six patients were positive for other pathogens (23.1%), including two that were positive for Klebsiella pneumonia, one for E. coli, one for Staphylococcus haemolyticus, one for E. coli and Pseudomonas aeruginosa and one for E. coil and Streptococcus gallolyticus.



3.3. Treatment and outcomes

CVC was removed from 11 patients during infection (52.4%). Six patients received azole as an antifungal prophylaxis prior to fever (23.1%), 15 received empiric treatment between their fever and the return of blood culture results (57.7%), and seven initially received azole alone at the beginning of fever (26.9%). Each of these patients received a change in the treatment regimen, or the addition of echinocandin, amphotericin B, or flucytosine because the therapy was not effective, however, five patients failed treatment and died (5/7, 71.4%). In addition, 15 patients were treated with echinocandin (57.7%), three of whom failed treatment and died (3/15, 20.0%), and eight were treated with amphotericin B (30.8%), including two Amphotericin B Liposome, two of whom failed treatment and succumbed to disease (2/8, 25.0%).

By the end of the study on January 31, 2022, the median follow-up time was 176 days (4,708), the total antifungal treatment effectiveness was 65.4% (17/26), the total mortality rate was 42.3% (11/26), the attributable mortality rate was 34.6% (9/26), and the 28-day mortality rate was 26.6% (7/26).



3.4. Risk factors of CTBI-associated mortality

Univariate analysis showed that there are six risk factors for attributable deaths among hematological disease patients with C. tropicalis blood infections. These risk factors included septic shock, Pitt bacteremia scores ≥ 4, PCT ≥ 10 ng/mL, positive BG, serum albumin levels <30.0 g/L, time from fever to antifungal treatment initiation ≥5 days and time between neutropenia and antifungal treatment ≥10 days (p < 0.05; Table 3). Moreover, skin or mucosal infections, and a treatment schedule including amphotericin B or drug combinations, such as caspofungin, voriconazole with amphotericin B or caspofungin, flucytosine with amphotericin B, including three Amphotericin B Liposome, were factors associated with favorable outcomes (p < 0.05; Table 3).



TABLE 3 Univariate analysis of death-related factors attributable to CTBI.
[image: Table3]

Multivariate analysis was performed using the Cox regression model. Findings revealed that septic shock (p = 0.006; Table 4) is an independent risk factor for death attributed to CTBI.



TABLE 4 Multivariate analysis of death-related factors attributable to CTBI.
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3.5. Antifungal susceptibility testing of Candida tropicalis

Antifungal susceptibility testing was performed on 24 of the 26 C. tropicalis isolates (Table 5). In general, all isolates were sensitive to flucytosine and amphotericin B. The intermediate or resistance of C. tropicalis to fluconazole, itraconazole and voriconazole were 41.7, 50, and 41.7%, respectively. These findings indicated that C. tropicalis was highly resistant to azole drugs and sensitive to flucytosine and amphotericin B (Figure 1).



TABLE 5 Antifungal susceptibility testing of C. tropicalis isolates (n = 24).
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FIGURE 1
 Survival curves of hematological disease patients with CTBI by risk and protective factors. Risk and protective factors significantly associated with CTBI-associated death (p < 0.05). Risk factors included (A) septic shock (p = 0.000), (B) Pitt bacteremia score ≥4 (p = 0.000), (C) PCT ≥ 10 ng/mL (p = 0.042), (D) BG ≥ 0.5 (p = 0.009), (E) serum albumin <30.0 g/L (p = 0.006), (F) time from fever to antifungal treatment ≥5 days (p = 0.011), and (G) time from neutropenia to antifungal treatment ≥10 days (p = 0.004). Protective factors included (H) skin or mucosal infection (p = 0.035), (I) treatment containing amphotericin B (p = 0.041), and (J) treatment involving a drug combination (p = 0.028). AMB, amphotericin B; BG, plasma (1,3)- β-D glucan assay; CTBI, C. tropicalis bloodstream infections; PBS, Pitt Bacteremia Score; PCT, procalcitonin.





4. Discussion

C. albicans is the primary cause of CBI, however, C. tropicalis is becoming increasingly more common in patients with hematologic disorders and HSCT (Tan et al., 2015). This species is shown to have higher virulence than C. albicans at the time of neutropenia or mucosal infection (Deorukhkar et al., 2014). The current study found that all C. tropicalis-infected patients were neutropenic and more than half had skin or mucosal infections (57.7%), indicating a likely association between these factors and CTBI.

A prior study found that infection with C. tropicalis was more severe and had worse clinical outcomes, including a 30-day patient mortality rate of 44.1%, than non-albicans Candidemia (Ko et al., 2019). The current study identified a CTBI-attributable mortality rate of 34.6%, with clinical symptoms that included fever, respiratory symptoms, digestive tract symptoms, skin or mucosal infections, and septic shock. Septic shock, one of the most serious BSI complications, is more often associated with C. tropicalis than C. albicans infection (Zuza-Alves et al., 2017). In the current study, septic shock occurred in 38.5% of patients. This symptom was an independent risk factor for CTBI-attributable death (p = 0.006). These findings highlight how critical it is to actively prevent and control shock among patients with neutropenia and fever.

CTBI has no characteristic clinical manifestations and diagnosis is primarily dependent on blood culture results. However, blood culture positivity rates are low, and early or bacterial bloodstream infections can be difficult to identify, contributing to high mortality rates. Previous studies have shown that a PCT value ≤2 ng/mL in a critically ill septic patient is more likely the result of Candidemia than bacteremia (Martini et al., 2010). Indeed, the current study found that the PCT value of most patients (73.7%) was ≤2 ng/mL. The PCT value ≥4 ng/mL is a risk factor for CTBT-associated death among patients with hematologic malignancies (Chao Zhi et al., 2016). The present findings showed that a PCT value ≥10 ng/mL was linked to a poor prognosis (p = 0.042). These data indicate that a low PCT value is a more likely indicator of Candidemia; however, poor prognosis is most often associated with a significant rise in PCT values among patients with hemopathy and CTBI.

A large-scale, multicenter clinical study (Sun et al., 2015) found that risk factors of IFD among chemotherapy patients with malignant hematologic disease included neutropenia, AML or MDS, non-CR patients who receipt of induction chemotherapy or repeat induction chemotherapy, decreased serum albumin levels, and CVC. All patients in the current study were neutropenic, 61.5% had AML, and 42.3% had albumin levels <30.0 g/L, which correlated with a poor prognosis (p = 0.006). Thus, actively correcting hypoproteinemia can both prevent IFD and improve CTBI-associated outcomes.

The Pitt Bacteremia Score is used to measure acute illness severity and predict the mortality of patients with BSI (Al-Hasan and Baddour, 2020). This score was used as a stratification tool in pivotal multicenter studies of Candida spp.-related BSI (Nguyen, 1995). Patients with a Pitt Bacteremia Score < 4 were considered noncritically ill, while those with a Pitt Bacteremia Score ≥ 4 have a higher mortality risk and are classified as critically ill (Al-Hasan and Baddour, 2020). The current study determined the Pitt Bacteremia Score using the clinical symptoms of patients, identifying eight with a Pitt Bacteremia Score ≥ 4. Univariate analysis linked Pitt Bacteremia Score ≥ 4 to a poor prognosis (p = 0.001).

It is rarely study about the infection of Candida spp. with other pathogens. This study (Medina et al., 2020) documented the presence of mixed yeast infections. It showed that 6.5% of C. tropicalis/C. glabrata were infected in 122 cases, and All Candida isolates were susceptible to amphotericin B. In our study, mixed infection was no significant correlation with prognosis. We find a patient had C. tropicalis co-infected with C. glabrata and another had C. tropicalis co-infected with C. albicans, and they had a good prognosis in antifungal.

Azole-resistant C. tropicalis infections have markedly increased in recent years. Multiple studies have shown that almost half of Candidemia patients infected with C. tropicalis are azole-resistant (Chong et al., 2012; Chen et al., 2019; Arastehfar et al., 2020a,b). The current study found that 41.7, 50, and 41.7% of the 24 C. tropicalis isolates were resistant to fluconazole, itraconazole, or voriconazole, respectively. Our finding supports those studies. The seven C. tropicalis-infected patients changed treatments or added echinocandin, amphotericin B, and flucytosine to their current treatment because the original regimens, azole alone, were not effective. These results indicated that a therapeutic schedule containing amphotericin B and drug combinations protected hemopathy patients from CTBI-associated death (p = 0.041). Drug sensitivity testing also showed that C. tropicalis was sensitive to amphotericin B. In addition, echinocandin antifungal drugs have a strong bactericidal effect on Candida spp., and there are only a few reports of C. tropicalis resistance. Both Chinese and American guidelines (Pappas et al., 2015; Xiaojun, 2020) indicate that echinocandins are the preferred treatment for Candidemia in neutropenic patients, followed by amphotericin B and lipid formulation. In the current study, echinocandins had no significant effect on prognosis. This may be explained by the high cost of these drugs, which caused some patients to delay treatment initiation. Development of azole resistance in C. tropicalis may occur through increased levels of the cellular target, upregulation of genes controlling drug efflux, alterations in sterol synthesis and decreased affinity of azoles for the cellular target (Lupetti et al., 2002). The resistance may be related to the ERG11, ERG3, MDR1, and CDR1 genes (Gaur et al., 2008; Prasad and Goffeau, 2012; Forastiero et al., 2013; Branco et al., 2017; Zhou et al., 2018). It is likely that more mechanisms for Candida-specific drug resistance will be identified. Guidelines (Pappas et al., 2015; Xiaojun, 2020) emphasizes that these are important for the development of antifungal prophylaxis and empiric treatment. The current study confirmed that the timing of antifungal treatment initiation is equally important. A time between fever and antifungal treatment of ≥5 days and a time between agranulocytosis and antifungal treatment of ≥10 days correlated with a poor prognosis (p = 0.011 and p = 0004, respectively).

This study has several limitations. It is a single-centered retrospective analysis and the number of cases is relatively small, making it difficult to apply the findings to other settings. Multicenter and large-scale clinical studies are required to further understand CTBI-associated hematologic disorders. In addition, ongoing studies of C. tropicalis-specific virulence factors and resistance genes will help to inform new strategies for clinical diagnosis and treatment.



5. Conclusion

This study identified a high mortality rate among patients with CTBI-associated hematologic disorders, which the attributable mortality rate was 34.6%. Septic shock is an independent risk factor for death attributed to CTBI. There were poor prognoses in the time from fever to antifungal treatment initiation ≥5 days and the time between neutropenia and antifungal treatment ≥10 days, so early antifungal therapy can significantly reduce the risk of death. The intermediate or resistance of C. tropicalis to azole drugs was close to 50%, and it was sensitive to flucytosine and amphotericin B. According to our study, the preferred agent is amphotericin B and drug combinations should be considered for severe infections.
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