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Objective: To analyse the clinical manifestations, aetiology, prognosis, and risk factors of fungal peritonitis (FP) in children on peritoneal dialysis (PD).

Methods: Among 322 children undergoing PD at Children's Hospital of Fudan University, between January 2001 and December 2019, FP cases were retrospectively analysed and compared with those of bacterial peritonitis (BP) to analyse the risk factors of FP.

Results: A total of 124 cases of peritonitis were treated, including 11 FP cases in 11 children (0.0019 episodes/patient*month) and 113 BP cases in 64 children (0.02 episodes/patient*month). Among the 11 FP cases, 7 cases (63.64%) were caused by Candida and Candida parapsilosis (5/7) was the most common pathogen of Candida. All FP patients were converted to haemodialysis (HD) and did not resume PD during follow-up. Two patients (18.2%) died after 6 months of HD due to heart failure, 2 patients underwent kidney transplant after 2 years of infection, and the other 7 patients were still on HD. The univariate analysis showed the usage rate of antibiotics in the month before the onset of peritonitis was higher (45.45 vs. 15.93%) and the mean serum albumin was lower (31.4 vs. 34.4 g/L) in the FP group when compared with BP group (P < 0.05), while multivariate analysis showed that serum albumin ≤ 30 g/L was an independent risk factor for FP (odds ratio 4.896, 95% confidence interval 1.335–17.961).

Conclusion: FP is a rare complication of PD in children, but it is associated with high technique failure. Attention should be paid to hypoproteinaemia and antibiotic use in children on PD.
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INTRODUCTION

Peritoneal dialysis (PD) is an important renal replacement therapy for children with end-stage renal disease (ESRD). With advancements in PD connexion systems and dialysate biocompatibility, the incidence of PD-associated peritonitis is declining. However, PD-associated peritonitis is still a common serious complication of PD. It is the main cause of discontinuation of PD and death, and peritonitis itself is an independent risk factor for death. Dialysis-associated bacterial peritonitis (BP) in children is the most common type of peritonitis (accounting for ~80% of cases), while fungal peritonitis (FP) is less common, accounting for ~2–10.3% of all paediatric and adult cases (1–3). However, FP often leads to serious consequences with a mortality rate of 50%, and one of the main reasons is delayed diagnosis. FP is also the main cause of discontinuation of PD (4, 5). Few cases of PD-associated FP in children have been reported, especially in China. As a report of the Standardizing Care to Improve Outcomes in Paediatric End Stage Renal Disease (SCOPE) Collaborative in 2017, a large study on FP in children showed that most FP cases occurred in children under 2 years old and did not identify other risk factors (6).

This study retrospectively analysed children of peritonitis treated at Children's Hospital of Fudan University between January 2001 and December 2019 and conducted the analysis of FP cases that included clinical data, clinical manifestations, aetiology, prognosis, and risk factors. This study also compared the data with those of BP to improve the understanding of FP and provide a reference to help clinicians facilitate infection prevention, early detection, early treatment, and optimal prognosis.



METHODS


Data Source and Study Population

Children with PD-associated peritonitis who received PD at Children's Hospital of Fudan University, between January 2001 and December 2019 were eligible for this study. Exclusion criteria were as follows: children with ESRD who received PD for <3 months.

For patients with clinical symptoms of peritonitis, a turbid dialysate sample was sent for laboratory tests, including WBC count and differential, smear, and culture (blood culture flask). Data collected consisted of the following: age at initial dialysis, sex, the primary aetiology of ESRD, peripheral blood haemoglobin, serum parathyroid hormone, serum albumin, routine peritoneal dialysate (WBC, neutrophils %), and G test (mycodextranase). Outcomes included kidney transplant, conversion to other dialysis modality, and 1-year mortality following infection. The study was approved by the ethical committee of Children's Hospital of Fudan University. Written informed consent was obtained from their patients or legal guardians.



Definitions

According to the 2012 International Society for Peritoneal Dialysis (ISPD) guidelines (7), PD-associated peritonitis is diagnosed if 2 of 3 the following criteria are met: (1) clinical symptoms of peritonitis (abdominal pain, cloudy dialysate, fever); (2) peritoneal effluent leucocyte count > 100* 106/L and a differential of >50% polymorphonuclear cells; (3) positive dialysate culture.

Procedures for obtaining fungal cultures were as per the 2012 ISPD guidelines whereby for patients on APD without a day dwell, the fill volume should be instilled for a minimum of 1–2 h, with the subsequent effluent being sent for cell count, differential count, and culture. For patients on APD with a daytime exchange, after a dwell time of at least 2 h, then the effluent sent to test. The peritoneal effluent draw into two blood-culture bottles (7).

Fungal peritonitis was defined by the presence of a positive yeast culture and/or positive G test. To rule out a false-positive G test factors, such as the presence of intravenous blood products, contamination, and polymyxin must be ruled out.

Peritonitis rate was defined as the number of episodes of peritonitis divided by the total patient's months on PD. Prior antibiotic use was defined as use of antibiotic treatment, whether orally, intravenously or intraperitoneally, for peritonitis or for any other infection in the month prior to the fungal peritonitis.



Statistical Analysis

Statistical analysis was performed using SPSS 25.0. The median interquartile range was used to describe the non-normally distributed measurement data, such as age, mean time from catheter placement to peritonitis, peritoneal effluent leucocyte count, serum albumin, peripheral blood haemoglobin, parathyroid hormone, hospital stay and healthcare expenses. Statistical analysis was performed by Wilcoxon rank-sum test. Frequency and percentage were used to describe categorical variables such as sex, primary kidney disease, prior antibiotic use and 1-year survival rate. The chi-square test was performed for intergroup analysis. Binary logistic regression was performed to analyse the risk factors for peritonitis. P-values < 0.05 were considered statistically significant.




RESULTS


General Information

A total of 322 patients received PD at Children's Hospital of Fudan University, between January 2001 and December 2019. Of these, 124 had peritonitis, including 11 FP cases (8.87%) in 11 children (0.0019 episodes/patient*month) and 113 BP cases in 64 children (0.02 episodes/patient*month). At the time of FP diagnosis, the mean age was 8.5 years old (IQR 7.1–11.4). Six were boys and the other 5 were girls. The patients were on PD for an average of 2.3 years (IQR 1.3, 2.8) prior to FP. The average time from the onset of peritonitis to catheter removal was 0.4 months (IQR 0.2, 0.8). Clinical manifestations were turbid dialysate (11/11), abdominal pain (10/11), and fever (8/11). Five patients (45.45%) received antibiotics within 1 month before the FP onset, and 8 patients (72.73%) had a history of BP (Table 1).


Table 1. Clinical and microbiological characteristics of the FP group (n = 11).
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Among the 11 FP cases, 7 (63.6%) were caused by Candida, such as Candida parapsilosis (n = 5), Candida tropicalis (n = 1) and Candida lusitaniae (n = 1). One case was caused by Curvularia, and the other 3 cases had negative cultures but were clinically diagnosed due to a positive G test, apparent peritoneal adhesions, and response to antifungal therapy. G tests were positive in 9 children, while the other 2 children who were transferred to our hospital, the G test was not performed. Detail antifungal therapy was listed in Table 1.

All patients were converted to haemodialysis (HD) and did not resume PD during follow-up. Two patients (18.2%) died after 6 months of HD due to heart failure, 2 patients underwent kidney transplant after 2 years of infection, and the other 7 patients were still on HD (Table 1). None of these patients in the FP sample had recent gastrostomy, ureterostomy and ostomy procedures before fungal peritonitis.



Three Cases With Negative Culture and Positive G Test

3/11 of the FP cases had negative cultures but were clinically diagnosed with fungal infection due to positive G tests and responses to anti-fungal therapy. In case 9, the patient had BP 3 weeks before the onset of FP, with uncontrolled fungal infection, increasing dialysate WBC count, negative dialysate culture, and increasing G test readings (185.8–218.8-417 pg/ml). He was finally converted to long-term HD due to severe peritoneal adhesions. In case 10, the patient had BP for 1 month, with recurrent high cell counts in dialysate and increasing G test readings (121.8–359.4 pg/ml). Fungal infection was considered, the dialysis catheter was removed, and the patient was given fluconazole with good response and converted to HD. In case 11, the patient had BP for 1 month, with recurrent high cell counts in dialysate and increasing G test readings (728.1–1,000 pg/ml). Fungal infection was considered, the dialysis catheter was removed, and the patient was given fluconazole. Four weeks later, severe peritoneal adhesions were found during laparoscopic catheter placement, and the patient was converted to long-term HD.



Comparison of Risk Factors and Prognosis Between FP and BP in Children

No significant intergroup differences were noted in age, sex, and the type of primary kidney disease between FP group and BP group. The univariate analysis showed the usage rate of antibiotics in the month before the onset of peritonitis was higher (45.45 vs. 15.93%) and the mean serum albumin was lower (31.4 vs. 34.4 g/L) in the FP group when compared with BP group (P < 0.05) (Table 2). In addition, multivariate analysis showed that serum albumin ≤ 30 g/L was the only independent risk factor for FP (odds ratio 4.896, 95% confidence interval 1.335–17.961). No significant intergroup differences were noted in peritoneal effluent leucocyte count, differential, haemoglobin and parathyroid hormone between 2 groups (Table 2). Moreover, hospital stays were longer (1.43 vs. 0.57 months), healthcare expenses were higher (80,480.19 vs. 21,390.97 RMB), the rate of conversion to HD was higher (100 vs. 5.3%), and 1-year survival rate after infection was lower (81.82 vs. 100%) in the FP group than those in the BP group (P < 0.05) (Table 3).


Table 2. Comparison of risk factors between FP and BP [median (P25, P75), n (%)].
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Table 3. Comparison of prognosis between FP and BP [median (P25, P75), n (%)].
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DISCUSSION

In this study, a total of 124 cases of peritonitis occurred in 322 patients on PD at our hospital during 10-year interval, including 11 FP cases (8.87%) and 113 BP cases (92.12%). 7 of the 11 (63.6%) FP cases were caused by Candida. All 11 (100%) FP patients were converted to HD, and the 1-year survival rate was 81.82% after infection. Univariate analysis showed that mean serum albumin was lower (31.4 vs. 34.4 g/L) and the usage rate of antibiotics during the month before the onset of peritonitis was higher (45.45 vs. 15.93%) in the FP group than those in the BP group, while multivariate analysis showed that serum albumin ≤ 30 g/L was a major risk factor for FP.

Till now, PD-associated peritonitis remains a common and serious complication of PD. In particular, severe or recurrent peritonitis leads to structural and functional changes in the peritoneum and ultimately leads to peritoneal failure. It is a major cause of PD failure and conversion to long-term HD (6). Although FP is rare in children and adults on PD, it is associated with high mortality and technical failure rates. The 2012 ISPD peritonitis prevention and treatment guidelines state that dialysis centres should monitor the infection rate, pathogenic bacteria, and drug sensitivity of peritonitis to control the overall incidence of peritonitis at 0.5 cases per year or below (7).

FP may be caused by yeast-like fungi or filamentous fungi. Common yeast-like fungi include Candida, Trichosporon, and Cryptococcus. Filamentous fungi are rare in FP and include Aspergillus, Rhizopus, and Histoplasma (8). In this study, 7 (63.6%) cases were caused by Candida and Candida parapsilosis was the most common pathogen, accounting for 5 FP cases (45.5%), while other fungi are less common. For example, in case 4, Curvularia was identified only at the third culture attempt at 3 weeks after onset. Curvularia infection is rare, with a low positive rate. A previous study reported 7 cases of PD-associated Curvularia peritonitis. Of these, 6 patients had a history of peritonitis, 1 patient died, and the dialysis catheter was removed in all cases. For the death case, microscopy did not identify fungal hyphae until day 9 of treatment, and the death was related to the patient's advanced age (85 years) and lack of treatment response (9).

In this study, 3 of the FP cases had negative cultures but were clinically diagnosed with fungal infection due to positive G tests and responses to anti-fungal therapy. In all these 3 cases, dialysate culture was negative, and antibiotic therapy was infective. Therefore, FP was considered due to positive G tests. Clinical symptoms alleviated and G test results improved after catheter removal and fluconazole treatment. Clinically, fungal culture is the main test for fungal infections. However, a fungal culture may be affected by the conditions of the sampling, petri dishes, and culture equipment used. The symptoms of FP are similar to those of BP and include fever, abdominal pain, and turbid dialysate, which may lead to missed diagnoses in cases of negative fungal culture. Moreover, fungal culture is time-consuming, which may impede early diagnosis and treatment. New serological diagnostic assays, such as the G test and galactomannan (GM) test, are designed to detect deep fungal infections with a high detection rate (10, 11). The G test as a direct method to measure the (1/3)-b-D-glucan (BDG) which is a component of the cell wall of most fungi. BDG has been included in the relevant European Organization for Research and Treatment of Cancer/Mycoses Study Group (EORTC/MSG) diagnostic criteria for fungal infection (12). A meta-analysis of relevant studies about 2979 patients (594 with proven or probable invasive fungal infections), included in 16 studies, were showed that the pooled sensitivity of BDG was 76.8% [95% confidence interval (CI), 67.1–84.3%], and the specificity was 85.3% (95% CI, 79.6–89.7%). BDG has good diagnostic accuracy for distinguishing invasive fungal infections (13). However, the G test and GM test cannot identify the fungal species and genus, which may lead to misdiagnosis (false positives). Each assay has its own pros and cons, and assays may be combined to help diagnose deep fungal infections, especially when antibiotic therapy is ineffective (14). The results are meaningful if confounding factors of the G test and GM test (such as intravenous blood products, contamination, and polymyxin) are ruled out and 2 or more consecutive G tests and GM tests are positive (especially in the case of increasing readings) (15). In this study, 2 of the 11 FP cases were transferred from another hospital (cases 7, 8). The remaining 9 cases (81.82%) had positive G tests after the onset of FP. After catheter removal, additional G tests may be performed to evaluate the severity of fungal infection and guide the use of antifungal drugs. A study of adult patients showed that (1, 3)-β-D-glucan combined with galactomannan, which allowed to enhance the diagnosis rate of invasive fungal infections (16). Dialysate culture combined with the G test and GM test provides new possibilities for the early diagnosis of FP in order to prevent treatment delay and protect peritoneal function.

This study analysed the data of FP and BP cases and found that mean serum albumin was significantly lower in the FP group (31.4 vs. 34.4 g/L). Multivariate analysis showed that serum albumin ≤ 30 g/L was a major risk factor for FP. Previous study in Turkey reported that among 86 cases of peritonitis, 9 were FP (10.5%), and these had significantly lower serum albumin than the BP cases (17). Hypoproteinaemia is often reported as a risk factor for FP; it usually indicates malnutrition and chronic inflammation in children, suggesting that nutritional status may be closely related to peritonitis in dialysis patients (18). Serum albumin is also used as a leading indicator of nutritional status and morbidity/mortality in ESRD patients. A statistical analysis of the 1,723 paediatric cases registered in the US Renal Data System showed that the risk of mortality increases by 54% for every 1 g/dl decline in serum albumin at the start of dialysis (19). Previous Spanish study of paediatric PD showed that left ventricular diastolic dysfunction was an independent predictor of mortality. In addition, anaemia and hypoalbuminemia were risk factors for left ventricular diastolic dysfunction in these children (20). Therefore, children on PD should be closely monitored for nutritional status and serum albumin to improve clinical outcomes.

A previous study in the Netherlands reported 321 paediatric cases of PD-associated peritonitis. Of these, 9 had FP (2.9%), and 7/9 (78%) had received antibiotic therapy during the previous month. The history of antibiotics use was one of the most important risk factors for FP (2). The NAPRTCS data showed that 56% of patients who developed FP had exposure to antibiotics within 1 month prior to its development, with half of the antibiotic exposure due to treatment of bacterial peritonitis (1). In this study, the rate of antibiotics use during the month before the onset of peritonitis in the FP group (5/11) was higher than that in the BP group (18/113) (45.45 vs. 15.93%), while multivariate analysis did not identify antibiotics use during the month before onset of FP as an independent risk factor, which may be related to the small sample size in the FP group. Thus, FP still should be considered if patients have the history of recent antibiotics usage when there is no response to antibiotic therapy for peritonitis. In our centre, our population routinely receive fluconazole when treated for bacterial peritonitis. In this study, 5 patients received antibiotics within 1 month before the FP onset. Among these 5 patients, 4 patients who were transferred from another hospital (cases 6, 8, 10, 11) didn't receive fluconazole or nystatin when treated for bacterial peritonitis. The other one (case 9) received fluconazole when treated for bacterial peritonitis in our centre. The 2012 ISPD peritonitis prevention and treatment guidelines state that the use of oral nystatin or fluconazole be considered at the time of antibiotic administration to PD patients to reduce the risk of fungal peritonitis (7). Fungal prophylaxis with nystatin or fluconazole should as a part of routine prophylactic therapy.

Regarding the prognosis, the technical failure rate in the FP group was significantly higher than that in the BP group. All 11 FP cases (100%) were converted to HD, while only 6 BP patients (5.3%) were converted to HD. The study at a North America dialysis centre showed that approximately one-third of FP cases may resume PD (21). Previous study from Canada including 288 adult patients on PD showed that all 9 cases suffering from FP survived the episode, while only one patient resumed PD 12 months later (22). Moreover, another adult single-centre study from Korea indicated that among 94 episodes of FP, 59 patients (62.8%) required a change to haemodialysis and 27 patients (28.7%) died as a result of FP (23). In the future, the possibility of resuming PD after timely treatment will be investigated. In this study, hospital stays were longer (1.43 vs. 0.57 months) and healthcare expenses were higher (80,480.19 vs. 21,390.97 RMB) in the FP group than those in the BP group. In a North American multi-centre collaborative study, among 511 cases of peritonitis, 41 were FP (8.0%). The result showed younger age (<2 years) was the only risk factor identified, but FP was associated with a higher admission rate, a longer hospital stay, and a significantly higher catheter failure rate (6). High admission rates and high costs place tremendous financial burdens and mental stress on FP patients and their families.



CONCLUSION

While the incidence of FP is low, its technical failure rate and its effects on peritoneal function, length of hospital stay, and healthcare expenses are significantly higher and longer than those of BP. It is critical to identify the risk factors for FP and detect and treat it in a timely manner. This study found that low serum albumin (≤30 g/L) was an independent risk factor for FP. Improving the positive rate of fungal culture and combining dialysate culture with the G test and GM test offers a meaningful method for improving the early diagnosis of FP. This study has some limitations. First, this was a retrospective analysis, which may lead to bias of data analysis. Second, this was a single-centre study with a small sample size, despite the use of similar treatment and management methods. Therefore, multi-centre prospective studies are needed to further evaluate the risk factors for PD-associated FP to better guide clinical treatment and improve prognosis.
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Peritoneal dialysis; HD, haemodialysis; NA, not available; IV, intravenous; P, intraperitoneal. *Transferred from another hospital.
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