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Abstract

The detection of galactomannan (GM) in bronchoalveolar lavage (BAL) is an important surrogate marker for the early diagnosis and therapeutic monitoring of invasive aspergillosis (IA), regardless of the involved species of Aspergillus. Therefore, we compared the Platelia Aspergillus GM EIA (Bio-Rad) for determination of GM index in BAL of patients with proven, probable or putative IA due to Aspergillus flavus versus A. fumigatus. In a prospective study between 2009 and 2015, 116 BAL samples were collected from suspected patients to IA referred to two university hospitals in Tehran, Iran. According to EORTC/MSG and Blot criteria, 35 patients were classified as IA patients, of which 33 cases had positive GM above 0.5 while among of these patients, 22 had GM index ≥ 1. Twenty eight were culture positive for A. flavus and seven for A. fumigatus. The GM index for A. flavus cases was between 0.5-6.5 and those of A. fumigatus ranged from 1 to 6.5. The sensitivity and specificity of GM index ≥ 0.5 in cases with A. flavus were 89.3% and 100% and those of A. fumigatus were 100% and 100%, respectively. The mean of GM index in IA patients with A. fumigatus (3.1) was significantly higher than those of A. flavus (1.6), (P = 0.031). In the patient group selected for a high likelihood of IA, the sensitivity of GM was lower for A. flavus compared to A. fumigatus. This finding might have implications for diagnosis in hospitals and countries with a high proportion of A. flavus infections. 
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Introduction 

Invasive aspergillosis (IA) is one of the most significant challenges among invasive fungal infections, as a major cause of morbidity and mortality in high risk patients (Mokaddas et al. 2010; Savio et al. 2016). This disease occurs mainly in patients with a markedly impaired immune system. After Aspergillus fumigatus, A. flavus is the second leading cause of invasive and non-invasive aspergillosis (Guinea et al. 2010; Kousha et al. 2011). In many tropical and sub-tropical countries, including India, Saudi Arabia, Pakistan, Iraq, Turkey and Iran, A. flavus has most frequently been reported as the predominant etiological agent causing mainly cerebral or sino-orbital aspergillosis, or ocular infections (Hedayati et al. 2010; Chakrabarti et al. 2011). Early diagnosis of IA remains a challenge, but it is important for better therapeutic outcomes (Maertens et al. 2009). Galactomannan antigen (GM), a polysaccharide secreted from the Aspergillus sp, correlates with the growth phase of the fungus (Pfeiffer et al. 2006; Rex 2006; Hage et al. 2011; Dupont et al. 2015). Aspergillus GM antigen detection in serum and BAL by the Bio-Rad Platelia sandwich enzyme immunoassay (EIA, Bio-Rad) has been studied extensively (Morton et al. 2010; Springer et al. 2013). Several previous studies have also evaluated the GM assay in bronchoalveolar lavage (BAL) samples in various patient groups and conditions; they reported a higher parallel sensitivity and specificity in comparison to serum specimens (Tabarsi et al. 2012; Mohammadi et al. 2015; Boch et al. 2016). According to the revised European Organization for Research and Treatment of Cancer and Mycoses Study Group (EORTC/MSG) diagnostic criteria, a positive BAL-GM is a mycological criteria of IA in association with host and clinical or radiological findings (De Pauw et al. 2008). The GM assay has gained widespread acceptance as a sensitive method for the early diagnosis and therapeutic monitoring of IA by applying it directly to specimens from the target organ (Duarte et al. 2014; Hoenigl et al. 2014). In the present study, we evaluated the GM index in BAL samples of patients with proven, probable or putative IA due to A. flavus versus A. fumigatus using   Platelia™ Aspergillus EIA assay. 

Material and methods:

Patient 

In a prospective study, 116 BAL fluid samples were collected from patients with pulmonary disorders who referred to the bronchoscopy section of Shariyati and Imam-Khomeini Hospitals, Tehran University of Medical Sciences, Iran during June 2009 to October 2015. The written informed agreement was taken from all participants. We included all data on suspected patients to IA (host factors, clinical features, and mycological data) as defined by EORTC/MSG (De Pauw, Walsh et al. 2008). In addition, we used the clinical algorithm suggested by Blot et al (2012) (Blot et al. 2012) who include the endotracheal aspirate culture to demonstrate proven or putative IA in the existence of matchable symptoms, unusual thoracic medical imaging, and either host factors or BAL fluid positive for Aspergillus on direct examination and culture.  

BAL sampling

Fiberoptic bronchoscopy (Olympus BF20D) with BAL was performed if feasible. The sampling area was selected based on the infiltrate location on the chest radiograph. Then 50 ml sterile normal saline was injected through the device. The suction channel of the bronchoscope was used to aspirate 25-30 ml fluid yielding clinical samples, which were collected into sterile tubes and were immediately transferred to Medical Mycology Laboratory at Mazandaran University of Medical Sciences. 

Processing of BAL fluid specimens

All BAL samples were centrifuged for 5 min at 5000 rpm and then the supernatants were stored at -80°C. The remaining sediment was used for direct microscopic examination and culture. The smear from each samples was mounted with 20% potassium hydroxide (KOH) and ‟CalcoFluor white” to detection of hyphal elements. Sabouraud dextrose agar supplemented with chloramphenicol (40µg/ml) was used for the isolation of fungi. The plates were incubated at 30°C for 5 days. Aspergillus species were identified by morphological characteristics and molecular sequencing of beta tubulin (Alcazar-Fuoli et al. 2008). 

GM Platelia Aspergillus assay

The Platelia Aspergillus GM EIA (Bio-Rad Laboratories, Marnes-la-Coquette, France) was used to detection of GM on centrifuged BAL fluid specimens, according to manufactures manual, using 300μl of the BAL sample. Positive and negative controls ELISA kit were included in each test. The results were recorded as GM index  ≥ 0.5 and GM index  ≥ 1. 

Data analysis 

The mean age, standard deviation, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), Receiver operating characteristics curve (ROC) and interactive dot diagram were calculated for each value using the MedCalc software version 14.8.  Positive and negative Likelihood Ratio was computed by online website (http://araw.mede.uic.edu/cgi-bin/testcalc.pl). The T-test was applied for comparison of GM index of A. flavus and A. fumigatus among positive IA patients. The estimated prevalence of IPA was determined as follows formula (Proven IPA + Probable IPA)/ (Proven IPA + Probable IPA + Patients without IPA). 

Results

The mean age of the 116 studied patients was 46 ± 15.4 ranging from 12 to 78 years. Seventy-three (62.9%) patients were male. According to EORTC/MSG criteria, two cases were classified as proven IA and 16 cases as probable IA and based on the clinical algorithm suggested by Blot et al (2012), 17 cases were identified as putative IA. Three possible cases with a host factor and radiological features were reported however because of lack of mycological criteria were excluded from the final analysis. Table 1 shows clinical characteristics of all patients investigated in the current study. The estimated prevalence of IA was 30.0%. Of the 35 BAL samples from patients with IA group, 26/35 (74.3%) and 35/35 (100%) were positive by direct examination and culture respectively. In non-IA patients, only three cases had positive culture for Aspergillus. In general, of the 116 BAL samples, 38 cases (32.7%) had positive culture for Aspergillus. The sensitivity, specificity and area under the ROC curve of culture for all BAL samples were determined 61.54%, 98.78% and 0.938, respectively. Using PCR-sequencing targeting beta-tubulin region of rDNA, A. flavus (28, 80%) and A. fumigatus (7, 20%) were identified. Out of 35 patients with IA, 10 (28.6%) had underlying hematologic malignancy. Seventeen patients had evidence of invasive airways infection with nodules, ulceration, pseudomembrane and mass obstruction of the airway therefore; invasive Aspergillus tracheobronchitis is an alternative or additional disease classification to invasive pulmonary aspergillosis (IPA) for these patients. There were 3 patients with cavities and prior tuberculosis or a lung injury from chemical warfare who may be better classified as having chronic pulmonary aspergillosis (CPA), but Aspergillus IgG detection was not done to confirm of diagnosis. Five patients with lung cancer probably had IA, although this is not one of the host groups in the EORTC/MSG criteria. Likewise there are five patients with COPD, two of whom had Aspergillus tracheobronchitis, in whom the precise and complete Aspergillus diagnosis is unclear. Overally, out of 35 patients, 2 (6%) were classified as proven IA. According to BAL GM index ≥ 0.5, of 116 patients, 33 (28.4%) with IPA and 5 (4.3%) cases without IPA had positive results. However, at GM index ≥ 1, of these studied patients, 22 (19.0%) cases had positive results. Ten patients with IA had a GM index ≥ 2, including 2 cases with proven IA. In IA patients with positive GM, the GM index ranged from 0.5 to 6.5. In positive GM cases with a positive culture, the mean of BAL GM Index (1.9) was higher than those of negative cases with a negative culture (0.34). Table 2 show the sensitivity and specificity, positive and negative predictive values of GM detection in BAL samples at GM index ≥ 0.5 and ≥ 1. 
In total, the area under the ROC curve (AUC) for GM-index ≥ 0.5 in BAL samples was 0.983 (95% CI, 0.939 to 0.998) (P<0.0001) while at GM-index ≥ 1 was 0.994 (95% CI, 0.958 to 1.000) (P<0.0001). The mean of GM index in IA patients with A. fumigatus (3.1) was significantly higher than those of A. flavus (1.6), (P = 0.031). The sensitivity of GM index detection in IA patients with A. flavus was lower than those of A. fumigatus (89.3% versus 100%, respectively). The area under the ROC curve using the standard cut-off of ≥ 0.5 for A. flavus was 0.98 (95% CI, 0.931 to 0.997) (P<0.0001) and for A. fumigatus was 100 (95% CI, 0.959 to 100) (P<0.0001). According to our results on the prevalence of IA, the positive and negative Likelihood ratios were calculated as 16 and 0.06, respectively. According to the output results of MedCalc software analysis, in different cutoff GM test with various cost value, the value cost of 0.0129 at GM-index ≥0.5 was the best cutoff point for diagnosis IA, while these value at GM-index ≥ 1 was 0.0431. The sensitivity, specificity and area under the ROC curve optionally their 95% confidence intervals, are plotted against the different criterion values (Fig 1). In addition, the graph with log transformation indicated GM index ≥ 0.5 and ≥ 1 has been shown in Fig 2. 

Discussion 
In clinical practice, evaluation of GM index in BAL has been encouraged as a suitable assessment for early diagnosis of IA in patients with various underlying disorders (Izumikawa et al. 2012; Brownback et al. 2014; Prattes et al. 2014; Kim et al. 2015). Evaluation of GM antigen in BAL has shown to be a promising method of IA due to A. fumigatus (Nguyen et al. 2011). There are several studies reporting a cut of value for BAL GM index in patients with A. fumigatus in BAL (Guo et al. 2010; D'Haese et al. 2012), however to the best of our knowledge, data on A. flavus is rare. In the present study, we therefore compared the Platelia GM index in BAL of patients with proven, probable or putative pulmonary aspergillosis due to A. flavus versus A. fumigatus. Importantly, we found an increased index of GM in seven cases with A. fumigatus with critical host factors in comparison to patients with A. flavus. Recently, two GM indexes ≥ 0.5 (Boch, Buchheidt et al. 2016; Lahmer et al. 2016; Zhang et al. 2016) and GM indexes ≥ 1.0 (Maertens, Maertens et al. 2009; Hsu et al. 2010; D'Haese, Theunissen et al. 2012) for BAL fluid have been proposed for assessment of GM in diagnosis of IA. Thus, we applied both GM indexes ≥ 0.5 and ≥ 1.0 for evaluation of GM antigen for all patients. A GM index of ≥ 0.5 has shown the good sensitivity and specificity for all tests. On the other hand, at GM index ≥ 1, 11 cases with positive for A. flavus in BAL fluid culture had negative results for GM test. Therefore, it seems that a GM index ≥ 0.5 would be an appropriate option for early diagnosis of IA especially due to A. flavus and subsequently to proceed the rapid antifungal therapy in patients at high risk for IA. The ROC curve analysis indicated AUC values of 0.983 (95% CI, 0.76 to 0.98) for GM testing using a cutoff ≥ 0.5 in our BAL patients’ samples. D'Haese et al., (2012) and Acosta et al., (2011) previously reported similar ROC value for GM in BAL (AUC= 0.98; 95% CI). In the current study, the sensitivity and specificity GM-index ≥ 0.5 were 91.4% and 100%, respectively. This result of sensitivity was similar to some previous reports (Maertens, Maertens et al. 2009), (Nguyen et al. 2007) and (Meersseman et al. 2008). We observed the same result on specificity with previous reports (Shahid et al. 2008; Kimura et al. 2009; Bergeron et al. 2010; Racil et al. 2011). In contrast to our study, Hsu et al (2010), Luong et al (2010) and Reinwald et al (2012), reported a 100%, 100%, 67% of sensitivity and 82%, 78%, 96% of specificity, respectively (Hsu, Ding et al. 2010; Luong et al. 2010; Reinwald et al. 2012). In our study, the sensitivity and specificity was 77.27% and 98.94% for GM index ≥ 1.0, respectively. These findings showed a semi-concordance with the results of previous studies (Desai et al. 2009; Khodavaisy S et al. 2015). These differences in sensitivity and specificity results of the GM test might be due to different underlying conditions in IA patients, various size of investigated population, antifungal treatment, the different guideline or diagnostic criteria for definition of proven or probable IA, the applied GM index as the diagnostic criteria and the species of Aspergillus involved in IA.  
Notably, we also found that five of non-IA patients who were receiving beta-lactam antibiotics, had BAL GM ≥ 0.5, which is comparable with (Meersseman, Lagrou et al. 2008) study who reported four of 33 of intensive care unit patients with a false-positive GM index in BAL samples. Although the mechanism of beta-lactam in false positive BAL GM test has not been well determined. In certain domain of the β-lactam drugs show cross-reactivity to Aspergillus GM molecules at different concentrations. This interfering molecules in serum may enter adequately into the epithelial lining fluid to exceed the cut-off threshold, lead to a false-positive BAL GM test (Bart-Delabesse et al. 2005; Boonsarngsuk et al. 2010). 

In several studies from different countries, A. fumigatus reported as the most prevalent etiologic agent of IA and CPA than other Aspergillus species. (Del Bono et al. 2008; Dagenais & Keller 2009). In contrast to these results, in this study A. flavus was the most common isolated species among Aspergillus spp. In table 3 we summarized the reported etiologic agents of IA in different countries according to GM detection and mycological criteria. Furthermore, the high frequency of positive GM in IA patients for A. flavus in our study almost is similar to results from, Tunisia (Saghrouni et al. 2011) and India (Shahid, Malik et al. 2008). However the GM result in BAL fluid for A. flavus in our study (28/116, 24.1%) is not comparable to the results from Netherlands (3.44%) (Becker et al. 2003), Italy (4.5%) (Sanguinetti et al. 2003), United States (0.8 and 1.2%) (Clancy et al. 2007; Husain et al. 2007), Belgium (2.3%) (Maertens, Maertens et al. 2009), France (2%) (Bergeron et al. 2011), United Kingdom (0.6%) (Torelli et al. 2011), China (4%) (He et al. 2012), Japan (0.6%) (Izumikawa, Yamamoto et al. 2012), Czech and Slovak Republic(s) (0.5%) (Izumikawa, Yamamoto et al. 2012), Turkey (3.3%) (Ağca et al. 2014) and India (11.6%) (Shahid, Malik et al. 2008). Based on our knowledge, none of the previous studies reported a 2-fold mean of BAL GM index in IA patients with A. fumigatus in comparison to IA patients with A. flavus. Xavier  et al (2013) in an experimental study has proved that the quantity of GM scattered varies according to the species of Aspergillus. They demonstrated that among different species of Aspergillus,  A. terreus has the maximum GM index, closely followed by A. fumigatus in comparison to A. niger  and  A. flavus (Xavier et al. 2013).  Another study showed a higher secretion of GM by A. niger and A. flavus  in comparison to  A. fumigatus (Swanink et al. 1997).  In general, the reasons for differences in GM indexes between different strains of Aspergillus are not yet well known. However, the higher amount of in vivo GM released by A. fumigatus strains, in comparison to A. flavus, may due to a higher germination rate (logarithmic phase) at 37°C by A. fumigatus. On the other hand, the high β-D-galactofuranosidase produced by A. fumigatus might respond more avidly in the GM assay than A. flavus (Mennink-Kersten et al. 2006). Further study is needed to clear the reason of the differences in GM index in IA patients with different species of Aspergillus. 

As a limitation of the current study, we did not study invasive rhinosinusitis, which is more often caused by A. flavus than other species. Overall, our findings emphasized that BAL GM cut-off index ≥0.5 is the best cut point for screening patients suspected to IA. On the other hand, it seems that using GM index ≥ 0.5 in patients with positive BAL fluid culture with A. flavus can help to avoid missing the cases of IA. In a patient group selected for a high likelihood of IPA, the sensitivity of GM was lower for A. flavus compared with A. fumigatus, which has implications for diagnosis in hospitals and countries with a high proportion of A. flavus infections.
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