Endpoint Assessment in Rabbit Models of Invasive Pulmonary Aspergillosis and Mucormycosis
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Abstract
Multiple animal models have been developed to study the pathogenesis of invasive pulmonary aspergillosis, as well as to evaluate the efficacy, pharmacokinetics, and pharmacodynamics of various antifungal agents and vaccines. Each model is beneficial depending on the questions that are asked. In this chapter we will discuss the endpoints assessment of the persistently neutropenic rabbit models of invasive pulmonary aspergillosis and invasive pulmonary mucormycosis. 

1. Introduction
Invasive pulmonary aspergillosis (IPA) and invasive pulmonary mucormycosis (IPM) are life-threatening infections in immunosuppressed patients, particularly in those with severe and prolonged neutropenia as a consequence of aplastic anemia, myelotoxic chemotherapy for the treatment of cancer, and in those receiving immunosuppressive medication for rejection prophylaxis after organ transplantation or treatment of graft-versus-host disease in allogeneic bone marrow transplantation [1-4]. Eleven new antifungal agents have been developed in different classes including triazoles, echinocandins, and lipid formulations of amphotericin B through these model systems from bench to bedside. Several new compounds are now in the path of development. These models also provide a platform for the study of antifugungal vaccines. Endpoint interpretation allows better understanding of the pathogenesis of IPA and IPM, as well as the evaluation of efficacy, pharmacokinetics, and pharmacodynamics of new antifungal agents and novel vaccines.
This chapter herein will describe a panel of endpoint variables in the persistently neutropenic rabbit model of IPA and IPM, including residual fungal burden (quantitative cultures), organism mediated pulmonary injury (lung weights, pulmonary infarct scores, and ultrafast computerized tomography), survival, serum galactomannan antigenemia (detected by the double sandwich enzyme-linked immunosorbent assay (ELISA)), (13)--D-glucan levels (detected by Limulus amebocyte lysate assay), and pharmacokinetic-pharmacodynamic endpoints. Further discussion is provided in describing the use of quantitative real time PCR as an endpoint in IPM.

2. Materials 

2.1	Quantitative fungal cultures:

1. sSterile polyethylene bag 
2. 0.9% sterile normal saline
3. Homogenizer (Stomacher 80; Tekmar® Corp., Cincinnati, OH)
4. Sabouraud Glucose Agar (SGA) plates: Sabouraud Glucose Agar 
5. Incubator 37C
2.2 Organism mediated pulmonary injury
1. Surgical tools and instruments
2. Sedation solution: ketamine and xylazine. 
3. Ultrafast electron-beam CT scanner (model CE 0459 HiSpeed CT/I; GE Medical Systems, Milwaukee, Wis.)
2.3 Survival
pentobarbital	Comment by Semis, Margarita: Please, provide the dose
2.4 (13)--D-Glucan assay:
The assay for detection of (13)--D-glucan (Fungitell, Associates of Cape Cod) 
2.5 Galactomannan assay
1. Platelia Aspergillus, Immunoenzymatic detection of galactomannan antigen of Aspergillus in serum (Sanofi Diagnostics Pasteur or now Bio-Rad, Marnes La Coquette, France)
2. Microplate spectrophotometer equipped with 450- and 620-nm filters
2.6 PCR studies of IPA and IPM
2.6.1 PCR for Sera
1. MagNA Pure LC system 
2. DNA Isolation Kit III for bacteria and fungi. 
3. Bacteria Lysis Buffer 
4. Proteinase K (Sigma Aldrich)
5. Eppendorf thermomixer (Eppendorf). 
6. Phosphate-buffered saline (PBS) 
7. qPCR LightCycler Instrument (Roche Applied Sciences, Indianapolis, IN). 
8. Master mix for MqPCR-1: 0.25 M of each primer, 1X PCR buffer (Invitrogen Corp., Carlsbad, CA), 3 mM MgCl2, 0.025% BSA (Sigma-Aldrich Corp., St. Louis, MO), 0.025 U Platinum Taq DNA polymerase (Invitrogen Corp., Carlsbad, CA), 0.2 mM PCR Nucleotide MixPlus (1 dATP, dCTP, dGTP and 3 dUTP) (Roche Applied Sciences, Indianapolis, IN), 0.1 M of each fluorescein (FITC) and LC Red-640 probes (RD640) (Idaho Technology, Inc., Salt Lake City, UT), and 0.002 U/µL HK-UNG (uracil N-glycosylase) (Epicentre, Madison, WI).
9. Master mix for MqPCR-2: 0.5 µM of each of the primers, 1X PCR buffer (Invitrogen Corp., Carlsbad, CA), 4mM MgCl2, 0.025% BSA (Sigma-Aldrich Corp., St. Louis, MO), 0.025 U/ml Platinum® Taq DNA polymerase (Invitrogen Corp., Carlsbad, CA), 0.2 mM PCR Nucleotide Mix PLUS (Roche Applied Sciences, Indianapolis, IN), and 0.2 µM of each FITC and RD640 probes (Idaho Technology, Inc., Salt Lake City, UT). 
2.6.2  PCR for BAL
1. Spheroplast buffer: 1.0 M sorbitol, 50.0 mM sodium phosphate monobasic, 0.1% 2-mercaptoethanol, 10 mg of lyticase/ mL [Sigma]
2. Rocking platform 
3. AP1 buffer (DNeasy plant kit; Qiagen, Valencia, CA)
4. Lysing matrix D tubes (Fastprep sample preparation system; QBIOgene/MP Biomedical, Irvine, CA)
5. FastPrep instrument (QBIOgene/MP Biomedical). 
6. 100 mg/ml RNase A 
7. Eppendorf thermomixer (Eppendorf, Westbury, NY) 
8. DNeasy plant kit 
9. AE buffer (Qiagen, Valencia, CA) 
10. Sterile water 
11. Oligo software (Molecular Biology Insights, Cascade, CO). 
12. Probes (Idaho Technologies, Salt Lake City, UT). 
13. Sequencher software package (Gene Codes Corp., Ann Arbor, MI). 
14. The NCBI BLAST database search program 
15. The PCR master mix: 0.5 M of each of the primers, 5 mM MgCl2, 0.025% bovine serum albumin (Sigma-Aldrich Corp., St. Louis, MO), 0.05 U/mL Platinum Taq DNA polymerase (Invitrogen Corp., Carlsbad, CA), 10L PCR buffer (Invitrogen Corp., Carlsbad, CA), 0.2 mM PCR Nucleotide Mix Plus (dATP, dCTP, and dGTP at 10 mM each and dUTP at 30 mM; Roche Molecular Biochemicals, Indianapolis, IN), and 0.1 M each of the fluorescein and LC Red-640 probes. 
16. HK-UNG thermostable uracil N-glycosylase (Epicentre, Madison, WI)

2.7 Histopathology
1. 10% neutral buffered formalin
2. Paraffin
3. Periodic acid-Schiff (PAS) stain kit
4. Grocott-Gomori methenamine silver (GMS) stain kit 
5. Microscope
1. Collect the blood via the indwelling Silastic catheter [32] at 24 h post-inoculation, just prior to initiation of antifungal treatment or vaccine and every other day thereafter for determination of the serum galactomannan levels. 
2. Determine the concentrations as described above by one-stage immunoenzymatic sandwich microplate assay method. 
2.8 Pharmacokinetics and Pharmacodynamics 
1. Indwelling Silastic catheter 
2. Heparinized syringes
3. HPLC or LC-MS/MS 
4. PmetricsTM software (v1.3.2, University of Southern CA, Los Angeles, CA, USA)
5. ADAPT 5 (https://bmsr.usc.edu/software/adapt/ Biomedical Simulations Resource, Los Angeles, CA, USA) 

3. 2.2 Methods

3.1 Quantitative fungal cultures
Quantitative lung cultures facilitate the determination of the burden of organisms within tissue. Measured in units of colony forming units per gram of tissue (CFU/g), changes in quantitative lung cultures reflect the growth of organisms in untreated controls or the effect of an antifungal agent or vaccine that may augment pulmonary host defenses.
1. Sample lung tissue from each rabbit and culture by a standard excision of tissue from each lobe. 
2. Weigh each fragment is individually, place in a sterile polyethylene bag and homogenize with 0.9% sterile normal saline for 30 s per tissue sample. 
3. Prepare lung homogenate dilutions (10-1 and 10-2) in 0.9% sterile normal saline. 
4. Plate aliquots (100 µL) from homogenates and homogenate dilutions onto SGA plates and incubate at 37C for 6-8 h in IPM model and for 24 h in IPA model. 
5. Count the number of CFU of Aspergillus fumigatus or Mucorales for each lobe, and calculate the CFU/g (see Note 1 and 2).

3.2	Organism mediated pulmonary injury:
3.2.11 Pulmonary lesion scores and lung weights
Patients who develop IPA and IPM suffer serious morbidity and high mortality as the result of organism-mediated pulmonary injury. Aspergillus spp. and Mucorales mediate pulmonary injury through several mechanisms, the most striking of which is angioinvasion. Through the mechanism of angioinvasion, the damaged blood vessels and endothelium promote vascular thrombosis with ensuing tissue ischemia, infarction, and necrosis. In thrombocytopenic hosts, the infarction is hemorrhagic resulting in impaired ventilation of the damaged lung. Assessment of this process is assessed by pulmonary infarct scores, lung weights, and computerized tomographic scans. 
3.1.1 Methods
1. For assessment of pulmonary lesion scores and lung weights, resect carefully the entire heart-lung block is carefully resected at necropsy. 
2. Dissect tThe heart awayis then dissected away from lungs, leaving tracheobronchial tree and lungs intact. 
3. Weigh the Llungs are weighed and inspected by at least two observers, who are blinded to the treatment group, and record hemorrhagic infarct lesions (if any) are recorded in each individual lobe. 
4. Define hemorrhagic infarcts as Ddark red consolidated lesions, thatlesions that correspond histologically to coagulative necrosis and intra-alveolar hemorrhage, are defined as hemorrhagic infarcts.. 
5. Add Tthe number of positive lobes is added together, and calculate the mean value of all positive lobes is calculated for each treatment group [5-10].  

43.2.2.	Ultrafast computerized tomography (UFCT):
4.1 Two2-dimensional computerized tomography
Uultrafast computerized tomography is an accurate tool in measuring pulmonary infiltrates in real time in experimental IPA. Pulmonary infiltrates in neutropenic hosts with invasive pulmonary aspergillosis are caused by vascular invasion, hemorrhagic infarction, and tissue necrosis. Monitoring the dynamics of pulmonary injury of invasive aspergillosis is an important tool for assessing response to antifungal therapy and vaccines. Serial CT scans of the lungs are obtained during all experiments in order to monitor the effects of antifungal or vaccine therapy on organism-mediated pulmonary injury during the course of infection. 
Sedate the 4.1.1 Methods
1. Rrabbits are sedated with ketamine and xylazine and placethen placed prone, head first, on the scanning couch. 
2. Perform CT is performed with an ultrafast electron-beam CT scanner (see Note 3) (model CE 0459 HiSpeed CT/I; GE Medical Systems, Milwaukee, Wis.). 
3. 
4. Use aA small scan circle and a 9.6-cm-diameter reconstruction circle with a matrix of 512 by 512 (see Note 4) are used; these parameters resulted in a pixel size of less than 1 mm. 
5. Scan parameters are 80 kV and 120 mA, and the scan duration is 0.8 s (see Note 5). 
6. Photograph the In virtually all cases, 30 slices are sufficient to scan the entire thorax of the rabbit. Iimages are photographed by using lung windows with a level of −600 Hounsfield units and a width of 1,800 Hounsfield units.   
7. Establish Aa mean 2-dimensional CT scan lesion score is established by evaluating the infiltrate in each lobe (see Note 6 and 7). 
8. 
9. 

4.23.2.3 Multidimensional volumetric imaging  (MDVI)
We further developed a method for multidimensional volumetric imaging  (MDVI) of pulmonary infiltrates for measuring therapeutic response to antifungal or vaccine therapy in IPA in persistently neutropenic rabbits [12]. We developed a semiautomatic method to measure the volume of lung lesions, which is implemented as an extension of the MEDx visualization and analysis software using UFCT. The steps used in the technique are described below. A point is placed within the lung on each CT section. 
4.2.1 Methods
1. We pPerformed seeded region growing with an inclusion threshold range of (1,023 to 775) to segment the lung. 
2. A contour of the segmented lung boundary is automatically created. 
3. If necessary, we selected the option to semiautomatically exclude non-lung tissue or include nonsegmented lung tissue and to re-perform region growing.
4. If necessary, we also makde fine manual adjustments of the lung boundary contour. 
5. We Ccomputed the area of all pixels inside the lung boundary contour that are above a threshold of 500 Hounsfield units. This is the lung lesion area. We tThen determined the sum of the lesion areas from all relevant CT sections and multiplied it by the slice thickness. This is the total lesion volume. We iImplemented a common strategy of first segmenting the lung image and then looking inside the lung tissue for lesions (see Note 8 and 9). The use of an automatic method to segment the lung, such as seeded region growing, provides for a robust technique with less inter/intraoperator variability than manual tracing. The threshold range (1,023 to 775) is determined empirically. If it is necessary to include/exclude tissue that is not properly segmented in the region-growing step, an option exists for the operator to trace the targeted tissue to include/ exclude. For inclusion, the pixel values within the targeted tissue will be modified to be within the threshold range. For exclusion, the pixel values will be modified to be outside the threshold range. The region-growing algorithm is again performed, and the targeted tissue is now included/excluded as desired. The threshold value of 500 Hounsfield units for lesion determination is based on previous literature and empirical evidence. Selecting a threshold value of 500 Hounsfield units excludes the air in the lungs but might include blood vessels, which have similar density to the lung lesions. Inclusion of these small vessels may reduce the sensitivity of detecting a lesion volume change over time.  
6. Compare Vvolumetric infiltrate measures are compared with UFCT reading, histopathological resolution of lesions, microbiological clearance of Aspergillus fumigatus, and galactomannan index (GMI)[12]. 
7. 
8. Perform Tthese steps were permed for each CT section.n., 

53.3.	Survival:
Although measurement of survival is a time-honored but relatively insensitive endpoint in assessing the effects of antifungal or vaccine therapy, immunomodulation, or virulence in IPA or IPM, a difference in survival provides reassuring data supporting potential clinical efficacy. Survival in IPA or IPM is ultimately determined by organism-mediated pulmonary injury. 
Record 5.1 Methods
1. Dduration of survival in days post-inoculation is recorded for each rabbit. 
2. Euthanize the Rrabbits are euthanized upon reaching prespecified humane endpoints approved by Animal Care and Use Committee by intravenous administration of pentobarbital as described above at the end of each experiment. 	Comment by Semis, Margarita: I cannot find the place above where it is described
3. Euthanize Ssurviving rabbits are euthanized on day 14 of study. 
4. Analyze and plot the Ddata are analyzed by log-rank test and plotted by Kaplan-Meier methods [6,13,8,9].

63.4. 	(13)--D-Glucan assay:
 (1→3)-β-D-glucan in serum, bronchoalveolar lavage (BAL) fluid or cerebrospinal fluid (CSF) also is used as a sensitive biomarker for antifungal or vaccine therapeutic response. (1→3)-β-D-glucan in serum or BAL fluid also demonstrates a strong correction between therapeutic outcome and biological outcome variables, including quantitative cultures, organism-mediated pulmonary injury (lung weights, pulmonary infarct score, and CT scan lesion scores), and survival.	Comment by Semis, Margarita: Correlation?
Collect b6.1 Methods
1. Blood samples from each rabbit are collected every other day for determination of plasma (13)--D-glucan levels. 
2. Use tThe Fungitell assay (Fungitell, Associates of Cape Cod) for detection of (13)--D-glucan which is licensed for diagnosis of invasive fungal infections. 
3. Detection of (13)--D-glucan is possible using a colorimetric assay read at 405 nm (with 490 nm background subtraction), based upon para-nitroanilide absorption at that wavelength. Lipopolysaccharide and (13)--D-glucan initiate the coagulation cascade in the horseshoe crab (Limulus polyphemus or Tachypleus tridentatus) by activating different serine protease zymogens, factors C and G. Lipopolysaccharide specifically activates factor C, while (13)--D-glucan activates factor G. Specificity of (13)--D-glucan is ensured by using a Limulus polyphemus amebocyte lysate that is depleted of factor C. The activated factor G converts the inactive proclotting enzyme to the active clotting enzyme, which in turn cleaves pNA from the chromogenic peptide substrate, Boc-Leu-Gly-Arg-pNA, creating a chromophore that absorbs at 405 nm. The reagent is used in the Fungitell kinetic assay to detect the rate of optical density increase in a sample. This rate is interpreted against a standard curve to produce estimates of (13)--D-glucan levels in the sample.  
4. Interpretation of (13)--D-glucan values, according to manufacture’s instructions for use: < 60 pg/mL, negative; 60 to 79 pg/mL, indeterminate; ≥ 80 pg/mL, positive. The correlation coefficient of the standard curve is r ≥ 0.9992 (range from 0.9982 to 0.9998) [14,15,9] (see Notes 10 and 11). 



73.5. 	Galactomannan assay:
Galactomannan is a cell wall carbohydrate found in Aspergillus spp. Our studies have consistently demonstrated a strong correlation between therapeutic outcome and biological outcome variables, including quantitative cultures, organism-medicated pulmonary injury (lung weights, pulmonary infarct score, and CT scan lesion scores), and survival [16,5,17,14,18,15,19,8-10].	Comment by Semis, Margarita: Same sentence as for (13)--D-Glucan assay OK
7.1 Serum galactomannan methods
1. Collect the Bblood is collected every other day from each rabbit for determination of serum galactomannan antigen levels. 
2. Perform Tthe Platelia Aspergillus one-stage immunoenzymatic double-sandwich microplate assay (EIA) is performed to determine galactomannan antigen levels according to manufacturer’s directions (see Note 12) (Platelia Aspergillus, Immunoenzymatic detection of galactomannan antigen of Aspergillus in serum, Sanofi Diagnostics Pasteur or now Bio-Rad, Marnes La Coquette, France). 
3. 
4. The optical absorbances of specimens and controls are determined by a microplate spectrophotometer equipped with 450- and 620-nm filters. 
5. 7.2 BAL galactomannan methods
6. Serum or BAL fluid samples are processed following the manufacturer’s instructions. 
7. Briefly, mix 300 µL of each sample (serum or BAL fluid) is mixed with 100 µL of treatment solution and subsequently heat the mixture is subsequently is heated at 100°C for 3 min with a solution of EDTA in order to dissociate the immune complexes and to precipitate serum proteins that could interfere with the ELISA (see Note 13). 	Comment by Semis, Margarita: Is the solution provided in the kit? If some of the reagents are not part of the kit, please add them to the Materials list specifying the concentration. Soilution is orovided in the kit.
8. Centrifuge A monoclonal antibody-galactomannan-monoclonal antibody/peroxidase complex is formed in the presence of Aspergillus galactomannan antigen. 
9. Tthe specimens are then centrifuged at 10,000 rpm for 10 min. 
10. After centrifugation, use the supernatant is used for further testing. 
11. Add Aan aliquot of 50 µL of conjugate (horseradish peroxidase–labeled monoclonal antibody EBA-2) is added to each well of the monoclonal antibody EBA-2–coated microplate, followed by the addition of 50 µL of the supernatant and incubated for 90 min at 37°C. 
12. After incubation wash the plates are washed five times and add 100 µL of substrate-chromogen solution containing tetramethylbenzidine is added to each well, and incubate the plates are incubated for 30 min at room temperature in darkness (see Note 14). 
13. Stop The substrate solution will react with the complexes bound to the well to form a blue color reaction. 
14. Tthe enzyme reaction is stopped by the addition of a 1 N sulfuric acid solution and the blue color in the wells will change to yellow. 
15. Determine The optical absorbance of specimens and controls is determined with a spectrophotometer set at 450/620 nm wavelengths.  
16. Calculate 
17. Tthe galactomannan index (GMI) for each test sample is calculated by dividing its optical density (OD) by the mean cutoff value of the threshold control serum provided in the test kit (titrated at 1 ng/mL). 
18. For validation, each assay contained one negative control (no galactomannan), one positive control containing 5 ng/mL of galactomannan, and a duplicate threshold control serum containing 1 ng/mL galactomannan for calibration and conversion of the measured absorbances into indexes. 
19. The optical density of the threshold control (cut-off control serum) is recommended by the manufacturer to be between 0.300 and 0.800 (≥0.300 and ≤0.800), the ratio between the negative control and the threshold control is recommended to be below 0.40 (<0.40), and that of the positive control and the threshold control is recommended to be greater than 1.50 (>1.50). 
20. Calculate Tthe ratio between the optical density of the test sample and that of the threshold control is calculated for each sample. 
21. According to the manufacturer’s recommendations, a ratio of less than 0.50 (<0.50) is considered negative, sera/BAL fluid with an index greater than or equal to 0.50 (≥0.50) are considered positive for galactomannan antigen. For convenience, the term galactomannan index (GMI) simply refers to EIA test results. 
22. Plot Sserial serum or BAL fluid galactomannan levels are plotted over time of administration of antifungal compound or vaccine and time of initiation of study drug treatment.

83.6. 	PCR studies of IPA and IPM:
Genomic DNA of Mucorales or Aspergillus spp., which can be detected in BAL fluid and in serum or plasma, can be used as endpoint biomarkers for therapeutic response to antifungal agents or vaccines and as indicators of virulence. We will exemplify the utility of fungal PCR through our studies of experimental IPM.  
3.6.1 Design of assays 
1. In order to measure circulating Mucorales-derived DNA, apply two previously validated real-time, quantitative PCR (qPCR) assays [20], using fluorescence energy transfer (FRET) technology and targeting the 28S rRNA gene for the following genera: Rhizopus, Mucor, Rhizomucor, and Cunninghamella.  
2. The amplicons of the first Mucorales qPCR assay (MqPCR-1) from Rhizopus, Mucor, and Rhizomucor species are distinguished through melt curve analysis.
3. The second Mucorales qPCR assay (MqPCR-2) detected Cunninghamella species using a different primer/probe set (see Note 15). 


83.6.1 2 PCR for Sera
Circulating genomic DNA from Mucorales test species is measured in plasma every other day by a quantitative real time Light Cycler based PCR assay using primers and probes designed from 28s rRNA gene sequences. 
1. Extract 8.1.1 
4. In order to measure circulating Mucorales-derived DNA, we applied two previously validated real-time, quantitative PCR (qPCR) assays [20], using fluorescence energy transfer (FRET) technology and targeting the 28S rRNA gene for the following genera: Rhizopus, Mucor, Rhizomucor, and Cunninghamella.  
5. 
6. 
The assays are specific for the target genera and did not amplify mammalian genes or those found in other fungal genera, including Candida spp. and Aspergillus spp. that are likely to be present in the same host [16,20,13,21]
8.1.2 Reaction Conditions
2. plasma samples (100 µL) using the automated extraction MagNA Pure LC system with the DNA Isolation Kit III for bacteria and fungi. 
3. Add  130 µL aliquot of Bacteria Lysis Buffer and 20 µL of Proteinase K to the serum. Vortex the samples and incubate at 65°C for 10 min in an Eppendorf thermomixer at 1,200 rpm. 
4. After incubation, centrifuge the samples 1 min at 1,000  g and mix gently. Equilibrate the samples (250 µL) to room temperature and subsequently add to the sample cartridge prior to being processed by the MagNA Pure LC instrument.
5. Process an aliquot of 250 µL of PBS as a control. Store the samples at -20°C until analyzed by qPCR.
6. Perform All qPCR assays are performed with a LightCycler Instrument (Roche Applied Sciences, Indianapolis, IN). Include aA “kit blank” (water processed through extraction protocol) and a negative master mix control (water) is included in each PCR run.
7. Prepare mMaster mixes are prepared in a laminar flow hood that is located in a room separate from that where DNA extractions are performed. 
8. For both assays, add 5 µL of extracted plasma is added to 15 µL of master mix. Just prior to adding 5 µL of extracted specimen to the master mix, briefly vortex all extracted specimens are briefly vortexed then centrifuged for 45 s at 4,500  g.
9. The master mix for MqPCR-1 consisted of 0.25 M of each primer, 1X PCR buffer (Invitrogen Corp., Carlsbad, CA), 3 mM MgCl2, 0.025% BSA (Sigma-Aldrich Corp., St. Louis, MO), 0.025 U Platinum Taq DNA polymerase (Invitrogen Corp., Carlsbad, CA), 0.2 mM PCR Nucleotide MixPlus (1 dATP, dCTP, dGTP and 3 dUTP) (Roche Applied Sciences, Indianapolis, IN), 0.1 M of each fluorescein (FITC) and LC Red-640 probes (RD640) (Idaho Technology, Inc., Salt Lake City, UT), and 0.002 U/µL HK-UNG (uracil N-glycosylase) (Epicentre, Madison, WI). Uracil is released by incubating at 37C for 15 min, followed by enzyme inactivation at 95C for 3 min. 
10. Perform tTouch-down PCR cycling is performed as follows: 95C denaturation for 0 s, followed by annealing in 1C incremental steps between 68C and 54C for 5 s each with a 72C extension of 15 s for each cycle. 
11. Follow tTouchdown cycling is followed bywith 35 cycles of 95C for 0 s, 54C for 5 s and 72C for 15 s. 
12. Following amplification, perform melt curve analysis is performed by cooling from 96C to 40C for 30 s, followed by a gradual increase in temperature (2C/s) to 75C.
13. In case of the second The master mix for (MqPCR-2), consisted of 0.5 µM of each of the primers, 1X PCR buffer (Invitrogen Corp., Carlsbad, CA), 4mM MgCl2, 0.025% BSA (Sigma-Aldrich Corp., St. Louis, MO), 0.025 U/ml Platinum® Taq DNA polymerase (Invitrogen Corp., Carlsbad, CA), 0.2 mM PCR Nucleotide Mix PLUS (Roche Applied Sciences, Indianapolis, IN), and 0.2 µM of each FITC and RD640 probes (Idaho Technology, Inc., Salt Lake City, UT). Aas with qPCR-1, HK-UNG thermostabile uracil N-Glycosylase is utilized as recommended by the manufacturer to prevent potential amplicon carryover. 
14. The cycling conditions are as follows: uracil activation, 37°C, 15 min (slope 20°C/s), uracil heat-inactivation, 95°C, 3 min (slope 20°C/s) for 1 cycle.
15. Amplification cycles: denaturation 95°C, 0 s (slope 20°C/s), annealing 57°C, 5 s (slope 10°C/s), extension 72°C, 15 s (slope 3°C/s) for 50 cycles. A melt cycle (96°C, 0 s (slope 20°C/s), 40°C, 30s (slope (2°C/s), 75°C, 0 s (slope 0.2°C/s)) is performed at the end of each run to confirm that the correct amplicon is generated via PCR product melt temperature analysis.
10. 8.1.3 DNA Extraction
11. 
12. 
13. 
14. 
15. 8.1.4 Quantitation of circulating genomic DNA
16. DNA copy number/mL of serum is used for quantification of circulating DNA. 
17. The area under the concentration time curve (AUC) is then calculated. 
18. The AUC0–∞ is calculated from amplicon plasma concentration profiles over time using the linear trapezoidal rule with extrapolation to infinity by standard techniques.
8.23.6.3 PCR for BAL
Thaw f8.2.1 DNA extraction from BAL fluid
1. Frozen BAL fluid samples are thawed before extraction is performed. 
2. As previously describeddescribed [16], vortex the samples are vortexed for 1 min before a 500-L aliquot is taken for processing. 
3. Following centrifugation for 10 min at 16,000 g, discard the supernatant is discarded, and gently resuspend the pellet is gently resuspended in 100 L spheroplast buffer (1.0 M sorbitol, 50.0 mM sodium phosphate monobasic, 0.1% 2-mercaptoethanol, 10 mg of lyticase/ mL [Sigma]) and 10 L of lysing enzymes and incubated at 37°C on a rocking platform for 60 min. 
4. After centrifugation for 20 min at 400 g, resuspend the spheroplast- BAL fluid pellet is resuspended in 400 L AP1 buffer (DNeasy plant kit; Qiagen, Valencia, CA). 
5. Add Tthe sample is added to lysing matrix D tubes (Fastprep sample preparation system; QBIOgene/MP Biomedical, Irvine, CA) and processed using a FastPrep instrument. (QBIOgene/MP Biomedical). 
6. Centrifuge sSpecimens are centrifuged at 16,000 g for 30 to 60 s and then vortex gently vortexed.
7. Transfer aAn aliquot of 300 L of the specimen is transferred to a 1.5-mL tube and adjusted to a volume of 400 L with AP1 buffer. 
8. Add aAn aliquot of 4 l of RNase A (100 mg/ml) is added, vortexed vigorously, and incubated for 10 min at 65°C in an Eppendorf thermomixer (Eppendorf, Westbury, NY) at 1,200 rpm. 
9. Follow tThe DNeasy plant kit protocol is followed, with the following modification: after the 200 L of preheated (65°C) AE buffer (Qiagen, Valencia, CA) is applied to the column, heat the entire apparatus (column and collection tube) is heated at 65°C in an Eppendorf thermomixer for 5 min. 
10. Also, process aAn aliquot of 100 L of sterile water is also processed as described above as a control for any contamination from the DNA extraction kit components.
11. Design aA real-time quantitative PCR assay targeting the ITS1, 5.8S, and ITS2 regions of the rRNA gene complex is designed. 
12. Design tThe primers and probes are designed using Oligo software (Molecular Biology Insights, Cascade, CO). Probes are purchased from Idaho Technologies (Salt Lake City, UT). The primers and probes are designed based on a multiple sequence alignment of rRNA sequences from GenBank, utilizing the Sequencher software package (Gene Codes Corp., Ann Arbor, MI). Use tThe NCBI BLAST database search program is used to determine the uniqueness of the primers and probes for A. fumigatus (see Note 16). 
13. Utilize The amplicon generated is 253 bp long. 
14. The PCR master mix consisted of 0.5 M of each of the primers, 5 mM MgCl2, 0.025% bovine serum albumin (Sigma-Aldrich Corp., St. Louis, MO), 0.05 U/mL Platinum Taq DNA polymerase (Invitrogen Corp., Carlsbad, CA), 10L PCR buffer (Invitrogen Corp., Carlsbad, CA), 0.2 mM PCR Nucleotide Mix Plus (dATP, dCTP, and dGTP at 10 mM each and dUTP at 30 mM; Roche Molecular Biochemicals, Indianapolis, IN), and 0.1 M each of the fluorescein and LC Red-640 probes. In addition, HK-UNG thermostable uracil N-glycosylase (Epicentre, Madison, WI) is utilized as recommended by the manufacturer to prevent potential amplicon carryover. 
15. Each reaction mix contained containes an aliquot of 5 µL of extracted specimen, together with 15 L of the master mix. 
16. The cycling conditions are as follows: uracil activation (37°C, 180 s), uracil heat inactivation (95°C, 60 s for 1 cycle), and denaturation (95°C, 0 s), annealing (58°C, 5 s), and extension (72°C, 15 s) for 50 cycles. 
17. Perform qQuantitation standards are performed in conjunction with each set of samples.
18. Screen tThe BAL fluid samples from each rabbit are screened with the following controls: (i) DNA extracted from normal BAL fluid and (ii) a negative control master mix (sterile water). 
19. Use tTenfold serial dilutions of genomic DNA extracted from A. fumigatus isolate 4215 are used as external quantitation standards for all quantitative PCRs.
20. In order to confirm the lack of PCR inhibitors in BAL fluid samples, perform a separate set of PCR/fluorescent resonance energy transfer reactions are performed which specifically did not target A. fumigatus (or mammalian) DNA (see Note 17). The primers and probes are designed to target the common plasmid cloning vector pBR322. 
21. Test tThe PCR master mix included a specific amount of target DNA (pBR322). 
22. The presence of inhibitors is tested, by comparing the amplification efficiency of this reaction with the extracted samples against those performed with sterile water (see Note 18). 
23. Equivalent amplification efficiencies compared to reactions performed with water reflected the lack of inhibitors. 

93.7.	Histopathology:
Histopathology of IPA and IPM provides important insight into the relative burden of organism, morphology of organisms, and degree of organism-mediated pulmonary injury. 
1. Excise the lMethods
2. Lesions are excised and fixed in 10% neutral buffered formalin. 
3. Stain the Pparaffin-embedded tissue sections are stained with periodic acid-Schiff (PAS) and Grocott-Gomori methenamine silver stains (GMS). 
4. Examine the Ttissues are microscopically examined for histologic indicators of pulmonary injury [15,7,22,10].

10.	Statistical analysis:
10.1 Methods
1. Comparisons between the groups are performed by analysis of variance (ANOVA) with Bonferroni’s correction for multiple comparisons or the Mann-Whitney U test, as appropriate. A two-tailed P value of 0.05 is considered to be statistically significant.
2. Survival is plotted by Kaplan-Meier analysis. Differences in survival of treatment groups and untreated controls are analyzed by log-rank test.
3. Values are expressed as means  standard errors of the means (SEMs).
4. Pharmacokinetic parameters are compared using ANOVA or Student’s t test, as appropriate.
5. Correlation between AUC0–24 and outcome variables is performed using Pearson’s correlation method.

113.8. 	Pharmacokinetics and Pharmacodynamics:
The rabbit models of IPA and IPM are also used to determine the immunopharmacology, pharmacokinetics (PK) and pharmacodynamics (PD) of the exposure-response relationship of antifungal agents and vaccnines [23-29,6,19,7,22,9,30,31]. We will describe herein the use of serum galactomannan suppression to characterize the PK/PD relationship [18].
113.8.1 Blood collection
1. Collect the Bblood is collected via the indwelling Silastic catheter [32] at 24 h post-inoculation, just prior to initiation of antifungal treatment or vaccine and every other day thereafter for determination of the serum galactomannan levels. 
2. Determine the cConcentrations are determined as described above by one-stage immunoenzymatic sandwich microplate assay method. 
113.8.2 Single and multiple--dose PK analyses
1. Conduct sSingle-dose PK analyses are conducted in four non-infected rabbits per each dosage group. 
2. Time points, depending upon the antifungal agent or vaccine, for example may include pre-dose, 1, 2, 4, 8, 12, 18, 24, and 48 h post-dosing. 
3. Determine mMultiple-dose PKs are determined in infected animals 7 days post-inoculation.
4. Draw bBlood samples are drawn in this population pre-dose and at 1, 4, 8, and 24 h post-dosing. 
5. Collect eEach blood sample for PK assay is collected in heparinized syringes. 
6. Separate Pplasma samples are immediately separated by centrifugation at 400  g and stored at -80°C until assayed. 
7. Measure tThe antifungal agent or vaccine is measured in serum by a validated HPLC or LC-MS/MS assay. 
113.8.3 Pharmacokinetic and pharmacodynamic mathematical modeling
Perform mMathematical modeling is performed in a step-wise manner as follows. 
1. First, construct a population pharmacokinetic (PPK) model is constructed using non-parametric estimation in PmetricsTM software (v1.3.2, University of Southern CA, Los Angeles, CA, USA)[33] and fitted to the rabbit plasma concentration data [33].
2. Estimate tThe weighting functions are estimated using a combination of ADAPT 5 (https://bmsr.usc.edu/software/adapt/ Biomedical Simulations Resource, Los Angeles, CA, USA) and Pmetrics error estimation runs. Specifically, in ADAPT 5, estimate slope and intercept values are estimated using maximum likelihood estimation for each individual rabbit. 
3. In Pmetrics, use the error estimation run script (i.e. ERRrun) is used to estimate the assay error polynomial coefficients directly from the data. 
4. After establishing a model that best describes the PK data, add the galactomannanGM concentrations are added to the dataset for each individual rabbit. 
5. Build A linked PK-PD model is built using the following set of differential equations:

Eq. 1	 	
Eq. 2 	 
Eq. 3	
Eq. 4:	
	 

The first three equations describe the pharmacokinetics of the drug, (compartment 1, theoretical absorptive compartment for oral administration; 2, central compartment, and 3, peripheral compartment). Cl is the clearance defined, as the amount of drug being cleared from the central compartment over time and V is the volume of the central compartment. Ka is the first order absorption constant, Kcp is the rate of drug moving from the central to peripheral compartment and Kpc is the rate of drug moving from the peripheral to central compartment. Equation 4 describes the rate of change of the serum galactomannan  values. Kpmax represents the maximum rate of production, Hp is the slope function for production, C50p is the amount of drug where there is half maximal production, popmax is the theoretical maximum density of galactomannan, ksmax is the maximum rate of galactomannan suppression, C50s is the amount of drug where there is half maximal suppression, and Hs is the slope function for the galactomannan suppression.  
6. Evaluate an Aacceptance of the final model is evaluated by visual inspection of the observed-versus-predicted values plotted over time after the Bayesian step, the coefficient of determination (r2) from the linear regression of the observed versus predicted values, as well as, evaluation of the estimated bias and precision. 
7. After fitting the model to the PK-PD data, use the Bayesian posterior estimates for each rabbit are used to estimate the concentration-time profiles for antifungal agent or vaccine isavuconazole and GMI for each rabbit. Perform the Ssimulations are performed in ADAPT 5. 
8. Calculate aArea under the plasma concentration-time curves (AUCs) are calculated by the linear trapezoidal rule from the simulated concentration-time profiles on the last day of dosing (at steady-state) in ADAPT 5. 
9. 
10. Using simulated AUC values of the antifungal agent or vaccine and the GMI at the end of the dosing period for each rabbit, construct an inhibitory sigmoid Emax model is constructed to establish the pharmacodynamic relationship between exposure (AUC) over MIC and response (GMI). Use tThe model equation 5 used is described below:
Eq. 5:		  
E0 is the baseline level of galactomannan  prior to exposure to drug, Emax is the maximum galactomannan value, EC50 is a measure of drug potency, and H is the slope factor.
113.8.4 Bridging to humans
To bridge the exposure-response results from the rabbits to humans, a PPK model may be constructed using the antifungal agent or vaccine plasma concentration data from one or more clinical trials. 
1. Develop aA PPK model using non-parametric estimation is developed in Pmetrics software (v1.3.2, University of Southern California, CA, USA) [33] (see Note 19). 
2. Use The model fitting process includes evaluating both two- and three-compartment models with and without lag-time and oral bioavailability terms. 
3. Mean Bayesian parameter estimates from the fitted human model are used to perform Monte Carlo simulations of 1000 patients using Pmetrics. 
4. Use tThe simulations are used to calculate steady state AUCs within Pmetrics by the trapezoidal rule for each simulated patient. 
5. Using equation 5 above, calculate the effect of AUC/MIC at various MIC values representative of the MIC distribution and epidemiological cutoff value for the investigational antifungal agent for the organism is calculated. 
3.9 	Statistical analysis:
6. Perform the comparisons between the groups by analysis of variance (ANOVA) with Bonferroni’s correction for multiple comparisons or the Mann-Whitney U test, as appropriate. A two-tailed P value of 0.05 is considered to be statistically significant.
7. Plot survival by Kaplan-Meier analysis. Analyze differences in survival of treatment groups and untreated controls by log-rank test.
8. Express the values as means  standard errors of the means (SEMs).
9. Compare pharmacokinetic parameters using ANOVA or Student’s t test, as appropriate.
10. Perform correlation between AUC0–24 and outcome variables using Pearson’s correlation method.

124.	Notes:
1. A finding of one colony of Aspergillus fumigatus or Mucorales is considered positive culture. 
2. Before implementing these comparative experiments, we conducted preliminary studies of the methodology of quantitative cultures of infected tissues [5-10]. Among the methods studied are cultures of lung sections, minced tissue, and gently homogenized tissue. No loss of viability is found using these techniques. As there are no significant differences among these methods, the aforementioned method is selected for all subsequent experiments.
3. With the high-resolution, table-incremented, volume acquisition mode, 3-mm-thick ultrafast CT scans are obtained every 4 s. 
4. These parameters resulted in a pixel size of less than 1 mm.
5. In virtually all cases, 30 slices are sufficient to scan the entire thorax of the rabbit.
6. The pulmonary lesion score in each lobe is initially 0. Each lobe is evaluated and scored independently. If the pulmonary infiltrate within the lobe demonstrated worsening, stabilization, or improvement, a score of -1, 0, or +1, respectively, is added at that time to the previous score. 
7. The mean pulmonary lesion score for that day represents the mean of all lobes of all rabbits in each treatment group [11].   
8. The use of an automatic method to segment the lung, such as seeded region growing, provides for a robust technique with less inter/intraoperator variability than manual tracing. The threshold range (1,023 to 775) is determined empirically. If it is necessary to include/exclude tissue that is not properly segmented in the region-growing step, an option exists for the operator to trace the targeted tissue to include/ exclude. For inclusion, the pixel values within the targeted tissue will be modified to be within the threshold range. For exclusion, the pixel values will be modified to be outside the threshold range. Perform the region-growing algorithm again, and the targeted tissue is now included/excluded as desired. 
9. The threshold value of 500 Hounsfield units for lesion determination is based on previous literature and empirical evidence. Selecting a threshold value of 500 Hounsfield units excludes the air in the lungs but might include blood vessels, which have similar density to the lung lesions. Inclusion of these small vessels may reduce the sensitivity of detecting a lesion volume change over time.  
10. Common human fungal pathogens are Candida spp. and Aspergillus spp, opportunistic fungal pathogens, including Fusarium spp, Trichosporon spp, Saccharomyces cerevisiae, Acremonium, Coccidioides immitis, Histoplasma capsulatum, Sporothrix schenckii, Blastomyces dermatitidis and Pneumocystis carinii. The (13)--D-glucan produced by these organisms can be detected by the Fungitell assay.
11. Certain fungal species produce very low levels of (13)--D-glucan and are not usually detected by the Fungitell assay. These include Cryptococcus, Zygomycetes such as Absidia, Mucor, and Rhizopus.
12. The assay uses the rat monoclonal antibody EB-A2, which is directed against Aspergillus galactomannan and recognizes the (15)--D-galactofuranoside side chain of the galactomannan molecule. The monoclonal antibody is used: 1) to sensitize the wells of the microplate and to bind the antigen, and 2) as the detector antibody in the conjugate reagent (peroxidase-linked monoclonal antibody). 
13. A monoclonal antibody-galactomannan-monoclonal antibody/peroxidase complex is formed in the presence of Aspergillus galactomannan antigen. 
14. The substrate solution will react with the complexes bound to the well to form a blue color reaction. 
15. The assays are specific for the target genera and did not amplify mammalian genes or those found in other fungal genera, including Candida spp. and Aspergillus spp. that are likely to be present in the same host [16,20,13,21]. 
16. The amplicon generated is 253 bp long. 
17. The primers and probes are designed to target the common plasmid cloning vector pBR322. The PCR master mix included a specific amount of target DNA (pBR322). 
18. Equivalent amplification efficiencies compared to reactions performed with water reflected the lack of inhibitors. 
19. The model fitting process includes evaluating both two- and three-compartment models with and without lag-time and oral bioavailability terms. 
20. 
21. 
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