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IVI is an Excel workbook that is designed to interpret bacterial susceptibility data and to implement an algorithm that assigns antibiotic regimens based on these data. Sets of worksheets within this workbook process these data in stages, as outlined below:

1. Isolate Data (“EnterData-ID and Densities,” “Density Testing,” “EnterData-IsolateX,” and “Data Entry Testing” worksheets): The number of morphotypes isolated and tested, and the sputum density of each, are entered into IVI.  Subjects are included if their most abundant P. aeruginosa morphotype (i.e., Isolate A) has a sputum bacterial density ≥ 105 CFU per gram (“Density Testing”, cell K3).  Testing by both methods is required for each distinct morphotype with a density ≥ 10% (i.e., within 1 log10) of the most abundant isolate (“Density Testing”, cells C3:C14). Biofilm 0h OD650 and 6h OD650 values (“EnterData-IsolateX”, cells B14:M21 and B28:M35) and MIC values (“EnterData-IsolateX”, cells G3:G10) are entered. When BIC testing of an isolate is repeated due to indeterminate results from the initial test, the repeat values are entered adjacent to the initial results (“EnterData-IsolateX”, cells O14:Z21, O28:Z35).  The inhibitory concentration for each antibiotic that has valid results from both initial and repeated testing is designated as the greater of the values. Results that are less than or equal to a specific value are entered as that value; results reported as greater than a specific value are entered as twice that value plus 0.1, to indicate that they derive from a “greater than” value. Numerical methods (“DataEntryTesting”, cells A2:K19, and “IsolateX-DataProcessing”, cells D13 and T13) assess the fidelity of data entry.

2. Determination of Minimum Inhibitory Concentration (“Antibiotic Info” and “IsolateX-Data Processing” worksheets): The OD650, a measure of biofilm viability, is determined by subtracting the 0h OD650 from the 6h OD650 reading (“IsolateX-DataProcessing”, cells D4:O11 and T4:AE11).  Biofilm growth is deemed adequate if ≥ 5 of the 7 growth wells (positive control) have a OD650 ≥ 0.05 (“IsolateX-DataProcessing”, cells P3:P13 and AF3:AF13).  This differs from the biofilm growth rule applied to the data described in the manuscript entitled “Use of Pseudomonas Biofilm Susceptibilities to Assign Simulated Antibiotic Regimens for Cystic Fibrosis Airway Infection,” in which adequate biofilm growth is defined as mean OD650 of the two growth wells ≥ 0.05. If growth is inadequate for one or more isolates, the display of BIC values (“IsolateX-DataProcessing”, cells B62:P69 and R62:AF69) is suppressed, and testing is repeated.  If repeat growth is inadequate for ≥ one isolate (as reported in “ResultsSummary”, cells C19:J19), the subject is excluded.

An antibiotic exposure well is deemed positive (resistant to that drug at that concentration) if its OD650 is > 10% of the mean growth well OD650 value (“IsolateX-DataProcessing”, cells O13 and AE13); it is deemed negative (susceptible to that drug at that concentration) if its OD650 is ≤ 10% of this.  Thus, the OD650 values are dichotomized relative to the growth control values (“IsolateX-DataProcessing”, cells D16:N23 and T16:AD23).  The Biofilm Inhibitory Concentration (BIC) is defined as the concentration of the lowest negative.  If all wells are negative, the BIC is designated as the lowest concentration tested (“Antibiotic Info”, cells D3:D10).  If all wells are positive, the BIC is designated as greater than the highest concentration tested (defined in IVI as [2 x highest concentration + 0.1], “Antibiotic Info”, cells O3:O10).  A clean pattern is defined as all positives at concentrations less than the lowest negative and all negatives at concentrations greater than this. If a single positive disrupts a clean pattern, and two or more negatives separate this positive from the next lower positive, the BIC is designated as the concentration of the lowest negative.  Thus, if a single positive at or above the 3rd lowest concentration disrupts a clean “all negative” pattern, the BIC is designated as the lowest concentration tested. If a single negative disrupts a clean pattern, and one or more positives separate this negative from the next higher negative, the BIC is designated as the concentration of the higher negative.  However, if a single positive at the 2nd lowest concentration disrupts an “all negative” pattern, the BIC is considered indeterminate. If a single negative disrupts an “all positive” pattern, the BIC is designated as greater than the highest concentration tested.  However, for piperacillin, if a single negative at the 2nd highest concentration disrupts an “all positive” pattern, the BIC is considered indeterminate.  The BIC is also considered indeterminate if more than one negative and/or positive disrupts a clean pattern. IVI implements these rules by detecting and counting the number of adjacent “negative-positive” pairs (“IsolateX-DataProcessing”, cells D25:N32 and T25:AD32) and “negative-negative-positive-positive” tetrads (“IsolateX-DataProcessing”, cells D34:K41 and T34:AA41).  The exceptions listed above are also detected (“IsolateX-DataProcessing”, cells L34:L41 and AB34:AB41, and M40 and AC40, respectively).  Detection of more than one pair or any tetrad or exception (“IsolateX-DataProcessing”, cells O33:O41 and AE33:AE41) indicates that the results do not conform to the above rules and suppresses the display of BIC values (“IsolateX-DataProcessing”, cells B62:P69 and R62:AF69).  If only a single disrupting positive or negative is detected, its designation is changed to give a clean pattern ((“IsolateX-DataProcessing”, cells D43:N59 and T43:AD59).  The clean pattern is converted to a BIC by detecting its “positive-negative” border (“IsolateX-DataProcessing”, cells B62:P69 and R62:AF69).  The BIC results from initial and repeat testing (if any) are collated together (“IsolateX-DataProcessing”, cells G72:G79) and the inhibitory concentration for each antibiotic that has valid results from both initial and repeat testing is designated as the greater of these values.

3. Determination of Composite Scores and Multi-Resistance for a Given Isolate Set and Testing Method (IVI program, “ScoringAndRScreening” worksheet): The ratio between the BIC or MIC and the achievable, non-toxic serum antibiotic concentration (i.e., standard breakpoint) is calculated for each isolate and antibiotic with valid results (“ScoringAndRScreening”, cells B16:I23 and K16:R23). In IVI, this ratio is the reciprocal of the inhibitory quotient. The minimum value for this ratio, based on the range of antibiotic concentrations used, is 0.0078; for piperacillin, ratios < 0.0078 are set at 0.0078.  In order to base antibiotic assignments on the isolate with the highest resistance to a given agent, a composite score equal to the maximum BIC or MIC ratio for the subject’s isolate set is determined for each antibiotic (“ScoringAndRScreening”, cells J28:J35 and S28:S35). Provisional composite scores are assigned even when the data set is incomplete, in order to facilitate the identification of multi-resistance that will lead to subject exclusion rather than repetition of isolate testing.  To be included in the study, each patient must have at least one drug with a composite score < 2 (susceptible) and a second drug in a different class with composite < 4 (susceptible or intermediate) (“ScoringAndRScreening”, cells A43:S47).  If the composite scores do not satisfy this criterion (“ScoringAndRScreening”, cells A49:S50), the subject is excluded.
4. Assignment of Antibiotic Pairs for Susceptible Isolate Sets with Complete Data (IVI program, “AbxAssignAlgorithm” worksheet): To avoid antibiotic resistance and enhance the potential for synergy, two antibiotics of different classes (“AbxAssignAlgorithm”, cells C47, C94, E47, and E94) with the lowest provisional composite scores (“AbxAssignAlgorithm”, cells C18, C65, E18, and E65) are selected for each subject.  When composite scores result in ties between antibiotics, agents are ranked (“AbxAssignAlgorithm”, cells B30:E40 and B77:E77) according to the chronic hierarchy (azithromycin, ciprofloxacin, ceftazidime, meropenem, ticarcillin/clavulanate, piperacillin/tazobactam, tobramycin, amikacin; “AbxAssignAlgorithm”, cells B3:B10).
5. Determination of Data Completeness for a Given Isolate Set and Testing Method (IVI program, “DataCompleteness” worksheet): Confirmation of antibiotic selections requires definitive rather than provisional composite scores. This is because the replacement of missing values with values higher than the provisional score would cause it to increase, potentially changing the agents selected.  The definitiveness of the composite score is assessed (“DataCompleteness”, cells B22:E24) after gating on the number of required isolates and the antibiotics selected (“DataCompleteness”, cells B3:S20).  In addition, confirmation of antibiotic selections requires that all antibiotics have a provisional composite score (i.e., at least one valid BIC and MIC value, “DataCompleteness”, cells B37:E37), unless both antibiotics selected have the lowest possible composite scores (“DataCompleteness”, cells B26:E26) and tiebreaker ranks greater than the ranks of agents lacking composite scores (“DataCompleteness”, cells B39:E39).  If these requirements are not met (“DataCompleteness”, cells B41:E43), the display of antibiotic assignments is suppressed (“ResultsSummary”, cells D38:E44).
6. Reporting of Antibiotic Assignments, Investigator Review, and Randomization (IVI program, “ResultsSummary” worksheet)
The display of antibiotic assignments is gated (based on a formula that is hidden in the “ResultsSummary” worksheet at cell D34) on the following criteria:

a. valid sputum bacterial density

b. data entered for required isolates

c. adequate biofilm growth

d. absence of multi-resistance

e. adequate data completeness

