Method of analysis conditions 

CEFTAZIDIME / CEFTOLOZANE
Chemicals and reagents
Ceftazidime hydrate (CAS: 120618-65-7, purity: 90-105%), ceftolozane sulfate (CAS: 936111-69-2, purity: 98.6%), and sodium acetate (ACS reagent grade, ≥ 99.0%) were purchased from Merck (Darmstadt, Germany). Acetic acid for HPLC (CAS: 64-19-7, purity ≥99.8%) and sodium hydroxide 1 N (CAS: 1310-73-2) was purchased from Avantor Performance Material LLC. Acetonitrile HPLC grade and methanol HPLC grade were purchased from Fischer Chemicals. Ultra-pure water was obtained from a Milli-Q® IQ 7000 purification system. Saline solution was purchased from MAIM S.L. (Barcelona, Spain)

Instrumentations and chromatographic conditions
The chromatographic system consisted of a Waters Alliance e2695 HPLC Separation Module with a cooled autosampler and column oven for temperature control. A Waters XBridge® C18 column (3.5 µm; 4.6 × 100 mm) was employed, and the column temperature was maintained at 40ºC. The sample temperature was maintained at 8ºC. The mobile phase for separation of analytes consisted of solution A, composed of 100 mM sodium acetate (pH 4.5) and solution B, composed of 100% acetonitrile. The elution method was as reported in Table 3. The HPLC was connected to a Waters 2489 UV/Vis detector, and quantification was performed with a wavelength of 250 nm. Data was processed using Empower Pro software (version 3.6.1). 

Table 3. Chromatographic elution: gradient phases concentration (% v/v).
	Time (min)
	Flow rate mL/min
	Mobile phase A (%)
	Mobile phase B (%)

	0.0
	1.4
	95
	5

	2.0
	1.4
	95
	5

	4.5
	1.4
	93
	7

	8.0
	1.4
	75
	25

	9.0
	1.4
	70
	30

	9.5
	1.4
	70
	30

	10.0
	1.4
	80
	20

	10.1
	1.4
	95
	5

	15.0
	1.4
	95
	5



Preparation of stock solutions, calibrators, and quality control samples
The standard compounds were separately weighed. Ceftazidime (1000 ng/mL) and ceftolozane (1000 ng/mL) were prepared by dissolving an accurate mass of each standard in water. These stock solutions were stored at -80ºC. 
For plasma matrix, calibrator standards were prepared by dilution of the stock solutions of ceftazidime and ceftolozane in drug-free human plasma to yield concentrations of 2.5, 10, 50, and 200 ng/mL. QC samples were obtained by dilution of the stock solutions of ceftazidime and ceftolozane in blank plasma at concentrations of 5, 25, and 75 ng/mL. For BAL matrix, calibrator standards were prepared by dilution of the stock solutions of ceftazidime and ceftolozane in drug-free saline solution to yield concentrations of 0.25, 0.5, 1, 5, and 10 ng/mL. QC samples were obtained by dilution of the stock solutions of ceftazidime and ceftolozane in blank saline solution at concentrations of 0.35, 0.75, 2.5, and 5 ng/mL. Aliquots of calibrator standards and QC samples were kept at -80ºC and thawed on the day of analysis. 

Plasma sample preparation 
A total of 200 µL of methanol was added to a 100 µL aliquot of plasma. The samples were vortexed for 30 s, centrifuged (14,000 rpm, 4ºC, 5 min), and 100 µL of the supernatant was mixed with 100 µL of mobile phase A. After vortexing for 10 s, 12 µL of the mixture was injected into the chromatographic system. 

BAL sample preparation
 A total of 200 µL methanol was added to a 200 µL aliquot of BAL. The samples were vortexed for 30 s and centrifuged (14000 rpm, 4ºC, 5 min), and 12 µL of the supernatant was injected into the chromatographic system. 

For plasma samples, the calibration curves were generated in the range from the lower limit-of-quantification (2.5 ng/mL) to 200 ng/mL. The lower limit-of-quantification was defined as the lowest concentration on the calibration curve with an accuracy within ±20% and a precision below 20%. For BAL samples, calibration curves were generated in the range from the lower limit-of-quantification (0.25 ng/mL) to 10 ng/mL. A linear regression with a weighting scheme of 1/x best described the data set generated for both compounds.
The coefficient of correlation was ≥ 0.99 for both compounds. Analytes from the previous run did not remain in the LC-MS/MS system, so no carry-over was observed. Precision and accuracy were within ± 15%, which agrees with the acceptance criteria recommended by the European Medicine Agency [1]. The method was successfully applied to identify and quantify avibactam and tazobactam in real clinical samples. 
[1] European Medicines Agency. ICH Guideline M10 on Bioanalytical Method Validation Step 2b; European Medicines Agency: London, UK, 2019.


AVIBACTAM / TAZOBACTAM
Chemicals and reagents
Avibactam sodium (CAS: 1192491-61-4, purity: 99.2%), tazobactam (CAS: 89786-04-9, purity: 97.0%) and tazobactam sodium salt-15N3 (CAS: 89785-84-2, purity: 90.0-100.0%) were provided by CymitQuímica (Barcelona, Spain). Avibactam sodium salt-13C5 (CAS: 1192500-31-4 unlabeled, purity: 100.0%) was purchased from Alsachim Inc. (Illkirch, France). Acetonitrile hypergrade for LC-MS, methanol hypergrade for LC-MS, ammonium formate (CAS: 540-69-2, purity: ≥ 99.0%) and formic acid (ACS reagent grade, 98.0-100.0%) were purchased from Merck (Darmstadt, Germany). Ultra-pure water was obtained from a Milli-Q® IQ 7000 purification system. Saline solution was purchased from MAIM S.L. (Barcelona, Spain)

Instrumentation
An Acquity UPLC I-Class System with a triple-stage quadrupole mass spectrometer (Xevo TQ-S micro Waters®) in multiple reaction monitoring (MRM) mode was used for sample analysis. MassLynx and TargetLynx were used for acquisition and processing data.

Mass spectrometric conditions
Generic parameters of the mass spectrometer included: capillary voltage 3.3 kV, cone voltage 35V, source temperature 150ºC, cone gas flow 0 L/h, desolvation gas flow 650 L/h, and desolvation temperature 450ºC. Nitrogen was used as nebulizer and heating gas, while argon was used as collision gas. 
An electrospray ionization (ESI) source was selected to monitor the compounds. According to the different chemical properties of the compounds, two sets of ionization modes were used for all quantitative measurements of the analytes and ISs. Positive ion mode (ESI+) was used for detection of tazobactam and its corresponding IS, whereas avibactam and its corresponding IS were monitored in negative ion mode (ESI-). The MS/MS transitions are listed in Table 1. The dwell time for each transition was 0.025 s.

Table 1. Mass transition data. 
	Analyte/IS, ESI+ /-
	Ion Quantifier MRM (m/z)
	Ion Qualifier MRM (m/z)
	Cone Voltage (V)
	Collision Energy (V)

	Avibactam (-)
	264.3 → 96.0
	
	19
	24

	
	
	264.3 → 80.0
	19
	35

	Avibactam IS (-)
	269.0 → 96.0
	
	19
	29

	Tazobactam (+)
	301.1 → 168.1
	
	50
	12

	
	
	301.1 → 122.0
	50
	24

	Tazobactam IS (+)
	304.1 → 208.0
	
	50
	12



Chromatographic conditions for plasma samples
Chromatographic separation of the analytes was conducted using a Waters Acquity BEH C18 column (1.7 µm; 2.1 × 50 mm). The column temperature was maintained at 45ºC throughout all the experiments, while the sample temperature was maintained at 10ºC. The autosampler measuring line was water with 0.1% v/v formic acid. The mobile phase for separation of analytes consisted of solution A composed of 10 mM ammonium formate, and solution B, composed of acetonitrile containing 0.1% v/v formic acid. The elution method was as reported in Table 2. 
Table 2. Chromatographic elution: gradient phases concentration (% v/v).
	Time (min)
	Flow rate mL/min
	Mobile phase A (%)
	Mobile phase B (%)

	0.0
	0.3
	95
	5

	0.7
	0.3
	95
	5

	1.1
	0.3
	75
	25

	1.8
	0.5
	5
	95

	2.0
	0.5
	5
	95

	2.1
	0.3
	95
	5

	3.5
	0.3
	95
	5



Chromatographic conditions for bronchoalveolar lavage (BAL) samples
Chromatographic separation of the analytes was conducted using a Waters Acquity BEH Amide column (1.7 µm; 2.1 × 50 mm). The column temperature was maintained at 30ºC throughout all the experiments, while the sample temperature was maintained at 10ºC. The autosampler measuring line was purified water. The mobile phase for separation of analytes consisted of a mixture of acetonitrile and water (70:30, v/v). The system was run in isocratic mode at a 0.3 mL/min flow rate and the total run time was 2 min. 

Preparation of stock solutions, calibrators, and quality control samples
The standard compounds, including the analyte and its corresponding IS, were separately weighed. Avibactam (5000 ng/mL), avibactam IS (5000 ng/mL), tazobactam (5000 ng/mL) and tazobactam IS (1000 ng/mL) were prepared by dissolving an accurate mass of each standard in water. These stock solutions were stored at -80ºC. 
For plasma matrix, calibrator standards were prepared by dilution of the stock solutions of avibactam and tazobactam in drug-free human plasma to yield concentrations of 0.1, 0.25, 0.5, 1, 5, 10, 20, 25, and 50 ng/mL. Quality control (QC) samples were obtained by dilution of the stock solutions of avibactam and tazobactam in blank plasma at concentrations of 0.35, 0.7, 2, 8, 15, and 35 ng/mL. For BAL matrix, calibrator standards were prepared by dilution of the stock solutions of avibactam and tazobactam in drug-free saline solution to yield concentrations of 0.005, 0.01, 0.05, 0.1, 0.5, 1, and 5 ng/mL. QC samples were obtained by dilution of the stock solutions of avibactam and tazobactam in blank saline solution at concentrations of 0.02, 0.08, 0.5, and 2 ng/mL. Aliquots of calibrator standards and QC samples were kept at -80ºC and thawed on the day of analysis. 

Plasma sample preparation 
To a 50 µL aliquot of plasma, 10 µL of IS mixed solution (5 ng/mL avibactam IS and 5 ng/mL tazobactam IS) was added to all samples, followed by the addition of 150 µL of methanol. The samples were vortexed for 30 s and centrifuged (14,000 rpm, 4ºC, 5 min). A 50 µL aliquot of the supernatant was  mixed with 450 µL of purified water. After vortexing for 10 s, 10 µL of the mixture was injected into the chromatographic system. 

BAL sample preparation
To a 50 µL aliquot of BAL, 10 µL of IS mixed solution (1 ng/mL avibactam IS and 0.5 ng/mL tazobactam IS) was added to all samples, followed by the addition of 150 µL of methanol. The samples were vortexed for 30 s and centrifuged (14,000 rpm, 4ºC, 5 min), and 2 µL of the supernatant was injected into the chromatographic system. 


For plasma samples, the calibration curves were generated in the range from the lower limit-of-quantification (0.1 ng/mL) to 50 ng/mL. The lower limit-of-quantification was defined as the lowest concentration on the calibration curve with an accuracy within ±20% and a precision below 20%. A linear regression with a weighting scheme of 1/x best described the data set generated for avibactam, while the best calibration model for tazobactam was found to be quadratic regression using a weighting factor of 1/x. 
For BAL samples, calibration curves were generated in the range from the lower limit-of-quantification (0.005 ng/mL) to 5 ng/mL. In this case, a linear regression with a weighting scheme of 1/x best described the data set generated for both compounds. 
The coefficient of correlation was ≥ 0.99 for both compounds. Analytes from the previous run did not remain in the LC-MS/MS system, so no carry-over was observed. Precision and accuracy were within ± 15%, which agrees with the acceptance criteria recommended by the European Medicine Agency [1]. The method was successfully applied to identify and quantify avibactam and tazobactam in real clinical samples. 
[1] European Medicines Agency. ICH Guideline M10 on Bioanalytical Method Validation Step 2b; European Medicines Agency: London, UK, 2019.
