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 Monitoring of antibiotics in pediatric patients enable dose optimization and minimizes the risk of toxicity and

maximizes efficacy. Vancomycin, cefepime, ceftriaxone, piperacillin, tazobactam, meropenem and ampicillin are

commonly administered antibiotics to pediatric patients, and monitoring of these drugs is essential.

 Children are often under-represented in high-quality multicenter PK/PD studies in part due to blood sampling

limitations.

 Volumetric absorptive microsampling (VAMS) is a novel approach to utilize a small, fixed volume of dried

blood for quantitative bioanalysis to overcome these barriers.

 The present work describes the development and validation of a multiplex LC-MS/MS method for the

simultaneous quantification of seven (vancomycin, cefepime, ceftriaxone, piperacillin, tazobactam, meropenem

and ampicillin) antibiotics in human whole blood microsamples.
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Table 2. Intraday and Interday accuracy and precision for antibiotics in VAMS (n=5).

 The optimal conditions for antibiotics extraction from the 20 µL VAMS whole blood tip included 100 µL water tip rehydration and methanol as extraction solvent. 

 The antibiotics extraction recoveries were high (76.9 – 107.7 %) and hematocrit-independent, except vancomycin which was hematocrit-dependent (41.7- 45.5%).

 The antibiotics were found to be stable in VAMS whole blood tip for 3 days at 4°C and 90 days at -80°C, except meropenem which was stable for 60 days at -80°C. 

 The developed assay was demonstrated to be precise and accurate and currently being utilized to support PK/PD studies in critically ill pediatric patients. 

www.pharmacy.umich.edu

We gratefully acknowledge the following:

 The Pediatric Acute Lung Injury and Sepsis Investigators Network (PALISI)

 University of Michigan

No conflict of interest to declare

B
A C

D

Introduction

Methods

Results

Conclusions

2.1 Precision & accuracy of the method

Acceptance criteria:

Accuracy: ± 15 % (85-115%) for all QCs, except LLOQ ± 20% (80 – 120%)

Precision (%CV) : ≤ 15% (≤ 20% at the LLOQ)

Method validation

2. Chromatographic and Mass spectrometry settings

1. VAMS tip loading and extraction

Fig. 3. Hematocrit (HCT) effect on antibiotics recovery (n = 5). Apart from vancomycin (low recovery and hematocrit dependent),

the recoveries of other antibiotics was high and HCT independent. The antibiotics (except vancocmycin) showed consistent

recoveries at low and high concentrations.

1.1 Optimization of analyte extraction from whole blood VAMS tip

Fig. 1: Description of VAMS mitra™ tip loading and extraction.

Fig. 2. Optimization of antibiotics extraction from whole blood VAMS Mitra™ tips (n = 3). (A) Tip Rehydration step with water (B) Extraction solvent. Optimal conditions included 100 µL water for tip rehydration and methanol as extraction solvent. The calculated

antibiotics recoveries (insert at lower right corner) obtained using these optimal conditions were high, ranging from 76.9 – 107.7 (except vancomycin, 41.7- 45.5%) and consistent at both low and high concentrations.

(A)
(B)

Table 1: Mass spectrometric and chromatographic conditions

2.2 Hematocrit effect on antibiotic recovery from VAMS tip

TP 154

Sampling (VAMS tip vol. 20µL)

Blood  allowed to wick for 4 – 6 s

Intra-assay (n=5) Inter-assay (3 days, n=15)

Nominal 

concentration 

(µg/mL)

Measured 

concentration 

(µg/mL)

Accuracy (%) %CV

Nominal 

concentration 

(µg/mL)

Measured 

concentration 

(µg/mL)

Accuracy (%) %CV

Cefepime

0.10 0.90 94.38 8.88 0.10 0.10 103.04 9.01

0.20 0.21 104.70 4.69 0.20 0.20 100.97 10.25

40.00 42.64 106.60 7.63 40.00 39.98 99.95 8.92

80.00 83.84 104.80 11.42 80.00 81.89 102.36 11.88

Vancomycin

1.00 1.13 112.60 15.09 1.00 1.00 100.55 13.60

2.00 2.12 105.90 11.22 2.00 1.96 98.20 12.97

40.00 39.70 99.25 7.02 40.00 39.13 97.83 7.20

80.00 80.56 100.70 2.48 80.00 78.72 98.40 9.89

Ceftriaxone

1.00 1.05 104.46 8.92 1.00 0.96 96.21 9.88

2.00 2.04 102.20 9.56 2.00 1.91 95.40 8.05

80.00 80.18 100.23 9.79 80.00 75.71 94.64 7.61

150.00 152.80 101.87 3.05 150.00 148.53 99.02 6.56

Tazobactam

1.00 0.85 84.76 3.05 1.00 0.93 92.75 10.13

2.00 1.79 89.70 5.18 2.00 1.85 92.40 5.34

80.00 75.08 93.85 0.98 80.00 77.28 96.60 3.98

150.00 145.60 97.07 1.51 150.00 140.60 93.73 3.82

Piperacillin

1.00 1.00 100.68 4.72 1.00 0.99 98.73 12.97

2.00 1.86 92.90 8.63 2.00 1.90 94.73 8.04

80.00 74.62 93.28 5.74 80.00 79.04 98.80 9.20

150.00 156.40 104.27 5.64 150.00 151.13 100.76 7.28

Meropenem

1.00 1.07 107.40 4.20 1.00 1.01 101.46 10.05

2.00 1.96 97.90 3.73 2.00 1.93 96.23 7.43

40.00 39.64 99.10 6.60 40.00 42.04 105.10 8.63

80.00 81.22 101.53 3.67 80.00 86.65 108.31 6.88

Ampicillin

1.00 1.05 105.15 6.79 1.00 1.01 101.48 6.26

2.00 1.92 95.94 9.17 2.00 1.92 95.76 6.48

80.00 72.71 90.88 4.86 80.00 73.40 91.75 5.12

150.00 163.86 109.24 1.97 150.00 160.52 107.01 4.37

Dry for 3h

1. Remove dried blood 

tip from device

2. Add 100 µL water

1. Vortex-mix for 2min @

1000 rpm

2.    Incubate @ 37°C/10 min

1. Add 400 µL MeOH (IS-mix)

2. Sonicate for 15min

3. Vortex-mix for 10 min/700rpm

1. Centrifuge 5min/17,136xg

2. LC-MS/MS analysis

2.3 Stability of antibiotics in whole blood VAMS tips
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Time (min)

Mobile phase 

A: 0.1% formic acid in water

B: 0.1% formic acid in acetonitrile

Column

Kinetex™ Polar C18  (4.6 mm × 50 mm, 2.6 µm) 

Accuracy (%) (%CV)

Conc. (µg/mL) 3 days (4°C) 30 days (-80°C) 60 days (-80°C) 90 days (-80°C)

Ceftriaxone LQC (2) 115.3 (2.38) 86.0 (9.87) 93.0 ± 5.34 103.1 (4.19)

HQC (150) 105.2 (9.34) 97.1 (7.15) 107.1 ± 2.55 108.1 (7.54)

Vancomycin LQC (2) 106.0 (13.03) 107.7 (9.42) 103.6 (3.52) 92.0 (9.90)

HQC (80) 101.3 (14.71) 98.8 ± 12.11 106.2 (4.24) 87.0 (5.40)

Cefepime LQC (0.2) 103.5 (5.30) 106.7 (9.50) 104.2 (6.30) 101.1 (2.50)

HQC (80) 108.3 (6.40) 90.4 (1.10) 85.4 (6.40) 85.1 (3.50)

Tazobactam LQC (2) 115.8 (4.86) 98.9 (10.16) 101.7 (3.20) 111.0 (1.59)

HQC (150) 95.5 (5.59) 94.0 (3.33) 102.0 (8.63) 99.2 (5.15)

Piperacillin LQC (2) 114.4 (5.8) 106.5 (8.99) 103.1 (7.69) 113.4 (2.78)

HQC (150) 91.7 (13.2) 91.9 (3.38) 94.4 (5.84) 100.1 (6.78)

Meropenem LQC (2) 102.0 (7.10) 85.1 (8.85) 92.7 (4.27) 54.5 (9.64)

HQC (80) 88.6 (8.76) 87.7 (5.28) 95.0 (4.46) 73.3 (9.67)

Ampicillin LQC (2) 94.2 (4.83) 104.8 (9.91) 107.8 (3.72) 112.0 (15.59)

HQC (150) 99.5 (9.01) 105.5 (4.87) 101.9 (6.46) 111.1 (6.25)

Table 3. Stability of antibiotics in VAMS human whole blood (n=5) at 4°C/3days and -80°C/90days.

Acceptance criteria:

Accuracy: ± 15 % (85-115%)

Precision (%CV) : ≤ 15%

Method development

Fig. 2: Typical mass chromatograms of antibiotics.

 Improving antimicrobial drug dosing in pediatric patients requires high quality multicenter

pharmacokinetics and pharmacodynamics (PK/PD) studies. Robust analytical methods that can

reduce blood sample volume, enable central laboratory transfer and measure multiple analytes

can help overcome barriers associated with these studies.

 Volumetric absorptive microsampling (VAMS) is a recent device available for sampling and

analyzing low blood volume and enable ease of transportation.

 The present work describes the utilization of VAMS Mitra™ device for the quantification of

seven antibiotics in pediatric whole blood microsamples.

 The result indicated that, analytes recoveries from VAMS were influenced by tip rehydration

and extraction solvent. The overall assay was liner, precise and accurate. Except for

vancomycin, analytes recoveries from VAMS were independent of the blood hematocrit

(HCT). Analytes were stable for 90 days in VAMS at -80°C, except meropenem with stability

of 60 days.

Compound 
Parent 

Ion 

Product 

Ion 

Monitored 

adduct 
DP EP CE CXP 

Retention 

Time (min) 
 Source settings 

Cefepime 
481.1 396.0 H+ 54.6 11.0 17.5 14.5 

2.11  
Curtain gas 35 psi 

481.1 324.0 H+ 81.2 11.0 21.8 4.0 Ion Spray Voltage 5500V 

Cefepime-d3 484.0 166.9 H+ 77.3 13.5 33.3 5.8 2.11  Temperature 650°C 

Vancomycin 
725.1 144.0 2H2+ 80.0 10.0 16.0 10.0 

2.12  
Gas 1 50 psi 

725.1 100.0 2H2+ 80.0 10.0 60.0 10.0 Gas 2 50 psi 

Vancomycin-d12 731.5 144.1 2H2+ 80.0 10.0 18.0 10.0 2.10    

Atenolol 267.3 145.0 H+ 70.0 10.0 27.0 10.0 2.10    

Tazobactam 301.0 122.1 H+ 90.0 4.0 25.0 10.0 2.12    

Tazobactam-15N3 304.2 168.1 H+ 78.0 10.0 22.0 10.0 2.11    

Piperacillin 518.2 143.0 H+ 97.0 3.0 5.0 10.0 2.98    

Piperacillin-d5 523.2 148.1 H+ 97.0 10.0 36.0 10.0 2.98    

Meropenem 
384.0 141.1 H+ 70.0 10.0 20.0 10.0 

2.19    
384.0 114.0 H+ 70.0 10.0 23.0 10.0 

Meropenem-d6 390.0 147.2 H+ 75.0 10.0 23.0 10.0 2.19    

Ampicillin  
350.0 106.1 H+ 134.0 6.0 34.0 16.0 

2.30    
350.0 192.1 H+ 127.0 9.5 21.0 5.0 

Ampicillin-d5 355.1 197.2 H+ 142.0 14.0 23.0 5.0 2.30    

Ceftriaxone 
554.9 396.1 H+ 50.0 3.0 7.0 10.0 

2.33    
554.9 323.0 H+ 50.0 3.0 13.0 10.0 

Ceftriaxone-d3 558.0 399.0 H+ 50.0 3.0 9.3 10.0 2.32    
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