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Abstract 

Vancomycin (VAN) is among those antibiotics for which therapeutic drug monitoring is highly recommended. For this 
purpose a reliable method with small sample volume was required for quantification of VAN in human plasma. There‑
fore, a selective and sensitive method of high performance liquid chromatography was developed and validated. The 
separation was carried out isocratically by using a mobile phase NH4H2PO4 (50 mM, pH 2.2)–acetonitrile (88:12, v/v) at 
a flow rate of 0.36 mL/min on a nucleodur C18 column (125 mm × 4.6 mm, 5 µm) with UV detection at 205 nm. Sam‑
ple preparation was done by deproteination of plasma with 70 % perchloric acid and a liquid/liquid extraction. Valida‑
tion was performed according to the European Medicines Agency guideline. The method showed linearity over the 
range of 0.25–60 mg/L with a coefficient of determination r2 ≥ 0.999 and a lower limit of quantification of 0.25 mg/L. 
No interference was observed in blank plasma samples at the retention time of VAN. The percentage relative recovery 
and coefficient of variation (CV%) values for accuracy and precision were within the acceptable limits. Stability was 
proved at room temperature for 24 h, after repeated freeze and thaw cycles and storage at −20 °C for 3 months. A 
good correlation was observed (r = 0.947) by comparing with the results of an immunoassay (PETINIA, Siemens) in 
289 samples. In conclusion the method proved simple, sensitive and cost effective for quantification of VAN in human 
plasma.
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Background
Vancomycin (VAN), a glycopeptide antibiotic is used 
against infections caused by Gram-positive bacteria, 
particularly methicillin-resistant Staphylococcus aureus 
(MRSA) (Van Bambeke 2004; Lundstrom and Sobel 2004; 
Wilhelm and Estes 1999; Kullar et al. 2011). Under-dosing 
of VAN may lead to insufficient eradication of the bac-
teria and over-dosing is associated with toxicity (Ingram 
et  al. 2008). Therapeutic drug monitoring (TDM) is 
highly recommended for optimizing VAN therapy (Mar-
tin et al. 2010). TDM involves the measurement of drug 

concentrations in plasma, serum or blood in order to 
individualise dosage for maintaining the drug concentra-
tions within a target range (Kang and Lee 2009). The rec-
ommended target trough concentration range (TTCR) of 
vancomycin is 10–15 mg/L (Helgason et al. 2008) but for 
more resistant strains of MRSA 15–20  mg/L is recom-
mended by British National Formulary (BNF) (Joint For-
mulary Committee 2015).

Many methods for the quantification of VAN in bio-
logical fluids have been developed and validated. These 
include radio immunoassay (RIA) (Ackerman et al. 1983), 
enzyme multiplied immunoassay (EMIT) (Yeo et al. 1989), 
fluorescence polarization immunoassay (FPIA) (Acker-
man et al. 1983; Filburn et al. 1983) and HPLC methods 
by using either UV detection (Hagihara et al. 2013; Jesus 
Valle et  al. 2008; Diana et  al. 2003; Ye et  al. 2008; Farin 
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et al. 1998; Plock et al. 2005; Hoagland et al. 1984), diode 
array detection (Backes et  al. 1998; Cao et  al. 2013; Hu 
et al. 2012) or fluorescence detection (Abu-Shandi 2009). 
A more sensitive but expensive LC–MS/MS method has 
also been recently developed and validated with limit of 
quantification of 0.3 mg/L (Oyaert et al. 2015).

These techniques have been compared with one 
another. FPIA was compared with RIA and both tech-
niques were proved comparable with correlation coef-
ficient of r  =  0.99 (Ackerman et  al. 1983). The values 
obtained from EMIT were compared with FPIA and a 
linear relationship was observed. However, EMIT lost 
precision at concentrations above 30  mg/L (Yeo et  al. 
1989). Overestimation of VAN was observed by FPIA in 
samples obtained from peritoneal dialysis patients when 
compared with results of HPLC. The authors concluded 
that the cross-reactivity due to the degradation products 
of VAN was the reason for this overestimation (Morse 
et  al. 1987). A good correlation was observed between 
the results of RIA and HPLC (Hagihara et al. 2013) and 
between FPIA and HPLC (Ristuccia et  al. 1984; Farin 
et al. 1998). Recently, a very low concentration (<4 mg/L) 
was observed with the Beckman Coulter PETINIA 
method when compared with PETINIA (Siemens) 
(57.7 mg/L) and FPIA (71.2 mg/L). Interference with IgM 
was concluded as a reason by the authors (Gunther et al. 
2013).

Immunoassay techniques are widely used in clini-
cal practice because of their speed and simplicity. These 
methods are effective within the therapeutic concentra-
tion range (5–20  mg/L) with quantification limit of 5 
and 2 mg/L, respectively for EMIT and FPIA (Sym et al. 
2001). However, when low levels of VAN are expected, 
only more sensitive HPLC method is suitable (Farin et al. 
1998). Higher concentrations of VAN are also of inter-
est when developing new dosing regimens and these 
high concentrations are not reliably quantified by the 
immunological methods (Yeo et al. 1989). Immunoassays 
used in clinical practice have the disadvantage of cross-
reactivity with related substances such as metabolites of 
VAN (Morse et al. 1987). Therefore, HPLC can be a bet-
ter analytical approach for quantification of VAN in bio-
logical fluids in order to determine the pharmacokinetics 
of VAN particularly when very small concentrations are 
expected. A recent HPLC method for quantification of 
VAN in human plasma has been validated with lower 
limit of quantification (LLOQ) of 1 mg/L (Hagihara et al. 
2013). A high flow rate was used in this method (1.2 mL/
min) which ultimately increases the cost of analysis. A 
more sensitive and cost effective HPLC method with 
comparable retention time was still required.

The purpose of this investigation is to develop and 
validate a reliable, sensitive, selective and cost-effective 

HPLC method for the quantification of VAN in human 
plasma using a small sample volume in order to deter-
mine pharmacokinetics of VAN in elderly or paediatric 
patients. This investigation also aims to show how the 
results of this HPLC method compare with the results 
obtained by using PETINIA (Siemens) in a series of sam-
ples already obtained from patients and analysed for 
TDM.

Methods
Chemicals and reagents
VAN and ammonium di-hydrogen phosphate were pur-
chased from Sigma-Aldrich Chemie GmbH. Acetonitrile 
was HPLC grade and all other reagents were analytical 
grade (ethyl acetate, perchloric acid, phosphoric acid 
etc.). The citrated plasma from healthy donors was sup-
plied by the Department of Transfusion Medicine, Uni-
versity Hospital Muenster (UKM) Germany. Double 
distilled water was prepared in laboratory using Milli-Q® 
direct water purification system.

Serum samples from patients receiving VAN were sup-
plied by the Central laboratory of the UKM, Germany. 
The samples from patients with suspected or docu-
mented infections with VAN-sensitive bacteria were 
drawn as part of their clinical routine in order to monitor 
the VAN concentrations.

Sample preparation
Stock solution (1  g/L) of VAN was prepared in dou-
ble distilled water and a working solution (120  mg/L) 
was prepared in plasma. Calibration standard solu-
tions and quality control (QC) samples were prepared 
by serial dilution with plasma. The final concentrations 
for calibration standard solutions were 60, 30, 10, 1, 0.5 
and 0.25 mg/L and for QC samples were 50, 25, 0.5 and 
0.25  mg/L as higher quality control (HQC), medium 
quality control (MQC), lower quality control (LQC) and 
LLOQ respectively.

Extraction
VAN was extracted by deproteination of 0.2 mL plasma 
sample with 10 µL of 70 % perchloric acid. The mixture 
was vortex-mixed for 1  min and centrifuged at 10,500g 
for 10  min. The supernatant was transferred to another 
polypropylene tube and washed with 1 mL of ethyl ace-
tate by mixing for 1  min and centrifugation at 400g for 
2  min. The supernatant layer of ethyl acetate was dis-
carded and an aliquot of 40 µL was injected to HPLC for 
analysis.

HPLC conditions
The HPLC system comprised of a LC-20AT pump, 
SIL-10AD auto injector and the UV detector SPD-10A 
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(Shimadzu Germany, Langenfeld). A mixture of 50  mM 
NH4H2PO4 adjusted to a pH of 2.2 and acetonitrile (88:12, 
v/v) was used as the mobile phase. The pH was adjusted 
using phosphoric acid. Separation was carried out isocrat-
ically with a flow rate of 0.36 mL/min on a nucleodur C18 
column (125 mm × 4.6 mm, 5 µm, Macherey–Nagel) at 
room temperature with UV detection at 205 nm.

Validation
The European Medicines Agency (EMA) guideline (Euro-
pean Medicines Agency 2011) was followed for valida-
tion of the method. Selectivity, linearity, LLOQ, accuracy, 
precision (within run and between run) and stability were 
assessed during method validation.

Selectivity
Selectivity was observed by comparing the chromato-
grams of spiked and drug free plasma samples. For this 
purpose spiked sample of VAN (60  mg/L) and blank 
plasma samples from six different sources were prepared 
and injected. Selectivity was particularly investigated for 
Meropenem and Imipenem, which are frequently co-
administered with VAN.

Linearity and sensitivity
Calibration standard solutions were prepared in plasma 
from working solution (120  mg/L). Five calibration 
curves ranging from 0.25 to 60 mg/L were run to estab-
lish linearity by using weighted linear regression analysis. 
The calibration graph was created by plotting VAN con-
centrations versus the corresponding peak heights. Line-
arity was observed in term of coefficient of determination 
(r2). The concentration of VAN in each calibration stand-
ard was back-calculated using calibration curve and the 
percentage relative recovery and CV% were determined. 
The LLOQ defined by EMA guidelines is the lowest 
concentration that can be quantified with an acceptable 
accuracy and precision i.e. <20 %.

Accuracy and precision
Quality control samples (n = 5) were prepared at four dif-
ferent levels HQC, MQC, LQC and LLOQ and analysed 
thereafter to evaluate with-in run accuracy and precision. 
The concentrations of VAN were calculated from a stand-
ard calibration curve that was simultaneously obtained. 
To estimate between run accuracy and precision, each 
level of quality control was analysed on five different 
days and concentrations were calculated using calibra-
tion curves obtained on the same days. Accuracy was 
estimated at each level by comparing observed concen-
tration with the nominal concentration as a mean per-
centage relative recovery, while precision was observed in 
terms of CV%.

Stability
Stability of VAN in plasma was observed at HQC and 
LQC levels. To evaluate stability at room temperature, 
five replicates of both levels were prepared in plasma and 
stored at room temperature for 24  h. Freeze and thaw 
stability was observed after four freeze and thaw cycles. 
The samples were frozen after each cycle for at least 24 h 
before thawing. For long term stability HQC and LQC 
(n = 5) were prepared and stored at −20 °C for 3 months. 
The concentration of VAN in all samples was determined 
through freshly prepared calibration curves.

Comparison with PETINIA
The particle enhanced turbidimetric inhibition immunoas-
say (PETINIA) technique uses a synthetic particle-vanco-
mycin conjugate and a monoclonal VAN specific antibody. 
VAN present in sample compete with VAN on the parti-
cles for available antibody and decreases the rate of aggre-
gation. Therefore, the rate of aggregation is inversely 
proportional to the concentration of VAN in the sample. 
The rate of aggregation is measured using bichromatic tur-
bidimetric readings at 340 and 700 nm. The upper limit of 
quantification was 50 mg/L and the lowest quantified level 
of VAN reported by PETINIA analysis was 2 mg/L.

A Bland–Altman plot (Bland and Altman 1999) of 289 
samples analysed by HPLC and PETINIA (Siemens) was 
constructed between mean values of HPLC and PETINIA 
and the percentage differences between the results of 
both methods. Bias was estimated as mean of percentage 
differences between both methods. The upper and lower 
limits of agreement were plotted with 95  % confidence 
interval as (Limit of agreement =  Mean ±  1.96 ×  SD). 
Pearson correlation analysis was also performed by com-
paring the results of HPLC and PETINIA (Siemens). The 
ethical approval was not required because routine labo-
ratory samples were used which were already obtained 
and analysed for TDM. The identification of the patients 
(Name, date of birth and registration number) were 
removed from the samples before analysis. Although, the 
method is developed and validated in plasma, a negligi-
ble interference has been observed when comparing the 
matrix effect between human plasma and mouse serum 
on VAN analysis (Hagihara et  al. 2013). Both matrices 
(plasma and serum) have also been proved comparable in 
another recent analytical study (Montenarh et al. 2014).

Results
Selectivity
VAN was eluted at 9.1 min and no interfering peak was 
observed at this time when comparing the chromato-
gram of VAN 60  mg/L with meropenem 60  mg/L, imi-
penem 60  mg/L and drug free plasma samples (Fig.  1). 
Therefore, the method can be considered as selective for 
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VAN with no interference with components of plasma 
and frequently co-administered antibiotics.

Linearity and sensitivity
The calibration curves (n = 5) were linear with r2 ≥ 0.999 
over the range of 0.25–60  mg/L. The mean ±  SD value 
for slope was 8231.2  ±  187.7 and the intercept was 
2406.7 ± 963.7. The back calculated concentrations of cal-
ibration standards are shown in Table 1. The lowest level 
in the calibration curve (0.25  mg/L) is the LLOQ with 
percentage relative recovery 100.3 % and a CV 3.23 %.

Accuracy and precision
The results for within run and between run accuracy and 
precision are given in Table 2. The mean percentage rela-
tive recovery (n = 5) of VAN for within run accuracy was 

between 93.1 and 115.0  % while CV ≤  12.2  %. The val-
ues of mean percentage relative recovery for between run 
accuracy and precision were between 91.5 and 101.2  % 
whereas CV ≤ 17.8 %.

Stability
The results for the stability tests are given in Table 3. VAN 
proved stable at room temperature for 24  h with mean 
percentage relative recovery (n = 5) for LQC and HQC 
as 102.6 and 96.9  %, respectively and a CV  ≤  3.32  %. 
After four freeze and thaw cycles, the mean percent-
age recoveries were 96.8 and 108.2 % respectively and a 
CV ≤  11.4  %. For long-term stability VAN also proved 
stable with mean percentage relative recovery (n = 5) of 
87.45 and 91.67 % respectively for LQC and HQC while 
CV ≤ 4.94 %.

Fig. 1 Chromatograms of blank plasma (a), plasma spiked with vancomycin 0.25 mg/L (b) and 60 mg/L (c), a patient’s sample 14.2 mg/L (d), 
plasma spiked with imipenem 60 mg/L (e) and plasma spiked with meropenem 60 mg/L (f)
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Comparison with PETINIA
The comparison of this HPLC method was made with 
PETINIA in 289 samples out of which 148 (51 %) samples 
were within the recommended TTCR (10–20 mg/L) while 
the number of samples below and above the TTCR were 
92 (32 %) and 49 (17 %) respectively. The Bland–Altman 
plot for comparison of this method with PETINIA in 289 
samples is shown in Fig.  2. The mean of difference was 
found as 0.44 and 95  % limit of agreement ranges from 
−33.4 to 34.6 %. The Pearson correlation analysis is shown 
in Fig. 3 with a correlation r = 0.947 between the results 
of HPLC and PETINIA (Siemens) in 289 samples. The 
established equation was: y (HPLC) = 0.949 × (PETINIA)  
+ 0.554.

Discussion
Different chromatographic conditions including differ-
ent compositions and pH of mobile phase, different flow 
rates, different columns, different detectors and wave-
lengths have been employed for the quantification of VAN 
in biological fluids (Abu-Shandi 2009; Backes et  al. 1998; 
Diana et  al. 2003; Farin et  al. 1998; Hagihara et  al. 2013; 

Table 1 Back calculated concentrations of calibration standards

Back calculation (n = 5) Nominal concentration (mg/L)

60 30 10 1 0.5 0.25

Mean (mg/L) 58.0 30.2 10.3 0.99 0.49 0.25

SD 2.09 1.24 0.31 0.07 0.02 0.01

Recovery (%) 96.6 100.7 103.5 99.2 99.6 100.3

CV (%) 3.61 4.11 3.03 6.93 4.61 3.23

Table 2 Accuracy and precision

a Analysed on same day
b Analysed on five different days

Accuracy and preci-
sion (n = 5)

Nominal concentration (mg/L)

50 (HQC) 25 (MQC) 0.5 (LQC) 0.25 (LLOQ)

Within runa

Mean (mg/L) 53.3 23.3 0.5 0.29

SD 3.20 1.02 0.06 0.01

Recovery (%) 106.6 93.1 99.5 115.0

CV (%) 6.0 4.40 12.2 3.03

Between runb

Mean (mg/L) 50.6 24.9 0.46 0.24

SD 3.87 2.0 0.06 0.04

Recovery (%) 101.2 99.7 91.5 97.9

CV (%) 7.64 8.03 13.5 17.8

Table 3 Stability

a After storage at room temperature for 24 h
b After four freeze and thaw cycles
c After storage at −20 °C for 3 months

Stability (n = 5) Nominal concentration (mg/L)

50 (HQC) 0.5 (LQC)

Short term stabilitya

Mean (mg/L) 48.5 0.51

SD 1.18 0.02

Recovery (%) 96.9 102.6

CV (%) 2.43 3.32

Freeze–thaw stabilityb

Mean (mg/L) 50.6 0.48

SD 4.73 0.06

Recovery (%) 108.2 96.8

CV (%) 8.74 11.4

Long term stabilityc

Mean (mg/L) 45.8 0.44

SD 0.8 0.02

Recovery (%) 91.7 87.5

CV (%) 1.75 4.94

Fig. 2 Bland–Altman plot of differences in 289 samples analysed by 
HPLC and PETINIA (Siemens)
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Jesus Valle et al. 2008; Zhang et al. 2007; Cao et al. 2013; 
Hu et al. 2012; Ye et al. 2008; Plock et al. 2005). Different 
procedures for extraction of VAN from biological fluids 
have also been used including solid phase extraction (SPE) 
(Farin et  al. 1998; Zhang et  al. 2007; Backes et  al. 1998), 
liquid–liquid extraction (Abu-Shandi 2009; Hagihara et al. 
2013; Hu et  al. 2012; Plock et  al. 2005) and deproteina-
tion with perchloric acid (Jesus Valle et  al. 2008). In this 
method the flow rate used (0.36 mL/min) was much lower 
than 1.2  mL/min (Hagihara et  al. 2013) and 1  mL/min 
(Jesus Valle et al. 2008) while the retention time (9.1 min) 
was either shorter than 14.4 min (Hagihara et al. 2013) or 
comparable to 8.5  min (Jesus Valle et  al. 2008) reported 
in other methods which ultimately reduces the cost of 
analysis. As the method is developed for pharmacokinetic 
studies of VAN in elderly patients, the volume of plasma 
sample was kept as low as possible (0.2  mL) in order to 
reduce the required volume of blood samples from the 
patients. Extraction was done by the modification of a 
procedure already in use (Jesus Valle et al. 2008) with the 
novelty of washing the samples with ethyl acetate after 
deproteination in order to remove lipophilic interfering 
components and to enhance the selectivity of method.

This method is four times more sensitive when 
compared with already developed HPLC method 
(LLOQ = 1 mg/L) (Hagihara et al. 2013). Another group 
(Jesus Valle et al. 2008) developed and validated a method 
with LLOQ 0.1 mg/L in artificial perfusion fluid and lung 
tissue samples with three calibration ranges (0.1–2, 2–15 
and 15–250 mg/L) and a large injection volume (100 µL) 
which would be difficult to reproduce with plasma sam-
ples in clinical situations.

All the results for accuracy and precision were within 
the limits accepted by EMA guideline (±15 %). The value 
of CV (17.82 %) in between run accuracy and precision is 
for LLOQ where the acceptable value should not exceed 
20 %.

The stability of VAN in previous studies was observed 
after storage at room temperature (23 °C) for at least 5 h 
and after three freeze and thaw cycles (Hagihara et  al. 
2013), after only freeze and thaw cycles (Jesus Valle et al. 
2008) and long term stability after freezing at −70 °C for 
2  months (Abu-Shandi 2009). In this study, VAN was 
proved stable at room temperature for 24  h, after four 
freeze and thaw cycles and also after freezing for more 
than 3 months at −20 °C.

In a previous study (Berthoin et al. 2009) only regres-
sion analysis was performed for comparison of HPLC 
and PETINIA in 65 serum samples. We used a substan-
tially large number of 289 samples for the comparison of 
relatively more sensitive HPLC method with PETINIA 
by using Bland–Altman analysis and Pearson correlation 
analysis. The Bland–Altman plot with mean of difference 
as 0.44 % indicates that both methods are systematically 
producing similar results. A good correlation (r = 0.947) 
was also observed with established equation [y (HPLC)   
=  0.949  ×  (PETINIA)  +  0.554] which demonstrate a 
good agreement between the results produced by both 
methods. However, our HPLC method is eight times 
more sensitive than PETINIA.

Conclusion
The current HPLC method for the quantification of VAN 
in human plasma is simple, sensitive and cost effec-
tive as the flow rate of mobile phase (0.36  mL/min) is 
much lower when compared with other pre-existing 
techniques. The small volume of sample required for 
analysis also makes it suitable for its intended applica-
tion to pharmacokinetic studies in elderly or paediatric 
patients. Moreover this method proved comparable with 
PETINIA (Siemens) technique which is already used 
in clinical practice for TDM. However, because of the 
higher sensitivity and the higher concentration range 
covered, this HPLC method is preferred when concentra-
tions lower than therapeutic levels or higher levels are to 
be quantified.

Authors’ contributions
MU performed all the experiments, analysed the data and have drafted the 
manuscript. GH designed the experiments, verified the results, reviewed and 
approved the draft and supervised the study. Both authors read and approved 
the final manuscript.

Acknowledgements
The authors are highly thankful to Dr. Manfred Fobker, UKM, for his support. 
MU is supported by HEC Pakistan/DAAD Germany Grant (PKZ: A/12/94584).

Fig. 3 Pearson correlation analysis of VAN concentrations in 289 
samples analysed by HPLC and PETINIA (Siemens) showing a good 
agreement between results produced by both methods



Page 7 of 7Usman and Hempel  SpringerPlus  (2016) 5:124 

Competing interests
Both authors declare that they have no competing interests.

Received: 21 August 2015   Accepted: 12 February 2016

References
Abu‑Shandi KH (2009) Determination of vancomycin in human plasma using 

high‑performance liquid chromatography with fluorescence detection. 
Anal Bioanal Chem 395:527–532

Ackerman BH, Berg HG, Strate RG, Rotschafer JC (1983) Comparison of radio‑
immunoassay and fluorescent polarization immunoassay for quantitative 
determination of vancomycin concentrations in serum. J Clin Microbiol 
18:994–995

Backes DW, Aboleneen HI, Simpson JA (1998) Quantitation of vancomycin 
and its crystalline degradation product (CDP‑1) in human serum by high 
performance liquid chromatography. J Pharm Biomed Anal 16:1281–1287

Berthoin K, Ampe E, Tulkens PM, Carryn S (2009) Correlation between free and 
total vancomycin serum concentrations in patients treated for Gram‑
positive infections. Int J Antimicrob Agents 34:555–560

Bland JM, Altman DG (1999) Measuring agreement in method comparison 
studies. Stat Methods Med Res 8:135–160

Cao Y, Yu J, Chen Y, Zhang J, Wu X, Zhang Y, Li G (2014) Development and 
validation of a new ultra‑performance liquid chromatographic method 
for vancomycin assay in serum and its application to therapeutic drug 
monitoring. Ther Drug Monit 36:175–181

Diana J, Visky D, Roets E, Hoogmartens J (2003) Development and validation 
of an improved method for the analysis of vancomycin by liquid chro‑
matography selectivity of reversed‑phase columns towards vancomycin 
components. J Chromatogr A 996:115–131

European Medicines Agency (2011) Guideline on bioanalytical method valida‑
tion. http://www.ema.europa.eu/docs/en_GB/document_library/Scien‑
tific_guideline/2011/08/WC500109686.pdf. Accessed 06 July 2015

Farin D, Piva GA, Gozlan I, Kitzes‑Cohen R (1998) A modified HPLC method for 
the determination of vancomycin in plasma and tissues and comparison 
to FPIA (TDX). J Pharm Biomed Anal 18:367–372

Filburn BH, Shull VH, Tempera YM, Dick JD (1983) Evaluation of an automated 
fluorescence polarization immunoassay for vancomycin. Antimicrob 
Agents Chemother 24:216–220

Gunther M, Saxinger L, Gray M, Legatt D (2013) Two suspected cases of 
immunoglobulin‑mediated interference causing falsely low vancomycin 
concentrations with the Beckman PETINIA method. Ann Pharmacother 
47:e19

Hagihara M, Sutherland C, Nicolau DP (2013) Development of HPLC methods 
for the determination of vancomycin in human plasma, mouse serum 
and bronchoalveolar lavage fluid. J Chromatogr Sci 51:201–207

Helgason KO, Thomson AH, Ferguson C (2008) A review of vancomycin 
therapeutic drug monitoring recommendations in Scotland. J Antimicrob 
Chemother 61:1398–1399

Hoagland RJ, Sherwin JE, Phillips JM Jr (1984) Vancomycin: a rapid HPLC assay 
for a potent antibiotic. J Anal Toxicol 8:75–77

Hu LQ, Yin CL, Du YH, Zeng ZP (2012) Simultaneous and direct determination 
of vancomycin and cephalexin in human plasma by using HPLC‑DAD 
coupled with second‑order calibration algorithms. J Anal Methods Chem 
2012:256963

Ingram PR, Lye DC, Tambyah PA, Goh WP, Tam VH, Fisher DA (2008) Risk factors 
for nephrotoxicity associated with continuous vancomycin infusion 

in outpatient parenteral antibiotic therapy. J Antimicrob Chemother 
62:168–171

Jesus Valle MJ, Lopez FG, Navarro AS (2008) Development and validation of an 
HPLC method for vancomycin and its application to a pharmacokinetic 
study. J Pharm Biomed Anal 48:835–839

Joint Formulary Committee (2015) British National Formulary, 69th edn. British 
Medical Association and Royal Pharmaceutical Society of Great Britain, 
London

Kang JS, Lee MH (2009) Overview of therapeutic drug monitoring. Korean J 
Intern Med 24:1–10

Kullar R, Davis SL, Levine DP, Rybak MJ (2011) Impact of vancomycin exposure 
on outcomes in patients with methicillin‑resistant Staphylococcus aureus 
bacteremia: support for consensus guidelines suggested targets. Clin 
Infect Dis 52:975–981

Lundstrom TS, Sobel JD (2004) Antibiotics for gram‑positive bacterial infec‑
tions: vancomycin, quinupristin–dalfopristin, linezolid, and daptomycin. 
Infect Dis Clin N Am 18:651–668

Martin JH, Norris R, Barras M, Roberts J, Morris R, Doogue M, Jones GR (2010) 
Therapeutic monitoring of vancomycin in adult patients: a consensus 
review of the American Society of Health‑System Pharmacists, the Infec‑
tious Diseases Society of America, and the Society of Infectious Diseases 
Pharmacists. Clin Biochem Rev 31:21–24

Montenarh D, Hopf M, Maurer HH, Schmidt P, Ewald AH (2014) Detection and 
quantification of benzodiazepines and Z‑drugs in human whole blood, 
plasma, and serum samples as part of a comprehensive multi‑analyte 
LC–MS/MS approach. Anal Bioanal Chem 406:803–818

Morse GD, Nairn DK, Bertino JS Jr, Walshe JJ (1987) Overestimation of vanco‑
mycin concentrations utilizing fluorescence polarization immunoassay in 
patients on peritoneal dialysis. Ther Drug Monit 9:212–215

Oyaert M, Peersman N, Kieffer D, Deiteren K, Smits A, Allegaert K, Spriet I, Van 
Eldere J, Verhaegen J, Vermeersch P, Pauwels S (2015) Novel LC–MS/MS 
method for plasma vancomycin: comparison with immunoassays and 
clinical impact. Clin Chim Acta 441:63–70

Plock N, Buerger C, Kloft C (2005) Successful management of discovered pH 
dependence in vancomycin recovery studies: novel HPLC method for 
microdialysis and plasma samples. Biomed Chromatogr 19:237–244

Ristuccia PA, Ristuccia AM, Bidanset JH, Cunha BA (1984) Comparison of 
bioassay, high‑performance liquid chromatography, and fluorescence 
polarization immunoassay for quantitative determination of vancomycin 
in serum. Ther Drug Monit 6:238–242

Sym D, Smith C, Meenan G, Lehrer M (2001) Fluorescence polarization immu‑
noassay: can it result in an overestimation of vancomycin in patients not 
suffering from renal failure? Ther Drug Monit 23:441–444

Van Bambeke F (2004) Glycopeptides in clinical development: pharmacologi‑
cal profile and clinical perspectives. Curr Opin Pharmacol 4:471–478

Wilhelm MP, Estes L (1999) Symposium on antimicrobial agents–Part XII. 
Vancomycin. Mayo Clin Proc 74:928–935

Ye G, Cai X, Wang B, Zhou Z, Yu X, Wang W, Zhang J, Wang Y, Dong J, Jiang Y 
(2008) Simultaneous determination of vancomycin and ceftazidime in 
cerebrospinal fluid in craniotomy patients by high‑performance liquid 
chromatography. J Pharm Biomed Anal 48:860–865

Yeo KT, Traverse W, Horowitz GL (1989) Clinical performance of the EMIT 
vancomycin assay. Clin Chem 35:1504–1507

Zhang T, Watson DG, Azike C, Tettey JN, Stearns AT, Binning AR, Payne CJ (2007) 
Determination of vancomycin in serum by liquid chromatography‑high 
resolution full scan mass spectrometry. J Chromatogr B Analyt Technol 
Biomed Life Sci 857:352–356

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf

	Development and validation of an HPLC method for the determination of vancomycin in human plasma and its comparison with an immunoassay (PETINIA)
	Abstract 
	Background
	Methods
	Chemicals and reagents
	Sample preparation
	Extraction
	HPLC conditions
	Validation
	Selectivity
	Linearity and sensitivity
	Accuracy and precision
	Stability
	Comparison with PETINIA

	Results
	Selectivity
	Linearity and sensitivity
	Accuracy and precision
	Stability
	Comparison with PETINIA

	Discussion
	Conclusion
	Authors’ contributions
	References




