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Background: The glycopeptide teicoplanin is considered first-line treatment for severe infections caused by 
Gram-positive bacteria. Individualized treatment of teicoplanin is gaining interest. As only protein-unbound 
drug is pharmacologically active, a sensitive assay measuring unbound and total teicoplanin is indispensable 
for pharmacological research and dose optimization. 

Objectives: To develop and validate a UPLC-MS/MS method to quantify unbound and total teicoplanin in human 
serum. 

Methods: The developed assay was validated according to the ICH guideline M10 on Bioanalytical Method 
Validation and study sample analysis. Unbound teicoplanin was obtained by ultrafiltration. The assay was 
cross-validated with a quantitative microsphere (QMS) immunoassay in a side-by-side comparison using 40 pa
tient samples. 

Results: With the developed and validated method, all main teicoplanin components (A2-1, A2-2/A2-3, A2-4/ 
A2-5 and A3-1) can be quantified. Total run time was 5.5 min. Concentration range was 2.5–150 mg/L for total 
and 0.1–25 mg/L for unbound teicoplanin. Precision (coefficient of variation) and accuracy (bias) of total teico
planin were 5.97% and 107%, respectively, and 7.17% and 108%, respectively, for unbound teicoplanin. 
Bland–Altman analysis showed total concentrations measured with the UPLC-MS/MS method were equivalent 
to the results of the QMS immunoassay. A total of 188 samples from 30 patients admitted to the ICU and 
haematology department were measured; total concentrations ranged between 2.92 and 98.5 mg/L, and un
bound concentrations ranged between 0.37 and 30.7 mg/L. 

Conclusions: The developed method provided rapid, precise and accurate measurement of unbound and total 
teicoplanin. The developed method is now routinely applied in pharmacological research and clinical practice.

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https:// 
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the 
original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

Introduction
Teicoplanin is a glycopeptide antibiotic active against infections 
caused by Gram-positive bacteria, including MSSA, CoNS and 
MRSA.1 It is a semi-synthetic antibiotic produced by Actinoplanes 
teichomyceticus and is a complex mixture of related molecules. 
The active subcomponents include five closely related glycopep
tides (A2-1–A2-5) and the hydrolysis product A3-1, compromising 
≥95% of all subcomponents.2 The subcomponents all share the 
same glycopeptide core, differing only in the alkyl side chain.3

Interest in optimizing teicoplanin therapy and utilization of 
pharmacokinetic (PK) data and therapeutic drug monitoring 
(TDM) in daily practice is increasing.4 This is standard practice 
for the glycopeptide vancomycin and aminoglycosides. 
Relationship between exposure and efficacy and/or toxicity has 
been demonstrated for these antibiotics, and target concentra
tions have been determined.5 TDM of teicoplanin is recom
mended, yet not common practice in the majority of clinics.4

A total trough concentration of 10–20 mg/L is usually targeted. 
In the case of deep-seated and/or severe infections, a target of 
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20–30 mg/L is suggested in the literature for the total trough 
concentration at steady-state.4,6

Teicoplanin is reported to be ∼90% protein-bound in healthy 
volunteers.7 Generally, critically ill patients have altered and vari
able PK and protein binding.5 As only the unbound concentration 
is responsible for the pharmacological effect, dose optimization 
of highly protein-bound drugs like teicoplanin should be per
formed on unbound concentrations.8 This shows the necessity 
to determine unbound concentrations of teicoplanin.

Several assays to measure teicoplanin concentrations have 
been reported in the literature. The often-used fluorescence po
larization immunoassay (FPIA) is simple and fast, but expensive. 
Quantification of unbound teicoplanin concentrations with this 
method is not feasible, due to the relatively high lower limit of 
quantification (LLOQ).9–13 Description of an assay with a short 
turn-around time and proficient LLOQ that is able to measure to
tal and unbound concentrations and for which the reliability of 
the results is investigated by a cross-validation is lacking.

In this paper, we present a rapid, validated UPLC–MS/MS 
method able to quantify total and unbound concentrations of 
all main subcomponents of teicoplanin in human serum in a clin
ically relevant concentration range.

Materials and methods
Reagents, chemicals and chromatographic and mass 
spectrometric conditions
An overview of the used reagents and chemicals and the chromato
graphic and spectrometric conditions of the developed method can be 
found in the Supplementary Methods 1.1 and 1.2, Figure S1 and Tables 
S1 and S2, available as Supplementary data at JAC Online.

Preparation of calibration standards (CSs) and quality 
controls (QCs) for the measurement of total teicoplanin
Independently weighted stock solutions for CSs and QCs were created by 
reconstituting 400 mg of teicoplanin in 8 mL of Milli-Q water (final con
centration of 50 000 mg/L). The stock solutions were diluted 1:10 with 
blank human serum to create 5000 mg/L working solutions for both the 
CSs and QCs. Seven CSs (2.5, 7.5, 15, 30, 50, 100 and 150 mg/L) were pre
pared from the working solution in duplicate freshly before each run. Five 
QCs were prepared in blank human serum: LLOQ 2.5 mg/L, low concen
tration (QCLow, 5 mg/L), medium concentration (QCMed, 37.5 mg/L), 
high concentration (QCHigh, 125 mg/L) and higher limit of quantification 
(HLOQ, 150 mg/L).

Preparation of CSs and QCs for the measurement of 
unbound teicoplanin
Stock solutions prepared for the measurement of total teicoplanin were 
diluted 1:10 with pH 9 Milli-Q water to create two 5000 mg/L working so
lutions, one for unbound CSs and one for QCs. The CS working solution 
was diluted with pH 9 Milli-Q water to achieve working stocks of 250, 
80, 25, 8, 5, 2.4 and 1 mg/L. The QC working solution was diluted with 
pH 9 Milli-Q water to achieve QC working stocks of 250, 185.7, 35.71, 
3.184 and 1 mg/L. Amicon Centrifree 30K filters (Merck Life Science BV, 
Hoeilaart, Belgium) were used for ultrafiltration.14 For the CSs, 500 µL of 
blank human serum was pipetted onto the filters, after which these 
were equilibrated for 60 min at 1 × g/41°C to reach a sample temperature 
of 37°C. These were then ultrafiltrated by centrifuging for 20 min at 
1650 × g/41°C. The CSs were created in duplicate by spiking the blank 

human ultrafiltrate at seven concentration levels by adding 10 µL of 
the prepared CS working stocks (1–250 mg/L) to 90 µL of blank human ul
trafiltrate. This resulted in unbound calibration standards of 0.1, 0.24, 0.5, 
0.8, 2.5, 8 and 25 mg/L. LLOQ (0.1 mg/L), QCLow (0.318 mg/L), QCMed 
(3.57 mg/L), QCHigh (18.57 mg/L) and HLOQ (25 mg/L) were prepared 
by spiking blank human ultrafiltrate with QC working solutions. An add
itional QC of 25 mg/L was prepared in blank human serum by adding 
50 µL of QC stock solution of 50 000 mg/L teicoplanin to 450 µL of serum 
and diluting 100 µL of the created solution with 19 900 µL of serum. This 
QC was ultrafiltrated in triplicate in each run to create an unbound QC 
sample of approximately 4 mg/L. For both QCs and CSs, 100 µL of sample 
was transferred to a vial using the reverse pipetting method, along with 
100 µL of internal standard (IS) solution and 100 µL of eluent A. The sam
ples were subsequently sealed with a pre-slit septum cap and vortexed 
for 3 min at 2500 rpm.

Preparation of IS solution
Daptomycin (500 mg) was reconstituted in 10 mL of Milli-Q water to ob
tain a concentration of 50 000 mg/L. Two microlitres of this solution was 
diluted in 50 mL of acetonitrile hypergrade resulting in a final IS concen
tration of 2 mg/L.

Patient sample preparation for measurement of the total 
teicoplanin concentration
A volume of 50 µL of patient serum was mixed with 50 µL of Milli-Q water 
and 150 µL of IS solution. The mixture was vortexed for 3 min and centri
fuged at 18 260 × g for 5 min. Fifty microlitres of supernatant was 1:1 di
luted with eluent A, vortexed for 3 min and centrifuged at 1910 × g for 
5 min .

Patient sample preparation for measurement of the 
unbound teicoplanin concentration
For each sample, an aliquot of 300 µL of patient serum was pipetted onto 
an Amicon Centrifree 30K filter and equilibrated for 60 min at 1 × g/41°C 
to reach a sample temperature of 37°C. The samples were then ultrafil
trated by centrifuging for 20 min at 1650 × g/41°C. An aliquot of 100 µL 
of patient sample ultrafiltrate was transferred to a vial using the reverse 
pipetting method, along with 100 µL of IS solution and 100 µL of eluent 
A. The samples were subsequently sealed with a pre-slit septum cap 
and vortexed for 3 min at 2500 rpm.

Concentration calculation for total and unbound 
teicoplanin
First, the areas of the separate subcomponents were compared to the 
limit of quantification of the individual calibration curves of each compo
nent to ensure that the measured concentrations of all separate compo
nents fell within the validated range. Second, the areas of the peaks of all 
subcomponents were summed and divided by the peak area of the IS. A 
quadratic fit with a 1/x2 weight factor was used on the CSs to compensate 
for non-linearity in the instrument response to obtain slope, intercept and 
coefficient of determination (r2) for each run using a worksheet for ana
lytical calibration curves.15 The teicoplanin concentrations were subse
quently calculated using the quadratic equation.

Validation procedures
The method was validated according to the most recent version of the 
EMA guideline on bioanalytical method validation and study sample ana
lysis.16 All validation procedures are described below. Validation para
meters specifically related to ultrafiltration, such as solubility, recovery 
of the ultrafiltration process (i.e. non-specific binding to the ultrafiltration 
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device) and batch-to-batch difference of the ultrafiltration, can be found 
in the Supplementary Methods 1.3, Supplementary Results 2.1 and 
Table S9). The impact of haemolysed and hyperlipidaemic sera on 
UPLC–MS/MS results was also validated and can be found in the 
Supplementary Methods 1.3.4, Supplementary Results 2.1.4 and Tables 
S10 and S11.

Accuracy and precision

Accuracy and precision of both total and unbound teicoplanin were as
sessed by applying the developed method to measure QC (LLOQ, 
QCLow, QCMed, QCHigh and HLOQ) concentrations 5-fold in three runs 
spread out over two separate days. Accuracy was evaluated by calculat
ing the bias (%) for each of the concentrations. Precision was expressed in 
terms of coefficient of variation (CV, %) and was calculated between and 
within runs. The maximum accepted value for both accuracy and preci
sion was <20% for LLOQ and <15% for other QCs.

Selectivity

Selectivity was investigated for total and unbound teicoplanin by com
paring the response of blank serum or ultrafiltrate of six individuals not 
receiving teicoplanin with the corresponding blank serum or ultrafiltrate 
spiked at LLOQ to determine whether the detection of teicoplanin or 
the IS was interfered by endogenous substances.

Carry-over

Carry-over was evaluated for both total and unbound teicoplanin concen
trations by measuring blank serum or ultrafiltrate samples 5-fold imme
diately after an HLOQ sample. The difference in response between the 
blank samples and the LLOQ and IS was calculated. The acceptance cri
teria of the peak areas of the blank samples were that they could not ex
ceed 20% of the peak area of the LLOQ samples for teicoplanin and 5% 
for IS.

LLOQ

The signal measured in the LLOQ samples should be at least five times the 
signal measured in a blank sample. Six blank serum samples from healthy 
volunteers were prepared as described for the QCs above, analysed and 
compared with the LLOQ of 2.5 mg/L. The same procedure was per
formed with the ultrafiltrate, with an LLOQ of 0.1 mg/L.

Dilution integrity

Dilution integrity of total teicoplanin was demonstrated by spiking blank 
human serum with a concentration of 1.5 times the HLOQ. Dilution integ
rity for unbound teicoplanin was determined by spiking blank ultrafiltrate 
to a concentration equal to QCHigh. These were diluted 5-fold two and 
five times, respectively, in blank serum. Samples were prepared and mea
sured with the developed method. Concentration of the undiluted sample 
was back calculated using the dilution factor. Accuracy and precision 
were calculated as previously described and must be <15%.

Matrix effect

Matrix effect of total and unbound teicoplanin was assessed using six in
dividual blank serum samples from healthy volunteers, spiked in dupli
cate with IS and teicoplanin to a concentration equal to the QCLow and 
QCHigh. These samples were prepared and measured. The measured sig
nals were compared with the signal of spiked eluent A to a concentration 
equal to QCLow and QCHigh. The ratio between the measured signals in 
the serum samples and the eluent samples was determined for teico
planin and the IS. These ratios were divided upon one another. The CV 
of these ratios of both concentrations were determined. Matrix effects 
were considered to be acceptable if CV was <15%.

Stability

The stability of QCs and stock solutions was evaluated under different 
conditions. Stability of the stock solution was assessed at 2°C–6°C and 
at −40°C. Stability of the QCs was tested after storage at room tempera
ture, 2°C–6°C and −40°C, after 3 freeze–thaw cycles and while in the 
autosampler.

Cross-validation of UPLC–MS/MS–quantitative 
microsphere (QMS)
The developed method was cross-validated with a QMS immunoassay 
using a cobas C8000-2 with a C502 module (Roche Diagnostics, Basel, 
Switzerland). As described in the CLSI guidelines,17 40 patient samples 
were used for the cross-validation. Serum samples for QMS were mea
sured according to the instructions of the manufacturer. If concentra
tions were measured outside the range recommended by Roche 
(3–50 µg/mL) or outside the validated concentration range of the de
scribed UPLC–MS/MS method, samples were diluted in blank serum. 
Measurement error for UPLC–MS/MS was estimated by using the data 
generated by measuring the samples in duplicate. Measurement error 
for the QMS was estimated by measuring three QCs: low (9.4 mg/L), me
dium (36.29 mg/L) and high (83.17 mg/L) 14, 14 and 16 times, respect
ively. Agreement between the two methods was assessed using 
weighted Deming regression and Bland–Altman plots.16,18 Bland– 
Altman plots were generated using the NCSS statistical software 
V12.0.0. The difference between two values obtained from the different 
methods should be within 20% of the mean for at least 67% of the sam
ples, as described under cross-validation in the EMA guideline for bioana
lytical method validation.19 Deming regression was performed using 
R-4.1.3 (64-bit) using the MCR package V1.2.2.20,21 The 95% CI of the 
slope should include 1 and the 95% CI of the intercept should include 0 
to be considered equivalent.18

Clinical application
To evaluate whether the UPLC–MS/MS method could be used for TDM and 
clinical research, the method was used to measure total and unbound 
teicoplanin in 188 patient samples from 30 patients admitted to the 
ICU and haematology department collected for research purposes. 
Samples were obtained on Days 2 and 5 of teicoplanin therapy. Ratios 
of the individual subcomponents were determined and compared with 
the ratios of the subcomponents in spiked samples to examine the differ
ences in the ratio between the individual subcomponents.

Results
Method validation
Accuracy and precision

Accuracy and precision were accepted for all conditions for both 
total and unbound teicoplanin (Table 1).

Selectivity

There was no significant endogenous interference, proving that 
the selectivity was acceptable (Table S3).

Carry-over

Carry-over effects were within limits (Table S4).

LC–MS/MS assay for quantification of total and unbound teicoplanin                                                             
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Matrix effects

In both total and unbound concentrations, measured signals in 
the blank serum samples were well below the predetermined 
limits when compared with the LLOQ (Table S5).

Dilution integrity

Sample deviation parameters of variance were below the ac
cepted limit after diluting and measuring a known concentration 
that was outside of the HLOQ (Table S6).

Stability

Results of stability tests of QC and stock solution analyses under 
different conditions are depicted in Tables S7 and S8. QCs were 

stable at room temperature for up to 2 days, and at 2°C–6°C for 
up to 7 days. Long-term stability at −40°C was within predefined 
limits (Table S7). Samples were stable during three freeze–thaw 
cycles. Stock solutions were stable at 2°C–6°C for up to 
24 months (Table S8).

Cross-validation
The Bland–Altman difference plot (Figure 1) showed that bias for 
the measured teicoplanin concentrations was within predefined 
limits: 0.76% (95% CI −3.29% to 4.81%) higher concentrations 
were measured using UPLC–MS/MS. Concentrations measured 
with the UPLC–MS/MS assay were within ±20% of the concentra
tions measured with the QMS immunoassay for 90% of the 

Table 1. Accuracy and precision of the UPLC–MS/MS method for the QC samples (n = 5) of total teicoplanin in serum and unbound teicoplanin in 
ultrafiltrate

LLOQ (%) QCLow (%) QCMed (%) QCHigh (%) HLOQ (%)

Total teicoplanin
Within-run accuracy (bias, %) 105 98.7 101 103 107
Between-run accuracy (bias, %) 102 100 101 102 103
Within-run precision (CV, %) 5.97 5.68 4.66 3.25 5.03
Between-run precision (CV, %) 2.36 n.d. n.d. n.d. 2.75

Unbound teicoplanin
Within-run accuracy (bias, %) 108 107 92.8 94.2 96.7
Between-run accuracy (bias, %) 101 100 100 100 98.9
Within-run precision (CV, %) 2.84 6.62 5.66 5.33 3.12
Between-run precision (CV, %) 7.17 6.15 6.00 4.80 2.45

n.d., not determined as within-run precision exceeded between-run precision.

Figure 1. Bland–Altman plot for the comparison of the developed UPLC–MS/MS assay and the QMS assay for measurement of total teicoplanin con
centrations. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

Mouton et al.
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patient samples, and thereby within predefined acceptance 
criteria for cross-validation. Results of the weighted Deming re
gression are depicted in Figure 2. The slope was 1.06 (95% CI 
0.98–1.15) and the intercept was −0.81 (95% CI −1.19 to 0.14), 
showing agreement between the methods.

Clinical application
The UPLC–MS/MS assay was used to analyse patient samples to 
investigate the PK of unbound and total teicoplanin in critically 
ill and haematology patients. The highest total concentration 
measured was 98.5 mg/L. Measured unbound concentrations 
were between 0.37 and 30.7 mg/L. On average, protein binding 
was 79.0% (range 55.3%–92.8%). Relationship between mea
sured total and unbound teicoplanin concentrations is depicted 
in Figure 3. The slope was 3.83 (95% CI 3.66–4.01) and the inter
cept was 3.36 (95% CI 2.3–4.4). Out of 188 samples, 2 measured 
concentrations were outside the validated concentration range; 
one unbound concentration was above the validated range and 
one measured total concentration was below the validated 
range. The sample with a measured teicoplanin concentration 
above the range was diluted and re-measured according to the 
validated procedure. QC samples for unbound teicoplanin 
showed different ratios of the individual components of teico
planin than patient serum samples, but a comparable protein 
binding (Table 2).

Discussion
A UPLC–MS/MS assay for the analysis of both total and unbound 
teicoplanin was successfully developed and validated. The meth
od was able to distinguish teicoplanin components A2-1, A2-2/ 
A2-3, A2-4/A2-5 and A3-1 without extensive preparation steps. 

The method was shown to be accurate and precise and can be 
used for research purposes and TDM in daily practice.

Previously, QMS,22 HPLC–UV,23 HPLC with electrochemical de
tection24 and LC–MS14,25–29 methods for the quantification of 
teicoplanin have been described, some of which were able to 
quantify teicoplanin subcomponents separately.14,24,30 Few of 
the reported assays were able to determine unbound concentra
tions.11,12,14,23,30 None of these assays fulfilled all desired criteria 
for use in clinical practice and for research purposes. In compari
son with previously published assays able to measure unbound 
teicoplanin,6,27,28,30 the assay described in this paper has a sig
nificantly reduced runtime of 5.5 mins. Labour intensity and sam
ple preparation time facilitate application of this assay in clinical 
practice. The assay was able to measure teicoplanin concentra
tions in a clinically relevant range. In order to perform TDM in clin
ical practice these are essential improvements.

Several challenges were faced during method development, 
specifically concerning the ratios of the subcomponents and cal
culation of the subcomponents of teicoplanin. The ratios of the 
subcomponents observed in ultrafiltrated patient samples di
verged from the ratios observed after ultrafiltrating spiked blank 
human serum. Differences in subcomponent ratios between 
samples of different origin have been reported.28 We hypothe
sized that in order to appropriately assess the performance of 
UPLC–MS/MS results, ratios in QC samples should reflect patient 
samples. Ultrafiltrate is slightly basic (pH 9) and making QCs in 
pH 9 Milli-Q water and spiking ultrafiltrate, instead of spiking 
and ultrafiltrating blank serum, created an environment where 
subcomponent ratios were the most similar (see Table 2). To ap
propriately assess the ultrafiltration process, in each run a QCMed 
sample was prepared in human serum, ultrafiltrated in triplicate 
and processed according to the procedure described for the pa
tient samples. Using this method we found components A2-2 

Figure 2. Comparison between the newly developed UPLC–MS/MS assay and the QMS assay for measurement of total teicoplanin concentrations. The 
line shows the weighted Deming regression with the grey area depicting the 95% CI. The slope was 1.06 (95% CI 0.98–1.15). The intercept was −0.81 
(95% CI −1.19 to 0.14). This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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and A2-3 to account for approximately 49% of the total teico
planin concentration in both patient and QC samples, which is 
consistent with previous reports14,26–28 and in compliance with 
the limits on the ratios as specified by the EMA.2

To ensure the individual subcomponents fell within the re
spective limits of the individual calibration curves, this was con
firmed prior to summing the peaks of the subcomponents in 
every run. Determination of the teicoplanin concentrations was 
performed by summing the area of all components, which is 
comparable to methods previously described in the litera
ture.14,28 A quadratic curve with a 1/x2 weight factor was the 
most appropriate fit on the summed peak areas for both total 
and unbound teicoplanin to compensate for non-linearity in the 
instrument response.

Accurate and reproducible determination of unbound drug 
concentrations is challenging.31 The described assay has been 
shown to reproducibly measure unbound teicoplanin concentra
tions. In order to provide accurate results, we aimed to reflect 
physiological conditions. Previously performed experiments re
vealed that the time for equilibration within our specific 

centrifuge was 60 min at 1 × g at a set temperature of 41°C to en
able a sample temperature of 37°C.32,33 A limitation of the de
scribed method is that the pH of the samples before 
ultrafiltration was not adjusted to physiological conditions, as is 
suggested in some recent reports.31,34

Our data on protein binding show a clear relationship 
between total and unbound teicoplanin concentrations, but 
suggest substantial variability in protein binding between pa
tients. Protein binding in both patient samples and pooled 
serum of healthy subjects was lower than that published in 
the literature (79% and 83.2% versus 90%, respectively),7,14 in
dicating further research into exposure and PK of unbound 
teicoplanin is warranted.

During method validation it was noticed that haemolysed and 
hyperlipidaemic serum influence the UPLC–MS/MS assay. 
Additional validation in these samples was performed.

Results showed that the results obtained with the described 
UPLC–MS/MS assay are equivalent to the results obtained with 
a widely used QMS method, in line with previous findings that 
showed correlation between immunological and HPLC methods 

Figure 3. Spearman correlation of total and unbound teicoplanin concentrations (n = 188) measured with the developed UPLC–MS/MS method. The 
slope was 3.83 (95% CI 3.66–4.01) and the intercept was 3.36 (95% CI 2.3–4.4). The grey area depicts the 95% CI.

Table 2. Mean ratios of the subcomponents of unbound teicoplanin and percentage protein bound in various samples

A3-1 (%) A2-1 (%) A2-3 + 4 (%) A2-4 + 5 (%) Percentage (%) protein bound

Patient serum 8.39 27.5 48.9 15.2 79.0
Spiked serum 16.9 27.7 49.1 6.31 83.2
pH 9 Milli-Q water 4.74 28.5 50.8 16.0 —
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is high when all teicoplanin subcomponents are taken into 
account.22,25,35,36

Ideally, deuterated teicoplanin is used as IS. To the best of our 
knowledge, there is no commercially labelled teicoplanin avail
able. As previously described in other MS-based teicoplanin as
says, the use of an IS other than deuterated teicoplanin is 
proficient.14,25–28 Similar to Begou et al.,28 daptomycin was 
used as IS.

Recently, a panel of experts recommended TDM for teico
planin.4 To realize teicoplanin TDM in clinical practice, several pre
requisites need to be met.37 This method enables measurement 
of all major teicoplanin subcomponents without extensive sam
ple preparation. The assay described in this report enables further 
research in determining total and unbound target exposures, PK 
of teicoplanin and can be used in daily clinical TDM practice.
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