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Abstract

Therapeutic monitoring of the antibiotic vancomycin is important to achieve specific plasma con-

centration and prevent toxic effects. Several assays have been described for vancomycin determi-

nation in clinical practice, but high-performance liquid chromatography is still considered the gold

standard for the quantification of vancomycin. In this study, we developed a new and rapid high-

performance liquid chromatography method requiring 50 μL of plasma for the quantification of

vancomycin. Acetonitrile was used for processing plasma by protein precipitation (1:2.5). Isocratic

chromatographic analysis was carried out on a C18 silica-based (2.7 μm) column with the mobile

phase containing 20mM ammonium acetate/formic acid buffer (pH 4.0):methanol 88:12 (v/v). A

diode array detector was used for UV detection at 240 nm. This method was validated according

to the Brazilian Health Surveillance Agency legislation and International Conference on

Harmonization guidelines. The measurement range was 1–100 μg/mL, analysis time was 8min,

and intermediate precision was <12%, supporting the present method as a fast, simple, and effec-

tive alternative for therapeutic monitoring of vancomycin.

Introduction

Vancomycin, a glycosylated peptide antibiotic obtained from
Amycolatopsis orientalis, was approved and introduced in clinical
practice in 1958 for the management of aerobic gram-positive infec-
tions. The use of vancomycin was overshadowed by the develop-
ment of beta-lactams, particularly methicillin and cephalothin (1–3).
The worldwide development of bacterial resistance to these drugs
and the increase in methicillin-resistant Staphylococcus aureus
(MRSA) in the 1980s played a role in the resurgence of vancomycin
use (4). Despite the emergence of new and alternative drugs

(linezolid, daptomycin and tigecycline), vancomycin remains the
drug of choice for the treatment of severe MRSA infections (5).

Therapeutic monitoring of vancomycin was first proposed to
prevent toxic effects related to the therapy, such as ototoxicity
in elderly patients and nephrotoxicity in high-dose therapy (6–9).
In recent years, however, monitoring vancomycin levels is mostly
used to achieve specific plasma concentration for therapeutic
success.

A consensus statement from the American Society of Health-System
Pharmacists, the Infectious Diseases Society of America, and the Society
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of Infectious Diseases Pharmacists recommends that the trough vanco-
mycin plasma level should be in the range of 15–20 μg/mL for severe in-
fections, and >10 μg/mL to prevent resistance development (10).

Several techniques have been described for the determination of
vancomycin, including bioassay, high-performance liquid chroma-
tography (HPLC), radioimmunoassay (RIA), fluorescence polariza-
tion immunoassay (FPIA), and enzyme multiplied immunoassay
technique (EMIT) (11–14). Immune enzymatic techniques, especially
FPIA, are used clinically for the therapeutic monitoring of vancomy-
cin due to their feasibility and rapid analysis (15–18). However,
HPLC is more sensitive and specific, and suitable for the detection
of lower vancomycin levels with high accuracy and precision.
Moreover, HPLC methods, post the initial equipment investment,
are more cost effective compared to other methods (19–21).

The present study aims at developing a new and rapid HPLC
method with UV detection for the vancomycin assay in human plasma.

Experimental

Materials and reagents

The reference standard vancomycin was purchased from Sigma
Aldrich (São Paulo, Brazil). The internal standard (IS) Zidovudine
was supplied by Cristália Pharmaceutical Industry (São Paulo,
Brazil). Acetonitrile, methanol, ammonium acetate, and formic acid
were obtained from Tedia Brasil. Ultrapure water was obtained
from Elga USFilter system (Garden Grove, CA, USA). Blank human
plasma was obtained from the blood bank of HEMORIO (Instituto
Estadual de Hematologia Arthur de Siqueira Cavalcanti).

Instrumentation and chromatographic conditions

An Agilent 1260 Infinity HPLC system (Agilent Technologies, Santa
Clara, CA, USA) with diode array detector (DAD) equipped with
Chemstation software package was used for method development
and validation. Chromatographic separation was performed on a
Supelcosil C18 column (150 × 4.6mm, 2.7 μm particle size, 90Å pore
size, Sigma Aldrich), maintained at 50°C. Ultraviolet measurements
were carried out at 240 nm. The mobile phase was 20mM ammo-
nium acetate/formic acid buffer (pH 4.0): methanol 88:12 (v/v) with a
flow rate of 1.5mL/min. The sample injection volume was 20 μL, and
the running time for each sample was 8min.

Preparation of stock solutions, calibration curve and

quality control samples

Stock vancomycin solutions were prepared by dissolving 10mg of
vancomycin in 10mL of ultrapure water (1,000 μg/mL). Dilutions
with ultrapure water were used for preparing standard vancomycin
solutions (1–100 μg/mL). The internal standard stock solution was
prepared by dissolving 10mg of Zidovudine in 10mL of ultrapure
water, and the internal standard working solution (10 μg/mL) was
obtained by diluting the stock solution with acetonitrile.

Calibration samples were established by diluting the aforemen-
tioned solutions with blank human plasma to final concentrations of
1.0, 3.0, 10.0, 20.0, 50.0, 70.0 and 100.0 μg/mL. The limit of quan-
tification (LoQ) sample was prepared separately at a concentration
of 1.0 μg/mL. For vancomycin quality control samples, the low qual-
ity control (LQC), medium quality control (MQC), high quality con-
trol (HQC), and dilution quality control (DQC) were prepared
separately at four concentration levels of 5.0, 40.0, 80.0 and
200.0 μg/mL, respectively. All the samples were stored at −20°C.

Sample extraction

A 50 μL aliquot of standard or quality control sample, followed by
125 μL of IS working solution, was added to a microtube. The sam-
ple was vortexed for 30 s and centrifuged at 10,000 rpm with maxi-
mum relative centrifugation force (RCF) of 10 956 × g for 10min at
room temperature. The supernatant was placed in a glass tube and
dried in a vacuum sample concentrator for 40min at 60°C. The resi-
due was reconstituted with 50 μL of ammonium acetate buffer pH 4
and placed in an auto sampler vial for injection.

Method validation

Method validation was performed in accordance with the Brazilian
Health Surveillance Agency, RDC n° 27/2012 (22) and International
Conference on Harmonization (ICH) guidelines (23). The following
parameters were considered: specificity, matrix effect, carry-over,
linearity, precision, accuracy and drug stability in plasma and
solution.

Specificity was validated by injecting six blank plasma samples
(four with normal plasma, one with hemolyzed plasma, and one
with lipemic plasma) obtained from individual donors, and the re-
sults were compared to the LoQ and IS plasma samples in order to
identify possible interferences from other components on the chro-
matographic peaks of the analyte and/or IS.

For assessing the matrix effects, eight blank plasma samples
(four with normal plasma, two with hemolyzed plasma, and two
with lipemic plasma) obtained from individual donors were first
processed and further spiked with vancomycin and IS to achieve the
LQC and HQC levels. The spiked samples were compared to the
analytes in solution at the same levels. The IS-normalized MF was
calculated for each sample, and the results were expressed in terms
of coefficient of variation (CV%).

Carry-over was evaluated by the injection of blank plasma sam-
ple in triplicate, one before and two after the injection of spiked
plasma sample at 100.0 μg/mL vancomycin.

Linearity was achieved by injection of seven calibration samples
in triplicate, covering a calibration curve range of 1.0–100.0mg/mL
vancomycin. The calibration curve was obtained by least-squares
linear regression analysis.

The precision of the method was determined as repeatability pre-
cision and intermediate precision. Repeatability was determined by
analyzing seven replicate injections of five preparations (LoQ, LQC,
MQC, HQC and DQC) on the same day. For the intermediate preci-
sion study, analysis was performed by injecting four preparations
(LoQ, LQC, MQC, HQC) in seven replicates on three consecutive
days. The results were expressed in terms of CV%.

Accuracy was assessed as within-run and between-run accuracy.
Tests for within-run accuracy and between-run accuracy were per-
formed in a manner similar to the repeatability precision and inter-
mediate precision tests, respectively. Accuracy was expressed in
terms of recovery (%).

Samples containing vancomycin at 10.0 and 100.0 μg/mL (in
triplicate) were evaluated for assessing vancomycin and IS stability
in solution, on the first and last day of method validation by com-
paring both the chromatographic peak areas.

The stability of vancomycin in plasma was evaluated using low
and high QC sample concentrations (in triplicate) for freeze–thaw
cycles as well as short-term and post-preparative stabilities; and by
using 10.0 and 20.0 μg/mL vancomycin concentration samples (in
triplicate) for long-term stability. The freeze–thaw stability of vanco-
mycin was determined over three cycles within 3 days. In each cycle,
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Figure 1. Representative HPLC chromatograms of blank human plasma (A), blank human plasma spiked with 50 μg/mL of zidovudine (IS) (B), and blank human

plasma spiked with 50 μg/mL of vancomycin and 50 μg/mL of zidovudine (IS) (C).
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low and high QC samples were stored at −20°C for 24 h and
thawed at room temperature (22–25°C). When completely thawed,
the samples were refrozen for 24 h at −20°C. For the post-
preparative and short-term stabilities, the plasma samples were
maintained at room temperature for 12 and 24 h, respectively, and
then analyzed. The long-term stability was evaluated after freezing
the plasma samples at −20°C for 14 months.

Assay applicability

To evaluate the applicability of the method, plasma samples of pa-
tients who used vancomycin were collected from the University
Hospital Clementino Fraga Filho in Rio de Janeiro. The study was
approved by the University Hospital Clementino Fraga Filho
Research Ethics Committees for humans (n° 811/11).

The samples were collected 30min immediately before the sec-
ond, fourth, or fifth dose administration of vancomycin in the steady

state. Blood samples (10.0mL) were collected in tubes containing
sodium EDTA. Subsequently, plasma was obtained by sample cen-
trifugation at 30,000 rpm with a maximum RCF of 98,608 × g for
30min at room temperature. All samples were stored at −20°C up
to analysis.

Results

In summary, all validation acceptance requirements of the Brazilian
Health Surveillance Agency and ICH guidelines were fulfilled.

Selectivity

No significant interfering peaks were observed in the blank plasma
samples at the retention times of vancomycin and the IS. The peaks
of vancomycin and IS were observed at retention times of 4.0 and
7.1min, respectively. The chromatograms of human blank plasma,

Table I. Precision and Accuracy Data

Nominal
concentration
(μg/mL)

Obtained
concentration
(μg/mL)a

Repeatability
precision
(CV%)

Within-run accuracy
(Recovery %)

Obtained
concentration
(μg/mL)a

Intermediate
precision
(CV%)

Between-run accuracy
(Recovery %)

1 1.0 6.8 95.4 1.0 8.3 103.3
5 4.9 5.6 105.8 4.8 11.4 99.3
40 40.9 7.4 100.6 39.9 2.5 102.4
80 80.9 5.4 100.5 80.7 3.5 102.3
200 219.0 1.9 109.5 - - -

(-) Not evaluated.
aThe calculated concentrations are reported as mean.

Table II. Stability Data of Vancomycin in Plasma

Nominal
concentration
(μg/mL)

Post-preparative Short-term Freeze–thaw Long-term

Obtained
concentration
(μg/mL)a

DV (%) Obtained
concentration
(μg/mL)a

DV (%) Obtained
concentration
(μg/mL)a

DV (%) Obtained
concentration
(μg/mL)a

DV (%)

5 5.17 3.53 5.17 3.50 4.67 6.50 - -
10 - - - - - - 8.81 11.80
20 - - - - - - 19.07 4.63
80 81.57 1.96 82.61 3.26 78.29 2.12 - -

(-) Not evaluated.
aThe determined concentrations are reported as mean. DV, Deviation compared to nominal concentration.

Table III. Clinical and Laboratory Characteristics of the Patients

Patient 1 2 3 4 5 6 7

Sex M M M M M F M
Age (years) 48 61 59 77 30 79 55
Weight (kg) 52 55 70 50 65 60 52
ECC (mL/min) 83 40 78 <10 76 43 <10
Loading dose (mg) 1,500 1,500 1,500 1,500 1,500 1,500 1,500
Maintenance dose (mg) 1,250 500 1,250 1,000 1,000 500 1,000
Dose interval (h) 12 12 12 96 12 12 96
Collection time (h) 48 48 48 96 48 60 96
Calculated concentration (mg/L)a 22.51 14.23 18.36 5.77 13.05 8.68 7.47

M, male; F, female; ECC, Estimated Creatinine Clearance.
aMean of obtained concentrations (triplicate).
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human blank plasma spiked with 10.0 μg/mL IS, and human blank
plasma spiked with 50.0 μg/mL vancomycin and 50.0 μg/mL IS are
shown in Figure 1A–C, respectively.

Carry-over and matrix effects

No carry-over from previous analyses was observed. For matrix ef-
fects, the CV% of relative NMF for all samples (LQC and HQC)
ranged from 9.8% to 11.4%.

Linearity and lower limit of quantification

The calibration curves were linear in the concentration range of
1.0–100.0 μg/mL, with a coefficient of determination (R2) > 0.998,
indicating good linearity. No deviation >13% for LoQ and >8%
for other QC levels was observed. The LoQ was 1 μg/mL.

Precision and accuracy

Table I shows the precision and accuracy data for each QC sample.
The repeatability and intermediate precision values (CV%) ranged
from 1.9% to 7.4% and from 2.5% to 11.4%, respectively. The
within-run and between-run accuracy values (recovery %) ranged
from 95.4% to 109.5% and from 99.3% to 103.3%, respectively.

Stability

The three freeze–thaw cycles (post-preparative, short-term, and
long-term) did not cause any significant change in the vancomycin
concentrations. The deviation values obtained for 10.0 and
100.0 μg/mL vancomycin solutions were 4.5% and 3.9%, respec-
tively. For all stability tests of vancomycin in human plasma, the
deviation values observed were <12%, as shown in Table II.

Assay applicability

Seven samples from different patients were obtained to evaluate the
applicability of the method. Clinical and laboratory data from pa-
tients are described in Table III.

Around 43% of the patients used at least 10 drugs simulta-
neously, with a mean of 8.85 per patient. The most reported drugs

included antimicrobials, immunosuppressives and antihypertensives.
Unknown exogenous substances were observed in the chromato-
grams of two patients, without interfering with the retention time of
vancomycin and the IS, as shown in Figure 2.

Discussion

The immunoassay techniques for vancomycin, such as FPIA, are
simple and rapid and are widely applied for the therapeutic monitor-
ing of this drug (15–18). Although the calibration curves are quite
robust, problems related to these techniques are often reported as
they may underestimate vancomycin levels in plasma (24–26).
Moreover, for samples containing either low or high levels of vanco-
mycin, FPIA has proved to be far less accurate than UHPLC techni-
ques (27). Although other techniques have proven to be simpler and
faster for vancomycin determination, HPLC has significant advan-
tages because of its greater sensitivity and specificity when compared
with immunoassays (20). The present method differs from other
published HPLC methods as it is rapid, easy to perform, and re-
quires minimal plasma aliquots, similar to the UHPLC method re-
ported in the literature (27).

Protein precipitation with acetonitrile was used for sample prep-
aration due to the lower cost when compared to solid phase extrac-
tion (SPE), as described in other studies (14, 28). SPE is relatively
expensive as the cartridges are manufactured for single-use only. In
addition, SPE requires much time for analysis (29), which is not
effective for vancomycin therapeutic monitoring.

The chromatographic separation was performed on a C18 col-
umn with a small particle size (2.7 μm) and shorter analysis time
without loss of separation efficiency. Improved chromatographic
resolution (30) is an advantage of our method. Most studies have
reported the use of C18 columns with 5.0 μm (14, 31, 32) or
10.0 μm (28) particle size. The mobile phase, with 20mM acidified
ammonium acetate buffer and methanol (88:12 v/v) in an isocratic
elution system, makes it easier for the technique to be applied to
several HPLC devices. In addition, isocratic HPLC is associated
with relatively low cost for equipment and reagents when compared
with those required for immunoassays (14). Although the gradient

Figure 2. Representative HPLC chromatograms of patient samples. Sample of the fifth patient (I): retention time of vancomycin (A): 4.3min, IS (B): 7.0min and

unknown exogenous substance (C): 5.8min. Sample of the seventh patient (II): retention time of vancomycin (A): 4.4min, IS (B): 7.1min and unknown exoge-

nous substance (C): 3.3min.
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elution system has been reported in other studies (28, 31), its
employment in hospitals is less feasible due to its cost, particularly
in low-income countries.

Unlike Chauhan et al. and Usman et al. (31, 32), our group used
an internal standard to improve the precision and accuracy of re-
sults. The elution of vancomycin and zidovudine (IS) is 4.0 and
7.1min, respectively, and the running time of 8 min for each sample
allows for a larger number of samples to be analyzed. The present
method is faster when compared with those reported in previously
studies (14, 28, 31), including a recent method in which vancomycin
was eluted in 9.1min (32).

Small plasma concentrations (50.0 μL) for vancomycin quantifi-
cation is another advantage of the present method, as opposed to
other methods that require plasma amounts greater than 100.0 μL
(14, 27, 28, 32–34). This is relevant as most patients on vancomycin
treatment have limited venous access. In addition, lower amounts of
plasma lead to a reduction in the sample preparation time and allow
for minimal use of solvents.

The sensitivity of the present method is similar (LoQ = 1 μg/mL)
to that of the methods reported by Hagihara et al. and Favetta et al.
(14, 34) but less sensitive when compared to those of other studies
(LoQ = 0.25 μg/mL (28, 32) and 0.50 μg/mL (19, 33)). For vancomy-
cin therapeutic monitoring, the LoQ = 1 μg/mL is sufficient once its
use in clinical practice aims at achieving therapeutic concentration
values in the range of 10–20 μg/mL for the treatment of severe infec-
tions and for avoiding the development of bacterial resistance (10).

All the results for precision and accuracy were within the limits
accepted by the Brazilian Health Surveillance Agency legislation and
ICH guideline: CV% < 11.5 and recovery% ranged from 95.4 to
109.5. In our study, vancomycin was maintained stable at room
temperature for 24 h after three freeze and thaw cycles and after
freezing for more than 3 months at −20°C, similar to that in a
recent study (32).

Our method has some limitations. First, only a few samples from
patients were used to evaluate the assay applicability. In addition,
the limit of detection and the signal-noise ratio were not calculated.

Conclusion

We have developed and validated a specific, sensitive, precise and
accurate HPLC-DAD method for the quantification of vancomycin
in human plasma within the expected concentration range. Our
method is more rapid and simpler when compared to other HPLC
methods. The small volume of sample required for analysis also
makes the method adequate for the therapeutic monitoring of van-
comycin, and therefore, a good alternative to existing methods.

Acknowledgments

We would like to thank the employees of the Laboratory of Pharmacometrics
(LabFarma) of the Federal University of Rio de Janeiro.

Funding

Karine Souza Seba and Rita de Cássia Elias Estrela were supported by the
Research Support Foundation of the State of Rio de Janeiro (FAPERJ). Tácio
de Mendonça Lima was supported by the Coordination for the Improvement
of Higher Education Personnel (CAPES).

References

1. Welhelm, M.P., Estes, L.L.; Vancomycin; Mayo Clinic Proceedings,
(1999); 74: 928–935.

2. Levine, D.P.; Vancomycin: A history; Clinical Infectious Disease, (2006);
42: 5–13.

3. Martindale. (2011) The Extra Pharmacopeia. The Royal Pharmaceutical
Society of Great Britain. https://www.medicinescomplete.com (accessed
November 15, 2015).

4. Dean, R., Dasgupta, A.; Therapeutic drug monitoring of vancomycin and
aminoglycosides with guidelines. In Amitava Dasgupta (ed). Advances in
chromatographic techniques for therapeutic drug monitoring, 1st ed,
Chapter 2. CRC Press, Boca Raton, FL, (2010); pp. 323–335.

5. Liu, C., Bayer, A., Cosgrove, S.E., Daum, R.S., Fridkin, S.K., Gorwitz, R.J.,
et al.; Clinical practice guidelines by the infectious diseases society of
America for the treatment of methicillin-resistant staphylococcus
aureus infections in adults and children; Clinical Infectious Disease,
(2011); 52: 1–38.

6. Black, D.; Special report: Recommendations for vancomycin serum con-
centration monitoring in adults; Drug Therapy Topics, (2005); 34:
56–60.

7. Lodise, T.P., Lomaestro, B., Graves, J., Drusano, G.L.; Larger vancomy-
cin doses (at least four grams per day) are associated with an increased
incidence of nephrotoxicity; Antimicrobial Agents and Chemotheraphy,
(2008); 52: 1330–1336.

8. Forouzesh, A., Moise, P.A., Sakoulas, G.; Vancomycin ototoxicity: A
reevaluation in an era of increasing doses; Antimicrobial Agents and

Chemotheraphy, (2009); 53: 483–486.
9. van Hal, S.L., Paterson, D.L., Lodise, T.P.; Systematic review and meta-

analysis of vancomycin-induced nephrotoxicity associated with dosing
schedules that maintain troughs between 15 and 20 milligrams per liter;
Antimicrobial Agents and Chemotheraphy, (2013); 57: 734–744.

10. Rybak, M., Lomaestro, B., Rotschafer, J.C., Moellering, R., Jr, Craig, W.,
Billeter, M., et al.; Therapeutic monitoring of vancomycin in adult pa-
tients: A consensus review of the American Society of Health-System
Pharmacists, the Infectious Diseases Society of America, and the Society
of Infectious Diseases Pharmacists; American Journal of Health-System

Pharmacy, (2009); 66: 82–98.
11. Jehl, F., Gallion, C., Thierry, R.C., Monteil, H.; Determination of vanco-

mycin in human serum by high-pressure liquid chromatography;
Antimicrobial Agents and Chemotheraphy, (1985); 27: 503–507.

12. Yeo, K.T., Traverse, W., Horowitz, G.L.; Clinical performance of the
EMIT vancomycin assay; Clinical Chemistry, (1989); 35: 1504–1507.

13. Botelho, S.T., Lourenco, F.R., Andreoli Pinto, T.J.; Vancomycin microbial
assay using kinetic-reading microplate system; Current Pharmaceutical

Analysis, (2013); 9: 172–176.
14. Hagihara, M., Sutherland, C., Nicolau, D.P.; Development of HPLC

methods for the determination of vancomycin in human plasma, mouse
serum and bronchoalveolar lavage fluid; Journal of Chromatographic
Science, (2013); 51: 201–207.

15. Revilla, N., Martín-suárez, A., Pérez, M.P., González, F.M., Gatta, M.M.F.;
Vancomycin dosing assessment in intensive care unit patients based on a
population pharmacokinetic/pharmacodynamic simulation; British Journal

of Clinical Pharmacology, (2010); 70: 201–212.
16. Kullar, R., Leonard, S.N., Davis, S.L., Delgado, G., Jr, Pogue, J.M.,

Wahby, K.A., et al.; Validation of the effectiveness of a vancomycin
nomogram in achieving target trough concentrations of 15–20 mg/L sug-
gested by the vancomycin consensus guidelines; Pharmacotherapy,
(2011); 31: 411–418.

17. Leu, W.J., Liu, Y.C., Wang, H.W., Chien, H.Y., Liu, H.P., Lin, Y.M.;
Evaluation of a vancomycin dosing nomogram in achieving high target
trough concentrations in Taiwanese patients; International Journal of
Infectious Diseases, (2012); 16: 804–810.

18. Deng, C., Liu, T., Zhou, T., Lu, H., Cheng, D., Zhong, X., et al.; Initial
dosage regimens of vancomycin for Chinese adult patients based on popu-
lation pharmacokinetic analysis; International Journal of Clinical
Pharmacology and Therapeutics, (2013); 51: 407–415.

120 Lima et al.

Downloaded from https://academic.oup.com/chromsci/article-abstract/56/2/115/4561567
by Fundacao Oswaldo Cruz (FIOCRUZ) user
on 19 February 2018

https://www.medicinescomplete.com


19. Farin, D., Piva, G.A., Gozlan, I., Kitzes-cohen, R.; A modified HPLC
method for the determination of vancomycin in plasma and tissues and
comparison to FPIA (TDX); Journal of Pharmaceutical and Biomedical

Analysis, (1998); 18: 367–372.
20. Trujillo, T.N., Sowinski, K.M., Venezia, R.A., Scott, M.K., Mueller, B.A.;

Vancomycin assay performance in patients with acute renal failure;
Intensive Care Medicine, (1999); 25: 1291–1296.

21. Javorska, L., Krcmova, L.K., Solichova, D., Solich, P., Kaska, M.;
Modern methods for vancomycin determination in biological fluids by
methods based on high-performance liquid chromatography—A review;
Journal of Separation Science, (2016); 39: 6–20.

22. Brasil.. (2012) RDC n. 27/05/2012: Requisitos mínimos para a validação
de métodos bioanalíticos empregados em estudos com fins de registro e
pós-registro de medicamentos. Diario Oficial da União. http://portal.
anvisa.gov.br (accessed November 15, 2015).

23. International Conference on Harmonization (ICH) of Technical
Requirements for the Registration of Pharmaceuticals for Human Use,
Q2 (R1): Validation of Analytical Procedures: Methodology, Step 4,
November, (2005).

24. Najjar, A.T., Al-Dhuwailie, A.A., Tekle, A.; Comparison of high-
performance liquid chromatography with fluorescence polarization
immunoassay for the analysis of vancomycin in patients with chronic
renal failure; Journal of Chromatography B: Biomedical Sciences and
Applications, (1995); 672: 295–299.

25. Gunther, M., Saxinger, L., Gray, M., Legatt, D.; Two suspected cases of
immunoglobulin-mediated interference causing falsely low vancomycin
concentrations with the Beckman PETINIA method; Annals of
Pharmacotherapy, (2013); 47: 19.

26. Konish, H., Iga, I., Nagai, K.; Underestimation of rat serum vancomycin
concentrations measured by an enzyme multiplied immunoassay tech-
nique and the strategy for its avoidance; Drug Testing and Analysis,
(2014); 6: 350–356.

27. Cao, Y., Yu, J., Chen, Y., Zhang, J., Wu, X., Zhang, Y., et al.;
Development and validation of a new ultra-performance liquid chro-
matographic method for vancomycin assay in serum and its application
to therapeutic drug monitoring; Therapeutic Drug Monitoring, (2014);
36: 175–181.

28. Abu-Shandi, K.H.; Determination of vancomycin in human plasma
using high-performance liquid chromatography with fluorescence
detection; Analytical and Bioanalytical Chemistry, (2009); 395:
527–532.
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