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A B S T R A C T

Introduction: Treatment with vancomycin and gentamycin requires strict monitoring of its serum concentration
for proper dosage optimization. This study aimed to assess the quality and the harmonization of antibiotics
assays in Polish laboratories.
Materials and methods: 413 results of vancomycin and 148 results of gentamycin assays obtained from Polish
laboratories in 30 international external quality assessment (EQA) surveys carried out from March 2011 to May
2018 were analyzed.
Results: Interlaboratory robust coefficients of variation (rCVs) in particular surveys comprised between 1.3 and
47.2% for vancomycin, and between 1.8 and 34.2% for gentamycin. The percentage of the results with the
difference above acceptable limit± 10% from the target value established for own method group was 25.7% for
vancomycin and 25.6% for gentamycin. When the difference was established according to target value for all
methods, the percentage of results outside the acceptable limit was 2-fold higher on average (54.8% for van-
comycin and 43.2% for gentamycin). The comparison of target values for methods revealed statistically sig-
nificant differences between analytical systems used (p < .0001). The highest difference was 40% for vanco-
mycin and 12% for gentamycin.
Conclusions: The present analysis revealed high dispersion of the antibiotics assays results in Polish laboratories.
Moreover, vancomycin and gentamycin results differed significantly in a way dependent on the analytical system
used. There appear to be an urgent need for harmonization of methods used for vancomycin and gentamycin
measurement.

1. Introduction

Vancomycin and gentamycin remains a mainstay in the manage-
ment of serious infections with Gram-positive and Gram-negative bac-
teria. As with other drugs with narrow therapeutic window, these one's
use in patients' treatment requires strict monitoring of serum con-
centration for proper dosage optimization. It is of great importance
especially when they are applied in children, elderly or renal in-
sufficiency patients due to high nephrotoxicity of these antibiotics and
mainly their renal route of elimination [1–3].

Strict drug concentration monitoring in serum requires the use of
reliable, accurate and precise laboratory methods, which ensures the
high quality of the obtained results. Moreover, it requires that results
obtained by different measurements procedures are equivalent,

especially since clinical decisions are based on universal cut-off points
[4]. Harmonization of the results is a fundamental aspect of quality in
laboratory medicine, which major issue is to improve patient's outcome
through providing high quality results [5].

Medical laboratories ensure quality through standardization of op-
erating procedures, internal quality control procedures, and participa-
tion in an external quality assessment (EQA) programs [6,7]. The EQA
programs enable to evaluate the performance of participating labora-
tories and to evaluate the harmonization of methods they used.

The present study aimed to assess the quality and the harmonization
of vancomycin and gentamycin assays in Polish laboratories based on
retrospective analysis of the results obtained in an international EQA
program.
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2. Material and methods

2.1. Data collection

413 results of vancomycin and 148 results of gentamycin mea-
surements obtained by Polish laboratories in an international EQA
program provided by Labquality (Finland) from March 2011 to May
2018 were analyzed. The number of laboratories participating in pro-
gram was 28 for vancomycin and 8 for gentamycin.

2.2. EQA program organization

Laboratories, which have participated in the Labquality EQA pro-
gram Clinical Chemistry 11: Special Chemistry: Therapeutic Drug, ob-
tained 2 liquid serum samples spiked with drugs at low, medium or
high level, up to 4 times a year. For the analyzed surveys the mean drug
concentration was as follows: for vancomycin 5.96 ± 1.15,
19.56 ± 1.94 and 35.6 ± 6.21mg/l, and for gentamycin
1.43 ± 0.18, 3.87 ± 0.20, and 6.96 ± 0.88mg/l. In each sample,
drug concentration should have been measured in a single run. Results
and information on the analytical system used for the analysis were sent
to the EQA program provider and were evaluated according to the drug
level, the analytical system used (method group), and the country of the
participant (district group). Laboratory's result was evaluated as ac-
ceptable when the difference between the result and the target value
(established as mean for own method group) did not exceed±10%.

2.3. Statistics

Dispersion of the Polish laboratories' results was assessed by the
evaluation of robust coefficient of variation (rCV) for each sample in
every survey. rCVs were calculated using equation: rCV
%=0.74× (P75− P25)/Median×100, where P25 and P75 are the
first and third quartiles of the obtained results [8]. The surveys in
which<3 Polish laboratories have participated were excluded from
the analysis.

Accuracy of the laboratory's result was assessed by the calculation of
the percentage (%) difference between the result and the established
target values: 1) the mean value calculated for own method group
(target valueown method), and 2) the mean value calculated from means
for all methods used in the survey (target valueall methods). The target
valueown method was calculated from the results in particular method
group obtained from all participants (from all countries). The method
groups, which comprised<3 participants per survey, were excluded
from the analysis, and the target valueown method was calculated from 3
to 43 results for vancomycin and from 3 to 24 results per survey for
gentamycin (median 5 and 6, respectively).

For each analytical system (method group) the percentage (%) dif-
ference between the target valueown method and target valueall methods

was calculated in each survey. As some method groups in particular
surveys were excluded from the analysis due to number of partici-
pants< 3, and in some surveys some method groups were absent, for
particular method groups the difference between the target valueown

method and target valueall methods was calculated from the range of 11 to
60 surveys (median 45) for vancomycin and from 6 to 60 surveys
(median 38) for gentamycin, respectively. The normality of the data for
each method group was assessed using Shapiro-Wilk test. As the data
distribution wasn't normal the results are expressed as median and 25th
and 75th percentiles, minimum and maximum. Kruskal-Wallis test was
used to compare groups. P < .05 was considered statistically sig-
nificant.

3. Results

3.1. Harmonization of antibiotics assays in Polish laboratories

The rCVs of Polish laboratories' results in particular surveys ranged
from 1.3% to 47.2% and from 1.8% to 34.2%, for vancomycin and
gentamycin, respectively (Table 1). In 19% of surveys for vancomycin
and 10% of surveys for gentamycin the rCVs exceeded 20%.

25% of vancomycin and gentamycin results were beyond acceptable
range: target valueown method ± 10%. When laboratories' results were
compared to target valueall methods 54.7% of vancomycin and 43.2% of
gentamycin measurements were beyond acceptable limit. For both an-
tibiotics percentage of results biased>20% from target valueall methods

was about 20% (Table 2).

3.2. Effect of the analytical system on the harmonization of the results

The difference between target valueown method and target valueall
methods ranged in particular surveys from −35% to 70% for vancomycin
and from −20% to +21% for gentamycin (Fig. 1). For both analyzed
antibiotics, there were statistically significant differences between the
results obtained with different analytical systems (p < .0001). The
greatest difference between two vancomycin determination methods
was 40%. For 4 method groups the median difference between target
valueown method and target valueall methods exceeded acceptable limit±
10%. For gentamycin the difference between methods was lower and
reached a maximum of 12% (Fig. 1).

Table 1
Interlaboratory robust coefficients of variation (rCVs) for Polish laboratories'
results in EQA surveys for antibiotics in 2011–2018. Parameters were calcu-
lated for surveys in which participated at least 3 Polish laboratories.

Vancomycin

Drug level Low (n= 12) Medium (n= 21) High (n= 19)

Median rCV [%] 18.2 9.6 18.8
Percentiles 25th–75th 11.3–24.8 5.4–12.9 10.1–20.7
Min–Max 4.9–47.2 2.9–18.2 1.3–31.3

Gentamycin

Drug level Low (n= 10) Medium (n= 13) High (n=6)

Median rCV [%] 9.4 6.3 9.5
Percentiles 25th–75th 5.4–13.5 4.5–8.2 4.7–13.4
Min–Max 2.8–34.2 1.8–19.8 3.1–23.4

Table 2
Number and percentage of Polish laboratories results within bias range estab-
lished according to the target valueall methods and target valueown method (in
parenthesis).

Vancomycin

Bias range ≤10% 10–20% ≥20%

Number of results 187 (269) 127 (70) 99 (23)
% of results 45.3 (74.3) 30.8 (19.3) 24.0 (6.4)

Gentamycin

Bias range ≤10% 10–20% ≥20%

Number of results 84 (32) 37 (7) 27 (4)
% of results 56.8 (74.4) 25.0 (16.3) 18.2 (9.3)
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4. Discussion

Therapeutic drug monitoring has become an expanding area of la-
boratory diagnostics and clinical pharmacology. Levels of the anti-
biotics in serum have to be especially constantly monitored because of
their narrow therapeutic window and to prevent toxic effects, as well as
for the need to exceed the minimal inhibitory concentration. Since
gentamycin and vancomycin are restricted to use in inpatients (hemo-
dialyzed, immunosuppressed after transplantation, with kidney failure
or infected with resistant strains of bacteria), who are frequently in
serious clinical conditions, reliability of the measurement is of great
importance [1,2,6].

The current study was performed in order to assess the quality and
harmonization level of antibiotics assays used in Poland, in the last
8 years. Moreover, since up to date the data on quality of antibiotics
assays and harmonization of currently used in laboratories the analy-
tical systems are very scarce [9,10], the presented analysis seems to be
of great importance. Therapeutic drug monitoring is not (in Poland)
provided on a regular basis in every laboratory. This part of laboratory
service is rather centralized and fulfilled only by the biggest labora-
tories or the one having specific group of patients. The nationwide EQA
program for therapeutic drug monitoring in Poland exists, but com-
prises only phenytoin, carbamazepine, valproic acid and digoxin [11].
Thus Polish laboratories participate also in other EQA programs, which
allow the quality assessment of antimicrobial agents' analysis. Such
EQA programs available in Poland are few, so the number of labora-
tories participating in each may be quite low. Nevertheless, in the last
8 years we have observed the increased interest in EQA program for
vancomycin (from 7 laboratories in 2011 to 18 laboratories in 2017)
and gentamycin (from 2 to 7), which may be result of increased need
for these antibiotics use in general.

The present analysis revealed problems in overall quality of anti-
biotics assays in Polish laboratories, despite their increasing participa-
tion in EQA program. There were a high percentage of results beyond
acceptable range, especially when compared to target valueall methods.
Problems with quality of the results cannot be addressed only to low
level of drugs since for every drug level there was a wide range of the
obtained results and high percentage of results differed significantly

from the target value. It was not also caused by an extremely skewed
EQA results obtained in individual laboratories, since for none of par-
ticipating laboratories the median of percentage difference from target
valueown method exceeded 10% (data not shown).

Thus the results of our analysis led to the conclusion, that one of the
important reasons of the poor harmonization of the Polish laboratories'
results might be differences between analytical systems used. Indeed, in
our work we provide evidence, that results obtained with few particular
analytical systems significantly differ and this difference may exceed
40%.

The significant differences between methods available for assay of
vancomycin and aminoglycosides has been observed by others
[9,12,13]. For instance, Wilson et al. in the study based on EQA pro-
gram results performed in United Kingdom has found that for genta-
mycin CEDIA, Bayer chemiluminescence and Abbott TDx assays pro-
duced significantly lower results, whereas Roche FPIA and Dade
Behring Emit produced higher results, in comparison to other methods.
For vancomycin, Abbott AxSYM produced the lowest results whereas
Sigma FPIA the highest. In our study, the number of method groups was
about 2-fold higher, in comparison to the study published in 2003 [9].
The differences between analyzers observed by us were higher for
vancomycin than for gentamycin. The highest difference between two
analytical systems (Siemens Advia Centaur and Roche Integra) reached
40%.

Most commonly in routine diagnostics the measurement of drug
concentration is performed using commercially available im-
munochemical technologies delivered and ready to use. The diversity of
analytical systems available for drugs monitoring and continuing de-
velopment of the new ones can lead to frequent changes of methods in
laboratories. Samardzic et al. compared results of vancomycin through
concentration monitored in neonates, using different immunoassays
and found out that after switching the method from PETINIA to Cobas,
results obtained through the two year observation were 20% lower.
Authors suggest switching to more advanced analytical techniques, for
example LC/MS [12]. In other paper, comparison LC-MS/MS with im-
munoassays revealed substantial differences between methods, which
lead to discordant interpretation of 1 out of 5 results [13].

Our study has some limitations. It should be taken into account, that

Fig. 1. Percentage difference between target valueall methods and target valuesown method, for analytical systems used by the participants of EQA surveys for antibiotics
in 2011–2018. Data are expressed as median, 25th–75th percentiles and minimum and maximum (box and whiskers).
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quality of the EQA results may be affected by sample preparation or
handling, and EQA samples could not be commutable with patients'
samples [14]. Spiked EQA samples simulate patient's material, but may
differ in subtle ways. Important difference in EQA and clinical material
is the presence of preservatives and many different drugs molecules. pH
of the prepared control sample is higher than native serum what may
significantly affect susceptible methods, i.e. based on enzyme activity
measurement. On the other hand EQA material does not contain drug
metabolites, so the risk of cross-reaction in immunoassays seems to be
lower. Thus the laboratories' results in EQA program are mainly eval-
uated according to own analytical system, having regard that the con-
trol sample may behave differently in different analyzers.

Unfortunately, the data about the commutability of the EQA spe-
cimens for therapeutic drug monitoring are very scarce. Recently, the
paper assessed the commutability for the material used for antibiotics
analysis based on example of tobramycin has been published [14]. The
results of this study indicate that specimens made with human serum
behaves more like patient samples compared to bovine serum. The
control sample used in Labquality EQA program for drug monitoring is
of human origin, but we did not have the detailed data about its
commutability. However, as other previous studies based on both, EQA
material and patients' samples also showed the differences between
methods in antibiotics analysis [9,13,15,16] we can conclude that the
differences between methods observed by us are not the result of poor
commutability of the analyzed samples, but rather point to the differ-
ences between methods. Our analysis of the harmonization of results
without reference to the analytical method we have considered rea-
sonable, since the recipient of the analysis result (clinician) usually does
not achieve the information on the method used.

Discrepancy between results obtained with different method might
lead to inappropriate conclusions by those, who are responsible for
drug dosage optimization and needs to be pointed out. Pitfalls in an-
tibiotic monitoring may lead to too low doses administration and give
the risk of subtherapeutic drug concentration and eventually, lead to
development of antimicrobial resistance [17].

Thus, laboratories should consider evaluation of own vancomycin
and gentamycin therapeutic ranges or the harmonization of methods for
antibiotics assay is needed. Harmonization of the laboratory results
means that clinical laboratory test results will be equivalent in-
dependently from the clinical laboratory that produced the results.
Recently, the International Consortium for Harmonization of Clinical
Laboratory Results has been established, which mission is to provide a
centralized process to organize global efforts to achieve harmonization
of clinical laboratory results [18]. The Council prepared a document
with measurands and herein status of harmonization. Vancomycin is
present on this list with status ‘needed’, what is with agreement with
conclusions from our study. Gentamycin is not presented in this docu-
ment. Our study showed that the gentamycin assays were better har-
monized than vancomycin assays; however, there was also a high dis-
persion of laboratories results and a statistically significant difference
between methods. Thus gentamycin assays could also be considered as
requiring harmonization.

5. Conclusions

The present analysis revealed high dispersion of the antibiotics as-
says results in Polish laboratories. Moreover, vancomycin and genta-
mycin results differed significantly in a way dependent on the analytical

system used. Clinical chemists, pharmacologists, and pharmacists
should pay special attention to possible differences between analytical
systems used for drug monitoring. There appeared to be an urgent need
for harmonization of vancomycin and gentamycin methods used for
antibiotics monitoring.

Acknowledgements

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

[1] J.A. Roberts, R. Norris, D.L. Paterson, J.H. Martin, Therapeutic drug monitoring of
antimicrobials, Br. J. Clin. Pharmacol. 73 (1) (2012) 27–36, https://doi.org/10.
1111/j.1365-2125.2011.04080.x.

[2] M.J. Rybak, B.M. Lomaestro, J.C. Rotschafer, R.C. Moellering, W.A. Craig,
M. Billeter, J.R. Dalovisio, D.P. Levine, Vancomycin therapeutic guidelines: a
summary of consensus recommendations from the infectious diseases Society of
America, the American Society of Health-System Pharmacists, and the Society of
Infectious Diseases Pharmacists, Clin. Infect. Dis. 49 (3) (2009) 325–327, https://
doi.org/10.1086/600877.

[3] M.N. Jeffres, The whole price of vancomycin: toxicities, troughs, and time, Drugs 77
(11) (2017) 1143–1154, https://doi.org/10.1007/s40265-017-0764-7.

[4] M. Plebani, Harmonization in laboratory medicine: requests, samples, measure-
ments and reports, Crit. Rev. Clin. Lab. Sci. 53 (3) (2016) 184–196, https://doi.org/
10.3109/10408363.2015.1116851.

[5] M. Plebani, Harmonization of clinical laboratory information - current and future
strategies, eJIFCC 27 (1) (2016) 15–22.

[6] L.O. White, Assays for therapeutic monitoring and pharmacokinetic investigations
of aminoglycosides: quality aspects, Ther. Drug Monit. 20 (5) (1998) 464–468.

[7] L.M. Tsanaclis, J.F. Wilson, Comparison by external quality assessment of perfor-
mance of analytical systems for measurement of therapeutic drugs in serum, Ther.
Drug Monit. 19 (4) (1997) 420–426.

[8] L.A. Zhang, S. lbarède, G. Dumont, C.V. Campenhout, J.-C. Libeer, A. Albert, The
multivariate coefficient of variation for comparing serum protein electrophoresis
techniques in external quality assessment schemes, Accred. Qual. Assur. 15 (6)
(2013) 353–357, https://doi.org/10.1007/s00769-009-0627-3.

[9] J.F. Wilson, A.C. Davis, C.M. Tobin, Evaluation of commercial assays for vanco-
mycin and aminoglycosides in serum: a comparison of accuracy and precision based
on external quality assessment, J. Antimicrob. Chemother. 52 (1) (2003) 78–82,
https://doi.org/10.1093/jac/dkg296.

[10] L.O. White, UK NEQAS in antibiotic assays, J. Clin. Pathol. 53 (11) (2000) 829–834.
[11] A. Brzezinski, B. Przybyl-Hac, Interlaboratory EQA programmes realised in 2014 by

Centre for Quality Assessment in Laboratory Medicine, J. Lab. Diagn. 51 (2) (2015)
105–122.

[12] J. Samardzic, A. Smits, I. Spriet, I. Soldatovic, A. Atkinson, M. Bajcetic, J.N. Van
Den Anker, K. Allegaert, Different vancomycin immunoassays contribute to the
variability in vancomycin trough measurements in neonates, Biomed. Res. Int. 2016
(2016) 1974972, https://doi.org/10.1155/2016/1974972.

[13] M. Oyaert, N. Peersman, D. Kieffer, K. Deiteren, A. Smits, K. Allegaert, I. Spriet,
J. Van Eldere, J. Verhaegen, P. Vermeersch, S. Pauwels, Novel LC-MS/MS method
for plasma vancomycin: comparison with immunoassays and clinical impact, Clin.
Chim. Acta 441 (2015) 63–70, https://doi.org/10.1016/j.cca.2014.12.012.

[14] K. Robijns, N.W. Boone, R.T. Jansen, A.W. Kuypers, C. Neef, D.J. Touw,
Commutability of proficiency testing material containing tobramycin: a study
within the framework of the Dutch Calibration 2.000 project, Clin. Chem. Lab. Med.
55 (2) (2017) 212–217, https://doi.org/10.1515/cclm-2015-1254.

[15] M. Shipkova, D.T. Petrova, A.E. Rosler, M. Orth, J. Engelmayer, E. Wieland,
G. Brandhorst, M. Oellerich, Comparability and imprecision of 8 frequently used
commercially available immunoassays for therapeutic drug monitoring, Ther. Drug
Monit. 36 (4) (2014) 433–441, https://doi.org/10.1097/ftd.0000000000000043.

[16] S. Barco, E. Castagnola, I. Gennai, L. Barbagallo, A. Loy, G. Tripodi, G. Cangemi,
Ultra high performance liquid chromatography-tandem mass spectrometry vs.
commercial immunoassay for determination of vancomycin plasma concentration
in children. Possible implications for everyday clinical practice, J. Chemother. 28
(5) (2016) 395–402, https://doi.org/10.1080/1120009x.2016.1157947.

[17] C. Neef, D.J. Touw, A.R. Harteveld, J.J. Eerland, D.R. Uges, Pitfalls in TDM of
antibiotic drugs: analytical and modelling issues, Ther. Drug Monit. 28 (5) (2006)
686–689, https://doi.org/10.1097/01.ftd.0000243966.97964.11.

[18] https://www.harmonization.net/measurands Accessed June 24th 2018.

R. Kowalski et al. Clinical Biochemistry 66 (2019) 91–94

94

https://doi.org/10.1111/j.1365-2125.2011.04080.x
https://doi.org/10.1111/j.1365-2125.2011.04080.x
https://doi.org/10.1086/600877
https://doi.org/10.1086/600877
https://doi.org/10.1007/s40265-017-0764-7
https://doi.org/10.3109/10408363.2015.1116851
https://doi.org/10.3109/10408363.2015.1116851
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0025
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0025
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0030
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0030
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0035
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0035
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0035
https://doi.org/10.1007/s00769-009-0627-3
https://doi.org/10.1093/jac/dkg296
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0050
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0055
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0055
http://refhub.elsevier.com/S0009-9120(18)30693-3/rf0055
https://doi.org/10.1155/2016/1974972
https://doi.org/10.1016/j.cca.2014.12.012
https://doi.org/10.1515/cclm-2015-1254
https://doi.org/10.1097/ftd.0000000000000043
https://doi.org/10.1080/1120009x.2016.1157947
https://doi.org/10.1097/01.ftd.0000243966.97964.11
https://www.harmonization.net/measurands

	Insufficient harmonization of antibiotics assays – Polish experience with an external quality assessment program in the years 2011–2018
	Introduction
	Material and methods
	Data collection
	EQA program organization
	Statistics

	Results
	Harmonization of antibiotics assays in Polish laboratories
	Effect of the analytical system on the harmonization of the results

	Discussion
	Conclusions
	Acknowledgements
	References




