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A B S T R A C T

Vancomycin is a glycopeptide antibiotic mainly excreted by glomerular filtration. Therefore,

patients undergoing hemodialysis tend to accumulate its crystalline degradation product,

which has been associated with cross-reaction in commercial immunoassays. The aim of

this study was to assess the performance of two commercial immunoassays for measuring

vancomycin levels in patients undergoing hemodialysis. This method-comparison study

enrolled patients undergoing hemodialysis at two hospitals in Porto Alegre, Brazil. Vanco-

mycin serum concentrations measured by Chemiluminescent Microparticle Assay (CMIA)

and measured by Kinetic Interaction of Microparticles in Solution (KIMS) were compared

with Liquid Chromatography coupled with Tandem Mass Spectrometry (LC-MS/MS). A total

of 64 samples from 42 patients and 54 samples from 23 patients were included in CMIA and

KIMS groups. Both measurements were highly correlated with LC-MS/MS, with Spearman

rank correlation coefficient r = 0.840 (p < 0.001) and r = 0.926 (p < 0.001), respectively. No

deviation of linearity was observed (p = 0.81 and p = 0.49, respectively). The mean difference

between CMIA and LC-MS/MS was -1.19 mg/mL and between KIMS and LC-MS/MS was

-2.28 mg/mL. LC-MS/MS measured levels were, on average, 2.64 % higher than CMIA and

8.81 % higher than KIMS. CMIA and KIMS revealed accurate commercial methods to

measure vancomycin serum concentrations in patients undergoing hemodialysis.

� 2024 Sociedade Brasileira de Infectologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction

Vancomycin is an antibiotic glycopeptide discovered in the

1950s and approved by Food and Drug Administration (FDA)
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to treat severe infections caused by gram-positive bacteria,

especially methicillin-resistant Staphylococcus aureus

(MRSA).1,2 Despite more than 60 years of clinical use, ques-

tions still need to be answered regarding strategies to individ-

ualize therapy, minimize toxicity, and prevent increased

bacterial resistance.3

Vancomycin therapeutic level monitoring is highly recom-

mended due to its narrow therapeutic index,4 wide interpa-

tient and intrapatient pharmacokinetic variability along with

exposure-dependent nephrotoxicity.5 Therapeutic Drug Mon-

itoring (TDM) rests on pharmacokinetic/pharmacodynamic

(PK/PD) studies, which embrace three PK/PD indices: ratio of

maximum concentration to minimum inhibitory concentra-

tion (MIC), ratio of area under the concentration-time curve to

MIC and time concentration above MIC.6 Vancomycin antimi-

crobial effect is dependent on the ratio of the area under the

plasma concentration-time curve during 24 h (AUC0−24) over

the minimum inhibitory concentration by broth microdilu-

tion (AUC0−24/MICBMD), and a value between 400 and 600 mg.

hour/L is indicated as the best target to treat MRSA invasive

infections.7

As vancomycin quantification is mandatory for TDM,

robust assays are required to ensure adequate, effective,

and safe serum concentrations.8 Although immunoassays

are the most commonly used for vancomycin measurement

in clinical laboratories, chromatography methods coupled

with tandem mass spectrometry are considered the gold

standard for their high specificity and reproducibility.9

Even though immunoassays enable simple and fast meas-

urements by consolidated analytical systems and commer-

cial kits, inconsistent accuracy and precision may occur

due to interference of cross-reacting substances, such as

the biologically inactive vancomycin crystalline degrada-

tion product, CDP-1.10

Vancomycin is mainly excreted by glomerular filtration.

Serum half-life in patients with normal renal function is

approximately 6 h, however, renal impaired patients have a

prolonged half-life of up to 200 h.4,11 The prolonged exposure

of the drug to body temperatures allows CDP-1 to accumu-

late.12 Since CDP-1 has chemical structures similar to vanco-

mycin, there are several reports about cross-reaction with

anti-vancomycin antibodies in non-specific immunoassays,

leading to falsely elevated vancomycin levels.12-16

Infectious diseases are the second leading cause of death

in patients with chronic kidney disease undergoing hemodi-

alysis (HD), preceded only by cardiovascular disorders.11 The

skin disruption by HD vascular access is the main route of

infection, leading to bacteremia commonly caused by

MRSA.11 Vancomycin is widely prescribed for patients under-

going HD, and TDM is recommended by the latest consensus

guideline published by Ryback et al.17 Therefore, it is crucial

to elucidate if currently available immunoassays are suscepti-

ble to CDP-1 interference.

This study aims to compare two immunoassays, Chemilu-

minescent Microparticle Assay (CMIA) and Kinetic Interaction

of Microparticles in Solution (KIMS), with Liquid Chromatog-

raphy coupled with Tandem Mass Spectrometry (LC-MS/MS)

for vancomycin measurements from patients undergoing HD

to avoid dose adjustment based on falsely elevated vancomy-

cin serum levels.

Materials andmethods

Patients, samples, and immunoassay methods

This study involved two Hospitals from Porto Alegre City, Rio

Grande do Sul (RS), Brazil. From December 2020 to June 2021,

a total of 64 samples analyzed for vancomycin TDM by CMIA

(ARCHITECT iSystem, AbottTM) from 42 patients undergoing

HD at Hospital de Clínicas de Porto Alegre (HCPA) were

included in CMIA cohort. From October 2021 and February

2022, 54 samples analyzed for vancomycin TDM by KIMS

(Cobas� 6000, c501 module, Roche/Hitachi) from 23 patients

undergoing HD at Moinhos de Vento Hospital (HMV) were

included in KIMS cohort. The sample size was estimated

based on an Clinical Laboratory Standard Institute (CLSI) ana-

lytical guideline,18 which suggests the analysis of at least 40

samples for method comparison studies. Calibration, quality

control, and patient samples were routinely processed

according to the manufacturer’s instructions.

CMIA immunoassay is a competitive chemiluminescent

immunoassay. Vancomycin in the sample competes with

acridinium ester-labeled vancomycin for a limited amount of

anti-vancomycin monoclonal mouse antibody covalently

bound to paramagnetic particles. The resulting chemilumi-

nescence is inversely proportional to the vancomycin concen-

tration in the sample. KIMS immunoassay is based on the

kinetic interaction of microparticles in a solution. Vancomy-

cin in the sample competes with a vancomycin conjugate for

anti-vancomycin antibodies, covalently bound to micropar-

ticles. The kinetic interaction of the microparticles is

inversely proportional to the concentration of vancomycin in

the sample.19

According to the kit label, vancomycin CMIA assay range is

0.24 mg/mL to 100.00 mg/mL. Themeasurement was developed

to have a precision of ≤ 10 % total CV (range 3.1 % to 6.2 %) and

a mean recovery of 100 § 10 %. The sensitivity, defined as the

Limit of Detection (LoD), was ≤ 2.0 mg/mL. According to KIMS

manufacturer, vancomycin measuring range is 4.0 to 80.0 mg/

mL, precision of ≤ 10 % total CV (range 2.3 % to 8.2 %) LoD

equal to 1.5 mg/mL (1.04 mmoL/L).

All samples were collected up to one hour before vanco-

mycin administration. The serum samples were collected in

gel-enhancing serum tubes, centrifuged at 18,000 rpm for

15 min, and were immediately analyzed. The remaining

material was stored at �20 °C for up to 15 days for further

analysis by LC−MS/MS at the Laboratory of Analytical Toxi-

cology, Feevale University, Novo Hamburgo, RS, Brazil.

Liquid chromatography coupled with tandemmass

spectrometry method

Stock solutions were prepared by dissolving vancomycin

(vancomycin hydrochloride, Sigma Aldrich − Milan, Italy) in

ultra-pure water (6 mg/mL) and atenolol-D7 (Sigma Aldrich,

Saint Louis, USA) in acetonitrile (200 mg/mL). Atenolol-D7

(9 mg/mL) was used as Internal Standard (IS), prepared from

stock solution.

Calibrators and Quality Control (QC) were obtained by

spiking vancomycin stock solution. A six-point calibration
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curve was created from calibrator standards prepared by add-

ing vancomycin to human plasma to yield concentrations of

2.5, 5.0, 10, 25, 50, and 75 mg/mL. This calibration curve covers

the expected concentrations in clinical samples. QC was pre-

pared at a concentration of 15 mg/mL. A volume of 50 mL of

each plasma sample, calibrator, and QC was mixed with

100 mL atenolol-D7 (9 mg/mL in acetonitrile), followed by vor-

tex-mixing and centrifugation. An aliquot of 100 mL of the

supernatant was mixed with 600 mL of ultra-pure water and

100 mL of dichloromethane, followed by vortex-mixing and

centrifugation. An aliquot of 100 mL of the supernatant was

transferred into a new vial.

The LC-MS/MS system consisted of an Acquity I-Class sys-

tem connected to a XevoTQS-micro triple quadrupole mass

spectrometer, both acquired from Waters Technologies (Mil-

ford, USA). Chromatographic separation was performed with

an Acquity BEH C8 column (100 £ 2.1 mm, p.d. 1.7 mm), also

acquired from Waters. The column temperature was 35 °C

and the injection volume was 1 mL. Mobile phases were 0.1 %

formic acid in water (A) and 0.1 % formic acid in acetonitrile

(B), eluted at a flow rate of 0.3 mL/min. The total run time was

6 min. MS conditions were: ionization in electrospray positive

ion mode and capillary voltage 1.50 kV. The desolvation tem-

perature was 400 °C, the desolvat002Dion flow was 600 L/h

and the cone flow was 40 L/h. The monitored multiple reac-

tion transitions (m/z) were: vancomycin 725.5!144 for quan-

tification and 725!100 for qualification and atenolol-D7

274!145 for quantification. Vancomycin and atenolol-D7

retention time was 2.36 and 2.35 min, respectively. The assay

was validated according to international guidelines.19 Intra-

assay precision is 3.12 %‒4.81 %, inter-assay precision is

2.65 %‒4.69 %, and accuracy is 98.4 %‒99.6 %.

Method comparison

The agreement between serum vancomycin concentrations

measured by each immunoassay (CMIA and KIMS) and LC-

MS/MS was performed using nonparametric Passing-Bablok

regression analysis, with 95 % Confidence Intervals (95 % CI)

calculated for the slope and intercept. The Bland-Altman

plots were used to assess the relative differences between

CMIA, KIMS, and LC-MS/MS methods by plotting the percent-

age differences against the mean vancomycin value for each

immunoassay and LC-MS/MS. The mean relative differences

and the 1.96 Standard Deviations (SD) of the differences were

calculated, and values within 1.96 SD were considered accept-

able. The discordance of CMIA and KIMS compared to LC-MS/

MS was reported as percentage. All the statistical analyses

have been performed with Medcalc software (MedCalc Soft-

ware Ostend, Belgium).

Incurred Sample Reanalysis (ISR) criterion, described in the

FDA Bioanalytical Method Validation Guidance for Industry,

was used to verify the reliability of the sample analyte

concentrations and to critically support the precision and

accuracy measurements established with the quality con-

trols. The percentage differences in the results between the

reference method and the tested method were determined

with the following equation: ðTested Method � Reference Metho

dÞ=Mean � 100.

The difference between the two values obtained should be

within 20 % of the mean for at least 67 % of the samples.20

Results

The CMIA evaluation consisted of 64 serum samples, obtained

from 42 patients, measured for vancomycin concentration as

part of the TDM routine. Of the 42 patients, 28 (66.7 %) were

men, and the mean age was 58 years (range: 30−84 years); 38

were receiving continuous renal replacement therapy (CRRT), 2

were receiving intermittent HD (IHD), 1 patient changed from

CRRT to IHD and 1 was receiving peritoneal dialysis. The KIMS

assessment consisted of 54 samples from 23 patients, mea-

sured for vancomycin concentration as part of the TDM rou-

tine. There were 17 (73.9 %) men, and the mean age was

75 years (range: 34−89 years); 14 were receiving CRRT, 5 were

receiving IHD, 1 patient changed from CRRT to IHD and 3 were

receiving peritoneal dialysis. The frequency of prescribed van-

comycin doses for studied samples in the CMIA and KIMS

cohorts is listed in Table 1. Vancomycin doses were

Table 1 – Frequency of prescribed vancomycin doses for studied samples according to the method used to respectively
measure serum concentrations.

CMIA cohort prescribed vancomycin doses Frequency KIMS cohort prescribed vancomycin doses Frequency

1000 mg 12/12h 16 1000 mg 12/12h 17

750 mg 12/12h 11 1000 mg once a day 10

1000 mg once a day 9 500 mg 12/12h 10

1500 mg 12/12h 6 500 mg once a day 6

500 mg 12/12h 6 750 mg 12/12h 6

1250 mg 12/12h 5 500 mg, oral routea, 6/6h 2

1500 mg once a day 2 1250 mg 12/12h 1

250 mg 12/12h 2 750 mg once a day 1

500 mg once a day 2 1500 mg once a day 1

24 h according medical order 2 ‒ ‒

2000 mg 12/12h 1 ‒ ‒

500 mg 8/8h 1 ‒ ‒

750 mg once a day 1 ‒ ‒

CMIA, Chemiluminescent Microparticle Assay; KIMS, Kinetic Interaction of Microparticles in Solution.

a One patient also received vancomycin by oral route.
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administered every 12 h in 73 % and 63 % and every 24 h in

22 % and 33 % of CMIA and KIMS cohorts, respectively. In both

CMIA and KIMS evaluations, all patients used high-flux mem-

brane dialysis, except one who was on peritoneal dialysis.

In CMIA evaluation, vancomycin concentrations ranged

from 7.30 to 58.50 mg/mL with CMIA and from 7.39 to

56.23 mg/mL with LC-MS/MS. CMIA and LC-MS/MS measure-

ments were highly correlated, with a Spearman rank correla-

tion coefficient value of 0.840 (p < 0.001, 95 % CI 0.749‒0.900).

No deviation of linearity was observed (p = 0.81). Regression

analysis is shown in Fig. 1A and the results are summarized

in Table 2. No systematic bias was observed, as the intercept

was not significantly different from 0 mg/mL (95 % CI: �0.6931

to 5.909). Nonetheless, the slope of 0.82 (95 % CI 0.6873‒

0.9671) showed a small proportional bias. The mean differ-

ence between vancomycin concentrations measured by CMIA

and LC-MS/MS was �1.0 mg/mL (�10.38 to 11.26). Bland-Alt-

man plots are shown in Fig. 2A. Most of the differences

between both methods were within the §1.96 standard devia-

tion range. LC-MS/MS measured levels were, on average,

2.64 % higher than CMIA (range: �57.88 % to 39.48 %). The dif-

ference between values obtained was within 20 % of the

mean for 67 % of the samples (43/64), following ISR.

In the KIMS assessment, vancomycin concentrations

ranged from 7.10 to 70.40 mg/mL with KIMS and from 7.90 to

75.87 mg/mL with LC-MS/MS. KIMS and LC-MS/MS measure-

ments revealed a high correlation, with Spearman rank corre-

lation coefficient value of 0.926 (p < 0.001, 95 % CI 0.875 to

0.957), and no significant deviation of linearity was observed

(p = 0.49). Fig. 1B represents the regression analysis and the

results are summarized in Table 3. The intercept was not sig-

nificantly different from 0 mg/mL (95 % CI �1.3759 to 2.689),

then no systematic bias was observed. The slope was 0.89

(95 % CI 0.8032 to 0.990), representing a small proportional

bias. The mean difference between vancomycin concentra-

tions measured by KIMS and LC-MS/MS was �2.28 mg/mL

(�15.34 to 2.75). Bland-Altman plots are shown in Fig. 2B. The

difference between both methods was within the §1.96

standard deviation range. LC-MS/MS measured levels were,

on average, 8.81 % higher than KIMS (range: �13.40 % to

35.04 %). The difference between values obtained was within

20 % of the mean for 76 % of the samples (41/54).

Discussion

Vancomycin TDM for serious MRSA infections in patients

undergoing hemodialysis is strongly recommended by the

current international consensus.17 Given the narrow vanco-

mycin AUC range for therapeutic efficacy and minimal neph-

rotoxicity, AUC-target is the most accurate and optimal way

to guide vancomycin dosing.5,17 The AUC0−24/MIC is the PK/

PD parameter that best describes the vancomycin antimicro-

bial activity, and a value of AUC0−24/MIC 400‒600 has been

shown to be the PK/PD target. Although Bayesian PK models

can accurately estimate the AUC0−24 with a single point in

the dose interval, and this is the current guidelines’ recom-

mendations for patients not on renal replacement therapy,

this is not validated for patients under dialysis. Therefore,

Fig. 1 –Passing Bablok regression plots comparing vancomycin concentrations measured by (A) LC-MS/MS and CMIA and (B) LC-

MS/MS and KIMS. The solid line represents the regression line, the dashed lines represents the confidence interval for the

regression line, and the dotted line represents an identity line (x = y). CMIA, Chemiluminescent Microparticle Assay; KIMS,

Kinetic Interaction of Microparticles in Solution; LC-MS/MS, Liquid Chromatography coupled with Tandem Mass Spectrometry.

Table 2 – Comparison of vancomycin concentrations
measured by CMIA and LC-MS/MS.

Evaluation parameter CMIA cohort (n = 64)

Difference of CMIA and LCMS/MS

measurements (mg/mL, range)

-1.0 (�10.38 to 11.26)

Passing-Bablok correlation coefficient

(95 % CI)

0.840 (0.749 to 0.900)

Passing-Bablok regression intercept

(95 % CI)

3.05 (�0.6931 to 5.9097)

Passing-Bablok regression slope (95 % CI) 0.82 (0.6873 to 0.9671)

Cusum (P) 0.81

Bland-Altmanmean of differences

(95 % CI)

2.64 (�2.6603 to 7.9446)

CMIA, Chemiluminescent Microparticle Assay; LC-MS/MS, Liquid

Chromatography coupled with TandemMass Spectrometry.
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current recommendations is still based on a single point eval-

uation for patients under replacement renal therapy.17

Given the relevance of serum concentration monitoring in

patients undergoing HD, the vancomycin assay’s accuracy

must be guaranteed. Differences between methods of vanco-

mycin measuring have been reported in the last years:

previous studies reported CDP-1 cross-reaction in different

immunoassays, which are the most applied assays at routine

laboratories.8,10,12,14-16,21-25 In addition to CDP-1 cross-reaction,

other interferers may also occur, such as impurities present in

commercial vancomycin,26 immunoglobulin M,27 paraproteins,

and rheumatoid factor,28 dialyzer flow rate29,30 and the lack of

technique standardization between immunoassays.10

This study aimed to assess the performance of two differ-

ent immunoassays for vancomycin measurement compared

to LC-MS/MS in patients undergoing HD. As stated earlier,

several studies reported the performance of different immu-

noassays in measuring vancomycin levels. Nevertheless,

none of them compared CMIA and KIMS with HPLC-MS/MS

specifically in patients receiving HD. For that, 64 samples

from 42 patients analyzed by CMIA and 54 samples from 23

patients analyzed by KIMS were included.

Most patients in CMIA and KIMS cohorts were men (67 %

and 74 %, respectively), and CRRT was more frequent than

IHD in both groups (88 % and 65 %, respectively). Prescribed

vancomycin doses every 12 h were more frequent than once

a day for CMIA and KIMS cohorts. A large range of concentra-

tions was evaluated by CMIA and KIMS, and measurements

were highly correlated with LC-MS/MS, with no deviation of

linearity. Both CMIA and KIMS demonstrated acceptable

correlation and agreement, although, the slight proportional

bias indicates that whereas concentrations increase, differ-

ences between immunoassays and LC-MS/MS increase pro-

portionally, but not biased to a clinically significant degree.

Therefore, the higher the concentration, the greater the dif-

ference between methods. Therefore, although not signifi-

cant, this accumulation may contribute to the difference

between methods. No systematic bias was observed, and the

difference between methods was within the §1.96 standard

deviation range. Following ISR, the difference between values

was within 20 % of the mean for 67 % of the samples for

CMIA and for 76 % for KIMS. However, the range of observed

differences (�10.38 to 11.26 and �15.34 to 2.75 for CMIA and

KIMS, respectively) seems insufficient to affect clinical

decisions on vancomycin dosing.

High-flux membranes present increased surface area and

higher permeability, allowing clearance of middle to large

molecules, such as vancomycin.29,30 Since the chemical struc-

ture of CDP-1 and vancomycin are very close, dialytic clear-

ance characteristics must be the same.14,30 As CDP-1 tends to

be removed by high-permeability dialyzers, its serum levels

should not be sufficient to interfere with vancomycin meas-

urements by immunoassays. The possible removal of CDP-1

by high-permeability dialyzers and the use of monoclonal

antibodies may explain the performance of both CMIA and

KIMS described in this study.

Our study has some limitations that must be acknowl-

edged. First, although LC-MS/MS method has been validated

according to the guidelines proposed by the American FDA

for validation of bioanalytical methods,20 which includes

specificity and sensitivity testing, we do not have a CDP-1

standard to perform analyze the presence of this compound.

However, the chromatographic conditions used are similar to

those in other studies,31,32 hence, we expect that interfer-

ences will be unlikely. Second, atenolol-d7 was used as IS

Fig. 2 –Bland-Altman plots comparing vancomycin concentrations measured by (A) LC-MS/MSCMIA and CMIA and (B) LC-MS/

MS and KIMS. CMIA, Chemiluminescent Microparticle Assay; KIMS, Kinetic Interaction of Microparticles in Solution; LC-MS/

MS, Liquid Chromatography coupled with TandemMass Spectrometry .

Table 3 – Comparison of vancomycin concentrations
measured by KIMS and LC-MS/MS.

Evaluation parameter KIMS cohort (n = 54)

Difference of KIMS and LCMS/MS

measurements (mg/mL, range)

�2.28 (�15.34 to 2.75)

Passing-Bablok correlation coefficient

(95 % CI)

0.926 (0.875 to 0.957)

Passing-Bablok regression intercept

(95 % CI)

0.24 (�1.3759 to 2.6898)

Passing-Bablok regression slope (95 % CI) 0.89 (0.8032 to 0.9909)

Cusum (P) 0.49

Bland-Altman mean of differences

(95 % CI)

8.81 (5.2370 to 12.3806)

KIMS, Kinetic Interaction of Microparticles in Solution; LC-MS/MS,

Liquid Chromatography coupled with TandemMass Spectrometry.
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since there is no availability of a deuterated analogue of van-

comycin on the market. Nonetheless, this has unlikely

affected our results, since atenolol-d7 is a compound with a

similar retention time and will never be present in patient

samples. Its use as an internal standard for vancomycin has

already also been described in other studies.32 Third, we did

not test the analyte stability in the matrix. However, �20 °C

frozen were analyzed in no more than 15 days, and it has

been demonstrated that vancomycin remains stable for up to

6-months at �20 °C.33 Finally, although we included a number

higher than the minimum recommended of 40 samples,

according to CLSI analytical guideline,18 a larger sample size

could potentially increase the power to detect small but sta-

tistically significant differences.

Conclusion

This is the first evaluation of CMIA and KIMS performance

compared to LC-MS/MS in patients undergoing HD. Both

CMIA and KIMS showed acceptable correlation and agree-

ment.The small proportional bias noted in our study indicates

that whereas concentrations increase, differences between

immunoassays and LC-MS/MS increase proportionally. How-

ever, the range of observed differences seems not to be of

clinical relevance.

Our study suggests that neither CMIA nor KIMS undergo

cross-reactivity from CDP-1 for vancomycin measurement in

samples obtained from patients undergoing hemodialysis,

although CDP-1 concentrations were not measured. The

possible removal of this compound by high-permeability

dialyzers and the use of monoclonal antibodies may explain

the performance of both CMIA and KIMS. In summary, CMIA

and KIMS commercial assays provide accurate vancomycin

measurements in patients undergoing HD.
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