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ABSTRACT
 In the last decades the pulmonary administration of antibiotics 

has been the subject of increasing interest. It allows for direct targeting 

of lung infections, with higher local concentrations and lower systemic 

exposure. Amikacin is an antibiotic that may benefit from pulmonary 

administration. As a result of the lower systemic exposure the 

commercial immunoassay is unlikely to be sensitive enough for the 

determination of amikacin concentrations. Since HPLC and LC-MS/MS 

methods come with their own disadvantages we aimed to increase the 

sensitivity of a commercially available immunoassay.

 In this study a MULTIGENT amikacin assay is used in conjunction 

with the ARCHITECT c8000 system. Optimization was achieved by 

increasing the sample volume from 3 μL to 35 μL. Furthermore, reagent 

volumes for reagents R1 and R2 were lowered from 250 μL and 70 μL 

to 95 μL and 30 μL, respectively to increase the ratio between free 

amikacin from the sample and the two reagents, thereby increasing the 

sensitivity of the assay. Validation according to EMA and FDA guidelines 

to ascertain the robustness of the assay was carried out.

 Within-run imprecision varied from 0.6 to 14.6%, and between-

run imprecision ranged from 0.0 to 2.5%. The bias ranged from -1.6 to 

2.1%.

 With this optimized amikacin immunoassay a reliable, cheap, 

easy, and fast method is described that likely can be used for the analysis 

of amikacin blood serum levels after pulmonary administration.
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 INTRODUCTION
 In the last decades the pulmonary administration of antibiotics 

has been the subject of increasing interest [1–7]. It allows for a targeted 

approach in the treatment of lung infections, with higher concentrations 

at the site of infection and a lower systemic exposure. This lower 

systemic exposure could be beneficial as it may limit the systemic side 

effects often encountered with antibiotic use [1]. In recent years dry 

powder inhalers (DPIs) have received interest, as they are superior to 

nebulizers and metered dose inhalers regarding patient friendliness and 

physicochemical stability of the drug [1].

 One of the antibiotics that may benefit from pulmonary 

administration is amikacin. Amikacin is an antibiotic from the 

aminoglycoside group and is used in several bacterial infections 

including those of the joint, urinary tract, and abdomen [8]. Furthermore, 

it is used to treat lung infections by Mycobacterium tuberculosis 

and Nontuberculous mycobacteria [9–11]. As a result from its poor 

absorption after oral administration it is administered only via the 

parenteral route so far.

 It is recommended to measure serum concentrations of amikacin 

to reduce toxicity [12–14]. The commercially available immunoassay 

used for therapeutic drug monitoring (TDM) was designed to determine 

the peak and trough concentration serum levels for intravenously 

administered amikacin [15]. The lower limit of quantification (LLOQ) 

of 2.0 mg/L likely lacks the sensitivity to reliably quantify trough 

concentrations of pulmonary administered amikacin. Either because
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the serum concentration falls below the LLOQ, or because the serum 

concentration is near the LLOQ, where a large coefficient of variation 

(CV) may compromise the result [16].

 Next to immunoassays many other analytical methods are 

available. These other methods might be more sensitive and might thus 

be able to determine trough concentrations reliably. High-performance 

liquid chromatography (HPLC) is one of these methods often used in 

TDM. It is usually equipped with a UV detector. However, aminoglycosides 

neither absorb in the ultra-violet region, nor show fluorescence, as they 

lack a chromophore or a fluorophore group. This makes them difficult to 

determine. Multiple HPLC methods have been described where amikacin 

is first derivatized to either add a chromophore or fluorophore group 

before measuring [17–20]. However, this usually means a complicated 

pre- or post-column reaction with multiple steps. For example, for the 

derivatisation of amikacin with 1-fluoro-2,4-dinitrobenzene, a self-

made pre-column and multiple washings are required to clean up the 

serum sample before the derivatisation reaction can take place [20]. 

For the derivatisation with trinitrobenzene sulfonic acid, a solid phase 

extraction step is needed after the reaction [19]. These methods are 

expensive, time-consuming, and add extra steps where risk for errors 

and assay variability are introduced. LC-MS/MS methods have also 

been developed [21,22] but assay requirements require preconditioning 

of the LC equipment making the LC-MS/MS less flexible to be used for 

other drugs.

 Adjusting commercial immunoassays has been  done earlier 

either to solve the lack of an assay [23] or to increase the sensitivity of 

the assay [16,24].
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 The aim of this study was to lower the LLOQ at least tenfold by 

optimizing the amikacin immunoassay by adjusting sample volume and 

reagent 1 and reagent 2 volumes for the ARCHITECT c8000, so that 

this optimized immunoassay can be reliably used for the analysis of 

amikacin serum levels after pulmonary administration.

 MATERIALS AND METHODS
 
6.2.1 | Materials

 A MULTIGENT amikacin assay was supplied by Abbott 

Diagnostics (Chicago, United States). Chemicals used were of analytical 

grade. Sample tubes, analyser reagent containers, and pipette tips 

were made from low binding plastics to prevent amikacin adsorption. 

Human serum was collected according to the standard procedures 

of the University Medical Center Groningen. Amikacin sulfate used 

for calibration and validation was purchased from Sigma-Aldrich 

(Steinheim, Germany).

6.2.2 | Methods

 The MULTIGENT Amikacin assay used in this study is used in 

conjunction with the ARCHITECHT c8000 system (Abbott Diagnostics, 

Chicago, USA). The assay is a homogeneous particle-enhanced 

turbidimetric inhibition immunoassay (PETINIA), where the amikacin 

concentration is measured by measuring the rate of agglutination. The 

assay is established around the competition between free amikacin 

from the sample and amikacin coated on a microparticle for binding 

with amikacin antibodies. When more free amikacin is present in the 

sample, less amikacin coated microparticles bind the antibody, which 

lowers the rate of agglutination. The rate of agglutination is measured 
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photometrically. During this study the analyzer and assay were used as 

described in the instrument and package insert instructions [15], with 

the caveat that parameters such as the sample and reagents volumes 

were optimized to increase sensitivity.

 Optimization of the assay was based around lowering the LLOQ. 

By lowering the LLOQ also the upper limit of quantification (ULOQ) lowers. 

However, the standard assay can be used, which has a higher ULOQ, or 

the samples can be diluted. The LLOQ was lowered by increasing the 

sample volume from 3 μL to 35 μL. Furthermore, reagent volumes for 

reagents R1 and R2 were lowered from 250 μL and 70 μL to 95 μL and 

30 μL, respectively. This increases the ratio between free amikacin from 

the sample and the two reagents, thereby increasing the sensitivity of 

the assay. This method was calibrated and then validated according to 

EMA and FDA guidelines, using the stricter HPLC requirements, to show 

that the altered sample and reagent volumes still result in reliable assay 

results. Five calibration points, with concentrations of 0.100 mg/L, 

0.300 mg/L, 0.600 mg/L, 1.200 mg/L and 1.500 mg/L, plus a blank, 

were used to calibrate the assay. This calibration set determined the 

ULOQ at 1.500 mg/L. All calibration samples were measured once.

 To determine the reliability, the altered assay was validated for 

precision and accuracy. Maximum bias for accuracy was set at 15%, or 

20% at the LLOQ. Precision was determined by the standard method 

to evaluate the between-run and within-run CVs. The maximum CV for 

this was set at 15%, or 20% for LLOQ. The LLOQ was determined by 

measuring two samples 15 times, one with a concentration of 0.03 mg/L 

and one with a concentration of 0.05 mg/L. For validation the 0.05 mg/L 

LLOQ sample was used together with four validation samples. These had 



6

Perform
ance of an O

ptim
ized Im

m
unoassay 

for the D
eterm

ination of Am
ikacin in Serum

167

concentrations of 0.20 mg/L, 0.45 mg/L, 0.90 mg/L and 1.35 mg/L. 

These five validation sample concentrations were measured for three 

consecutive days, five times a day, for a final n of 15. Bias was calculated 

with Formula 1, CVs were calculated according to Formula 2.

Formula 1:

Formula 2: 

 RESULTS
 To determine the LLOQ and the increased sensitivity of the 

optimized method bias, overall CVs, between-run CVs and within-

run CVs were determined with amikacin concentrations ranging from 

0.03 mg/L to 1.35 mg/L. Table 6.1 shows that for the lowest amikacin 

concentration tested (0.03 mg/L) the overall CV, between-run CV, and 

within-run CV were all above 20% and thus judged unacceptable. For 0.05 

mg/L all CVs plus the bias were below the 20% threshold and as such 

this concentration is determined to be the LLOQ. The other validation 

samples resulted in biases and CVs well below the 15% specification. The 

between-run CVs ranged from 1.2 to 2.5% and the within-run CVs from 

0.6 to 1.7%. The bias ranged from 1.1 to 2.1%. Therefore, the precision 

and accuracy are substantially better than required.

Average concentration - Nominal concentration
100%

Nominal concentration
Bias = 

Standard deviation
100%

Average concentration
CV = 

6.3
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 DISCUSSION
 In this study, a commercially available immunoassay was 

successfully optimized for low amikacin serum concentrations and 

validated according to FDA and EMA guidelines. The LLOQ of this 

optimized assay is 0.05 mg/L.

 Immunoassays have some advantages over other analytical 

methods used for pharmacokinetic research and for TDM. The current 

generation of analyzers, such as the ARCHITECT c8000 used in this 

study, allow for more flexibility in changing operating parameters 

compared to the previous generation [16]. Therefore, the LLOQ of the 

amikacin immunoassay could be successfully lowered by changing 

these operating parameters.

 According to the specifications mentioned in the package 

insert, the standard amikacin immunoassay can accurately determine 

amikacin serum concentrations in the range of 2.0 to 50.0 mg/L without 

Table 6.1 - Accuracy (bias), overall, between-run, and within-run precision of the 
adapted amikacin immunoassay.

1 LLOQ

Concentration 
amikacin (mg/L)

Bias (%) Overall CV 
(%)

Between-run 
CV (%)

Within-run 
CV (%)

0.03 -8.2 38.2 29.0 24.9
0.05 1 -1.6 14.6 0.0 14.6
0.20 1.1 2.6 1.9 1.7
0.45 1.8 1.6 1.4 0.8
0.90 1.1 2.6 2.5 0.6
1.35 2.1 1.4 1.2 0.7

6.4
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dilution of the sample. A higher ratio of sample to reagents, which is 

achieved by increasing the sample volume and decreasing the reagent 

volumes, improves the sensitivity of the assay. However, this optimized 

assay needs to be validated for precision and accuracy before it can be 

used. With the bias, overall, between-run and within-run CVs all below 

20% for the 0.05 mg/L LLOQ determination and all below 15% for 

the higher concentration validation samples (Table 6.1), this assay is 

successfully validated. The 0.03 mg/L concentration was also tested 

but had a between-run CV, within-run CV and overall CV all above 20%, 

which indicates that the precision of the assay at this concentration 

is too low to give reliable results. However, the LLOQ of 0.05 mg/L is 

40 times lower than the LLOQ of the standard assay, exceeding our 

requirement of lowering the LLOQ at least tenfold. An advantage of 

using the PETINIA platform, compared to direct immunoaggregation 

assays, is that PETINIA do not give falsely low concentration values 

at excess high antigen concentrations [25]. As a result, high amikacin 

serum concentrations can be detected, and consequently quantified 

using the commercially available assay. Which has a higher ULOQ.

 Additional validation of the assay regarding hemolytic, icteric, 

and lipaemic serum as well as the cross-reactivity of this assay to other 

TB antibiotics needs to be performed to determine its robustness.

 CONCLUSIONS
 In conclusion, with this optimized amikacin immunoassay a 

reliable, cheap, easy, and fast method is developed that can be used for 

the analysis of amikacin blood serum levels after administration via a 

DPI.
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