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Letter to the Editor

Rapid and Sensitive Chemiluminescent Enzyme Immunoassay
for the Determination of Neomycin Residues in Milk’

LUO Peng Jie', ZHANG Jian Bo', WANG Hua Li', CHEN Xia®, WU Nan’, ZHAO Yun Feng',
WANG Xiao Mei’, ZHANG Hong', ZHANG Ji Yue', ZHU Lei', and JIANG Wen Xiao®”

Immunoassays greatly contribute to veterinary
drug residue analysis. However, there are few
reports on detecting neomycin residues by
immunoassay. Here, a rapid and sensitive
chemiluminescent enzyme immunoassay (CLIEA)
was successfully developed for neomycin residue
analysis. CLIEA demonstrated good cross-reactivity
for neomycin, and the IC;, value was 2.4 ng/mL in
buffer. The average recovery range was
88.5%-105.4% for spiked samples (10, 50, and 100
ug/kg), and the coefficient of variation was in the
range of 7.5%-14.5%. The limit of detection of CLEIA
was 9.4 pg/kg, and this method was compared with
the liquid chromatography-tandem mass
spectrometry method using naturally contaminated
samples, producing a correlation coefficient of
>0.95. We demonstrate a reliable CLIEA for the
rapid screening of neomycin in milk.

Neomycin (Figure S1) is an aminoglycoside
antibiotic produced by Streptomyces fradiae.
Neomycin can disturb protein synthesis in bacteria
by binding to the 30S subunit of ribosomal RNA,
which causes misreading of the genetic code and
inhibiting translation™. Due to its growth inhibition
of Gram-negative bacteria, neomycin is widely used
in veterinary medicine to treat gastrointestinal
infections by the oral route and mastitis by
intramammary administration. However,
intravenous or intramuscular injections of neomycin
normally produce residues in milk, particularly when
the withdrawal time is respected. Neomycin can
present potentially ototoxic and nephrotoxic activity
to humans and animals despite its impressive clinical
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successes. In addition, the excessive use of neomycin
has been associated with the drastically increasing
prevalence of multidrug-resistant  pathogens.
Therefore, the European Union, the United States,
and China have set maximum residue limits (MRLs)
for neomycin to be 1500 pg/kg for milk®.

Various analytical techniques have been
established to detect neomycin residues®. The
reference analysis methods are instrumental
methods, such as high-performance liquid
chromatography with UV, fluorescence, or liquid
chromatography-tandem mass spectrometry
(LC-MS/MS) detection. These methods are sensitive
and highly specific but require expensive equipment,
large volumes of solvents, and a time-consuming
sample cleanup processm. Therefore, they are
unsuitable for use in routing screens or field
detection.

Immunoassays are widely used methods for
routine screening analysis of veterinary drugs in a
large number of samples. The antibody-based
analytical methods, primarily  enzyme-linked
immunosorbent assay (ELISA), are useful as simple,
fast, and sensitive tools for screening veterinary drug
residues”®. ELISA, immunochromatographic assay,
and immunosensors are described for neomycin
residue analysis[4’6'8]. To improve the detection
ability, we have developed a more sensitive
chemiluminescent enzyme immunoassay (CLEIA) for
the trace determination of neomycin in milk.
Compared with conventional colorimetric detection,
CLEIA offers the possibility of improving sensitivity
by at least 2-3 orders of magnitude.
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The artificial antigen was constituted by
coupling neomycin to ovalbumin (OVA) as per
previous research””’. Next, 10 mg OVA was dissolved
in 2 mL 0.01 mol/L PBS (pH 7.4), which contained 20
mg neomycin. Then, 31 mg of 1-ethyl-3-(3-dimethyl-
aminopropyl) carbodiimide hydrochloride was added
drop-wise to this solution. The reaction mixture was
gently stirred for 6 h at 4 °C. The synthesized coating
antigen NOE-OVA was dialyzed against PBS for 3
days before use.

Three commercially available antibodies were
used to develop an ELISA to assess their analytical
performance. Antibody 1, which was purchased from
Abcam, has the best sensitivity, and was optimized
for the following experiments (Figure S2).

Here, our aim was to develop a sensitive CLEIA
method for the detection of neomycin in milk. CLEIA
can be described as follows: microtiter plates were
coated with coating antigen (100 uL/well), and then
the plates were incubated at 4 °C overnight. After
blocking, 50 uL of neomycin standard solutions and
50 plL of diluted antibody solutions were added to
each well, and the plates were incubated for 30 min
at 37 °C. After washing, 100 pL of goatanti-rabbit
1gG-HRP solutions were added, and the plates were
incubated for 30 min at 37 °C. After washing another
three times, 100 pL of super signal substrate
solutions were pipetted, the intensity of light
emission was measured, and the results were
expressed in relative light units (RLU).

CLEIA optimization was performed for the most
sensitive assay using neomycin as a competitor
analyst. Several physicochemical factors influencing
immunoassay performance were studied in CLEIA.
Modifications of RLUy,.x and 1Csy parameters of the
standard curves were evaluated under different
conditions. The experimental conditions for the
concentrations of coating antigen and antibody, the
immunoreaction time, and pH and ionic strength of
assay buffer were optimized in order to improve the
performance of the immunoassay and the results are
represented in Table S1. Competition experiments
were carried out by checkerboard titration to select
the suitable concentrations of immunoreagents. The
optimal dilutions of the coating antigen NEO-OVA
and the antibody were 1:16,000 and 1:8000,
respectively.

The effect of the competition time (15-60 min)
was tested. In general, the RLU . values decreased
gradually and the ICsq values increased gradually as
competition time decreased. The best competition
time was 30 min, because the RLU, value was high

and the sensitivity was improved. The incubation
time for the goatanti-rabbit 1gG-HRP was tested at
15-60 min. The decrease in RLUn. Vvalues and
increase insensitivity (ICso) were observed as the
incubation time decreased. Based on the results of
Table S1, 30 min was selected as a compromise
between RLU,. and 1Csp.

When the pH effect was tested (6.0-8.0), a
gradual increase in the RLU,., value was observed.
However, since the RLU.., values obtained at pH
6.0 and 7.0 were <0.8x10°, pH 9.0 was selected
as the optimum to keep an acceptable RLU,,, value
and a minimum ICs, value. The effect of ionic
strength, from NaCl concentrations of 10-500
mmol/L, was evaluated. The optimum concentration
of NaCl, selected as a compromise between the
RLUpax Value and sensitivity (1Csg), was 200 mmol/L
(Table S1).

Standards or samples were assayed in triplicate
wells, and the chemiluminescence intensity values
were divided by RLUn, (chemiluminescence
intensity in the assay buffer). The RLU value of the
wells containing only assay buffer was referred to as
Bo. The RLU values of the standards were normalized
against the RLU value of the assay buffer (B/By). The
standard concentration at the midpoint of the
standard curve was the concentration of competitor
that inhibited the binding of the antibody by 50%
(ICSO)[Q]. Competition curves were fitted to a
four-parameter logistic equation, from which 1Csy
values were calculated. Representative CLEIA and
ELISA standard curves for neomycin obtained in this
study are demonstrated (Figure 1). The ICsy values
were 2.4 ng/mL and 26.2 ng/mL for CLEIA and ELISA
for detecting neomycin in buffer, respectively.
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Figure 1. The standard curves of CLEIA and
ELISA for detecting neomycin residue in
assay buffer. The data are the average values
of triplicate measurements (average+SD).
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In addition to sensitivity, specificity is an
important parameter. The specificity of CLEIA was
evaluated by determining the cross-reactivity with a
set of structurally related analogues using the
following equation[w]: cross-reactivity (%) = (ICso of
neomycin)/(ICso of analogues) x 100%. The ICs, and
cross-reactivity values are summarized (Table S2).
CLEIA was highly specific for neomycin, and
demonstrated negligible cross-reactivity with the
other analytes.

Milk samples were purchased from local
supermarkets and stored in a refrigerator (4 °C)
before use. Each sample was verified to be
neomycin-free by LC-MS/MS before the spike and
recovery tests. One milliliter of each milk sample was
transferred to 50 mL polypropylene centrifuge tubes.
After addition of 4 mL of 0.1 mol/L citrate buffer
solution (pH 4.3), the mixtures were vigorously
vortexed. After centrifugation at 4000 xg for 5 min,
the supernatants were diluted 4-fold in the assay
buffer before analysis.

The matrix effect may reduce the sensitivity and
reliability of the immunoassay, and cause false
positives by lowering the RLU values. To obtain the
basic information on matrix effects, standard curves
generated in PBS were compared with curves
obtained using diluted matrix. A dilution of 20 times
with PBS could significantly reduce matrix effects.

Assay validation of CLEIA was conducted
according to the related content of the Commission
Decision 2002/657/EC. The LOD was the lowest
amount of analyte in a sample that could be
detected but not necessarily quantified exactly.
Based on the determination of 20 different blank
samples, the LOD of the developed CLEIA was 9.4
pg/kg. To evaluate the accuracy and precision of
CLEIA, a spike-and-recovery test was conducted.
Blank milk samples were spiked with known
amounts of neomycin and then assayed using the
proposed CLEIA. The results of the accuracy and
precision tests are represented in Table 1. When the
control samples were spiked at levels of 10, 50, and
100 ug/kg, the average recovery was in the range of
88.5%-105.4%, with the intra- and inter-assay
coefficients of variation (CVs) in the range of
7.5%-14.5%. According to the standard of the
European Commission (2002), the neomycin mass
fractions are >100 pg/kg but <1000 pg/kg, the
average recovery should be in the range of
80%-110%, and the intra- and interassay CVs should
be <15%. Therefore, the accuracy and precision are
acceptable, and CLEIA has good repeatability and

reproducibility.

To demonstrate the reliability of CLEIA in the
present study, 5 field samples were analyzed using
the developed CLEIA and LC-MS/MS methods. The
CLEIA results were compared with those of
LC-MS/MS analysis using a correlation test. The
results obtained by CLEIA were compatible with
those obtained by the instrumental method, and the
coefficient of correlation R* was 0.95 (Figure 2).

Immunoassays are widely used methods for
routine screening analysis of veterinary drugs in a
large number of samples. During the last 10 years,
few researchers have reported the production of
antineomycin antibodies. ELISA,
immunochromatographic  assay, = amperometric
immunosensors, and several other sensors have
been previously described for the residue analysis of
neomycin in different food matrices”®®). The LODs
of these methodological approaches are varied, and
most of these reports resulted in lower LODs in the
range of 6.76-20 pg/kg. Till date, no CLIEAs have
been established for the detection of neomycin
residues in milk. In contrast to these reports, a
sensitive CLEIA was established to estimate
neomycin in milk with a high sample throughput.
Moreover, performance characteristics (specificity,

Table 1. Average Recovery and Coefficients of
Variation (CVs) for Detecting Neomycin in Milk (n=4)

Spkied Recovery Intra-assay Inter-assay
(ng/mL) (%) CVs (%) CVs (%)
10 92.3 7.5 9.7
50 88.5 8.7 12.3
100 105.4 11.7 14.5
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Figure 2. Correlation analysis between the
developed CLEIA and LC-MS/MS methods.
The data are the average values of triplicate
measurements (averagezSD).
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accuracy, and detection capability) were validated
according to the provisions of Council Decision
2002/657. The LODs of our developed CLEIA are
below said values and satisfy the MRLs set by the
European Commission, the USA, and China. This
method would be a cost-effective tool for rapid and
semi-quantitative detection of neomycin residues in
milk before confirmation by instrumental methods.
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Table S1. Refined Parameters on the Indirect Competitive CLEIA Performance
Parameters Bo 1Cso (ng/MI) Parameters Bo 1Cso (ng/mL)
(xloﬁ) 50 (xloﬁ) 50
Competition 15 min 0.4 6.6 Incubation 15 min 0.9 6.8
time 30 min 11 3.8 timeforgoat-anti-rabbit 30 min 16 4.2
IgG-HRP
60 min 1.5 44 45 min 1.7 5.3
oH 6.0 0.8 29.8 60 min 2.6 9.6
7.0 2.1 19.1 lonic strength (NaCl 0.01 mol/L 2.8 6.8
7.5 2.0 14.9 Concentration) 0.05 mol/L 2.2 6.1
8.0 24 9.1 0.1 mol/L 16 5.2
9.0 2.2 4.9 0.2 mol/L 1.0 3.5
10.0 16 6.6 0.5 mol/L 0.3 5.6
Table S2. Cross-reactivity Results of the Neomycin Antibody
Analytes 1Cs0 (ng/mL) Cross-reactivity
Neomycin 2.4 100%
Streptomycin >500 <1%
Gentamycin >500 <1%
Kanamycin >500 <1%
Amikacin >500 <1%
Other analytes >1000 <0.1%
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Figure S1. The chemical structures of
neomycin.
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Figure S2. The analytical performance of
three commercial available antibodies.



