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Abstract
Histamine (HA) is a biogenic amine associated with allergies and food poisoning. It is an important indicator of food freshness
and quality. In recent years, a series of medical negligence cases have been reported to be related to the intravenous injection of
antibiotics produced via fermentation with fish peptone due to HA contamination. To detect HA efficiently, mouse monoclonal
antibody was developed. An enzyme-linked immunosorbent assay (ELISA) and a chemiluminescence enzyme immunoassay
(CLEIA) were developed and compared with conventional HPLC analysis. Both immunoassays showed low cross-reactivity,
low 50% inhibitive concentration (IC50; 1.2 μg/mL and 1.1 μg/mL), low limits of detection (LODs, IC10; 89.0 ng/mL
and 73.4 ng/mL), and appreciable recoveries in spiked foods and drugs (from 73.4 to 131.0% and from 77.0 to 119.0%,
espectively), demonstrating that the developed methods are sensitive, specific, fast, and reliable for HA detection in complicated
real samples.

Keywords Histamine (HA) . Histamine drug contamination . Monoclonal antibody (mAb) . Indirect competitive enzyme-linked
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Introduction

Biogenic amines (BAs) are nonvolatile, heat-stable bases of
low molecular weight commonly present in living organisms
possessing essential physiological functions [1]. Moderate
levels of BAs are essential for bio-function, but high concen-
trations of BAs can cause toxicological effects [2]. Histamine
(HA, 4-(2-aminoethyl)-1H-imidazole) is the most important
BA in relation to allergies and food poisonings. HA levels in

processed food products are strongly affected by the quality of
raw material, conditions, and handling techniques during pro-
cessing [3], which was formed by decarboxylation of the es-
sential amino acid L-histidine after bacterial action and has
been considered as an important indicator of food freshness
and quality [4]. HA poisoning is an acute allergy-like food
poisoning with typical symptoms including sweating, nausea,
facial flushing, a burning or peppery taste in the mouth, rash,
diarrhea, and abdominal cramps, which usually disappear
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within several hours without medical intervention. More se-
vere symptoms (e.g., blurred vision, swelling of the tongue
and throat, and respiratory distress) can occur and require
medical treatment with anti-histamines [5].

In recent years, HA is also involved in many adverse drug
reactions (ADRs) associated with the administration of drugs,
which was produced after a fermentation process. After a life-
threatening ADR occurred at the beginning of 2017 (a woman
died after intravenous administration of an 80 mg/2 mL solu-
tion of gentamicin from a batch produced by an Italian man-
ufacturer), the Italian Official Medicines Control Laboratory
was asked to ascertain the quantity of HA present in two
batches of injectable gentamicin medicinal product (40 mg/
mL as free base) and two batches of gentamicin-active phar-
maceutical ingredient (API) [6]. When gentamicin is admin-
istered intravenously with a maximum allowable dose of
520 mg per day, only 13 ppm of histamine in gentamicin is
sufficient to reach a 7-μg hazard threshold [7]. Different coun-
tries have regulations on the maximum limit of HA permitted
in food (Table 1).

Several analytical methods have been reported to iden-
tify and determine HA in foods and biological systems
(Table 2). Most of them were usually limited by low spec-
ificity and sensitivity or by requiring costly instrumental
equipment. Antibody-based immunoassays are well
established as rapid methods which have been developed
for analysis of antibiotics, pesticides, and other harmful
chemicals with high sensitivity, rapidity, low cost, and
applicability [12]. However, the production of sensitive
and specific antibody against HA is a big challenge due
to the simple structure of HAwithout sufficient epitome to
elicit sensitive and specific antibody. Hammar et al. [13]
produced anti-HA mAb that shows a high cross-reaction
with 1-methylhistamine. Most of antibodies against the
derivatives of HA, such as p-benzoquinone-histamine
[14] and p-nitrobenzoylated histamine [15], have been
generated and used for developing immunoassays for
HA via a pre-derivatization. However, all the reported
derivatization of HA suffered from some drawbacks: long
time, low yield, along with side reactions, and unstable of
products.

This study aimed to generate a high-specific anti-HA mAb
and develop immunoassays for the quantification of HAwith-
out pre-derivatization in drug products and food samples.

Material and methods

Antigen preparation

HA was conjugated to the carrier protein fetal bovine serum
albumin (BSA) or ova lbumin (OVA) via N - (3 -
maleimidobenzoyloxy)succinimide (MBS). HA (3.3 mg)
and MBS (5.1 mg) were dissolved in 1 mL carbonate–
bicarbonate buffer (CBS, pH = 9.0) and shaken at room tem-
perature for 3 h. BSA/OVA (10 mg) reduced by dithiothreitol
(DTT) was added to the mixture and reacted for 3 h at room
temperature. Finally, the obtained conjugate was dialyzed
against four changes of phosphate-buffered saline (PBS) for
3 days and stored frozen at − 20 °C. The conjugates were
confirmed by high-performance gel filtration chromatography
(HPGFC).

BALB/c mice immunization

The 6–7-week-old female BALB/c mice were injected subcu-
taneously with 80 μg of conjugates and equivalent Freund’s
complete adjuvant (FCA; Sigma, St. Louis, MO, USA). After
the initial immunization, booster injections were given four
times at biweekly intervals, using 55 μg of conjugates in
500 μL of Freund’s incomplete adjuvant (FIA; Sigma, St.
Louis, MO, USA) per mouse per booster dose. Post-
immunization blood was collected from the tail vein. Blood
was clot for 30 min and centrifuged at 5000g for 5 min, and
the serum was collected. The titers of antiserum were deter-
mined using indirect competitive enzyme-linked immunosor-
bent assay (ic-ELISA).

Cell fusion and preparation of ascites

Spleen cells were collected from the mouse showing the
highest antibody titer and fused with myeloma cell SP2/0 in

Table 1 Permitted maximum
amount of HA in food Category Maximum residue

limits (mg/kg)
Authority/standard Ref

Fishery products 100 European Food Safety Authority [8]

High histamine
content fish

400 Chinese FDA [9]

Other sea fish 200

Fishery products 50 U.S. FDA [10]
Fishery products 200 Food Standards Australia New Zealand (FSANZ)

Fishery products
(smoked fish)

100 Joint FAO/WHO Food Standards Programme Codex
Alimentarius Commission

[11]
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the logarithmic growth phase at a ratio of 8:1. Pre-heated 50%
PEG 4000 (1 mL) was slowly added to the mixture of spleen
cells and myeloma cell SP2/0 for fusion. DMEM (Solarbio,
Beijing, China) containing 20% fetal bovine serum (Sigma,
St. Louis, MO, USA) was added into the fused cells, cultured
in a 5% CO2 incubator at 37 °C for 16–20 h, then transferred
to HAT medium. Under the microscope, the monoclonal cells
that have grown in the HAT medium were picked up to a 96-
well plate (Thermo, Shanghai, China) containing HT medium
[22]. When the hybridoma cells grew to 40% of the pore area,
the cell culture supernatant was taken and screened for anti-
HA antibody by indirect ELISA. The positive hybridoma cells
were subcloned three times by limiting dilution process.
Finally, the specific hybridoma cells were expanded for the
preparation of ascetic fluid.

Seven days after the injection of pristane (0.6 mL), 8–10-
week-old female BALB/c mice were intraperitoneally injected
with hybridoma cells (1 mL). When the mice had bulged
abdomen, tight skin, and sluggish response, ascites was col-
lected from the abdominal cavity of mice. The obtained ascites
was centrifuged at 1500g for 10 min to remove cellular com-
ponents, oils, fats, and other precipitates. The supernatants
were further purified by ion exchange chromatography and
gel filtration according to standard protocols [23]. The anti-
HA antibody concentration was quantified byBio-Rad protein
assay kit. The isotype of the mAbwas identified using IsoStrip
mouse monoclonal antibody isotyping kit.

ic-ELISA

The wells of ELISA plates (Corning Inc., Cambridge, MA,
USA) were coated with HA-OVA (100 μL/well) in CBS at
4 °C overnight. The plate was washed three times with PBS
containing 0.05% Tween 20 (PBST) and dried. Free protein
binding sites were blocked with 2% (w/v) BSA in PBS
(200 μL per well) at 37 °C for 2 h. After washing three times,
HA standards (50 μL) and the diluted antibody (50 μL) in
PBS were added to each well and incubated at 37 °C for
40 min. The same washing step was implemented. The plates
were incubated with goat anti-mouse HRP (100 μL per well,
diluted 1:5000) dissolved in PBS containing 1%BSA at 37 °C
for 40 min. The plates were washed again. Subsequently,
100 μL per well of 3,3′,5,5′-tetramethylbenzidine (TMB;
Sigma, St. Louis, MO, USA) substrate solution was added
to plates, which were then incubated at 37 °C for 10 min.
The reaction was terminated by the addition of 2 M H2SO4

(50 μL per well). The absorbance values were measured at
450 nm using a microplate reader (ELx800; BioTek, Vermont,
USA).

Cross-reactivity

The cross-reactivity of the anti-HA antibody with analogs was
tested by ic-ELISA. Different concentrations (50 ng/mL,
100 ng/mL, 200 ng/mL, 500 ng/mL, 1 μg/mL, 2 μg/mL,

Table 2 Methods of HA analysis have been reported

Method Characteristics Applicable object Cost Detection range Ref

Amperometric biosensor Short-time analysis, low detection limit,
unstable bio-cured film, short life of
instrument accessories

Aquatic products Low-cost,
expensive
reagents can be
reused

33.3 ng/mL–2.22 μg/mL [16]

Radioimmunoassay High specificity and sensitivity;
sometimes there will be cross-reactions
and false positive reactions; radioactive
contamination

Venous blood Low reagent cost 1.11 ng/mL [13]

Colorimetric
determination

Easy operation, quickly; relative error is
relatively large

Aquatic products Low cost 0–100 μg/mL [17]

Thin-layer
chromatography

Easy to operate, simple equipment, poor
separation and reproducibility,
dansylation of sample

Soy sauce Low cost 2 ng/mL–0.2 μg/mL [18]

High-performance liquid
chromatography

Wide range of applications, high
sensitivity; sample needs to be
derivatized

High boiling point; heat
labile organic and
biochemical samples
are available

Instruments and
consumables
are relatively
expensive

1.35–110 μg/mL [19]

High-resolution mass
spectrometry method

High specificity and sensitivity Human plasma The instrument is
expensive

7.88 nmol/L [20]

Enzyme-linked
immunosorbent assay

Fast, easy operation, efficient,
derivatization of HA to n-acyl
histamine

Fish samples
Yoghurt
Red wine

Low cost 0–300 μg/mL
12.7–1853.1 ng/mL

[3,

21]

Immunochromatographic
assay

Fast, easy operation, visual Fish samples Low cost > 600 ng/mL [15]
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5 μg/mL, and 10 μg/mL in PBS) of tyramine, putrescine,
cadaverine, L-tryptophan, phenylethylamine, L-histidine, and
tryptamine were analyzed.

Cross-reactivity (CR) % = [IC50 (histamine) / IC50 (com-
petitor)] × 100%

Indirect competitive chemiluminescence enzyme
immunoassay

The steps of the indirect competitive chemiluminescence en-
zyme immunoassay (ic-CLEIA) process were as follows [24].
Microtiter plates were coated with optimized concentrations
of HA-OVA in CBS (pH 9.6) and incubated at 4 °C overnight.
Then, the plates were blocked with 2% BSA in PBS (200 μL
per well) at 37 °C for 2 h. Histamine standards (50 ng/mL,
100 ng/mL, 200 ng/mL, 500 ng/mL, 1 μg/mL, 2 μg/mL, 5 μg/
mL, 10μg/mL, and 20μg/mL) in PBS (50 μL) and the diluted
antibody (50 μL) in PBS were added to each well and incu-
bated at 37 °C for 40 min. After washing three times, the
plates were incubated with goat anti-mouse HRP (100 μL
per well, 1:5000 dilution) dissolved in PBS containing 1%
BSA at 37 °C for 40 min. The mixture was incubated for
40 min. The plates were washed again. Subsequently,
100 μL of chemiluminescent substrate solution (luminal solu-
tion; Heliosense Biotechnology, Xiamen, China) was pipetted
into each well. The emitted photons were read after 3 min of
incubation at room temperature in the dark.

Histamine analysis by HPLC

A calibration curve for HA analysis was constructed as fol-
lows: serial concentrations (1 μg/mL, 2 μg/mL, 5 μg/mL,
10 μg/mL, 20 μg/mL, 40 μg/mL, 50 μg/mL, 80 μg/mL, and
100 μg/mL) of HA standard solutions in distilled water were
prepared and subjected to the derivatization. Sodium hydrox-
ide solution (2 mol/L) and 600 μL of 10 mg/mL dansyl chlo-
ride solution were subsequently added to 300 μL standard
solution (pH = 9.5) and placed in a 40 °C water bath for
20 min. Ammonia (100 μL) was added to the mixed solution
and diluted with acetonitrile (ACN) to 1.5 mL. Finally, the
solutions were filtered with a 0.22-μm filter for HPLC analy-
sis. The liquid chromatographic system (Agilent 1260, Santa
Clara, CA, USA) for HA was equipped with an LC pump
delivering the mobile phase (VACN : VH2O ¼ 75 : 25 ) at a
flow rate of 1 mL/min and with an automatic injector with a
loop of 25 μL. The stationary phase was packed in a stainless
steel column (100 × 4.6 mm, id 3.5 μm). The column temper-
ature was maintained at 25 °C. An integrator was connected to
the diode array detector (DAD) to record the signals of
254 nm. The results were plotted against the concentration
of HA to obtain a calibration curve.

Sample preparation

Food samples (carp, shrimp, soy sauce, and fish ball) and drug
samples (gentamicin, amikacin, penicillin injection, fish pep-
tone) were purchased from the local supermarket and pharma-
cy. Antibiotic fermentation was prepared by our laboratory.
For sample preparation, each tissue sample (1 g in 9 mL dis-
tilled water) spiked with HA standards at different concentra-
tions (10 mg/kg, 50mg/kg, and 100 mg/kg) was homogenized
for 1 min. The mixture was sonicated for 1 h at 60 °C, and the
suspension was centrifuged (Eppendorf, Hamburg, Germany)
at 3000g for 10 min at 4 °C. The supernatant was diluted with
PBS for the immunoassay analysis immediately. For soy
sauce preparation, distilled water (9 mL) and soy sauce
(1 mL) were mixed and shaken for 1 min. Subsequently, the
mixture was centrifuged at 3000g for 10 min and the super-
natant was filtered with a 0.22-μm filter for analysis. Samples
for HPLC were derivatized as described before.

Results

Characterization of the artificial antigen

Two peaks (BSA and HA-BSA) were observed after the
HPGFC analysis. HA-BSA had characteristic peaks at
7 min. BSA exhibited absorption peaks at 7.5 min. The shift
of the retention time proved that the antigen synthesis was
successful (Fig. S1, see Electronic Supplementary Material,
ESM).

Antibody production

The cell fusion was performed for hybridoma from mice im-
munized with HA-BSA. The hybridoma supernatants were
screened using indirect ELISA. Six positive hybridomas were
further screened by ic-ELISA. Two stable hybridoma cell lines
showing competitive response against HA were cloned three
times by limited dilution. The hybridoma cell line showing the
lowest half inhibitory concentration (designated as 2H1) was
amplified and cultured for the preparation of anti-HA ascites
(Fig. S2, see ESM). The anti-HAmAbwas purified frommice
ascites using ammonium sulfate precipitation method and pro-
tein G column affinity chromatography. The concentration of
mAb tested by the Bradford protein assay kit was 2.0 mg/mL.
The titer of the mAb was 1:128,000. The isotype of mAb
tested by mouse monoclonal antibody isotype kit was IgG1
with kappa light chain.

ic-ELISA

The sensitivity of ELISAwas determined under optimal con-
centrations of HA-OVA and antibody (HA-OVA, 1 μg/mL;
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antibody dilution, 1: 32,000), which were determined by
chessboard. In the representative competitive inhibition curve
for HA (Fig. 1), the regression curve equation of the anti-HA
mAb was Y = − 0.354X + 1.59 (R2 = 0.987, n = 3), with an
IC50 value of 1.2 μg/mL and the limit of detection (IC10 value)
of 89.0 ng/mL. The IC50 value demonstrated that the antibody
could be used for HA detection with a linear range from
100.0 ng/mL to 10.0 μg/mL.

ic-CLEIA

The sensitivity of CLEIAwas determined under optimal con-
centrations of HA-OVA and antibody (HA-OVA, 1 μg/mL;
antibody dilution, 1: 32,000). Representative competitive in-
hibition curve (Fig. 2) revealed the regression curve equation
of Y = − 0.335X + 1.525 (R2 = 0.991, n = 3) with the IC50 val-
ue of 1.1 μg/mL and the limit of detection (IC10) value of
73.4 ng/mL. The linear range was 100.0 ng/mL to 10.0 μg/
mL.

Cross-reactivity

The anti-HA mAb showed no cross-reactivity with HA ana-
logs (Table S1, see ESM).

HPLC analysis of HA

A reversed-phase HPLC was developed for HA determina-
tion. The retention time of HAwas 4.605 min. The regression
curve equation was Y = 13.767X + 11.549 (R2 = 0.997, n = 3,
Fig. 3). The linearity ranged from 1.0 to 100.0 μg/mL. The
limit of detection was 1 μg/mL.

Spike recovery

To evaluate the accuracy and precision of the developed test
system inmatrices, the spiked food samples (carp, shrimp, soy
sauce, and fish Ball) and drug samples (gentamicin, amikacin,
penicillin injection, fish peptone, and fermentation liquid)
containing different concentrations of HA (10 mg/kg,
50 mg/kg, and 100 mg/kg, respectively) were detected using
the proposed ic-ELISA and ic-CLEIA, respectively, and both
methods showed high recoveries (Table 3) and low coeffi-
cients of variation (Table 3).

Comparison of ELISA, CLEIA, and HPLC results for HA
in samples

The samples (carp, shrimp, scallop, cooking wine) were taken
and stored at 25 °C for 36 h; then, HA content was measured
every 6 h by three methods (ELISA, CLEIA, and HPLC). The
histamine content in the carp changed less in the first 12 h and
increased significantly after 12 h. The difference of histamine
in three methods was not significant, and the agreement of the

Fig. 2 Standard curve of the ic-CLEIA for HA. The linear range was
100.0 ng/mL–10.0 μg/mL

Fig. 1 Standard curve of the ic-ELISA for HA. The linear range was
100.0 ng/mL–10.0 μg/mL Fig. 3 Standard curve of the HPLC for HA
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three methods was excellent at the concentrations <
1000 mg/kg (Fig. 4).

Discussion

HA can be produced by heat or bacterial enzymatic decarbox-
ylation of histidine during production, storage, or

transportation of protein-rich foods. Foodborne poisoning
caused by HA intake has been repeatedly reported around
the world (Table 4). The only way to prevent histamine accu-
mulation is to store fishery and food products below 4 °C [25];
an effective way to reduce the level of histamine in fish is to
quickly remove the viscera and wash the fish [26].

Special attention is paid to the levels of free histidine in the
pharmaceutical industry as fish peptones have been used

Table 3 Recovery ratio of HA from sample (n = 3)

Samples Spiked
(mg/kg)

ic-ELISA ic-CLEIA HPLC

Measured
(mg/kg)

Recovery
(%)

RSD Measured
(mg/kg)

Recovery
(%)

RSD Measured
(mg/kg)

Recovery
(%)

Carp 0 <LOD – – <LOD – – <LOD –

10 13.1 131.0 0.4 10.4 104.0 1.3 8.1 81.0

50 43.7 87.4 8.9 40.5 81.0 1.5 46.1 92.2

100 88.7 88.7 12.4 89.1 89.1 3.7 89.7 89.7

Shrimp 0 <LOD – – <LOD – – <LOD –

10 12.9 129.0 1.2 11.9 119.0 2.1 12.0 120.0

50 36.7 73.4 1.2 43.96 87.91 10.3 43.4 86.8

100 74.2 74.2 2.8 85.77 85.77 10.9 115.1 115.1

Fish ball 0 <LOD – – <LOD – – <LOD –

10 12.3 123.2 3.6 10.3 103.0 1.5 7.3 73.0

50 42.3 84.6 8.5 42.4 84.8 10.7 40.9 81.8

100 112.5 112.5 15.3 106.9 106.9 15.2 92.7 92.7

Soy sauce 0 <LOD – – <LOD – – <LOD –

10 12.0 120.40 2.3 9.7 97.7 3.0 10.4 104.0

50 41.2 82.38 5.5 46.5 93.0 8.8 64.7 129.4

100 97.0 97.0 14.9 91.3 91.3 9.2 86.3 86.3

Gentamicin 0 <LOD – – <LOD – – <LOD –

10 12.0 120.0 1.0 9.9 99.7 0.8 11.5 115.3

50 40.6 81.2 8.2 46.0 92.0 10.0 48.6 97.2

100 86.7 86.7 11.4 79.9 79.9 13.2 62.4 62.4

Amikacin 0 <LOD – – <LOD – – <LOD –

10 12.0 120.0 2.5 9.5 95.0 2.9 8.2 82.2

50 44.8 89.6 10.5 48.5 97.0 8.7 51.2 102.4

100 94.6 94.6 18.5 81.6 81.6 14.6 101.5 101.5

Penicillin 0 <LOD – – <LOD – – <LOD –

10 11.7 117.0 1.6 9.7 97.0 0.8 10.0 100.4

50 38.4 76.8 7.9 38.5 77.0 1.7 40.2 80.4

100 83.6 83.6 16.5 93.9 93.9 14.5 87.0 87.0

Fish 0 <LOD – – <LOD – – <LOD –

Peptone 10 11.6 116.0 2.7 11.3 113.0 1.7 8.0 80.0

50 39.4 78.8 9.7 38.9 77.9 3.9 47.8 95.6

100 92.9 92.9 12.9 97.6 97.6 19.3 89.7 89.7

Fermentation
liquid

0 <LOD – – <LOD – – <LOD –

10 8.4 84.0 0.5 8.0 80.0 0.7 9.9 99.0

50 50.5 101.1 1.9 44.6 89.3 4.8 43.4 86.8

100 77.8 77.8 6.3 88.3 88.3 5.8 73.6 73.6
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Fig. 4 Comparison of ELISA, CLEIA, and HPLC for histamine analysis in carp (a), shrimp (b), scallop (c), and cooking wine (d)

Table 4 HA poisoning and drug
safety event Classification Time Event Place Ref

Food
poisoning

July 1998 HA poisoning associated with eat tuna burger North
Carolina,
USA

[34]

June 1998 21 out of 40 people were HA poisoned due to ingestion
of cooked fish

Tokyo, Japan [35]

July 1999 10 workers working with fish flour transported in bags
developed HA poisoning

Rijeka
Harbor,
Croatia

[36]

July 2000 A 42-year-old woman developed hives and hypoten-
sion 90 min after eating anchovies

Italy [37]

2003 Six cases of scombroid poisoning after ingestion of fish
from the same Canberra restaurant

Australia [38]

May 2004 Causing illness in 59 victims due to ingestion of
billfish meats

Pingtung,
Southern
Taiwan

[39]

December
2004

Causing illness in 43 victims due to ingestion of
billfish meats

Taichung,
central
Taiwan

[39]

April 2018 5 people were sickened by sashimi tuna fillets Luxembourg [40]

Drug safety 2014 A 53-year-old female patient, 1 day after injection of
gentamicin urticaria with angioedema and respira-
tory distress

Rio de
Janeiro,
Brazil

[28]

2017 Awoman died after intravenous injection of
80 mg/2 mL gentamicin solution

Italy [6]
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during many drug productions (fermentation). In the process
of gentamicin fermentation, the presence of free histidine may
lead to HA formation in certain conditions [27]. The specific
case of gentamicin described in this paper shows that all anti-
biotics produced via fermentation with fish peptones could be
contaminated by histamine at toxic levels and thus need to be
properly screened (Table 4) [28]. A series of drug regulatory
authorities, including the Medicines and Healthcare Products
Regulatory Agency (MHRA) [29], Health Canada [30], and
the Australian Department of Health [31], have issued alerts
that specific batches of the products containing gentamicin
have an increased level of HA. Healthcare professionals were
reminded to report suspected adverse reactions associated
with this product in accordance with the national spontaneous
reporting system. As a precautionary measure, Irvine
Scientific tested raw material inventory lots of gentamicin
sulfate received from the supplier [32]. Since the end of
2015, many ADRs associated with intravenous injection of
gentamicin into horses have been reported; the EU reported
that ADR was an allergic reaction [33]. It has been reported
that ADR was caused by HA, which was higher in certain
batches of gentamicin API. Therefore, some antibiotics pro-
duced by fermentation and fish protein peptone required in the
production process were detected in the samples.

Compared with commercial enzyme immunoassays
(MaxSignal enzymatic assay, Neogen Veratox, ELISA, and
RIDASCREEN ELISA) [41, 42] and previously reported in-
direct derivatization methods, the two developed immunoas-
say methods that did not need to convert HA to its derivative
could omit the derivatization steps of sample pre-treatment
and save the consumption of organic reagents and analysis
time, with lower LOD compared to most of other immunoas-
says (Table 2). Our work addressed the HA detection issue not
only in food but also, more importantly, in drug product, as
this is a new issue not yet very openly discussed, but the
concerns have been given by European Medicines Agency,
Germany Federal Institute for Drugs and Medical Device,
Italian National Institute of Health and drug manufactures,
and Chinese pharmaceutical company and drug regulator,
due to the histamine contamination during the fermentation
process of antibiotic (intermediate material) production with
reported lethal consequence. Presently, only a Q-TOF LC/MS
method has been developed for the identification and quanti-
tation of HA at ppm level in gentamicin API and medicinal
products [6]. Our work could be the first attempt in determin-
ing HA using immunoassays in drug samples.

Conclusions

The obtained antibody can directly recognize HAwithout ob-
vious CR with other HA structural analogs. The recoveries
from spiked food and drug samples ranged from 73.4 to

131.0%. The LODs were 89.0 ng/mL (ic-ELISA) and
73.4 ng/mL (ic-CLEIA), which showed higher sensitivity than
HPLC-DAD. The developed immunoassays were able to de-
tect a trace amount of HA in foods and drugs that were well
below the maximum residue limits of different regulations.
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