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Existing methods for detection of food-borne pathogens and their toxins are frequently time-consuming,
require specialized equipment, and involve lengthy culture procedures and/or animal testing and are thus
unsuitable for a rapid response to an emergency public health situation. A series of simple and rapid affinity
immunochromatography column (AICC) assays were developed to detect Clostridium botulinum neurotoxin
types A, B, E, and F and Escherichia coli O157 in food matrices. Specifically, for milk, grape juice with peach
juice, and bottled water, the detection limit for the botulinum neurotoxin type A complex was 0.5 ng. Use of this
method with a 10-ml sample would therefore result in a detection limit of 50 pg ml�l. Thus, this assay is
approximately 2 orders of magnitude more sensitive than a comparable lateral-flow assay. For botulinum
neurotoxin complex types B, E, and F, the minimum detection limit was 5 ng to 50 ng. Sensitive detection of
E. coli O157 was achieved, and the detection limit was 500 cells. The AICC test was also shown to be specific,
rapid, and user friendly. This test takes only 15 to 30 min to complete without any specialized equipment and
thus is suitable for use in the field. It has the potential to replace existing methods for presumptive detection
of botulinum neurotoxin types A, B, E, and F and E. coli O157 in contaminated matrices without a requirement
for preenrichment.

The majority of conventional methods used for detection
and identification of pathogenic microorganisms, viruses,
and/or their toxins lack the speed and sensitivity necessary for
use in the field (they typically are not completed in a single
day) and also require specialized equipment (20). Rapid meth-
ods, including antibody-based and nucleic acid-based assays,
have revolutionized the methodology for detection of micro-
bial pathogens and their toxins in foods (16). However, while
most antibody-based and nucleic acid-based assays are rapid,
specialized equipment is often required, and specific enrich-
ment is needed to achieve the necessary sensitivity. This means
that the analysis time can still be several days (16). Lateral-flow
assays (LFAs) and column flow assays are tests that have con-
siderable merit in terms of rapidity and ease of use in the field
without specialized equipment (4, 5, 8, 19, 34).

Two contrasting agents were used as detection targets in this
study: (i) a potent microbial toxin (Clostridium botulinum neu-
rotoxin), including type A, B, E, and F neurotoxins; and (ii) an
infectious pathogen, Escherichia coli O157. These two targets
present different problems for detection; the first target is a
protein toxin, and the second target is intact bacterial cells.
The botulinum neurotoxin is the most potent toxin known, and
as little as 30 to 100 ng has the potential to be fatal to humans
(28). It is responsible for botulism, a severe neuroparalytic
disease that affects humans and also animals and birds (28).
There are seven antigenically distinct botulinum neurotoxins

(types A to G), and a number of subtypes have also been
described (9, 11, 15, 28, 36). Botulism in humans is associated
principally with neurotoxin types A, B, E, and F (27, 29). Since
the botulinum neurotoxins are the toxic agents and they can be
produced by six physiologically distinct clostridia (28), consid-
erable emphasis has been placed on detection of the neuro-
toxins rather than the bacteria. The “gold standard” method
for detecting botulinum neurotoxins is the mouse bioassay due
to its high levels of sensitivity and specificity. However, this
technique is also problematic (33). It typically requires 24 to
48 h to yield results, is expensive, and is becoming less favored
because of its use of animals (4). The alternative tests include
enzyme-linked immunosorbent assays (ELISAs), lateral-flow
assays (LFAs), a chemiluminescent slot blot immunoassay, sur-
face plasmon resonance (SPR), the assay with a large immu-
nosorbent surface area (ALISSA) test, and quantum dot im-
munoassays (4, 5, 7, 22, 43, 46). Lateral-flow assays are
available and are convenient for toxin testing as they are easy
to perform and rapid (�30 min) and no additional equipment
is required. However, their poor sensitivity has limited their
use (23).

E. coli O157 produces a cytotoxin (verotoxin), and an E. coli
O157 infection can lead to severe bloody diarrhea, kidney
failure, brain damage, and death. Enumeration, identification,
and control of this pathogen are challenging due to the low
infectious dose necessary to cause disease, which is between 2
and 2,000 ingested cells (41). Sources of E. coli O157 infection
include ground beef and unpasteurized milk and apple juice
(1), raw milk (6), and spinach and lettuce (42). Isolation of E.
coli O157:H7 from water, food, and environmental samples is
laborious. Culture is difficult due to the large competing mi-
croflora that either overgrows or mimics the non-sorbitol-fer-
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menting organism E. coli O157:H7 (12). According to Tokar-
skyy and Marshall (41), the largest group of rapid test kits
commercially available for testing for the presence of E. coli
O157 in food includes immunological methods, such as latex
agglutination, reverse passive latex agglutination, immunodif-
fusion, ELISA, immunomagnetic separation (IMS), and
immunoprecipitation. The other methods that have been de-
veloped include a dipstick test device (2), a lateral-flow immu-
noassay (8), real-time PCR (39), and an enzyme-linked immu-
nomagnetic chemiluminescent assay (17). However, in many
cases these tests require preenrichment or have limited sensi-
tivity.

The objective of the work described here was to develop a
rapid sensitive diagnostic test for detection of botulinum neu-
rotoxins A, B, E, and F and E. coli O157 that can be used
without preenrichment.

MATERIALS AND METHODS

Neurotoxins and bacterial cultures. Type A, B, E, and F botulinum neurotoxin
complexes (300 to 550 kDa) were purchased from Metabiologics (Madison, WI).
Toxins were tested to determine their identities by using neutralization with
type-specific antibodies. Purity was checked by using SDS-PAGE. The potencies
of the botulinum neurotoxins were determined by Metabiologics using mice and
were as follows: type A, 3.6 � 107 50% minimum lethal dose (MLD50) mg�1;
type B, 2 � 107 MLD50 mg�1; type E, 3 � 107 MLD50 mg�1; and type F, 3.6 �
106 MLD50 mg�1. A diverse collection of botulinum toxin-producing strains and
verotoxigenic E. coli were used in the present study, along with nontoxic equiv-
alents which were obtained from various sources (Tables 1 and 2). Clostridial
cultures were grown anaerobically at 30°C in 10 ml PYGS (38) for 24 h and then
pelleted by centrifugation at 3,000 � g. Supernatants were filter sterilized with
Ministart 0.2-�m disposable filters (Sartorius, Germany) and stored at �20°C
until used. The E. coli cultures were grown for 24 h at 30°C in 10 ml of tryptone
soya broth (TSB) (Oxoid, Basingstoke, United Kingdom). Total viable counts
were determined by plating on tryptone soya agar (TSA) (Oxoid).

Antibodies. Polyclonal antibody Bactrace against E. coli O157:H7 isolated
from a pool of sera from goats immunized with heat-killed whole cells of E. coli
serotype O157 was obtained from Kirkegaard and Perry Laboratories (KPL),
Gaithersburg, MD; this antibody was previously reported not to react with a

range of enteric pathogens. Monoclonal antibodies against botulinum neurotoxin
A designated F1-2 and F1-40, which bind to the 100-kDa heavy chain and the
50-kDa light chain, respectively, were a generous gift from Larry Stanker (United
States Department of Agriculture Agricultural Research Service Western Re-
gional Research Laboratory, Albany, CA) and were produced as previously
described (37). Polyclonal antibodies against botulinum neurotoxin types B, E,
and, F were obtained from Metabiologics. Finally, monoclonal antibodies against
botulinum neurotoxin type B (clone C3/4 IgG1) and polyclonal antibodies
against botulinum neurotoxin type E [biotinylated, horse F(ab)2 fragments] were
purchased from DiaVita (Heidelberg, Germany).

Biotinylation. Biotinylation of antibodies was performed using an EZ-Link
N-hydroxysuccinimide (NHS)-LC biotinylation kit (catalog no. 21425; Pierce)
according to the manufacturer’s instructions. Antibodies were dissolved in phos-
phate-buffered saline (PBS) to obtain a final concentration of 200 �g ml�l (0.18
mM), and a sulfo-NHS-LC-biotin solution (9 mM) was added to obtain a molar
ratio of biotin to antibody of 50:1. The reaction mixture was incubated on ice for
1 h, and excess salt removed by passing the protein solution through a desalting
column. The supernatant fraction, containing the purified protein sample, was
collected, and the protein content determined. This method was used for all
antibodies unless they were supplied preconjugated with biotin.

ELISA. Initially, an ELISA format was used so that the performance of pairs
of antibodies could be assessed using the procedure described by Ferreira and
Crawford (14). Different combinations of capture and detection antibodies were

TABLE 1. Specificity of the AICC assay for detection of botulinum neurotoxins in culture supernatants

Strain

Detection witha:

Botulinum
neurotoxin

type A AICC
assay

Botulinum
neurotoxin

type B AICC
assay

Botulinum
neurotoxin

type E AICC
assay

Botulinum
neurotoxin

type F AICC
assay

Proteolytic C. botulinum strains
Type A strain Eyemouth (subtype A1) � � � �
Type A strains NCTC 3805 (subtype A1), ATCC 3502 (subtype A1),

NCTC 9837 (subtype A2), NCTC 2012 (subtype A3), CDC 657
(subtype Ba4), and H04464 107 �subtype A5(B)�

� � � �

Type B strains NCIMB 10657 and NCTC 7273 � � � �
Type F strains ATCC 25764 and NCTC 10281 � � � �

Nonproteolytic C. botulinum strains
Type B strain Eklund 17B � � � �
Type E strains Beluga, Sebald P34, and CDC 7854 � � � �
Type F strain Colworth 195 � � � �

Other strains
C. botulinum type C strains Colworth 3334, Colworth 3335, and

Colworth 3337
� � � �

C. botulinum type D strain NCIMB 10619 � � � �
C. sporogenes NCIMB 10696 � � � �
C. butyricum NCIMB 7423 � � � �

a �, detection; �, no detection.

TABLE 2. Specificity of the AICC assay for detection
of E. coli O157

E. coli
serotype Verotoxin(s)a Strain Detection with

AICC assayb

O157 None PHL P1432 �
O157 None NCTC 13125 �
O157 None NCTC 13126 �
O157 None NCTC 13127 �
O157:H7 None NCTC 12900 �
O157:H7 VT1 and VT2 ATCC 43895 �
O157:H7 VT1 and VT2 NCTC 12079 �
O26 VT1 PHL P0759 �
O111 VT1 and VT2 PHL P0761 �

a VT1, verotoxin type 1; VT2, verotoxin type 2.
b �, detection; �, no detection.
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tested, and the sensitivity of the resulting assay was measured. Nunc Maxisorp
microtiter plates (Thermo Fisher, Loughborough, United Kingdom) were coated
with 100 �l per well of capture antibody to a botulinum neurotoxin or E. coli
O157 at a concentration of 1 �g ml�l in PBS at 4°C overnight. The plates were
then washed three times with 300 �l of PBST (10 mM phosphate buffer, 2.7 mM
KCl, 140 mM NaCl, 0.05% Tween 20; pH 7.4) and blocked by adding 300 �l of
1% bovine serum albumin (BSA) in PBS (Sigma) to each well, and then they
were incubated at 37°C for 1 h. The appropriate antigens (botulinum neurotoxin
complex or E. coli O157 strain NCTC 13126) were serially diluted in PBS and
added to wells (100 �l), and the plates were incubated at 37°C for 1 h. Each plate
was washed as described above; 100 �l of the detection antibody (1 �g ml�l) was
added to each well and the plate incubated at 37°C for 1 h. After another washing
step, 100 �l of horseradish peroxidase (HRP)-conjugated streptavidin (New
England Biolabs, Herts, United Kingdom) was added to each well, and the plate
was incubated at 37°C for 1 h. After another washing step, 3,3�,5�5�-tetramethyl-
benzidine (TMB) (Europa Bioproducts, Ely, United Kingdom) was added to the
wells (100 �l per well). The reaction was stopped with 2 M H2SO4 (25 �l per
well), and the absorbance at 450 nm in the wells was measured. The detection
limit was the mean plus 3 standard deviations of the absorbance value for the
negative control (1% BSA in PBS). All experiments were carried out in triplicate.

Principles and AICC construction. The antibodies were used in a proprietary
column-based immunofiltration assay based on the antibody immunocolumn for
analytical process (ABICAP) technology (DiaVita). The columns (5.5 cm high
with a porous matrix equivalent to a surface area of 40 cm2) function as a
flowthrough ELISA driven by gravity at a rate of 350 �l min�l; following use of
capture and detection antibodies, a visible blue band is then observed after
precipitation of TMB (Fig. 1). All materials used for fabrication of columns were
purchased from DiaVita unless otherwise stated.

Column construction. Columns were constructed by using the method of
Lucht et al. (24). Briefly, polyethylene filters (frits) (2.5 by 5 mm; pore size, 40
�m) were degassed in ethanol (96%, vol/vol), which was followed by three
washes in 50% ethanol. The frits were then washed and degassed three times in
immobilization buffer (PBS, pH 7.4). Finally, the frits were coated by adsorption
with capture antibody diluted in PBS at a concentration of 20 �g ml�l for 12 h
at room temperature and then saturated with PBS containing 1% (wt/vol) bovine
serum albumin (BSA) (Sigma) and 0.05% 5-bromo-5-nitro-1,3-dioxane (Sigma)
as a preservative. The frits were then freeze-dried overnight and stored at 4°C.
Negative-control frits were treated as described above, except that antibodies

were not added. Positive-control frits precoated with an anti-HRP antibody were
supplied by DiaVita. Dried coated frits were assembled into columns with a
negative-control frit toward the top of each column, a specific measurement
frit in the middle, and a positive-control frit toward the bottom of the column.
Measurement frits were separated with a spacer frit absorbed with 1% (wt/
vol) BSA.

AICC assay procedure. Botulinum neurotoxin-spiked samples (serial 10-fold
dilutions with concentrations ranging from 0.1 ng ml�l to 1 �g ml�l) and the
negative control PBS were preincubated with the biotinylated antibody (at con-
centrations of 5 �g ml�l for type A neurotoxin, 10 �g ml�l for type B and E
neurotoxins, and 1 �g ml�l for type F neurotoxin) in casein buffer or food
samples for 10 min. The preincubated toxin-detector-antibody conjugate (500 �l)
was applied to a column at room temperature and allowed to flow through it.
Next, 500 �l of streptavidin-poly-HRP (1:5,000 dilution; DiaVita) was added at
room temperature. Each of these two steps took 6 min. Then 500 �l of wash
buffer (0.01 M PBS, 0.1% BSA, 0.05% Tween 20) was added twice, followed by
500 �l substrate buffer (0.1 M sodium acetate-citrate buffer, pH 4.9). Finally, 500
�l of a precipitating HRP substrate (TMB) was added at room temperature, and
the column was washed with 500 �l of substrate buffer. All experiments were
carried out in triplicate.

E. coli O157-spiked samples (500 �l; serial 10-fold dilutions with concentra-
tions ranging from 2 � 101 CFU ml�l to 2 � 107 CFU ml�l) and a PBS negative
control were applied to columns and incubated as described above. Then 500 �l
of the detection antibody (goat anti-E. coli O157:H7 HRP-labeled polyclonal
antibodies [KPL] diluted in PBS-2.5% [wt/vol] casein at a concentration of 8 �g
ml�l) was added, and the column was incubated as described above. This was
followed by two washes with 500-�l aliquots of wash buffer and addition of 500
�l substrate buffer (0.1 M sodium acetate-citrate buffer, pH 4.9). Finally, 500 �l
of the precipitating HRP substrate (TMB) was added at room temperature, and
the column was washed with 500 �l of substrate buffer. All experiments were
carried out in triplicate.

Analytical specificity of the AICC test systems. Botulinum neurotoxin type A,
B, E, and F AICC assays were tested for specificity for their targets using a panel
of culture supernatants of C. botulinum strains that form different botulinum
neurotoxins (Table 1), as well as strains of Clostridium sporogenes and Clostrid-
ium butyricum (nontarget organisms). Culture supernatants (500 �l) were added
to the AICC system using the method described above. Similarly, the specificity
of the E. coli O157 AICC system was assessed using a panel of E. coli strains
(Table 2) comprising target organisms, as well as nontarget organisms known to
cause similar clinical manifestations. For testing, colonies from plates were
suspended in phosphate-buffered saline (PBS) at concentrations up to approxi-
mately 1 � 107 CFU ml�l. Finally, 500-�l samples were tested using the AICC
system and the method described above.

Preparation of spiked food samples. Commercially produced skim milk, semi-
skim milk, apple juice, grape juice with peach juice, and two types of bottled still
water were purchased locally. Botulinum neurotoxin type A, B, E, and F com-
plexes were diluted in the test matrices to obtain final concentrations of 0.5 ng
ml�l to 1 �g ml�l before addition to the AICC systems. E. coli O157 strains were
inoculated into 10 ml of TSB and incubated for 24 h at 30°C. Cells were
resuspended in each of the matrices at concentrations of 103, 105, and 107 CFU
ml�l before addition to the AICC systems.

RESULTS

The AICC test is based on a “sandwich” format using com-
mercially available antibodies and columns. A capture anti-
body is immobilized on the column matrix; the analyte in
solution is introduced into the column matrix and is captured
and concentrated by the capture antibody as the supernatant
flows through. Following addition of a labeled second anti-
body, a visual band is observed (Fig. 1).

ELISA. Pairs of capture and detection antibodies that per-
formed well were identified in the preliminary tests. The char-
acteristics of the sandwich ELISAs for botulinum neurotoxin
type A, B, E, and F complexes and E. coli O157 are shown in
Fig. 2. Each of the botulinum neurotoxin-sourced antibodies
was labeled with biotin and then used as either the capture
antibody or the detection antibody to determine the optimum
combination. E. coli O157 antibodies were labeled with perox-

FIG. 1. Diagram of the assay. A test sample is preincubated with a
biotinylated detection antibody for 10 min, resulting in formation of an
antibody-antigen complex. The antibody-coated filter captures the an-
tigen-antibody complex from solution, while unbound antibody flows
through. Then a second solution, which contains HRP-labeled strepta-
vidin that binds to the biotin, is added. Finally, an insoluble substrate
for the HRP enzyme is added, which produces a visible band following
precipitation of TMB where the HRP, and thus the antigen, is present.
For the E. coli O157 assay, unbound cells were run through the column
to bind to the capture antibody before addition of the detection
antibody.
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idase before determination of sensitivity. Significantly lower
levels of activity were observed when various other combina-
tions of capture and detection antibodies were used (data not
shown). The detection limits of the antibody pairs selected
were as follows: botulinum neurotoxin type A complex, 6.5
pg ml�l; botulinum neurotoxin type B complex, 2.3 ng ml�l;
botulinum neurotoxin type E complex, 70 pg ml�l; and bot-
ulinum neurotoxin type F complex, 15.4 ng ml�l. The min-

imum detectable level (MDL) for E. coli O157 cells was 5 �
103 CFU ml�l.

AICC construction. Successful detection of E. coli O157 cells
and botulinum neurotoxin type A, B, E, and F complexes was
accomplished with the AICC constructed. In particular; for
assay buffer spiked with various concentrations of botulinum
neurotoxin type A complex the limit of detection was 0.5 ng in
500 �l (Fig. 3). For botulinum neurotoxin types B and F the

FIG. 2. Characterization of antibodies in the sandwich ELISA. (a) Botulinum neurotoxin type A complex assay using monoclonal antibody F1-2
as the capture antibody and F1-40 labeled with biotin as the detection antibody. (b) Botulinum neurotoxin type B complex assay using monoclonal
antibody clone C3/4 IgG1 as the capture antibody and rabbit IgG-specific polyclonal antibody (Metabiologics) labeled with biotin as the detection
antibody. (c) Botulinum neurotoxin type E complex assay using rabbit IgG-specific polyclonal antibody (Metabiologics) as the capture antibody
and horse F(ab)2 fragments labeled with biotin as the detection antibody. (d) Botulinum neurotoxin type F complex assay using rabbit IgG-specific
polyclonal antibody (Metabiologics) as the capture antibody and the same antibody labeled with biotin as the detection antibody. (e) E. coli O157
NCTC 13126 cells using Bactrace polyclonal antibody as the capture antibody and the same antibody labeled with horseradish peroxidase as the
detection antibody. The symbols indicate the averages of three determinations, and the error bars indicate 	1 standard deviation.
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minimum detection limit was 50 ng in 500 �l, while for botu-
linum neurotoxin type E the minimum detection limit was 5 ng
in 500 �l. The detection limit for the E. coli O157 AICC was
500 cells in 500 �l using HRP-labeled antibody (Fig. 3).

The analytical specificity was validated using a series of tar-
get agents and nontarget contaminants with relevance for rou-
tine microbiological diagnostics. All tests were performed in
triplicate. Overall, the selectivity of the system was very high.
The botulinum neurotoxin type A AICC assay was positive
only for supernatants from cultures of C. botulinum strains that
produced type A neurotoxin. All five subtypes of type A neu-
rotoxin, including type A1 (strains NCTC 3805, ATCC 3502,
and Eyemouth), type A2 (strain NCTC 9837), type A3 (strain
NCTC 2012), type A4 (strain CDC 657), and type A5 (strain
H04464 107), were detected (Table 1). The botulinum neuro-
toxin type B AICC assay was positive for the three botulinum
neurotoxin B-producing strains tested (Table 1). Furthermore,
the botulinum neurotoxin type B AICC assay was also positive
for all botulinum neurotoxin type A strains, although the signal
was weaker. However, one of the type A strains (CDC 657) is
known to also form type B neurotoxin (36). The botulinum
neurotoxin type E AICC assay was positive for the three bot-
ulinum neurotoxin type E-producing strains and also for the
botulinum neurotoxin type A-producing strain Eyemouth. Fi-
nally, the botulinum neurotoxin type F AICC assay was posi-
tive for the two proteolytic C. botulinum type F strains but was
negative for the nonproteolytic C. botulinum neurotoxin type F
strain Colworth 195. The E. coli O157 AICC assay detected all

of the O157 strains tested (Table 2). Finally, no cross-reactivity
was observed with two other E. coli serogroups (serogroup
O111 strain PHL P0761 and serogroup O26 strain PHL
P0759).

The sensitivity of the AICC assay for determination of the
presence of the botulinum neurotoxin complex was also eval-
uated using foodstuff matrices (Table 3). All assays were car-
ried out in triplicate using negative-control (PBS) samples for
comparison. The detection limits for the botulinum neurotoxin
type A, B, E, and F AICC assays with milk, grape juice with
peach juice, and bottled water were consistent with those with
buffer. However, botulinum neurotoxin type A, B, E, and F
complexes were not detected in apple juice. For a sample
volume of 500 �l, the limit of detection for E. coli O157 in the
AICC assays was equivalent to that for buffer-spiked samples
(500 cells). Unspiked food samples did not give positive results
in any of the AICC tests.

DISCUSSION

Rapid methods for sensitive and specific detection of patho-
genic bacteria and their toxins are needed (33). In particular,
there is need for methods that can be used easily in the field.
The most prevalent group of rapid test kits commercially avail-
able for E. coli O157 (41) and botulinum neurotoxins (23)
involve immunological methods. However, in terms of the de-
tection limit, most systems targeted at E. coli O157 have var-
ious limitations (41), and the typical detection limits are ap-

TABLE 3. Detection limits for botulinum neurotoxin type A, B, E, and F complexes and E. coli O157
in various matrices using the AICC system

Matrix

Detection limit of AICC assay fora:

Botulinum neurotoxin
type A (ng)

Botulinum neurotoxin
type B (ng)

Botulinum neurotoxin
type E (ng)

Botulinum neurotoxin
type F (ng)

E. coli O157
(cells)

Semiskim milk 0.5 50 5 50 500
Skim milk 0.5 50 5 50 500
Apple juice � � � � 500
Grape juice with peach juice 0.5 50 � 50 500
Bottled water (type 1) 0.5 50 5 50 500
Bottled water (type 2) 0.5 50 5 50 500

a The volume for each test was 500 �l. �, no detection.

FIG. 3. AICC columns used for sensitive detection of botulinum neurotoxin complex A and E. coli O157. The limit of detection for the
botulinum type A neurotoxin complex AICC assay was 0.5 ng. The limit of detection for the E. coli AICC assay was 500 CFU. Each column
contained a negative-control frit toward the top of the column, a specific measurement filter in the middle, and a positive-control frit toward the
bottom of the column. Measurement frits were separated with a spacer frit absorbed with 1% (wt/vol) BSA.
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proximately 103 to 105 CFU ml�l (13). The “gold standard” for
detecting botulinum neurotoxins continues to be the mouse
bioassay due to its exquisite sensitivity to botulinum neurotoxin
(0.01 ng ml�l) (45). However, this technique can be problem-
atic and usually requires 24 to 48 h to yield results (23). Al-
though not as sensitive as the mouse assay, the prototype
AICC test reported here offers several advantages compared
to existing techniques for rapid detection of botulinum neuro-
toxins and E. coli O157.

The AICC assay for detecting type A botulinum neurotoxin
had a limit of detection of 0.5 ng, which is comparable to the
limits of detection of many other detection systems, such as an
ELISA (14, 23). However, Sharma et al. (32) reported a de-
tection limit of 60 pg/ml for a type A ELISA. Furthermore, the
AICC assay is rapid and requires little technical knowledge,
and in this respect it is comparable to lateral-flow devices (19).
In particular, Gessler et al. (19) evaluated four lateral-flow
assays (LFAs) for detection of purified botulinum neurotoxin
type A. The greatest sensitivity for purified neurotoxin was
observed with the rapid analyte measurement platform
(RAMP) test (50 ng ml�l), with two of the tests failing to
detect purified neurotoxin. All four tests detected the type A
neurotoxin complex with the best sensitivity (10 ng ml�l). Fur-
thermore, Sharma et al. (34) examined commercially available
LFAs and reported sensitivities of 10 ng ml�l when type A
neurotoxin complex was used. A test based on similar ABICAP
technology for detection of type A neurotoxin complex has
been described (4), and the limit of detection is 0.2 ng ml�l

(0.45 pM). However, this value was obtained using a photom-
eter rather than visual determination. The AICC assay de-
scribed here detects 0.5 ng neurotoxin; assuming that the re-
action kinetics are similar, if this amount were in 10 ml, then
the visual detection limit would be 0.05 ng ml�l. Thus, this
assay is more than 2 orders of magnitude more sensitive than
the LFA and therefore could be a more suitable screening tool.
Additionally, a photometer may improve the detection limit
further.

The AICC tests for botulinum neurotoxin types B, E, and F
(50, 5, and 50 ng, respectively) were not as sensitive as the test
for type A botulinum neurotoxin. LFAs that detect type B
neurotoxin (10 ng ml�l) and type E neurotoxin (20 ng ml�l)
have been described (19, 34). If 10 ml were used in the AICC
assay developed in the present study, the detection limits
would be 5 ng ml�l and 0.5 ng ml�l for type B and E neuro-
toxin complexes, respectively. Thus, this assay is marginally
more sensitive for the type B neurotoxin complex and more
than 1 order of magnitude more sensitive for the type E neu-
rotoxin complex. Additionally, larger sample volumes could be
applied to the columns, which should increase the sensitivity of
the AICC assay further. Moreover, there appears to be no
reported ABICAP test for detection of neurotoxin type F.

The limit of detection for the E. coli O157 AICC test was 500
cells. This compares favorably to the limits of detection for
other tests (21, 26, 47). Since enrichment is a prerequisite for
using many immunosensors (21, 31, 35, 47), the AICC assay is
a more viable alternative as no enrichment is required for this
assay to achieve low detection limits. Furthermore, large sam-
ple volumes can be applied, and thus lower concentrations of
cells can be detected by concentrating the analyte (18). Addi-
tionally, in preliminary experiments with the present test sys-

tem positive results were obtained using a 1-liter test sample
(data not shown). Another important consideration is that,
unlike an ELISA system, sample components that might inter-
fere with or inhibit the immunological reaction are washed out
if they are small enough to pass through the AICC assay frits
(18).

To assess the performance of antibodies in the AICC assay,
experiments were carried out with other E. coli serogroups,
related bacterial strains, and proteins to evaluate the specific-
ity. It was important to test the specificity with the column
format instead of an ELISA format as antibodies can perform
differently in the AICC assay. In particular, the E. coli O157
AICC test was highly specific for E. coli O157, even when
non-O157 E. coli serogroups were applied at a high concen-
tration (107 CFU ml�l).

The specificity of the botulinum neurotoxin assay varied with
the neurotoxin type. The high affinities and distinct epitopes
(i.e., heavy chain versus light chain) of the monoclonal anti-
bodies to botulinum neurotoxin type A used in this study al-
lowed development of a sensitive sandwich ELISA to detect
both purified type A botulinum neurotoxin and the neurotoxin
complex (37). The results of AICC assays suggested that these
antibodies were specific for botulinum neurotoxin type A and
detected all five reported subtypes of type A neurotoxin (9, 10,
28). The botulinum neurotoxin type B, E, and F AICC assays
all detected the toxin types for which they are intended. Cross-
reactions were seen in some instances and might have been
due to structural similarities of the toxins (36); cross-reactions
have also been reported for lateral-flow devices (34). For the
purposes of this detection system, cross-reactivity with related
botulinum neurotoxins is not very important, as the test is
designed to produce a positive or negative response for any
botulinum neurotoxin and characterization of the botulinum
neurotoxin type is a secondary feature; i.e., it is more impor-
tant to have a fail-safe detection system.

Food components can interfere with immunologically based
tests, resulting in lower sensitivity (23). The detection limits for
botulinum neurotoxin type A, B, E, and F AICC assays were
comparable when the toxin was added to buffer and to milk,
grape juice with peach juice, and bottled water. The results
provide evidence that the tests could be successfully used for
regular screening or postcontamination detection of botulinum
neurotoxin in the public milk supply. The potential deliberate
contamination of the public milk supply has been evaluated
using values based on analysis of historical data (44). It was
reported that pasteurization (77°C for 15 min) resulted in a
�10-fold reduction in the activity of the neurotoxin (44). Al-
though many assays that detect botulinum neurotoxin have
been described, few are sensitive in complex matrices (30).
Sharma et al. (34) evaluated two LFAs for detecting botulinum
neurotoxin in several food matrices, including milk, juice, in-
fant formula, processed meats, and spices. They found that the
sensitivities of the lateral-flow devices were approximately 5 ng
(150 �l per test) for botulinum neurotoxin complex types A
and B and approximately 10 ng for botulinum neurotoxin com-
plex type E (34). However, spiked samples required centrifu-
gation, organic solvent extraction, and resuspension in assay
buffer before application. In addition, the slow filtration re-
quired for some food matrices was found to delay assay results
with the lateral-flow devices (34). The botulinum neurotoxin
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type A AICC assay developed in the present study has a de-
tection limit of 0.5 ng neurotoxin complex, and it required no
preparation step for the foods tested. A simple prefiltration
step could be included if it was necessary to remove large
particulates. However, botulinum neurotoxin type A, B, E, and
F complexes were not detected in apple juice using the AICC
assay. There are several reasons for the failure to detect toxins
in apple juice. As described previously, each food sample has
an inimitable biochemical composition, making it difficult to be
certain which matrix element interferes with the toxin complex
or with the antigen-antibody interaction (32). Furthermore, it
has been suggested that several components in apple juice
could interfere with antibody-antigen interactions (25, 40).

Outbreaks of food-borne illness involving E. coli O157:H7
have been associated with unpasteurized apple juice, orange
juice, unpasteurized milk, alfalfa sprouts, lettuce, and water (3,
6, 42). These outbreaks resulted from natural contamination
events. Rapid detection tests are therefore necessary to iden-
tify the source of contaminated food. The AICC test has been
shown to be effective for this purpose. E. coli O157 cells could
be detected in all matrices at the lowest concentration used
(500 cells). This limit of detection was the same as that ob-
tained for a spiked buffer solution. The robustness of the AICC
assay for E. coli O157 samples in these matrices may be due in
part to the fact that the target antigen is presented in its
natural state on the surface of a living cell, in contrast to
botulinum toxins, which, as excreted proteins, are not pro-
tected to the same extent.

In summary, the present report describes a series of easy-
to-use rapid AICC tests that are sensitive for detecting botu-
linum neurotoxins and E. coli O157 in a variety of matrices.
Further work is necessary to widen the scope of the AICC
assays in terms of the materials that can be tested and the
sample preparation methods associated with these materials.
Furthermore, as new antibodies are developed, there is poten-
tial to make the AICC test even more sensitive. The new
methods are likely to be an improvement on traditional labor-
and time-intensive methods.
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