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Summary

The Guardian Bio Threat Alert (BTA) system for biological
warfare agents was investigated for its reliability and capability
for detecting proteinous toxins. Staphylococcal enterotoxin B
(SEB), botulinum toxins A and B, and ricin gave positive
responses of each BTA test strip, and the minimum toxin
concentrations indicating positive results were estimated to be
about 0.05, 0.1 (0.03) and 0.1 pg/ml, respectively. The calibration
curves using the sample values (the intensities of the color
developed by the immuno-complex) were linear up to 1.5 j1g/ml
for SEB and botulinum toxin B; that for ricin was linear up to 0.3

g/ml, but saturated over the concentration. Various compounds
were examined for false BTA responses and for the interference
with the response to SEB; only strongly acidic and alkaline
solutions showed false negative results.
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Introduction

In autumn 2001, terrorism with anthrax occurred in the United
States; post letters containing Bacillus anthracis spores were
sent to several locations via the US postal service, and five
people died of anthrax inhalation [1]. Now the threat of
bioterrorism has become evident worldwide. Especially, anthrax,
brucellosis, plague, Q fever, tularemia, smallpox, viral
encephalitides, viral hemorrhagic fevers, botulinum and
staphylococcal enterotoxin B are typical biological warfare
agents [2]. Ricin is also a candidate to be used for bioterrorism [3].
The biological warfare agents do not manifest the toxicity on
public people just after their dispersion. The biological terrorism
attacks are rather recognized after a time lag. Usually, the authority
takes countermeasures against the bioterrorism, under the system
of infection disease surveillance. However, if the biological
warfare agents can be detected before the outbreak of the infection,
it is very advantageous for their early diagnosis, medical
treatments and preventing them from wide-spreading. An on-site
detection system is useful for possible bioterrorism at an early
stage. Several on-site biological warfare agent detection
equipments have been developed [4], and some are now
commercially available for military use [5].

After the anthrax attack in USA 2001, many incidents and
troubles relating to “white powder like material” occurred (6],
but real biological warfare agents have never been detected. In
the bioterrorism and also the “white powder” incidents, the first
responders (police mobile teams or fire department) rush to the
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spots, and suspicious materials such as white powder are sampled
to send to local public health research institutes for laboratory
tests of Bacillus anthracis and other biological warfare agents.
However, it is impossible and improper to send all the suspicious
materials found on-site to the laboratories, and it is necessary to
discriminate the bioterrorism-likely samples from the unrelated
ones by on-site screening. Actually, the first responders have
managed to adopt the on-site detection methods using
commercially available detection kits and also their handmade
tools. The Guardian Bio Threat Alert System developed by
Alexeter Technologies is now being used by Japanese responders
as a rapid and simple detection kit for biological warfare agents.
Its detection principle is immuno-chromatography. In this paper,
we have investigated the reliability and capability of the system
for detecting proteinous toxins, by checking the responses to the
real toxins and the interference by various compounds.

Experimental

Chemicals

Bio Threat Alert™ (BTA) Test Strips for ricin, botulinum
toxin (BTX), staphylococcal enterotoxin B (SEB), plague and
anthrax were obtained from Tetracore LLC (Rockville, MD,
USA). Ricin (Ricinus communis agglutinin II, RCA60, 2.5 mg/
ml solution) was provided from Honen Corporation (Chiyoda-
ku, Tokyo), and used under the permission by the Minister of
Economy, Trade and Industry. Botulinum toxin A (BTXA)
solution (1 mg/ml in acetate buffer), botulinum toxin B (BTXB)
solution (1 mg/ml in acetate buffer) and soluble starch were
purchased from Wako Pure Chemicals (Osaka), and used after
dilution with phosphate buffered saline (PBS). SEB, albumin
from bovine serum (fraction V powder, BSA) and albumin from
human serum (fraction V powder, HSA) were obtained from
Sigma-Aldrich Fine Chemicals (St. Louis, MO, USA), and used
after dilution with PBS. Commercially available Nisshin flour
Hakuriki (Nisshin Food Co., Tokyo) was used as wheat flour.
Other chemicals used were of analytical reagent grade.

The out-dated transfusion blood was obtained as control blood
from a local police hospital, and plasma was prepared by
centrifugation.

Measurements of samples by the Guardian Bio Threat Alert
System

According to the manufacturer’s manual, liquid samples can
be examined for toxin detection by the BTA system. The PBS
solution, containing the target toxins (ricin, SEB, BTXA, BTXB),
other nontoxic compounds or a mixture of a toxin and a nontoxic
compound, was mixed with an equi-volume of the BTA buffer.
The BTA test strip was taken out of the foil pouch, and 150 pul of
the mixture solution was poured into the round sample port on
the strip (Fig. 1), left for 15 min at room temperature, and
inserted into the Guardian BTA Test Strip Reader (Alexeter
Technologies, LLC, Wheeling, IL, USA) to obtain a sample
value. The reader indicates “POSITIVE” (Fig. 1), when a pink

color appears in both control and sample windows, and the
sample value exceeds the threshold value (0.01); and
“NEGATIVE”, when the value does not exceed the threshold
value in the presence of the pink color in the control window.
The reader also indicates “FALSE”, when the pink color does
not appear in the control window.

Safety consideration

SEB, BTXA, BTXB and ricin are highly toxic upon their
inhalation and digestion. These compounds should be handled
with special care, and they should be destroyed with sodium
hypochlorite after examination.

Results

Responses of BTA test strips to toxins

Serially diluted solutions of SEB were examined by the BTA
system. The BTA test strip for SEB showed negative response to
the PBS solution, and positive response to the SEB solution
(higher than 0.1 pg/ml). The typical positive result of the strip
(SEB concentration: 1.0 ptg/ml) is shown in Fig. 1, where the
pink lines were observed in both sample and control windows.
The calibration curve using the sample values was linear in the
range from 0.1 to 1.5 pg/ml (Fig. 2A). The minimum SEB
concentration indicating the positive result (exceeding the
threshold value) was about 0.05 pg/ml.

The BTA test strip for BTX showed negative response to the
PBS solution, and positive response to the BTXB solution (over
0.1 pg/ml). The calibration curve for BTXB was also linear in
the range from 0.1 to 1.5 ptg/ml (Fig. 2B). The minimum BTXB
concentration indicating the positive result was about 0.1 pg/ml.
The BTA test strip for BTX also showed positive response to the
BTXA solution at 0.1 pg/ml (sample value: 0.033) and 1.0 j1g/ml
(0.339). BTXA gave 2-3 fold higher values than those of BTXB,
and the minimum BTXA concentration indicating the positive
result was about 0.03 pg/ml.

The BTA test strip for ricin indicated negative response to the
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Fig. 1. BTA test strip for SEB indicating a positive result. SEB
solution at 1 lg/ml was examined.
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