Clin Eval 45 (3) 2017

‘ Original article )

Threat of terrorism by using chemical
and biological warfare agents:
Bioluminescence assay
as a military biodefense

Osamu Imamura” Vincent M. Mwange *

1) Department of Pathology, School of Medicine, University of Namibia
2) School of Military Science, Faculty of Science, University of Namibia

Abstract

Background : There is increasing risk of the proliferation of biological and chemical warfare agents with
recent advances in science and technology, especially involving the integration of chemistry and biology.
Exacerbating this condition is the fact that the high tech development of more advanced non-lethal
chemical/biological weapons appears to be generally tolerated.

Method : Literature review on chemical and biological warfare agents, biochemical assay, and the British
Broadcasting Corporation (BBC) news about the anthrax-related deaths of hippos.

Results : (1) Many commercial automated biochemical test platforms are today available for performing the
tests after growth in bacteriological media.

(2) The polymerase chain reaction (PCR) based assays can detect >10 microorganisms per sample but
limitations are with the detection of toxins and other non nucleic acid containing prions, etc.

(3) The bioluminescence has been widely used mainly in the quality control testing of bacterial
contamination in food industry.

(4) The antigen and antibody based immunoassays are being developed for the detection of bacterial and
viral biowarfare agents.

(5) BBC news announced that More than 100 hippos have been found dead in a Namibian national park,
with authorities suspecting outbreak of anthrax could be to blame on 9 October 2017, denying possibility of
terrorist’s attack.

Conclusion : In conclusion, it is very much important for us to develop specific diagnostic, therapeutic
capabilities and capacities alongside training and education and also, we will have investigate process for
specific diseases outbreaks, as well as mitigating the effects of terrorist attacks by using chemical warfare
(CW) agents and biological warfare (BW) agents.
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1. Introduction

There is increasing risk of the proliferation of
biological and chemical warfare agents with recent
advances in science and technology, especially
involving the integration of chemistry and biol-
ogy ™. Exacerbating this condition is the fact
that the high-tech development of more advanced
non-lethal chemical/biological weapons appears to
be generally tolerated 2~9. Although the non-lethal
weapons are defined as the ones which ‘have a
reversible effect on their human targets’, the term
non-lethal weapons is a misnomer as there will
always be an element of risk associated with the
use of any weapon system. Historically, these weap-
ons have been classified by their effects, princi-
pally whether they disable, disorient, discourage,
demobilise or deceive victims. The medical effects
of non-lethal weapons may be broadly categorised
into:

® blunt trauma effects

® eye effects

® auditory effects

® clectrophysiological effects

® toxicological/pharmaceutical effects

® psychological effects

Therefore, we describe significant demand for
devices that can rapidly detect chemical-biologi-
cal-explosive threats on-site and allow for immedi-
ate responders to mitigate spread, risk, and loss.
And also, the Centers for Disease Control and
Prevention and United States Army Medical Research
Institute of Infectious Diseases have developed
real-time polymerase chain reaction (PCR) assays
for the detection of bioterrorism threat agents.
The key to an effective reconnaissance mission is a
unified detection technology that analyzes potential
threats in real time. We also describe an outlook

toward future technologies, and describes how they

could possibly be used in areas such as war zones

to detect and identify hazardous substances.

2. Detection for chemical warfare
(CW) agents

Toxic chemicals are defined as any chemical
which can cause death, temporary incapacitation,
or permanent harm to humans or animals, through
its chemical action on life processes, whilst precur-
sors are the chemicals involved in the production of
toxic chemicals ®. Munitions or devices include
such things as mortars, artillery shells, missiles,
bombs, mines or spray tanks. Hence they are spe-
cifically designed to inflict harm or cause death
through the release of toxic chemicals®.

It is well known that chemical agents (CAs) have
been used against military personnel during con-
ventional warfare, however, due to the increasing
threat of terrorist activities, the focus has now
broadened to encompass the threat posed to civil-
ians . As a result, the perceived threat of a CA
attack has the potential to create great panic in
parties that are unprepared because when released,
these agents are amorphous and not able to be
evaded ®. Hence, if there is no capability available
to detect and monitor these agents it is safe to
assume that there is no preparation for a potential
attack, and therefore the first signs of exposure to
an agent will be when symptoms begin to appear,
which may be too late ©.

And also, the effectiveness of a particular detec-
tion technology can be a function of the chemical’s
physical properties and although the technologies
have progressed significantly, there is still room
for improvement. The major challenge is the need
to increase detection reliability and reduce the fre-
quency of false alarms. The future direction for
detectors is to develop a capability for the detec-

tion of not only chemical warfare (CW) agents but
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also for a wide range of toxic industrial chemi-

cals.

3. Detection for biological warfare
(BW) agents

Among all the detection systems available for
use, none of them satisfy all these criteria and the
selection of methodology should be situation spe-
cific”. Development of detection systems that can
detect the biological agents in concentration at
which they can cause disease in humans is a chal-
lenge, and due to lack of sensitivity of many of the
available antigen and antibody based systems,
research is focused on development of nucleic acid
based sensors that are much more sensitive but
need complex sample preparation " ¥. The poly-
merase chain reaction (PCR) based assays can
detect >10 microorganisms per sample but limita-
tions are with the detection of toxins and other non
nucleic acid containing prions, etc”?. For example,
Prion diseases are usually diagnosed clinically and
confirmed by post-mortem histopathological exami-
nation of brain tissue. The only reliable molecular
marker for prion diseases is PrP(Sc), the patho-
logical conformer of the prion protein that accumu-
lates in the central nervous system and, to a lesser
extent, in lymphoreticular tissues. For BSE, sev-
eral commercial diagnostic kits based on the post-
mortem immunochemical detection of PrP(Sc) in
brain tissue are now available. Therefore, it is
impossible for us to have PCR for diagnosis to
PrP(Sc). Further, the nucleic acid based assays
are to be performed in much cleaner environment
as there is a possibility of DNA from laboratory
and instrument contamination getting amplified and

thus producing a false positive result?.

3.1 Biochemical test based assays

The culture of bacteria in a routine microbio-
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logical laboratory and further identification based
on biochemical tests is the conventional identifica-
tion method mostly followed in most of the hospital
setups even today & 9. As this method is followed
for various diseases, the biological warfare (BW)
agents, mainly the bacterial agents, need to be
identified through this platform on a routine basis,
if not during an intentional outbreak, but during
natural prevalence of the disease ® 9. Many com-
mercial automated biochemical test platforms are
today available for performing the tests after
growth in bacteriological media, but these systems
are mostly developed for bacterial diseases that
are clinically important ® ¥, Therefore, we have
proposed that from now on, Biochemical test based

assay will be developed for terrorism.

3.2 Bioluminescence based detection

Bioluminescence is the monitoring of luciferin
and luciferase, the enzyme, interaction in the pres-
ence of adenosine triphosphate (ATP). The basic
principle is ATP is found in all the living cells like
virus and bacteria and its amount corresponds to
the microbial load in air, water and in other envi-
ronmental samples. The bioluminescence has been
widely used mainly in the quality control testing of
bacterial contamination in food industry. The con-
tinous air quality monitoring will trigger alarm for
any unusual raise in the microbial load in the envi-
ronment. For example, Imamura et al. developed
specific assay of bioluminescence based detec-
tion 19, Allele-specific PCR for E. coli 0157 was
conducted with primers specific to verotoxin genes,
verotoxin 1 (VT1) and verotoxin 2 (VT2). VT is an
important cause of haemorrhagic colitis (HC) and
haemolytic uraemic syndrome (HUS) worldwide 12,
They developed a simple, rapid bioluminescent
detection method for E. coli 0157 9. The method
is based on the determination of pyrophosphoric
acid (PPi) released during allele-specific PCR.

—611—



ERPREFM 45%&3%5 2017

Thus, released PPi is converted to ATP by ATP
sulfurylase and the concentration of ATP is deter-
mined using the firefly luciferase reaction?. As a
result, VT1, VT2 and DNA with VT1/VT2 were
clearly identified by this method . This protocol,
which does not require expensive equipment, can be
utilized to monitor the PCR product rapidly 2.
Additionally, this methodology can be used as a
high-throughput approach for measuring PCR

products ¥,

3.3 Antigen and antibody based detection
systems

The antigen and antibody based immunoassays
are being developed for the detection of bacterial
and viral biowarfare agents. Arakawa et al. devel-
oped a novel bioluminescent assay of alkaline phos-
phatase (ALP) utilizing ATP sulfurylase and the
luciferin-luciferase reaction!”. The principle gov-
erning the assay is as follows. Adenosine-3’ phos-
phate-5" -phosphosulfate, which serves as the
substrate for ALP, is hydrolyzed enzymatically to
produce adenosine-50-phosphosulfate (APS) V.
APS is converted into ATP by ATP sulfurylase in
the presence of pyrophosphate . The ATP pro-
duced is detected by the luciferin-luciferase reac-
tion Y. The measurable range was 1 zmol to 100
fmol/assay and the detection limit at blank+ 3 SD
was 10 zmol/assay V. The coefficient of variation
(CV, n=5) was examined at each point of the stan-
dard curve; the mean CV percentage was 4.47%
(n=6). This assay system was applied to enzyme
immunoassay of human chorionic gonadotropin and
allele-specific PCR enzyme-linked immunosorbent
assay of verotoxin gene using ALP as the label
enzyme; 102 mIU/mL hCG in urine and 5 pg of
Escherichia coli 0157 DNA could be assayed
directly and with high sensitivity by the proposed

method 1.

4. Discussion

Terrorists want to have an approach likely to be
the most cost-effective and also, the likelihood of a
successful terrorist attack is not very large, given
the technical difficulties and constraints resulting
from the need to work in secret, and more probably
at the low-technology end of the spectrum than the
high-technology end that is shown in table 151213,

Recently, the British Broadcasting Corporation
(BBC) news announced that more than 100 hippos
have been found dead in a Namibian national park,
with authorities suspecting anthrax could be to
blame on 9 October 2017 and also, the first hippo
was spotted on October 1 according to acting direc-
tor of Namibia’s Ministry of Environment and
Tourism, Johnson Ndokosho. Since then, at least
100 have turned up dead in the western region of
Bwabwata National Park, which sits in a northeast-
ern Namibian strip, sandwiched between Angola
and Botswana'¥. Namibia’s Ministry of Environment
and Tourism suspects that there was an anthrax
outbreak because the river is very low under light
rain due to weather condition of this year so that
we can guess that the outbreak of anthrax has no
relation with terrorism. However, it shows us the
possibility that we may encounter a very serious
issue with domestic animals being attacked by CW
agents or BW agents by terrorists.

Therefore, it is very much important for us to
develop an assay system for diagnosis to CW agents
or BW agents by using bioluminescence based detec-
tion with high sensitivity and high-throughput.

As for developing a therapy for anthrax, through
our experience, lions that are flesh-eating animals
can survive after eating other animals with anthrax.
However, nobody knows the reason why the flesh-
eating animals can survive so this gives us the

motivation to investigate the disease’s clinical
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pathology.

Anthrax is found all over the world. It contami-
nates the ground when an affected animal dies. It
spreads when grazing animals pick it up from con-
taminated dirt or through contaminated food
sources such as bone meal that may have been made
from contaminated carcasses. There appears to be
an increase in the cases of anthrax among grazing
animals during droughts, when they tend to graze
closer to the ground and consume more dirt with
the grass.

Anthrax may also spread due to the bacteria which
are then transferred to other areas by the host and
contaminate the ground when that animal dies. As
the animal decays, the bacteria are exposed to oxy-
gen and turn back into the spores that contaminate
the soil. The anthrax spores have a very tough
outer casing and can remain viable in the ground
for decades. Many diagnostic laboratories around
the world have anthrax samples for use in research
and for the identification of anthrax. Anthrax can
be grown in laboratories from these existing spores.
In the wrong hands, these spores can be grown,
dried and milled for use in biological weapons.

Therefore, terrorist will have agents selected
which are considered to be suited for causing mass
casualties because they were found to share a num-
ber of characteristics.

And also, we can identify several dangerous
chemical and biological weapons proliferation
trends;

® Developments in  biotechnology, including

genetic engineering, may produce a wide vari-
ety of live agents and toxins that are difficult
to detect and counter; and new CW agents and
mixtures of CW agents and BW agents are
being developed.

® Countries are using the natural overlap

between weapons and civilian applications of

chemical and biological materials to conceal

CW agents and BW agents production; con-
trolling exports of dual-use technology is ever
more difficult.

® Countries with CW and BW capabilities are
acquiring sophisticated delivery systems

including cruise and ballistic missiles.

5. Conclusion

In conclusion, it is very much important for us to
develop specific diagnostic, therapeutic capabili-
ties and capacities alongside training and education
and also, we will have investigate backbone for spe-
cific diseases outbreaks, as well as mitigating the
effects of terrorist attacks by using CW agents and
BW agents. Further investigation with respect to
improvement of diagnosis and therapy of CW agents
and BW agents is currently in progress. The
Department of Military Science, University of
Namibia was established in January 2014, but there
are few Institutes of CW agents and BW agents in
Africa. Therefore, further investigation with
respect to the role of CW agents and BW agents in
new diagnosis and therapy is currently in progress

in our department.
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