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PUBLICATION OF THE SUPERIOR HEALTH COUNCIL No. 9552
Pharmaceuticals in the context of the threat for chemical, biological and
radio-nuclear terrorism
In this scientific advisory report on public health policy, the Superior Health Council of
Belgium provides a revision of the advisory report of 2003 on the necessary stockpiles of
pharmaceuticals in case of biological and chemical terrorism and includes radio-nuclear
threats in this new report.
Besides advising on a necessary stockpile of antidotes the Superior Health Council
concludes that establishing and maintaining a stock is important but insufficient, and that a
broader approach is mandatory.
This version was validated by the Board on
6 December 20171
Amended version by the Board on
4 September 2019

EXECUTIVE SUMMARY
Recent terrorism events triggered the necessity of updating the advice of the Superior Health
Council (SHC) of 2003 on biological and chemical terrorism. The effects, the treatment and
the needs on pharmaceutical drugs for the treatment of unit groups of the population are
revised for 8 groups of chemicals, covering over 20 substances, 7 bacterial and 4 viral
infections and 3 biological toxins, next to over 40 radioactive isotopes (tables 1 to 3).
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The Council reserves the right to make minor typographical amendments to this document at any time. On the other hand,
amendments that alter its content are automatically included in an erratum. In this case, a new version of the advisory report is
issued.
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Table 1. Chemical agents: treatment

Chemical agent
Nerve gases

Blister Agents
e.g. nitrogen
mustard
Lewisite
Choking agents
e.g. phosgene,
chlorine
Cyanide-based
blood agents

Treatment
Atropine

Advice
20 mg/patient (IM - IV)

Pralidoxime

12 g/day/patient (IV) during 2 weeks

Alternative for
pralidoxime:
Obidoxime

1 x 250 mg + 750 mg/day/patient (IV)
during 2 weeks

Midazolam
No specific antidote
available
Dimercaptopropanes
ulfonic acid (DMPS)
No specific antidote
available

2 applications of 10 mg/patient (IM - IV)
2.1 g/day/patient (IV) during 5 days

CyanokitR
(hydroxocobalamin)

10 g IV/patient

Sodiumthiosulfate
20 g IV/patient
Vomiting agents
Riot control agents
Incapacitating
agents
Hydrofluoric acid

No specific antidote
available
No specific antidote
available
Naloxone for opioids
Calcium gluconate

5 subsequent applications of 0.8 mg IM IV/patient
Available in most hospital pharmacies

Table 2. Biological agents: treatment (No agents mentioned since treatments are interchangeable)
INN

ciprofloxacin
doxycycline
rifampicin
gentamicin
ceftazidime
meropenem
brincidofovir
ribavirin
favipiravir
TMP 160mg / SMX
800mg

Amount
20 tablets x 500 mg
10 x 200 ml
2mg/1ml
10 tablets x 100 mg
50 caps x 300 mg
10 x 360 mg/120 ml
1x2g
1x1g
1 x 375mg/5 ml
56 x 400 mg
240 tablets x 200
mg
10 x 160 mg/800mg

Amount
per patient
60 g
4.2 g
12 g
37.8 g
5.6 g
112 g
84 g
100 mg
30 g
25.2 g
42 tablets
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Table 3. Radio-nuclear agents: treatment

Radio-nuclear
agent
Strontium and
radium
Strontium and
calcium
Transuranes (e.g.
plutonium, curium,
americium).

Treatment

Advice

Na-alginates
(Gaviscon®)
Ca-gluconate

Initial dose : 2 x 5 g/d. Maintenance dose : 4 x 1 g/d

Also (somewhat
less effective) for
cobalt, berkelium,
zinc, magnesium,
manganese, nickel,
iridium, scandium,
yttrium, zirconium,
californium,
ruthenium, cerium,
lanthanum,
lutetium, niobium,
promethium
Iron

Zn-DTPA

Maintenance treatment after Ca-DTPA: 1 g/d

Deferoxamine

Arsenic, cadmium,
cobalt, bismuth,
chromium, gold,
silver, mercury, tin,
polonium, lead
Uranium

Dimercaptopropa
ansulfonate
(DMPS)

Initial dose: 1 g IM or slowly IV (15 mg/kg/h in 250
ml physiological salt solution, followed by two
administrations of 1 g every 4 h)
Maintenance dose: 500 mg every 12 h for 3 days
Initial dose: first day 1.5 - 2 g/d, second day 1 – 1.5
g/d, third day 0.75 – 1.0 g/d
Maintenance dose: from 4th day onwards 50 g/d as
long as necessary

Polonium, gallium,
cupper, bismuth,
gold, mercury, zinc
and iron.
Cesium, thallium,
rubidium

Penicillamine

Phosphorus

Sevelamer HCl

Iodine

Potassium iodide

Ca-DTPA

NaHCO3

Prussian blue

Daily administration (for about 6 days) of 2.5 g
calcium in 500 ml glucose 5 % for 4 h
Initial dose: 1 g IV on the first day or via inhalation or
nebulization or to decontaminate wounds after
dilution in e.g. a 100 ml glucose 5 % solution or
sterile physiological salt solution

Slow intravenous infusion by means of a 250 ml
isotonic solution of 1.4 % NaHCO3. Can be repeated
on a daily basis for some days. An alternative is the
administration of a 1 g NaHCO3 tablet every 4 hours
until the urine pH is kept between 7 and 8
Initial dose : 4 x 300 mg/d
Maintenance dose : max. 40 mg/kg/d

Dosage: 3 x 1 g/d until 3 x 3 g/d (and in exceptional
cases even until 20 g/d) per os. It is appropriate to
combine the Prussian blue therapy with the
administration of
a weak laxative.
The
recommended length of therapy is at least 30 days
or longer in case of serious contamination cases
Recommended dose: 3 times 800 until 1 600 mg per
day during more or less 5 days. The first dose is the
most important one
Preventive (as far as possible) use to saturate the
thyroid gland. Recommended dose: 130 mg per os
for an adult
Stocks exist already
3
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Almost all (hydro
soluble)
radionuclides.
Certainly effective
for tritium, bromine,
sodium, potassium,
phosphorus and
ruthenium.
In case of high
dose radiation with
development of
acute radiation
syndrome

Diuretics, such as 40 mg furosemide on a daily basis, combined with
furosemide
increased fluid intake (3 to 4 l/d, IV, per os or
combined), to speed up the urinary excretion

Laxativa, such as 10 mg bisacodyl on a daily basis estimated
bisacodyl
during 3 days
G-CSF
0.48 mg on a daily basis during 15 days
(filgrastim), such
as Neupogen

The focus of this report is both on acute medical interventions in case of a calamity and on the
necessary stockpiles of pharmaceuticals. The medical data are put in a context of current
limitations and uncertainties (as e.g. the lack of data on cumulative effects and interactions,
or the threats emerging from progress on rec-DNA technology), training of first responders
among which pre-hospital and hospital health care personnel (medical doctors, nursing staff,
ambulance workers, fire brigades, police forces), optimal communication and planning
necessary for an effective use of the drugs.
The analysis of the three groups of incidents (chemical, biological, radio-nuclear) shows that
for each group a different initial treatment strategy is indicated. In Belgium collaboration among
a wide scope of groups involved in field actions and among authorities should be consolidated,
ideally through a CBRN crisis coordination platform depending on the federal crisis center
(DGCCR). European and international cooperation should be stimulated, among others, on
the availability and maintenance of the pharma stocks and trans boundary incidents.
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Keywords and MeSH descriptor terms2
MeSH terms*
“pharmaceutical”
“strategic
stockpile”
“nuclear” source
“radioisotopes”
“contamination”
“biological
warfare agents”
“drug therapy”
“post-exposure
prophylaxis”
“chemical
warfare agents”

Keywords
CBRN attack
pharmaceuticals

Sleutelwoorden
CBRN-aanval
farmaceutische
producten
strategic stock
strategische
stock
nuclear source
radioactieve
bron
radioisotope
radioisotoop
contamination
contaminatie
biological threat
biologische
dreiging
pharmacotherapy medicamenteuze
behandeling
post-exposure
post-exposureprophylaxis –
profylaxe - PEP
PEP
chemical threat
chemische
dreiging

Mots clés
attaque CBRN
produits
pharmaceutiques
stock stratégique

Schlüsselwörter
CBRN-Angriff
Arzneimittel

source
radioactive
radioisotope
contamination
menace
biologique
traitement
médicamenteux
prophylaxie postexposition - PPE

Radioaktive Quelle

menace
chimique

Chemische Bedrohung

strategischer Bestand

Radioisotop
Kontamination
biologische Bedrohung
Arzneimitteltherapie
PostexpositionsprophylaxePEP

MeSH (Medical Subject Headings) is the NLM (National Library of Medicine) controlled vocabulary thesaurus used for indexing
articles for PubMed http://www.ncbi.nlm.nih.gov/mesh.

2

The Council wishes to clarify that the MeSH terms and keywords are used for referencing purposes as well as to provide an
easy definition of the scope of the advisory report. For more information, see the section entitled "methodology".
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Food and Drug Administration
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I.

INTRODUCTION AND ISSUES

Concerns about the development, production and use of biological, radiological and chemical
weapons triggered renewed attention in the aftermath of the terrorist attacks in Paris and Nice
(November, 2015; July, 2016), Brussels (March, 2016) and in other localities both in the
industrialized and the developing world. Previously, the health effects of terrorist events were
primarily a discussion among the military and the police, at both national and international
level. However, the relevance and the concern for public health became more prominent, in
particular for the response plans, which should be developed as an integral part of existing
national-emergency and public health plans. In particular, the question about the need for
stocks of essential pharmaceutical compounds for medical treatment had to be considered.
The SHC already published 2 documents on the subject: report 7626-1 in 2001 (HGR, 2001)
and report 7801 in 2003 (HGR, 2003).
Although the reports of the SHC are about 15 years old, the conclusions remain essentially
valid. We actualized and enlarged the earlier documents taking recently published information
into consideration. In particular:
− The earlier documents stress the need for education and training of health care staff;
this point is withheld and expanded in this document.
− The option not to restrict the report to chemical terrorism but instead enlarge the scope
to the use or misuse of industrial toxic compounds and to industrial accidents is
acknowledged. Indeed, industrial incidents may not be recognized as a terrorist attack
but using the same medical doctrine for accidental as well as criminal incidents will
increase the motivation of first responders to train the scenarios.
− The information on symptoms, treatment and pharmaceuticals is expanded.
− As the previous reports did not cope with radio-nuclear attacks, the radio-nuclear part
of the current report is more comprehensive in approach.
− International updates including:
o The World Health Organisation (WHO) (2004) guidance document on “Public
health
response
to
biological
and
chemical
weapons
(http://www.who.int/csr/delibepidemics/biochemguide/en/), and
o The “Practical guide for medical management of chemical warfare casualties”
(Organisation for the Prohibition of Chemical Weapons (OPWC), 2015).
Next to this the SHC released during the last 5 years a series of reports which are related to
this subject. The most important ones entail:
− Advice 9235: Nucleaire ongevallen, leefmilieu en gezondheid in het postFukushimatijdperk: Rampenplanning / Les accidents nucléaires, environnement et
santé dans l’ère post-Fukushima: la planification en cas de catastrophes / Nuclear
accidents, environment and health in the post-Fukushima era: Emergency response,
(HGR, 2016).
− Advice 9275: Nucleaire ongevallen, leefmilieu en gezondheid in het post-Fukushima
tijdperk – Deel I: Bescherming van de schildklier / Accidents nucléaires, environnement
et santé - Partim I : Protection de la thyroïde / Nuclear accidents, environment and
health in the post-Fukushima era: Iodine Thyroid Blocking, (HGR, 2015).
These documents show that, although the medical fundamentals (e.g. symptomatic treatment)
hardly changed, the context and the experience with these phenomena did. The latter include
the legal, economic, communication and risk analysis context of exposure to man-made
chemicals, toxins, biological and radioactive agents (Chemical, Biological, Radiological and
Nuclear - CBRN).
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This is the changing context in which the Council situated the request of the Committee of
Directors of the Federal Public Service, Health, Food Chain Safety and Environment received
on 11 January 2016. The advice deals with two guiding questions:
− Which CBRN agents can currently be used by terrorist actions?
− Which medical drugs provide a most efficient prevention and cure for such actions?
Dealing with these questions, apart from monitoring core elements of the context, this advice
is structured in three (CBRN) sections:
− chemical and toxic agents, which is based on the content of the table as published by
the WHO (2013) containing part of the information needed,
− biological agents,
− radio-nuclear substances.
It is clear that completeness is impossible and much more information could be found in
numerous publications on the subject. Furthermore, the fact that three subgroups
independently composed the text makes some redundancy possible, in particular as far as
general advices are concerned. Next to these similarities in structure, the three sections show
distinct differences which are related with the nature of each subject group.
A selection of references published since the advices of 2001/2003 is included. Here again,
completeness is not possible; the most important references as far as the experts are
concerned are retained.
Each section entails:
− an introduction, addressing a general description of the CBRN subfield;
− a substance by substance first line response approach, describing symptoms and their
treatment, with special attention for the involved pharmaceuticals and recent
developments e.g. on the potential use of recombinant deoxyribonucleic acid (DNA);
− a discussion on the changing epidemiological, communication, economic, and legal
context.
The report as a whole is concluded with a general discussion on overarching conclusions and
recommendations.
The aforementioned structure is most useful for the chemical part of the report describing 8
(groups of) chemicals, and the antidotes which are recommended, in combination with the unit
treatment amounts. The data target the acute effects of exposure. Long term effects (e.g.
carcinogenicity, mutagenicity or teratogenicity) are out of the focus of this report.
The section on the biological threats deals with 7 bacteria 4 viruses and 3 toxins which could
be used in terrorist attacks. The text gives more attention to the context. As for the chemicals,
a table mentioning treatment, unit amounts of drugs and their use, is a core part of the report.
Nuclear and radioactive threats cover a wide spectrum of isotopes which can theoretically be
used. Nevertheless the number of antidotes is relatively limited. The preparedness and the
context of application are described.
The core of the report are 3 annotated tables listing the most likely CBRN agents, and to the
extent they exist, the antidotes. It is however the firm conviction of the Council that, although
strategic stocks of these products are essential, they are at the same time insufficient to
guarantee an effective public health protection. More particularly, strategic stocks of antidotes
should be a structural part of a more comprehensive “national emergency and public health
plan”. Therefore the discussion of the tables is preceded by the description of the context in
which such agents should be used in the most efficient way. The concluding part entails a
discussion on the limitations and bottlenecks of this approach.
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II.

METHODOLOGY

After analysing the request, the Board and the Chair of the working parties on chemicals,
ionising radiation and infectiology identified the necessary fields of expertise. An ad hoc
working group was established including an interdisciplinary array of competences on
emergency medicine, pharmacy, chemistry, toxicology, infectiology, radiobiology, radiation
protection, nuclear medicine and radiotherapy. The multidisciplinary character of this report
also necessitated the contribution of different working parties of the council. In particular
members of the working parties ‘Chemical agents’, ‘Ionising radiation’ and ‘Infectiology’ were
involved. They not only contributed to drafting this report, but also to the different assessment
steps which contributed to the revision of the original text. The experts of this ad hoc group
provided a general and an ad hoc declaration of interests and the Committee on Deontology
assessed the potential risk of conflicts of interest.
The three groups wrote their part of the report largely in a free style format. In the final
document, this was retained giving credit to the individual assessment of the experts.
The report is based on treatment by treatment information (which coincides in this context with
a substance by substance approach). The discussion provides data on figures handled in
neighbouring and selected NATO countries.
This advisory report is based on published papers in the international scientific literature and
the expertise of the experts. Only the most frequently cited situations in the literature, and
consequently the most widespread toxins, are included. Whenever feasible, references to
relevant websites from appropriate authorities are included.
One of the discussions is on the number of victims that would require treatment. Although it is
impossible to predict anything, historical data could give an indication. The Council adopted
the reasoning that, since accuracy is not possible, an arbitrary number of victims designated
as one unit is assumed. The Council considered 100 victims to be treated for one week as a
working figure. As mentioned in the tables, most of the treatment schedules are designed in
this respect.
Once the advisory report was endorsed by the ad hoc working party it was validated by the
Board.
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III.

ELABORATION AND ARGUMENTATION

1. Context
The antidotes listed in the following sections can only be applied in an effective and efficient
way if a number of prerequisites and context determining conditions are fulfilled. To a large
extent context and prerequisites are the result of the necessity to act medically in cases of
terrorism attacks in a fast, decisive, and “no-regret” way, using therapeutic strategies and
products resulting in immediate effects notwithstanding the intrinsic chaotic nature of the
medical intervention after acts of terrorism or after accidents with similar consequences.
This section lists a selected number of these context elements (not in order of importance).
(-) Defining the exposure:
Protocols based on recent experiences with chemical warfare in the Middle East and industrial
incidents releasing toxic compounds, have been established to determine the agent(s)
involved in the exposure and to provide a therapeutic relevant estimation of the dose. (Bismuth
et al., 2004).
One of the biggest challenges in adequately protecting the population against radio-nuclear
terrorist threats is the timely recognition of its radioactive or irradiating characteristics. Indeed,
symptoms appear frequently after a latency period. Internal contamination by substances
emitting alpha or beta radiation - especially without or with very little accompanying gamma
emission - may go unnoticed.
Similarly, in most cases, symptoms of biological attacks become evident after a latency period
and it requires a lot of experience and knowledge from the medical staff to identify the cause.
In contrast, and again in most cases, the bodily consequences of a chemical attack are
immediate or at very short term. In addition, the symptomatology related to chemical toxins is,
compared to biological and nuclear compounds, more evident and rapidly recognizable.
(-) Protection measures:
Specific protection measures, preventive and to avoid worse, should be targeted to the
exposed population, and as well to the first responders, rescuers and care providers at the
scene.
(-) Geographic spread and logistics of the stocks of pharma:
There is an absolute need for a detailed plan for storage, distribution and quick access at the
contaminated site of the strategic reserve. Although this is not included in the request for
advice to the Council this is crucial for functioning.
It is indicated to establish the location of strategic antidote stocks in a regional, federal and
international (EU-wide) context. Existing informal contacts should be formalized to optimize a
fast and sufficient access to the necessary agents.
(-) Communication:
Experience shows that communication often appears as a weakness in particular in situations
in which a fast reply is mandatory. An effective communication plan entailing diversified
actions towards the different stakeholders and target groups has a core function. A more
detailed discussion on communication is provided in section IV 3.3 of this report.
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(-) Training and awareness:
As mentioned already in the reports of the Council in 2001 and 2003 (HGR, 2001; HGR, 2003),
providing the drugs is not sufficient; this should be accompanied by training and increased
awareness of the care providers. There are already major efforts on this aspect; the SHC is
convinced that these efforts have to be maintained and intensified.
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2. Chemical threats
2.1. Introduction
The use of poisonous chemicals is well documented throughout history although the
expansion of the chemical industry in the 19th century was the trigger for mass production of
toxic chemicals and its subsequent use in warfare in modern times. It is clear that an
uncountable number of chemicals possess toxic properties and are in principle usable for
warfare; in practice, a limited number of compounds have been used (see Ganasan et al.,
2010 for a recent review). The Counsel wants to stress that although the original request
underlying this report was on chemical warfare, equal attention should be paid to toxic
industrial chemicals. Indeed, chemicals are transported by e.g. road, train, etc., and the
consequences of accidents such as the train accident in Wetteren (2013) are at least as
troublesome as the potential effects of a chemical attack. Moreover, such accidents with
industrial compounds can be caused by criminals or terrorists.
The format of the report is essentially based on the content of the table as published by the
WHO (2013) which contains part of the information needed.

2.2. First line response
Table 4. Description of the properties of chemicals frequently used for terroristic purposes,
industrial toxins are included

Name of the compound,
abbreviation
NERVE AGENTS
Tabun, Sarin, Soman,
Cyclosarin,
Methylphosphonothioic
acid

BLISTER AGENTS
VESICANTS
Mustard
Nitrogen mustard, Sulfur
mustard

Physicochemical properties, exposure route

Clear colorless fluids in pure state, tasteless, mostly odorless.
Volatility: Sarin (very volatile) > Soman > Tabun >
Methylphosphonothioic acid (nearly not volatile).
Exposure route depends on the volatility: Sarin: lungs, eyes;
Methylphosphonothioic acid: skin.
Expression of the toxic effect depends on the dose and
exposure route: through lungs and eye: immediate (seconds to
minutes), through skin: delayed (minutes to hours).

Colorless viscous liquid if pure. Normally ranges from pale
yellow to dark brown.
Slight garlic or horseradish type odor. Irritating.
Symptoms may be delayed from 15 minutes to one day after
exposure.

Mustard and lewisite

Mixture of mustard and lewisite.
Dark, oily liquid with higher volatility than nitrogen mustard.
Exposure route: skin, lungs, eyes.

Lewisite, Arsenicals

Impure samples of lewisite are a yellow, brown, violet-black,
green, or amber oily liquid with a distinctive odor of geraniums.
Lewisite is dispersed as a spray.
Exposure route: skin with delayed toxicity.
Colorless to yellow-green gas at room temperature, (at low
concentrations) odor of hay or grass or pepper.
Exposure route: lungs, eyes.

CHOKING AGENTS
Phosgene, Chlorine
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BLOOD AGENTS
Hydrogen cyanide,
Cyanogen chloride
VOMITING AGENTS
Arsine derivatives
(diphenyldichloroarsine,
diphenylcyanoarsine,
adamsite)

RIOT CONTROL
AGENTS
Organic halogen
compounds
(chloroacetophenone,
bromobenzylcyanide,
chlorobenzylidene
malononitrile,
dibenzoxazepine)
INCAPACITATING
AGENTS
Quinuclidinylbenzylate
d-lysergic acid
diethylamide (LSD)
Ultrapotent opioids
INDUSTRIAL TOXINS
Hydrogen fluoric acid,

Other acids, ammonia,
etc.

Very pale, blue, transparent liquid or colorless gas.
Odor: oil of bitter almond.
Exposure route: skin, lungs, eyes.
Diphenyldichloroarsine:
colorless
crystals,
diphenylcyanoarsine: white solid, adamsite: light yellow-togreen crystals.
Diphenyldichloroarsine
and
adamsite
are
odorless,
diphenylcyanoarsine: garlic or bitter almonds.
Used as aerosol.
Essentially non- or less-lethal.
Exposure route: upper respiratory tract, lungs.

Liquids or solids that can be finely dispersed in the air through
the use of sprays, fog generators.
These compounds are essentially non- or less-lethal.
Exposure route: lungs, eyes.

Quinuclidinylbenzylate is an odorless and nonirritating solid
dispersed as an aerosol.
Essentially non- or less-lethal.
Exposure route: lungs (primarily), stomach.
Colorless gas or liquid (very volatile).
Irritating.
Forms hydrogen fluoric acid when in contact with moisture and
which is very corrosive.
Exposure route: eyes, lungs, frequently delayed toxicity.
Variable properties.
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Table 5. Description of the symptoms encountered in victims of chemical terroristic attack

Compounds
Tabun, Sarin, Soman,
Cyclosarin,
Methylphosphonothioic
acid

Mustard, Nitrogen
mustard, Sulphur
mustard

Lewisite, Arsenicals

Phosgene, Chlorine

Hydrogen cyanide,
Cyanogen chloride

Summary of the symptoms
Eyes: miosis, redness, pain, dimness of vision, headache,
lacrimation.
Nose and throat: increased salivation, rhinorrhea.
Respiratory tract: bronchoconstriction, wheezing, increased
bronchial secretions, cough, dyspnea.
Skin: sweating, pallor, cyanosis.
Gastrointestinal (GI) tract: salivation, anorexia, nausea, vomiting,
cramps, heartburn, diarrhea, defecation.
Cardiovascular: possible initial tachycardia, occasional hypotension,
bradycardia.
Central nervous system (CNS): giddiness, insomnia, headache,
drowsiness, difficult concentration, slurred speech, ataxia,
convulsions.
Eyes: mydriasis, redness, oedema, irritation, pain, photophobia,
lacrimation, corneal ulceration, scarring.
Nose and throat: swelling, irritation, ulceration, oedema of larynx.
Respiratory tract: slowly developing irritation, aphonia, cough,
pneumonia, fever, pulmonary oedema.
Skin: delayed symptoms (minutes to hours), redness, burning,
blisters, necrosis, hyper- and hypo pigmentation.
GI tract: pain, nausea, vomiting, diarrhea.
Cardiovascular: shock after severe exposure.
CNS: anxiety, depression.
Eyes: prompt redness, oedema, irritation, burning sensation, iritis,
corneal injury.
Nose and throat: immediate irritation.
Respiratory tract: irritation, aphonia, cough, pneumonia, fever,
pulmonary oedema, pleural effusion in severe cases.
Skin: prompt burning, blisters on 1st or 2nd day, pain and necrosis is
worse than with mustard.
GI tract: diarrhea, nausea, vomiting, hepatic failure.
Cardiovascular: shock after severe exposure, haemolytic anaemia.
CNS: anxiety, depression.
Eyes: irritation, lacrimation (after respiratory symptoms).
Nose and throat: irritation.
Respiratory tract: coughing, choking, after a latent period: pulmonary
oedema, dyspnea, frothy sputum, pneumonia, fever.
Skin: cyanosis following pulmonary oedema.
GI tract: nausea, vomiting after respiratory symptoms.
Cardiovascular: shock after severe exposure, hypotension,
tachycardia.
CNS: anxiety, depression.
Eyes, nose and throat: no specific symptoms.
Respiratory tract: deep respiration followed by dyspnea, gasping,
stopping of respiration.
Skin: pinker than usual, may turn into cyanosis.
GI tract: nausea.
Cardiovascular: profound hypotension.
CNS: anxiety, depression.
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Organic halogen
compounds
(chloroacetophenone,
bromobenzylcyanide,
chlorobenzylidene,
malononitrile,
dibenzoxazepine)
Quinuclidinylbenzylate
LSD
Ultrapotent opioids

Industrial toxins
(hydrogen fluoride)

Eyes: intense irritation.
Nose and throat: pain, rhinorrhea, tightness, sneezing.
Respiratory: tightness and pain, coughing, irritation.
Skin: stinging, dermatitis.
GI tract: occasional vomiting.
Cardiovascular: no specific symptoms.
CNS: severe headache, mental depression.
Eyes, nose and throat, respiratory tract, skin, GI tract,
cardiovascular: none to very few specific symptoms. (mydriasis, cold
extremities, tachycardia).
CNS:
headache,
giddiness,
drowsiness,
disorientation,
hallucinations, ataxia, lack of coordination, mental excitation (LSD).
Skin: painful typical hydrogen fluoride burn wounds, blisters,
destruction of deeper tissues, death.
Lungs: severe irritation and destruction of mucous membranes,
bronchospasms.
Systemic: life-threatening ventricular dysrhythmias, cyanosis,
multiple organ failure.

Tables 4 and 5 display the basic chemical properties of the chemical compounds (Table 4)
and summarize the symptoms of the patients (table 5). It should be clear that this is not
exhaustive; many more data can be found in the literature. It is meant as a short guideline for
further exploration by e.g. medical staff with limited experience and practice.

2.3. Treatment of victims, discussion on doses and schedules
(Handbook of Toxicology of Chemical Warfare Agents, Second Edition 2015, Ramesh C.
Gupta)
The treatment schemes hereafter are indicative and based on current literature references.

2.3.1. Nerve gases: Tabun, Sarin, Soman, Cyclosarin, Methylphosphonothioic acid
Atropine
Historical data, literature data (short summary):
− Tokyo subway Sarin attack (low exposure to the toxin): 2.2 mg.
− Irak: 20 - 200 mg.
− Holstege et al. (1997): at most 20 mg in the first 24 hours.
− (USA) Emergency Medical Service (EMS) Chempack and Hospital Chempack provide
respectively 7.5 and 8.5 mg atropine per patient.
− For children: 0 - 2j: 0.05 - 1 mg/kg intramuscular (IM), 3 - 7j: 1 - 2 mg IM, 8 - 14j: 2 - 4
mg IM.
− Frequently applied schedule: 2 (mild effects), 4 (moderate effects) and 6 (severe
effects) mg intramuscular repeated at 5 minutes intervals until secretions have
diminished and breathing is comfortable.
Availability:
Atropine sulfate (Sterop): 1 mg/ml prefilled syringes. This should be replaced by the autoinjection form (not available in Belgium).
Assuming: 20 mg needed/patient i.e. 20 syringes over a period of 15 minutes depending on
the symptoms
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Pralidoxime (2-PAM)
Historical data, literature data (short summary):
− Tokyo subway Sarin attack (low exposure): 550 mg.
− Holstege et al. (1997): 1-2 g over 30 min, eventually repeat if signs of toxicity persist.
− Chemical Hazards Emergency Medical Management USA (CHEMM): 600 mg 2-PAM
IM (injection) in patients with mild/moderate effects; may be repeated up to a total of
45 mg/kg during the first hour AND may be repeated up to 45 mg/kg 1 hour after the
initial treatment – 1 800 mg 2-PAM IM in patients with severe effects (repeat twice
every hour, if clinically possible start via continuous infusion 500 – 1 000mg/hour).
− USA (Georgia) Agency for Toxic Substances and Disease Registry (ATSDR): an initial
dose of 1 - 2 g (20 - 40 mg/kg in children to a maximum of 1 g), followed by a continuous
infusion at 500 mg/hour (10 - 20 mg/kg/hour).
− Toxbase (https://www.toxbase.org/): pralidoxime chloride 30 mg/kg intravenous
(injection) (IV) over 30 min followed by continuous infusion 8 mg/kg/hour.
− European Medicines Agency (EMA): pralidoxime chloride 1 - 2 g (slow IV injection or
IM), repeat up to a total of 30 mg/kg, up to 2 000 - 4 000 mg/24 hours max.
Prolonged treatment up to 2 weeks is frequently needed because of the “ageing” process.
Pralidoxime is given AFTER adequate atropinisation, i.e. mostly as an infusion after admission
to the hospital.
Assuming: 12 g/day/patient during 2 weeks
Obidoxime
Obidoxime has been proposed as an alternative for pralidoxime (see
https://chemm.nlm.nih.gov/countermeasure_obidoxime.htm) although literature data still
question the use of both pralidoxime and obidoxime (Worek et al., 2016, Jokanovic, 2012).
The proposed dose consists of a bolus injection of 250 mg and a continuous infusion of 750
mg/24 h for 2 weeks. The schedule is dependent of the reactivity of the patient.
Obidoxime is available in ampoules at 250 mg/ml ; standard package is 5 ampoules..
Assuming one bolus injection of 250 mg followed by a 14 day continuous infusion of 750
mg/day
Midazolam
Literature data:
− Intramuscular injection of 5 - 10 mg, if needed to be repeated once after 5 minutes
depending on the symptoms.
− For children: 0.1 - 0.5 mg/kg (max. 10 mg/dose), if needed to be repeated once after
5 minutes.
Availability:
The drug is available as injectable solution of 15 mg/3ml, package of 10 ampules.
Assuming 2 applications of 10 mg (adults), 4 ampullas are sufficient for 3 patients

19
Superior Health Council
www.shc-belgium.be

2.3.2. Blister agents (vesicants)
- mustard, nitrogen mustard, sulphur mustard
No specific antidote available. Adequate emergency medical procedures are assumed.
Victims are treated according to the Basic Life Support (ABC) protocol.
- lewisite
Dimercaptopropanesulfonic acid (DMPS)
DMPS is available in oral and parenteral form, dimercaptosuccinic acid (DMSA) only in oral
form. The parenteral form is preferable in case of vomiting, diarrhea or in case of mucosal
injuries.
Available:
Solution at 10 %, 3 ml ampulla.
Assuming: dosis DMPS: IV 2.1 g/day during 5 days, eventually prolonged treatment.
(Alternative: DMPS p.o. 5.4 g/day during 5 days, eventually prolonged treatment.)

2.3.3. Choking agent: phosgene, chlorine
No specific antidote available. Victims are treated according to the Basic Life Support (ABC)
protocol.

2.3.4. Blood agents: cyanide hydrogen, cyanide chloride
Hydroxocobalamin (cyanokit)
5 g intravenously over 15 minutes, repeat once if needed.
Availability:
The kit contains 5 g of hydroxocobalamin; on average 2 kits are needed per patient.
Assuming: 2 IV injections/patient
Sodiumthiosulfate
Literature data:
12.5 g IV over 10 - 20 minutes. In case of inadequate clinical response, treatment should be
repeated with one-half of the initial dose. This second dose is recommended by ATSDR.
Availability:
Ampulla of 1 g/5ml for IV.
Assuming: (13 + 7) 20 ampullas of 1 g/5ml needed per patient
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2.3.5. Vomiting agents: arsine derivatives
No specific antidote available. Victims are treated according to the Basic Life Support (ABC)
protocol.

2.3.6. Riot control agents: organic halogen compounds
No specific antidote available. Victims are treated according to the Basic Life Support (ABC)
protocol.

2.3.7. Incapacitating agents: opioids
Naloxone
Literature data:
0.4 - 2 mg IM and repeat up to 10 mg if needed.
For children: 0.4 - 0.8 mg and repeat if needed.
Availability:
Drug is available as 10 ampullas 0.4 mg/ml injectable solution.
Assuming 5 subsequent applications of 0.8 mg for adults

2.3.8. Industrial toxins: hydrogen fluoric acid, different other acids, ammonia, etc.
Calcium gluconate
As a rule, victims of hydrogen fluoride (HF) burns are treated in the hospital by calcium
gluconate gel application and/or by IV/IA injection of the calcium gluconate and/or nebulisation
by topical application.
Availability:
Available as ampulla 10 ml at 10 %.
The ampullas are normally available; the ready-to-use preparation of the drug mostly takes
place in-house in the pharmacy department.
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2.3.9. Remarks and commentary
1.

The figure on the number of victims as mentioned in Part II. “Methodology of the report”
(viz. 100) is considered as “unit number of victims”. It is clear that the actual number can
be considerable higher although no predictions are possible. Deciding on the number of
“unit victims” will be dependent on other prerogatives and responsibility e.g. financial
considerations.

2.

In the optimal dose and treatment schedules, the distinction between adults and children
is made whenever information is available. However, in view of the request of the
authority, and in view of the approximate nature of the number of victims, only one
calculated figure for 100 adult victims is provided. It is up to the authorities to take
decisions whether this arbitrary figure should be changed or expanded.

3.

The discussion on the number of victims is further complicated because the frequently
applied distribution among tier 1 (T1): 10 %, tier 2 (T2): 30 % and tier 3 (T3): 60 % for
victims with respectively severe, moderate and mild injuries is likely invalid in the case of
large scale accidents. Similarly, the relation between T1, T2 and T3 varies whether the
accident happens indoor or outdoor and is – evidently – depending on the compound.

4.

Adequate and rapid decontamination of the victims – preferably at the site of the accident
– is needed. It is assumed that mild detergents and water is sufficient. Emergency medical
centers should have access to a dedicated decontamination facility.

5.

At this moment and following a convention of 7/8/2002 between the Federal Public
Service Health, Food Chain Safety and Environment and about 100 Belgian hospitals,
atropine is distributed among a number of hospitals in Belgium. This arrangement should
probably be reviewed.

6.

The focus is on toxic compounds with acute (seconds to minutes) or slightly delayed
(minutes to hours) effects. The treatment upon chronic exposure to toxic compounds with
e.g. carcinogenic properties and to compounds with long term delayed toxicity (e.g. heavy
metals) are not considered. Similarly, other forms of terrorism that are described in the
report of 2003 are not included.

7.

Under “industrial toxins” a large number of compounds can be classified. A
comprehensive list of compounds is found in the OPCW document (2015). Toxic
compounds listed in the table as “choking agents” are in routine use in the chemical
industry.

8.

The antidotes – when present – are not interchangeable because of the specific
physiological target of the toxic effect.

9.

Some of the toxins are lethal even upon a short lasting exposure (nerve gases, blood
agents, choking agents) while others are in principle non-lethal (riot control agents,
vomiting agents, incapacitants, vesicants). Although classified as non-lethal, this does not
mean that the victims do not need a proper treatment. It is assumed that the emergency
department of a hospital has the possibility to treat these patients according to the Basic
Life Support principle. This is not included in the table.
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2.4. Additional aspects
In addition to the response to the request of the authority, a number of reflections are provided.
These reflections or additional conditions are complementary. They have to be considered to
provide optimal health care in probably chaotic circumstances.
1.

The central and pivotal role of the poison control center must be stressed. This center has
outstanding experience in the treatment of intoxications and is best placed to streamline
treatment schedules, doses, etc. Drawing up standardized treatment protocols should be
considered.

2.

Stock construction is only one step in adequate health care in case of chemical accidents
or terrorism. Other steps have to be considered including (not limited):
a. Adequate storage and monitoring of the stock (physical conditions of storage, expire
date, replenishing to the stock, administration, etc.) over a long period.
b. Adequate and rapid accessibility of the drugs at the site of the accident when needed.
This means that procedures for rapid distribution via health care organizations have
to be set up or actualized. It is beyond the scope of this report but a number of
organizations such as the Red Cross, the fire department, the different crisis-centers
at the level of the hospitals, community, province, etc. and probably others might be
best placed in this respect.

2.5. Summary and recommendations
An overview of the recent literature and events worldwide with respect to chemical warfare
shows that the number of chemicals, although potentially unlimited, is still relatively small and
comparable to what has been described in the previous report. Although the accents in this
report were on chemical warfare which implies criminal acts, much attention should also be
paid to the consequences of chemical accidents. In view of the actual situation (e.g.
transportation of chemicals) these type of problems are likely to occur more often than
chemical warfare.
Rapid detection and identification of the toxin remains of the highest importance, although for
most of the toxins, specific symptoms are rapidly recognized by trained medical staff.
For each of the categories of chemicals, an antidote is described if currently available. In some
cases, no specific antidote is available and routine first aid care for the patients is applied.
Experimental antidotes or treatments were not taken up in the report since it is evident that in
case of a chemical attack, these will not be available on the field.
It is stressed that the antidotes are not interchangeable among the groups of toxins. The
antidotes are highly specific.
Although any decision on purchase, location etc. should be taken by the appropriate authority,
the Council recommends that at least a limited supply of the antidotes should be foreseen. At
the same time, the Council strongly recommends further actions related to the storage of the
antidotes and the distribution from the location of storage to the warfare scene.
The Council strongly recommends further development of training and educational courses,
not only related to chemical warfare and accidents, but also to biological and nuclear warfare
and incidents. This item is treated further in the report.
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3. Biological threats
3.1. Introduction
After 9/11, 2001, and the Anthrax letter (“Amerithrax”) in September 2001 and followed by a
worldwide copycat, awareness grew for biological warfare (BWF) agents, that started to wane
around 2010. Presently, the easiest accessible database on “classical“ biologic agents can be
found in the USAMRIID’s (United States Army Medical Research Institute of Infectious
Diseases) Medical Management of Biological Casualties Handbook (September 2014).
http://www.usamriid.army.mil/education/bluebookpdf/USAMRIID%20BlueBook%208th%20E
dition%20-%20Sep%202014.pdf
This report provides a comprehensive database on the “old” BWF agents. That is: a number
of bacteria, viruses and toxins having been weaponized during the last decades (1993, Tokyo
; 2016, Marocco). The literature is up to date and at least for medical purposes relevant to the
Belgian healthcare providers.
https://wwwnc.cdc.gov/eid/article/10/1/03-0238_article
Boddie et al. (2015) reported on the assessment of the risk of the bioweapons threat. They
asked participants in a Delphi approach study about types of biological agents likely to be
used as weapons within the next 10 years. Participants felt that the likelihood of use was
highest for biological toxins. This was followed by spore-forming bacteria, non–spore-forming
bacteria, and viruses. Participants generally did not think that fungi and prions were likely to
be weaponized and felt that the likelihood of a synthetic pathogen being used as a weapon in
the next 10 years was fairly low. Since 2001, a point of emphasis for the U.S. intelligence
community (IC) has been the prevention of the use of a weapon of mass destruction. Despite
IC efforts, however, most participants believed that intelligence agencies are unlikely to
provide actionable information or warnings before a biological attack. Of 59 participants, 53
considered that there was a 50 % or lower probability that a warning would be forthcoming in
advance of an attack.
Although a few participants felt that the IC had improved their level of access and detection
capabilities, many cited the difficulties inherent in detecting and tracking biological weapons
capabilities due to biology’s dual-use nature; the ease of concealing preparations for a
biological attack; limitations in expertise and investment in biological threat reduction by the
IC; and past experiences of the challenges associated with intelligence collection against
biological threats. The realities of classification of information make a fully informed analysis
of IC capabilities vis-à-vis the biological threat impossible - a fact that several participants
acknowledged.
http://www.upmchealthsecurity.org/our-work/pubs_archive/pubspdfs/2015/Science2015Boddie7923_1.pdf
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3.2. First line responders
Annex I contains the outline of a recent presentation by R. Peleman created with the specific
aspects of BWF agents in mind, that are of relevance to the first-line responders (BFW
TERRORISM MED SPECS, update may 2016).
More exhaustive information can be found on Medscape in a series of articles on CBRNE Biological Warfare (Author: Liudvikas Jagminas, MD, FACEP; Chief Editor: Duane C Caneva,
MD, MSc; Updated: Jul 30, 2015) at
− CBRNE
Chemical
Warfare
Mass
Casualty
Management:
https://emedicine.medscape.com/article/831375-overview
− CBRNE
Evaluation
of
a
Biological
Warfare
Victim:
https://emedicine.medscape.com/article/830992-overview
The app “Biodetection Technologies for First Responders”, 2014 Edition, links to
immunoassays, biological indicator tests and sampling products in an easy accessible format.
This guide summarizes commercially available technologies that can be used by first
responders in the field for the collection, screening and identification of biological materials.
This is not meant to be an exhaustive list, nor an endorsement of any technology described
herein. Rather, this guide is meant to provide useful information about available technologies
to help end-users make informed decisions about biodetection technology procurement.
https://itunes.apple.com/us/app/biodetection-guide-for-first/id951226827?ls=1&mt=8
In terms of a more general use development of applications for other operating systems should
be useful.

3.3. New biological agents
In medical microbiology, humans often take a hit when the microbe has developed resistance
to antibiotics. Resistance occurs because antibiotics are misused, overprescribed and
available over-the-counter (without a prescription) in some countries. Bacterial virulence is
also tightly associated with antimicrobial resistance. The spread of clones combining multiple
antibiotic resistance and high virulence genes is therefore an increasing problem.
Widespread agricultural use is also problematic. In addition to the well-known methicillin
resistant Staphylococcus aureus (MRSA), the CDC (Center for Disease Control) reports that
antibiotics resistance by mutation or gene acquisition is occurring for Clostridium difficile, some
Enterobacteriaceae, including Klebsiella, Escherichia coli and Neisseria gonorrhoeae.
Additionally, some strains of Mycobacterium tuberculosis appear to be resistant to all
treatments. With all these antibacterial-resistant microbes, certainly the identification of novel
antibiotics and new targets is sought. Some strategies include targeting siderophores, which
mammals do not have and would therefore be specific to the microbe. Another strategy
involves identification of novel antibiotics from microbes or the identification of novel
antimicrobial biosynthetic pathways. Finally, existing antibiotic resistance mechanisms can be
disrupted. Other methods to combat bacterial infections include the use of phage therapy,
genetic engineering, and nanotechnology.
Phage therapy is the use of a bacteriophage to control a bacterial infection. This therapy was
used with some success by the French, Polish, Russians and Georgians to treat ailments such
as dysentery, typhoid fever, colitis, skin infections, and others. Genetic engineering has been
used to target bacterial adhesion proteins or the production of altered toxins to interfere with
natural analogs of toxins. Nanotechnology research has provided bactericidal surfaces coated
with either metal ions or “black silicon” composed of “nanopillars” or nanocarpets. Some
surfaces prevent the attachment of bacteria and therefore improve sanitation in health-care
settings.
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With the many advances in molecular biology and biotechnology, some concerns have been
raised that a more deadly biological agent could be engineered to work faster, spread farther,
and cause more damage and/or death. Researchers have attempted to create viruses that
are more capable of eliciting an immune response, presumably for more efficient vaccination.
However, in one case, the manipulations of mousepox actually lead to an increased virulence.
Genetic engineering might also be used to create camouflaged viruses, that is, pathogenic
viruses hiding in nonpathogenic bacterial cells. (Handbook Biotechnology, 2016).
https://www.elsevier.com/books/biotechnology/unknown/978-0-12-385015-7)

3.4. Recent advances within synthetic biology
The U.S. Director of National Intelligence, James Clapper, recently named gene editing as a
priority weapon of mass destruction threat; the only biotechnology included in the worldwide
threat assessment report, due to recent advancements within synthetic biology. - See more
at: http://globalbiodefense.com/2016/04/12/dod-synthetic-biology-milestones/#sthash.dW1TAZcn.dpuf
The discovery of several novel gene-editing techniques, might be the scientific breakthrough
of this century. It has unleashed a torrent of studies that aim to cure everything from cancer to
world hunger.
But this new era of synthetic biology has a dark side. Scientific discoveries generally outpace
our ability to legislate sensible limits, or even understand exactly what we’re playing with; that’s
the point of experimental research, after all: to chart the unknown. The discovery last year that
scientists in China have begun using gene-editing techniques on human embryos - a troubling,
unprecedented step towards a sci-fi dystopia - has ignited a vigorous global debate about the
limits we ought to have when manipulating biology (http://www.nature.com/news/chinesescientists-genetically-modify-human-embryos-1.17378).
The advent of CRISPR holds much promise for important scientific achievements. At the same
time the democratization of biological techniques could lead to the engineering of biological
weapons. This is made very clear in a recent opinion paper by Joseph Neighbor (2016
http://motherboard.vice.com/read/accessible-synthetic-biology-raises-new-concerns-for-diybiological-warfare). However, this so-called do-it-yourself biology should not be simplified too
much. It still requires basic knowledge of genes, DNA, basic laboratory techniques etc. It is
clear that, when these basic methodology and infrastructure are absent, the producer of
biological weapons and its bystanders will be the first and possibly the only victims.

3.5. Monitoring and surveillance
Molecular diagnostics analyze biomolecules, such as DNA or RNA, to identify a pathogen.
Older methods such as fluorescence in situ hybridization that allow samples to be directly
probed with fluorescent DNA oligonucleotides to a specific pathogen are supplemented with
new and revolutionary biomolecular methods such as isothermal amplification methods (RPA,
NASBA, LAMP – see Euler et al., 2013) and the new sequencing technologies (such as MiSeq,
PacBio, MiION – see Goirdano et al., https://www.nature.com/articles/s41598-017-03996z.pdf).
Biosensors could be developed through biotechnology applications to one day sense the
presence of biowarfare agents such as toxins, viruses, and bacteria. Although biosensors are
currently used in the clinical and food and drug industries, they might one day be expanded
to counter bioterrorism. (Handbook Biotechnology, 2015).
https://www.elsevier.com/books/biotechnology/unknown/978-0-12-385015-7)
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Many initiatives are and have been taken. Within Europe, the need for interconnected experts
in dedicated networks is well acknowledged leading to e.g. the ERINHA project starting in
2017:
http://evident-project.eu/newsevents/article/erinha-conference-launching-theeuropean-research-infrastructure-on-highly-pathogenic-agents-sci/. The WHO launched in
2005 the global outbreak and alert network (GOARN) with similar purposes: i.e. rapid and
efficient identification, confirmation and response to outbreaks of international importance:
http://www.who.int/ihr/alert_and_response/outbreak-network/en/. It is clear that these and
other planned initiatives are required to counteract the threat of biological weapons.

3.6. Treatment
Table 6 is a compilation of the biological agents already referred to in advisory report no. 7801
of the SHC (SHC 2003), and which are included in the list «The dirty dozen» of the ECDC
(detection of biological warfare agents), as well as in a list from international military
authorities.
Other available sources of information are:
− «Medical management of biological casualties handbook» de l’USAMRIID (US army
medical research institute of infectious diseases»:
7th edition, September 2011.
http://www.usamriid.army.mil/education/bluebookpdf/USAMRIID%20BlueBook%207t
h%20Edition%20-%20Sep%202011.pdf;
8th edition, September 2014.
http://www.usamriid.army.mil/education/bluebookpdf/USAMRIID%20BlueBook%208t
h%20Edition%20-%20Sep%202014.pdf.
− pocket guide of the USAMRIID: “Quick bio-agents: USAMRIID’s pocket reference
guide to biological select agents & toxins” (2012),
http://www.usamriid.army.mil/education/docs/Quick_Bio-Agents_Giude.pdf.
The criteria on the basis of which a biological agent can be said to pose a threat to national
security are: (https://emergency.cdc.gov/agent/agentlist-category.asp):
− a low infectious threshold,
− the availability of the strains (natural foci) and the ease with which they can be grown,
− easy production and storage (at a low cost),
− easy dissemination,
− aerosol stability,
− person to person transmission,
− the absence of a vaccine or lack of natural immunity against this agent in the target
population,
− high morbidity and mortality (psychological impact).
A series of other agents put the health of individuals at risk, but not that of whole groups. They
are in fact included in a separate category for certain classifications. They do not pose a threat
in the event of a mass attack. Indeed, they need to be released and disseminated in large
quantities for "effective" concentrations to be inhaled or ingested (from the point of view of the
author of the attack).
These agents include "enteric" agents such as Vibrio cholerae (cholera), Listeria
monocytogenes, "respiratory" agents such as Severe acute respiratory syndrome (SARS),
Middle East respiratory syndrome (MERS), coronavirus, etc. In these cases, treatment will be
symptomatic and needs to be considered on a case-by-case basis (individual management).
The management of episodes of community-based food-borne illnesses (such as those that
occurred in Germany in 2011 due to Enterohemorrhagic Escherichia coli (EHEC) and Shiga
toxin-producing Escherichia coli (STEC)) go beyond the scope of this document.
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Similarly, there is a set of viruses that does not meet the "efficacy" criteria of a mass-attack.
They include viruses of the Hanta, Rift Valley Fever, Eastern and western equine encephalitis
(EEE-WEE), Venezuelan equine encephalitis (VEE), etc-types. They are therefore not
included in the compilation below.
It should be noted that the antibiotics ciprofloxacin, doxycycline, gentamicin, and rifampicin
may be used in the treatment of and prophylactic coverage for most bacterial agents included
in the relevant table. Building up a strategic stock of these 4 antibiotics can already provide a
broad, almost full, coverage.

28
Superior Health Council
www.shc-belgium.be

3

Bacillus
anthracis
(coal)

Post-exposure prophylaxis

Bacterium

Biological agent

Gastrointestinal form:
same as for the pulmonary
form

Pulmonary form:
(Convert from IV to PO
when the patient is stable, to
complete 60 days of
antibiotics)
ciprofloxacin 2 x 400 mg IV
OR
doxycycline 200 mg loading
dose + 2 x 100 mg IV per
day for 60 days
+ other antibiotics
(clindamycin, rifampicin)

Cutaneous form:
ciprofloxacin 2 x 500 mg/day
(1st dose IV, then per os
(PO)) or
doxycycline 2 x 100 mg/day
for 60 days

Pharmacological
treatment (and potential
dosage regimen)

same as for
the pulmonary
form

ciprofloxacin:
48 g
doxycycline:
12.2 g

ciprofloxacin:
60 g
doxycycline:
12 g

(treatment)

Total amount
needed per
patient

(*)

same as for the cutaneous
form (60 days)

ciprofloxacin: 2 x 500mg/day
per os
OR
doxycycline:
2 x 100 mg/day per os
for 60 days

ciprofloxacin (2 x 500
mg/day) or doxycycline (2 x
100 mg/day, per os) for 60
days (per os)

Prophylaxis (PEP3) (and
potential dosage regimen)

same as for the
cutaneous form

ciprofloxacin 60 g
or
doxycycline: 12 g

ciprofloxacin:
60 g
or
doxycycline:
12 g

(prophylaxis)

Total amount (*)
needed per patient

Table 6. Biological agents that are liable to be used in an unconventional terrorist attack and most suitable products for dealing with them
The figures mentioned in the columns with an (*) are provided purely for information purposes (individual with a weight of 80 kg). They are largely drawn from
the pocket guide of the USAMRIID (2012). They are worth reviewing depending on the decisions concerning the strategic stocks taken by the competent
authorities and crisis managers.
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Francisella
tularensis
(tularaemia)

Yersinia pestis
(plague)

gentamicin 5 mg/kg/day
IM/IV
(or streptomycin 1 g 2x /day
IM)
for 10 days
OR:
doxycycline 2 x 100mg IV or
ciprofloxacin 2 x 40mg IV
for 14-21 days (IM/IV can be
switched to oral antibiotic to
complete course when
patient has clinically
improved)

Pulmonary form:
Idem

Lymph node form (bubonic
form):
gentamicin 5 mg/kg IM/IV
per day
for 10-14 days.
replace during treatment by
ciprofloxacin (750 mg 2x
/day) OR doxycycline (100
mg 2x /day) (per os or
streptomycin 1 g 2x /day IM)
in the event of improvement.

gentamicin:
4g
or
doxycycline:
2.8 – 4.2 g
or
ciprofloxacin:
14 – 21 g

gentamicin:
4 – 5.6 g

for 14 days

ciprofloxacin:
2 x 500 mg per os
or
doxycycline:
2 x 100 mg per os

Pulmonary form:
idem

doxycycline:
2 x 100 mg per os
OR
ciprofloxacin (per os)
2 x 500 mg/day
for 7 days.

ciprofloxacin:
14 g
or
doxycycline:
2.8 g

doxycycline:
1.4 g
or
ciprofloxacin:
7g
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co-trimoxazole TMP/SMX
(assoc.trimethoprim/sulfame
thoxazole) per os
----- ----- ----ceftazidime (50 mg/kg IV
every 6-8 hours, max 8
g/day)
OR
meropenem (25 mg/kg IV
every 8 h, max 6 g/day) plus
TMP/SMX (TMP 8/40 mg/kg
IV every 12 h for patients
with neurologic, prostatic,
bone or joint involvement)
for 10-14 days.

doxycycline:
2 x 100 mg/day per os (or
IV) for 14-21 days (4)
IM/IV can be switched to
oral antibiotic to complete
course when the patient's
condition has clinically
improved
doxycycline:
2 x 100 mg per os
+
rifampicin 600 - 900 mg/ day
for 6 weeks (per os)

ceftazidime
80 – 112 g
meropenem:
60 - 84 g

doxycycline:
8.4 g
+
rifampicin:
25.2 – 37.8 g

doxycycline:
2.8 – 4.2 g

doxycycline:
100 mg 2 x /day per os
and
rifampicin:
600 mg/day per os
for 3 to 6 weeks
PEP TMP/SMX 160/800 mg
2 x /day + folate 5 mg/day for
21 days
Alternative:
amoxicillin/clavulanic acid
20.5 mg/kg/dose 3 x /day

doxycycline:
2 x 100 mg per os
for 7 days (start PEP 8 - 12
days post-exposure)

doxycycline:
4.2 – 8.4 g
and
rifampicin:
12.6 – 25.2 g

doxycycline:
1.4 g
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If acute fever + valvulopathy : doxycycline 200mg/day + hydroxychloroquine 600 mg/day for 12 months. Chloroquine alkalinises the phagolysosome and restores
the antibiotic activity of the doxycycline (Million M, Lepidi H, Raoult D. Q fever: current diagnosis and treatment options. Med Mal Infect 2009; 39: 82–94, in
French)

4

Burkholderia
pseudomallei

Burkholderia
mallei

Brucella spp.
(brucellosis)

Coxiella
burnetii
(Q-fever )

Viral
haemorrhagic
fever

Variola
(smallpox)

often symptomatic treatment
(aggressive supportive care
& management of
hypertension &
coagulopathy)

brincidofovir5 as an oral form
of cidofovir, is better
tolerated than the latter, and
displays in-vitro activity
against the smallpox virus
(or cidofovir IV 5 mg/kg)

symptomatic treatment
brincidofovir:
100 mg (or 2
mg/kg if > 50
kg)

*stocks of a previous vaccine
(Dryvax®) are available (side
effects in pregnant women,
immunocompromised
individuals, etc.)
* new vaccines (Imvanex® of
Bavarian Nordic / MVA® or
Modified Vaccinia Ankara,
attenuated poxvirus that
triggers less side effects than
Dryvax®) characterised by
the fact that there is no
potential secondary
transmission to an
immunocompromised
individual

OMS-WHO, 20-05-2016 : http://www.who.int/wer/2016/wer9120.pdf?ua=1: CMX001 (Brincidofovir) and ST-246 (Tecovirimat) in advanced stages of licensure using the US Food &
DrugAdministration “Animal Rule” for Emergency Use Authorization.

5

Virus

NB: a few variations in the
administered doses for
B.pseudomallei
(for min 14 days)
Maintenance: oral
TMP/SMX 160/800 2 x /day
+ doxycycline for 12 weeks,
even 6 - 12 months
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b) Lassa /
Crimean
Congo

a) Ebola /
Marburg

favipiravir
source WHO:
(Avigan®, Toyama Chemical favipiravir TCo)
705:
18 tablets (200
mg) per day
Inserm data:
D0: 2 400 mg
at H0, 2 400
mg at H8 and
1 200 mg at
H16, then 1
200 mg 2 x
/day for 9 days
Ribavirin (per os) 2 g
ribavirin:
loading dose then 4 x 1
30 g
g/day for 4 days then 500
mg 4 x /day for 6 days)
IV: 33 mg/kg loading dose
then 4 x 16 mg/kg/day for 4
days, then 3 x 8 mg/kg/day
for 6 days
ribavirin:
4 x 500 mg
for 7 - 10 days (not Food and
Drug Administration (FDA)
approved for this use)

ribavirin:
14 - 20 g
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it is preferable to use the
heptavalent antitoxin
available in the USA (more
suitable than the bivalent
antitoxin which is intended
for conventional food-borne
illness)
no antidote

antitoxin (heptavalent) and
symptomatic treatment

Ricin (Ricinus
communis)
Staphylococcal purely symptomatic
Enterotoxin B
treatment
(SEB)

Botulinic toxin
(Clostridium
botulinum)
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Although it would be beneficial to produce and store bacteriophage (phage in short) preparations, which target the most anticipated bacterial
warfare agents in dedicated (national) phage therapy centers, many issues are to be solved that are not addressed yet. In addition, phages should
particularly be considered as potential controllers of any new-to-science bacterial pathogens, including those that were engineered to exhibit
multidrug-resistance. Established phages or newly isolated phages (from the environment), when necessary specifically trained to target the newto-science pathogens, can readily (ad hoc) be produced. The activity of phages against bacteria is independent of the antibiotic resistance of the
latter. Moreover, phage-antibiotic synergy (PAS) has been observed in multiple studies (Ronayne et al., 2016). Bacteriophages (which might take
over the genetic and metabolic control of bacteria) offer a promising new treatment strategy for biological agents. Phage-antibiotic synergy has
been observed in a series of studies.

Toxins

3.7. Implications for the Healthcare authorities
The expertise with regard to the detection, monitoring and treatments for “classic” biological
warfare agents is not readily available, let alone for the products from synthetic biology.
Therefore it is worthwhile to think about centralization of expertise and human resources in
one or two places, on a national scale (Wetenschappelijk Instituut Volksgezondheid – Institut
Scientifique de Santé Publique (WIV-ISP), Institute of Tropical Medicine (ITG), etc.) or on a
European scale (European Centre for Disease Prevention and Control (ECDC)). (See
https://ec.europa.eu/echo/what/civil-protection/emergency-response-coordination-centreercc_en).
The impact of European initiatives in the field of enhancing the preparedness against bioterrorism
should
be
stressed.
See
e.g.
Tegnell
et
al,
2003
(
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3033083/pdf/03-0368.pdf).
With regard to the present question, an important role for the Belgian Armed Forces together
with the Red Cross and further strengthening of the public health sector is imperative. They
are equipped to operate under HAZMAT (Hazardous materials and items) conditions, have
been trained (transport of Ebola patients, etc.) and a major involvement of the medical
component of the Belgian Army would be highly effective.
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3.8. Summary
Bioterrorism - the malicious use of bacteria, viruses or toxins for the purpose of intimidation or
for the purpose of harming human beings, animals or agricultural crops - is a growing threat
because many terrorist groups have an interest in biological agents, which they would seek to
acquire in order to turn them into weapons.
Each group of agents (bacteria, viruses or toxins) has its own characteristics and difficulties in
the diagnosis, treatment and prevention of secondary dissemination. The Center for Disease
Control in Atlanta (CDC) has established a list of these potential agents.
Bioterrorists seek to use highly virulent pathogens to cause social and economic disruption.
Humans may be the primary target, but attacks on crops or livestock may cause the same
disruption as well.
Two scenarios must be considered during a biological attack: an overt attack announced or
whose manifestations are immediate and obvious on the one hand and an attack without
warning whose effects do not appear immediately on the other hand. In the case of obvious
signs of an attack, it is mainly emergency services and first responders (Services 100,
firefighters, police officers, red cross, etc.) who must recognize the attack, deal with it and
dispense treatment. In the case of a covert attack, it is clear that both its identification and
response and treatment will be delayed (sometimes several days). In the latter case, it is mainly
the healthcare staff that must identify the attack and situate it according to the Biological
warfare threat analysis.
In the near future, with the spread of new biotechnologies, bioterrorists may produce new
transgenic pathogens. Although there is actually no reason to believe that this scenario will be
favored by terrorists compared to the simple solution consisting to collect dangerous ubiquitous
pathogens simply wherever they can be found.
Epidemiological surveillance and diagnostic capacities should thus be more reactive. Medical
counter-measures, real-time epidemiological surveillance (and alert) together with a network
of high-security laboratories and international collaboration would enable us to cope effectively
with new infectious diseases that emerge naturally or through human manipulation. Clinical
and research skills should be merged in infection-control centers.
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4. Radio-nuclear threats
4.1. Introduction
Since the previous SHC reports (HGR, 2001; HGR, 2003) did not cope with radio-nuclear
attacks, the present radio-nuclear partim of the current report is more comprehensive in
approach.

4.2. Scenarios and potential sources
Radioactive and nuclear material can be used in a large variety of ways in order to obtain the
desired result, which is to create terror. This effect might even be obtained by deploying
radioactive sources that generate little objective physical harm or risk, because of the preexisting psychological perception of radioactivity and radiation.
Radioactive material is present in many facilities as well industrial, scientific as medical and is
transported by road on regular basis. Nevertheless, getting hold of radioactive material
requires access, which is – in view of more stringent security measures– difficult.
The scenario’s for using radioactive material for terroristic purposes are well known and will
not be described here. These include a.o. radiological exposure devices and dispersion
devices, up to an improvised nuclear device. It is evident that the minimal expertise to handle
radioactive material is not always present.
As far as the sources of radioactive material are concerned, there is a wide range depending
on the strength of the radiation. These include a.o. industrial applications with high activity
sources such as Cobalt. While for medical purposes, these sources are almost all eliminated,
they are still in use in industrial settings. Various isotopes such as iridium, selenium, cesium,
iodine or technetium, are also used for industrial and medical applications Although any
radiation of bystanders has to be avoided, it is clear that most of the above mentioned isotopes
will have a pronounced fear-effect, rather than a physical effect. Furthermore, and as
mentioned, the control of access and use of radioactive materials has become very strict
minimizing the possibilities.

4.3. Identifying an event as RN and radiation detection
One of the biggest challenges in adequately protecting the population against RN terrorist
threats is the timely recognition of its radioactive or irradiating character.
Portal radiation detection systems could be deployed either permanently or temporarily at
places that could be considered as highly probable targets or as probable passages.
In the case of specific events, screening by hand-held detectors could be considered. These
detections should reduce the risk of RN materials penetrating in locations of high vulnerability,
such as locations or events with high potential numbers of victims and/or with high symbolic
value in the eyes of the perpetrators. However, the number of false alarm may be significant,
e.g. because of a patient to which a radiopharmaceutical has been recently administered or
permanent sealed sources are implanted. Moreover, sources may pass these detection points
unnoticed because of their radiation characteristics and/or the use of radiation shielding.
At every incident or accident site, emergency workers and in particular the first responders
should be deployed with activated detectors that allow for real-time radiation detection and for
some initial measurement. Their most important function would be to alert the concerned
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emergency workers of a real or potential RN risk and act accordingly in terms of their selfprotection and victim care, including further downstream, such as during the victims’
transportation in ambulances and in the hospitals where they are admitted.
In taking care of victims which present symptoms that could possibly be related to an exposure
to ionizing radiation or contamination by radioactive substances, these will probably not be
identified as such at an early stage unless the possible presence of radiation is actively verified
in all incoming patients. And even then, internal contamination by substances emitting alpha
or beta radiation essentially without or with very little accompanying gamma emission may go
unnoticed.
It is important therefore that all physicians, and in particular family doctors and emergency care
specialists, learn how to recognize any possible radiation-induced injury or syndrome. They
should be familiar with the specific aspects and time characteristics of radiation-induced skin
injuries. Also, specific combinations of complaints and symptoms should alert them on the
possible radiation/contamination origin of a patient’s condition, which could then be actively
investigated.

4.4. First line response: first responders and hospitals
Accidents involving radiation and/or contamination of victims are infrequent, but can have a
huge impact on the functioning of the entire health care system. Even small incidents may
jeopardize the normal operation of a hospital because several procedures are to be performed
that are not routine in daily practice (measurements, decontamination, isolation of patients) or
because an improper act widely distributes an initially limited contamination. Larger events
may in turn totally disrupt medical treatments at multiple levels. The psychological impact of a
nuclear alert, also for non-contaminated or non-irradiated victims, should not be
underestimated.
In all cases, regardless of the nature of the incident, it is necessary to have an adequate plan
of action, in the form of a nuclear and radiological hospital emergency plan, which should be
part of the global emergency planning for hospitals. To maximize the applicability, it appears
appropriate for this to be based on the existing structures for emergency and contingency
planning in hospitals and pre-hospital care. In this way, rescue teams involved inside and
outside hospitals can rely on a known structure and way of working in emergency situations,
so that maximum efficiency can be achieved.
Most of the hospitals near nuclear installations have all committed nuclear emergency plans
and also have agreements with these installations for the (first) reception of any casualties. In
2011 an initiative was started to make an inventory of the available nuclear and radiological
emergency plans in Belgian hospitals and to harmonise them for all Belgian hospitals, aligning
existing plans and testing them against references by the IAEA (International Atomic Energy
Agency) and foreign institutions. The objective was to achieve a "generic" plan that could be
used as a template for all hospitals.
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4.5. Need for stocks of essential pharmaceutical compounds for medical treatment
In case of a terrorist event with ingestion and/or inhalation of radionuclides, the use of certain
“antidotes” can accelerate the elimination of the radionuclides from the body. When several of
these are not or at least not readily available, simple measures like hyperhydration (3-4 l/24 h,
IV or PO or both) with or without diuretics are of great importance since they can usually be
applied very quickly and without risk of unwanted side effects, except for patients with
previously known cardiac or renal failure.
Some of the antidotes, like potassium iodide, sodium alginate, sodium bicarbonate and to a
lesser extent deferoxamine are usually available in large quantities in most hospital
pharmacies or can be supplied within hours.
It is of interest to a) stock up these drugs at strategic places, b) make arrangements with
pharmaceutical companies and/or neighbouring countries to have these drugs available in
larger quantities.
It is of importance to mention that some of these drugs have no marketing authorisation or no
FDA or EMA approval, which has consequences for the access to these drugs.
It should be noted that potassium iodide (KI) is currently present in large quantities in our
country. This explains why it is not mentioned amidst the priorities for constitution of stocks,
although potassium iodide is an efficient and essential antidote in case of a nuclear accident
or of contamination with radioactive iodine.

4.5.1. Essential pharmaceutical compounds for medical treatment of victims, diseases
and schedules, estimation of the costs
1) Sodium alginates constitute a viscous insoluble gel that captures strontium and
radium, which can then hardly be absorbed by the gastro-intestinal tract. Brand name:
Gaviscon ®. Manufacturer: Reckitt Benckiser Healthcare Belgium. Packing: 48
chewing tablets or 300/600 ml suspension, 250 mg/chewing tablet or administered per
tablespoon. Initial dose : 2 x 5 g/d. Maintenance dose : 4 x 1 g/d.
2) Ca-DTPA: to be used in the first 24 h after contaminations with transuranes (e.g.
plutonium, americium, curium). It is somewhat less effective in case of contaminations
with cobalt, berkelium, zinc, magnesium, manganese, nickel, iridium, scandium,
yttrium, zirconium, californium, ruthenium, cerium, lanthanum, lutetium, niobium,
promethium. In the first 24 h Ca-DTPA is about 10 x more efficient than Zn-DTPA (cf.
infra). Manufacturer: Heyl Chemisch-pharmaceutische Fabrik GmbH & Co.KG, 14133
Berlin. Packing: 5 amp. at 1 g/5ml. Initial dose: 1 g IV on the first day or via inhalation
or nebulization or to decontaminate wounds after dilution in e.g. a 100 ml glucose 5 %
solution or sterile physiological salt solution. Maintenance treatment with Zn-DTPA
according to grade of contamination.
3) Zn-DTPA as maintenance treatment after Ca-DTPA: 1 g/d
Manufacturer/Packing: idem.

(cf. supra).

4) Ca-gluconate is administered IV in case of serious contaminations with strontium and
calcium. Heart rhythm and blood pressure need to be closely followed during
administration because of the risk of bradycardia and hypotension. Treatment consists
of daily administration (for about 6 days) of 2.5 g calcium in 500 ml glucose 5 % for 4
h. Manufacturer: e.g. Sterop. Packing: amp 10 ml of 10 % (100 mg/ml).
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5) Deferoxamine mesylate is a first choice for contaminations with iron. Alternatives are
DTPA and EDTA. Brand name: Desferal®. Manufacturer: Novartis Pharma, Stein,
Switzerland. Initial dose: 1 g IM or slowly IV (15 mg/kg/h in 250 ml physiological salt
solution, followed by two administrations of 1 g every 4 h. Maintenance dose: 500 mg
every 12 h for 3 days. Packing: 4 vials of 500 mg (5 ml) and 4 vials of 2 g (20 ml).
6) Dimercaprol or BAL (British Anti Lewisite) is strongly nephrotoxic and hepatotoxic
and therefore not a first choice in case of contaminations with nickel, gold, polonium or
mercury. A better alternative is DMPS, which is almost as effective.
7) Dimercaptopropaansulfonate – DMPS is effective for decorporation of arsenic,
cadmium, cobalt, bismuth, chromium, gold, silver, tin, mercury, polonium and lead.
Brand name: Dimaval®. Manufacturer: Heyl, Chemisch-pharmaceutische Fabrik GmbH
& Co. KG, 14133, Berlin. Packing: 5 amp of 0.25 g DMPS in 5 ml. Initial dose: first day
1.5 - 2 g/d, second day 1 – 1.5 g/d, third day 0.75 – 1.0 g/d. Maintenance dose: from
4th day onwards 0.50 g/d as long as necessary. For maintenance dose packages with
100 mg capsules are available.
8) Sodium bicarbonate will make the urine more alkaline and consequently strongly
reduces the nephrotoxicity of uranium (risk of tubular necrosis) by stimulating the
urinary excretion. It can be administered by slow intravenous infusion by means of a
250 ml isotonic solution of 1.4 % NaHCO3. Related to the seriousness of the internal
contamination, the therapy can be repeated on a daily basis for some days, while
controlling the kidney function and urine and blood pH. An alternative is the
administration of a 1 g NaHCO3 tablet every 4 hours until the urine pH is kept between
7 and 8.
9) Penicillamine can be used for the treatment of contamination by polonium, gallium,
cupper, bismuth, gold, mercury, zinc and iron. Brand name: Metalcaptase 300®.
Manufacturer: Heyl Chemisch-pharmaceutische Fabrik GmbH & Co. KG, 14133 Berlin.
Packing: 50 filmtabs of 300 mg. Initial dose: 4 x 300 mg/d. Maintenance dose: max. 40
mg/kg/d.
10) Prussian blue or ferric hexacyanoferrate: Fe4[Fe(Cn6]3 is effective in case of
contamination with cesium, thallium (and rubidium). Brand name: Radiogardase®.
Manufacturer: Heyl Chemisch-pharmaceutische Fabrik GmbH & Co. KG,14133 Berlin.
Packing: 36 capsules of 0.5 g. Dosage: 3 x 1 g/d until 3 x 3 g/d (and in exceptional
cases even until 20 g/d) per os. It is appropriate to combine the Prussian blue therapy
with the administration of a weak laxative. The recommended length of therapy is at
least 30 days or longer in case of serious contamination cases (FDA2009).
11) Sevelamer HCL is a phosphate binding agent that can be used in case of
contamination with radioactive phosphorus. Brand name: Renagel®. Manufacturer:
Genzyme. Packing: 180 tablets of 800 mg. Recommended dose: 3 times 800 mg until
2 400 mg per day during more or less 5 days, while checking the serum phosphorus
content. The first dose is the most important one.
12) KI or potassium iodide taken in the proper dosage, and at the appropriate time, will
effectively saturate the thyroid gland in such a way that ingested or inhaled radioactive
iodines will not be accumulated in the thyroid gland. The recommended dose to
saturate the thyroid gland is 130 mg per os for an adult. Because of the previous
predistribution campaigns in Belgium, it is estimated that it is not necessary for the FPS
Health, Food Chain Safety and Environment to create a supplementary KI stock.
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13) Diuretics combined with increased fluid intake (3 to 4 l/d, IV, per os or combined) is a
good general measure to speed up the urinary excretion of almost all hydrosoluble
radionuclides. Moreover, this kind of therapy poses no risk in nearly all cases. Only for
patients with cardiac diseases or renal insufficiency, preceding advice by a specialist
is mandatory. As a diuretic one can use for instance Furosemide 40 mg on a daily basis
(while supervising the electrolyte balance, certainly in case of prolonged therapy). This
therapy certainly is effective in case of contamination with tritium, bromine, sodium,
potassium, phosphorus and ruthenium.
14) Laxatives will shorten the gastrointestinal transit time, and according to this, generally
will reduce the probability for uptake of radionuclides in the blood. In this respect, for
instance Bisacodyl as suppositories can be used. Manufacturer: Teva. Package: 30
gastric-resistant tablets of 10 mg. Recommended dose: 1/d.
15) G-CSF or granulocyte colony stimulating factor (filgrastim) is essential to stimulate
growth and mobilisation of white blood cells in case of high dose radiation with
development of acute radiation syndrome. Brand names: Accofil®, Neupogen®,
Nivestim®, Tevagrastim®, Zarzio®. Manufacturers: respectively Accor, Amgen,
Hospira, Teva, Sandoz. Packing: pre-filled syringes with 0.48 mg. Initial dose: 1 x 0.48
mg per day or 0.005 mg/kg for children, to be started as soon as possible when acute
radiation syndrome is suspected (total body dose > 3 Gy). Maintenance therapy: the
minimum is 14 - 21 days. Pegfilgrastim (6 mg, Neulasta® from Amgen or Lonquex®
from Teva) is a long-acting formulation and requires in principle only one administration.
Besides dimercaprol (British Anti-Lewisite®, for which better alternatives exist), also Co-EDTA
(Kelocyanor®) / Hydroxocobalamine (Cyanokit®) is no longer taken into consideration for this
list. The toxicity of the latter antidote is to such an extent, that more recently its use is
considered as only being appropriate in case of cyanide poisoning.

41
Superior Health Council
www.shc-belgium.be

4.5.2. Antidotes: side effects and contraindications
The severity of the contamination has to be weighed against the patient’s condition when
considering the contraindications for these substances. They should not be considered as
absolute contraindications depending on the situation.
1) Na-alginates (Gaviscon®)
Contraindication:
Kidney function problems, electrolyte disorders.
Pregnancy/breast-feeding:
No contraindications.
2) Ca-DTPA (Ditripentat-Heyl®)
Side effects:
Allergic reactions, drug fever, nausea, vomiting, diarrhea, headache, pruritus, muscular
cramps, hypotension, depletion of zinc and manganese, thrombophlebitic reactions
after rapid intravenous injection.
Contraindication:
Hypercalcemia, childhood, adolescence, kidney function problems, liver function
problems, bone marrow depression, leukocytopenia, thrombocytopenia.
Pregnancy/breast-feeding:
Contraindication.
3) Zn-DTPA (Zink-Trinatrium-pentetat®)
Side effects:
Allergic reactions, drug fever, nausea, vomiting, diarrhea, headache, pruritus, muscular
cramps, hypotension, thrombophlebitic reactions after rapid intravenous injection.
Contraindication:
Hyperzincaemia, hypotension, blood count disturbances.
Pregnancy/breast-feeding:
Insufficient experience exists. The animal studies that have been carried out have not
shown any indication of embryotoxic/teratogenic actions.
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4) Ca-gluconate 10 %
Side effects:
Vasodilation, a sense of oppression or heat waves, decreased blood pressure,
bradycardia, cardiac arrhythmias, syncope and cardiac arrest. Local necrosis and
abscess formation may occur with intramuscular/subcutaneous/extravascular injection.
Contraindication:
Digitalized patients (risk of arrhythmias), patients with ventricular fibrillation or
hypercalcemia, kidney function problems, patients treated with thiazide diuretics (risk
of hypercalcemia).
Pregnancy/breast-feeding:
One has to be cautious because after IV administration of calcium gluconate, the
calcium concentration in the blood of the fetus is higher than in the blood of the mother.
Animal reproduction studies have not been conducted. Caution should be exercised
when calcium gluconate is administered to a breastfeeding woman.
5) Deferoxamine mesylate (Desferal®)
Side effects:
Flushing of the skin, urticaria, hypotension and shock have occurred in a few patients
when Desferal ®was administered by rapid intravenous injection. Therefore, Desferal
® should be given intramuscularly or by slow intravenous infusion. Rare cases of
mucormycosis, some with fatal outcome, have been reported. If any of the suspected
signs or symptoms occur, Desferal® should be discontinued and mycological tests
carried out. Local injection side reactions (i.e. irritation, pain, burning, swelling,
erythema, vesicles, local edema) may be associated with systemic allergic reactions
like arthralgia, fever, headache, myalgia, nausea, vomiting, abdominal pain, asthma.
Blood dyscrasia (thrombocytopenia, leucopenia) has been documented, as well as
hepatic problems (increased transaminases unto hepatic dysfunction) and nervous
system disorders (dizziness, peripheral sensory, motor or mixed neuropathy,
paresthesias, seizures) and muscle spasms.
Contraindication:
Kidney function problems (increases in serum creatinine, acute renal failure and renal
tubular disorders have been reported).
Pregnancy/breast-feeding:
Cytotoxicity may occur, since Desferal® has been shown to inhibit DNA synthesis in
vitro. Delayed ossification in mice and skeletal anomalies in rabbits were observed
(after high doses). There are no well-controlled studies in pregnant women. But growth
retardation and bone changes (e.g. metaphyseal dysplasia) are common in chelated
patients in the first three years of life (after high doses of 60 mg/kg). Because many
drugs are excreted in human milk, caution should be exercised.
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6) Dimercaptopropane-1-sulfonate (Dimaval®)
Side effects:
Nausea and a rise of the transaminases can be established in individual cases. The
mineral balance, particularly of zinc and copper, must be carefully monitored. Also chill,
fever or skin reactions of presumably allergic nature such as pruritus or exanthema
appears occasionally. In individual cases, severe allergic skin reactions (e.g. erythema
exsudativa multiforme, Stevens-Johnson's syndrome) have been reported.
Contraindication:
None.
Pregnancy/breast feeding:
Use during pregnancy and lactation did not show any teratogenic effects in animal
experiments. Although, till now, there are not sufficient experiences available in
humans.
7) Sodium bicarbonate
Side effects:
Irritability and muscle spasms (only after too high doses).
Contraindication:
Congestive heart failure, kidney or liver function problems, alkalosis or low blood levels
of calcium or chloride.
Pregnancy/breast-feeding:
No side effect or contraindication.
8) Penicillamine (Metalcaptase®)
Side effects:
Allergy, diarrhea, loss of appetite, mild stomach pain, nausea, vomiting, joint pain,
muscle weakness.
Contraindication:
Kidney function problems, aplastic anemia, thrombocytopenia or agranulocytosis,
myasthenia gravis.
Pregnancy/breast-feeding:
Penicillamine has been shown to cause harm to the fetus. Do not breast-feed while
taking penicillamine.
9) Prussian blue (Radiogardase®)
Side effects:
Allergy, constipation, (asymptomatic) hypokalemia, hypopotassemia, inhibition of the
absorption of tetracyclines, blue colored stools, oral mucosa and dentition.
Contraindication:
Caution should be exercised when treating patients with pre-existing cardiac
arrhythmias or electrolyte imbalances.
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Pregnancy/breast-feeding:
No reservations. Prussian blue is practically not absorbed from the gastrointestinal
tract, it does not pass the placenta barrier and is not excreted into breast milk. However,
radioactive cesium is transmitted as well to the unborn child as into breast milk.
Therefore, the risk of radioactive cesium is expected to be greater than the risk of a
treatment with Prussian blue.
10) Sevelamer HCl (Renagel®)
Side effects:
Allergy, diarrhea, stomach pain, trouble swallowing, abdominal pain, ileus, bowel
obstruction and perforation, nausea, vomiting.
Contraindication:
Cf. supra (bowel).
Pregnancy/breast-feeding:
In pregnant rats, given Renagel®: during organogenesis, reduced or irregular
ossification of fetal bones, probably due to a reduced absorption of fat-soluble vitamin
D, occurred.
11) Potassium iodide
Side effects:
Hypersensitivity reactions with swelling of lips, tongue, face and lymph glands are very
rare. Also (mostly after long-term use) are documented: headache, burning sensation
in mouth and/or throat, parotid gland swelling, metallic taste, but in most cases those
symptoms are of minor importance. Also nausea, stomach pain, diarrhea or vomiting
may occur. Rare endocrinological side effects that may be induced are both
hypothyroidism with or without goiter (mostly in young children or in case of cystic
fibrosis) and hyperthyroidism with eventually heart rhythm disorders, in particular
tachycardia (mostly in elderly people).
Contraindications:
Hypersensitivity (very rare), also as some other very rare diseases: dermatitis
herpetiformis, iododerma tuberosum, myotonia congenita and vasculitis with
hypocomplementemia.
Pregnancy/breast feeding:
In case of release of radioactive iodine, especially the thyroid gland of the fetus in
pregnant women has to be protected by the use of stable iodine starting from week 10
of pregnancy. But because of the risk of blocking fetal thyroid function with excess
stable iodine, repeated doses of potassium iodide to pregnant women has to be
avoided, and thyroid function tests in the newborn must be performed (but normally are
done in routine). Lactating women should be given potassium iodide for their own
protection, but not as a means to deliver iodine to their breastfed children, who should
get their KI directly.
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12) Furosemide (Lasix®)
Side effects:
Allergy, volume depletion may predispose some patients to deep venous thrombosis,
hypotension, transient deafness following bolus IV injection, muscle cramps,
weakness, dizziness, syncope, tachycardia, palpitations, hyperuricemia, hypocalcemia
(rare), hypokalemia, hypomagnesemia, mild hyperlipidemia and hypercholesterolemia,
pancreatitis, jaundice (intrahepatic cholestatic jaundice), anorexia, thrombocytopenia,
aplastic anemia, leukopenia (very rare).
Contraindication:
Liver diseases.
Pregnancy/breast-feeding:
Furosemide easily crosses the human placenta. The fetus may experience
pharmacologic effects of furosemide. Most experts do not recommend furosemide for
treatments during pregnancy because as a potent diuretic agent, furosemide can
induce maternal hypovolemia and decreased placental perfusion pressure. Animal
studies have revealed evidence of fetolethality but only after high doses. In addition,
some animal studies demonstrate an increased risk for hydronephrosis. There are no
controlled data in human pregnancy. Furosemide is excreted into human milk and may
inhibit lactation. There are no reports of adverse effects in breastfeeding infants. The
manufacturer recommends that caution be used when administering furosemide to
breastfeeding women.
13) Bisacodyl
Side effects:
Abdominal pain/cramping, nausea, vomiting (< 3 %).
Contraindication:
Known allergy to polyethylene glycol, gastrointestinal obstruction, toxic colitis and toxic
megacolon. Renal insufficiency patients who experience severe vomiting should be
closely monitored including measurement of electrolytes (sodium, potassium, calcium
and creatinine).
Pregnancy/breast-feeding:
Animal reproduction studies have not been conducted. It is not known if bisacodyl can
cause fetal harm. It is not known whether this drug is excreted in human milk.
Because of the potential severe side effects for most of the antidotes, care must be taken and
therapy should only be installed if clearly needed for radiation protection purposes. In this
respect 100 patients who really need treatment during the initial 10 days seems to be a
conservative scenario.
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4.5.3. Location of antidote stock
Several requirements will need to be met to acquire an ideal delivery system:
− selected locations, to guarantee minimal delivery time,
− immediate access to transport,
− fast contact and response capability.
Permission should be sought by the FPS Health, Food Chain Safety and Environment to the
Minister of Defense for an arrangement regarding stock keeping.

4.6. Strategic crisismanagement - International assistance
International collaboration in case of CNBR attacks is necessary. However, in case of nuclear
terrorism, the need for assistance is beyond any discussion. In the event of a major release of
radioactivity, national resources and logistics may be challenged. The need for international
collaboration was strongly felt after the occurrence of the Chernobyl accident and soon lead to
the signing of the Convention on Assistance (IAEA, 1987).
Chapter L of the Triage, Monitoring and Treatment handbook (Rojas-Palma et al., 2009)
provides guidance on the various international arrangements to requesting international
assistance, such as the IAEA's international assistance convention and also the Inter-Agency
Committee on Radiological and Nuclear Emergencies (IACRNE). The Inter-Agency Committee
on Radiological and Nuclear Emergencies, formerly the Inter-Agency Committee for the Coordinated Planning and Implementation of Response to Accidental Releases of Radioactive
Substances, which was established following a meeting of representatives of FAO (Food and
Agriculture Organization of the United Nations), UNEP (United Nations Environmental
Programme), ILO (International Labour Organization), UNSCEAR (United Nations Scientific
Committee on the Effects of Atomic Radiation), WMO (World Meteorological Organization),
WHO and IAEA at the Special Session of the IAEA General Conference in September 1986,
is the co-ordination mechanism between relevant international intergovernmental
organizations to ensure that coordinated and consistent arrangements and capabilities for
preparedness and response to nuclear and radiological incidents and emergencies are
developed and maintained.
Within this framework, WHO can offer specific medical assistance through the REMPAN
initiative (Radiation Emergency Medical Preparedness and Assistance Network http://www.who.int/ionizing_radiation/a_e/rempan/en/), which is largely based on assistance
provided by Collaborating Centers and Liaison Institutions.
Specifically with regard to antidotes to be used in the case of radio-nuclear events, WHO has
recognized the usefulness to back up the limited national stockpiles by an international
stockpile, but has never succeeded in establishing one so far.
In addition, the Joint Emergency Management Plan of the International Organizations (the
Joint Plan - http://www-pub.iaea.org/books/IAEABooks/10523/Joint-Radiation-EmergencyManagement-Plan-of-the-International-Organizations-EPR-JPLAN-2013)
describes
the
interagency framework for preparedness for and response to an actual, potential or perceived
radiation incident or emergency, independent of whether it arises from an accident, natural
disaster, negligence, a nuclear security event or any other cause.
In 2001, the EU Civil Protection Mechanism was established, fostering cooperation among
national civil protection authorities across Europe. The Mechanism currently includes all 28 EU
Member States in addition to Iceland, Montenegro, Norway, Serbia, the former Yugoslav
Republic of Macedonia and Turkey. The Mechanism was set up to enable coordinated
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assistance from the participating states to victims of natural and man-made disasters in Europe
and elsewhere. Although there are at the moment no official commitments in place, European
assistance to providing a Member State with additional reserves or stockpiles could be made
available through this mechanism.
Moreover, under the European response plan for chemical, biological and unknown agents
that might have a trans-border impact, the European Centre for Disease Control in Stockholm
provides expertise to EU Member States (EU MS). Under this umbrella, the EU Health Security
Committee (HSC) which was set up in 2001 at the request of EU Health Ministers and
represented by Member States health authorities, which mandate was strengthened with the
adoption of the EU cross border Directive, is an advisory group on health security at EU level
with the purpose of reinforcing coordination and sharing of best practices and information on
national activities and responses on public health emergencies and cross border threats. The
HSC took on the task to discuss practical arrangements regarding stockpiles and the
distribution thereof should a MS require it. The HSC will additionally derive Standard Operating
Procedures (SOPs) to distribute pharmaceuticals in case of need.

4.7. Education and training
Education, training and exercise are essential. This should already start at graduate level for
doctors and nurses and be intensified during specialisation or general practitioner training.
Scenarios described elsewhere in this report can be used to develop small and large scale
exercises which allow to test the usability of nuclear and radiological emergency plans, not
only for hospitals, but also for other agencies involved in providing aid in emergency situations.
Training and education of all first responders, including health care responders, are needed
for the three types of terrorism as mentioned before. However, apart from some punctual
initiatives, in particular for some specialized civil protections units and fire brigades stationed
close to the larger nuclear facilities, no systematic education & training efforts have been made
so far by Belgian authorities.
This can be largely improved, in particular for health care workers, because even a short
information and training session can substantially contribute to the demystification of RN
threats and teach them how to confidently intervene in a way that is highly efficient for the
victim, safe for the responder and has a minimum cost, while many of the materials needed –
if any at all - for the most urgent care are readily available in health care settings anyhow.
As an example, the Belgian Nuclear Research Centre, in collaboration with the Federal Agency
for Nuclear Control, Federal Public Service Health, Food chain Safety and Environment, Public
Health England and Campus Vesta, has successfully organized a series of training courses
for European Union Member States. These events have been sponsored by the European
Commission's Directorate General Migration and Home Affairs – counter terrorism unit.
In the period 2006 - 2009 the European Commission co-funded a targeted research project
which was coordinated by the Belgian Nuclear Research Centre (SCK•CEN) and which
resulted in the production of a textbook for the triage, monitoring and treatment of the public
exposed to the malevolent use of ionizing radiation: TMT Handbook (www.tmthandbook.org).
The handbook has been very well received by practitioners, and this is why the European
Commission have taken this initiative further.
Due to the high local demand training courses should be organized in Belgium on a regular
basis.
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As mentioned in previous chapters, it is important that general practitioners and emergency
medicine physicians learn how to recognize symptoms and syndromes as possibly being
caused by radiation. This can be done with limited educational effort, but in view of the
expected low probability of occurrence of RN events, the information should be reminded at
regular intervals.
Ancillary to this issue is the maintenance of the materials used during the training.

4.8. Summary and recommendations
Despite numerous plant and transport safety and security measures, there are always
scenarios in which radioactive and nuclear material can be obtained, particularly for smaller
sources or for sources having escaped from regulatory control elsewhere in the world, and this
material can be used in a great variety of ways in order to obtain the desired result, which is to
create terror. This effect might even be obtained by deploying radioactive sources that
generate little objective physical harm or risk, because of the pre-existing psychological
perception of radioactivity and radiation. Obviously, appropriate security measures need to be
in place, according to IAEA guidelines, and strictly controlled.
One of the biggest challenges in adequately protecting the population against RN terrorist
threats is the timely recognition of its radioactive or irradiating characteristics.
In some cases, radiation detection systems can be deployed either permanently or temporarily
at critical places or used for specific events. The most important is that, at every incident or
accident site, emergency workers and in particular the first responders are deployed with
activated detectors that allow for real-time radiation detection, for some initial measurement
and for acting accordingly in terms of their self-protection and victim care, including further
downstream, such as during the victims’ transportation in ambulances and in the hospitals
where they are admitted.
Events involving radiation and/or contamination of victims are infrequent, but can have a huge
impact on the functioning of the entire health care system. In all these cases, regardless of the
nature of the incident, it is necessary to have an adequate plan of action, in the form of a
nuclear and radiological hospital emergency plan, which should be part of the global
emergency planning for hospitals. At present, there is no centralized view neither of the
available resources (internal and external decontamination, storage capacity, etc.) and skills
(medical and non-medical, such as dosimetry in case of contamination) in Belgium in terms of
medical response capacity in the event of a nuclear incident or accident.
In addition to the hospitals, several (government) bodies and agencies are involved in this
matter, each with their own approach, competence and expertise. It is of the utmost importance
to strive for maximum complementarity after prior consultation of all the bodies involved, and
drills to make sure that each partner knows exactly what is expected of them and what they
can expect from others. This ensures not only a maximum of competence, but also immediate
applicability.
In case of a terrorist RN event, the prevention of internal contamination is paramount: this can
often be partially obtained by simple actions such as removing outer clothing and rinsing the
exposed skin. When ingestion and/or inhalation of radionuclides has occurred or is strongly
suspected, the use of certain “antidotes” can accelerate the elimination of the radionuclides
from the body or, such as with pre-emptive stable iodine, greatly reduce the impact of the
contaminating substance. When several of these are not or at least not readily available, simple
measures like hyperhydration with or without diuretics are also of great importance since they
can usually be applied very quickly and without risk of unwanted side effects, except for
49
Superior Health Council
www.shc-belgium.be

patients with previously known cardiac or renal failure. Some of these antidotes are usually
available in large quantities in most hospital pharmacies since they are daily used for several
clinical applications other than radio-nuclear incidents. The others, however, are only available
in very limited quantities and in a few selected hospitals, usually nearby nuclear installations.
The Council recommends to buy and stock up these drugs at strategic places and make
arrangements with pharmaceutical companies and/or neighbouring countries to have these
drugs available in larger quantities within 24 hours.
In the event of a major release of radioactive substances affecting a large number of people,
national resources and logistics may nevertheless be challenged, requiring for international
collaboration. Although theoretically various mechanisms for international assistance exist,
official commitments or operational procedures are not always in place. The Council
recommends to the authorities to promote cooperation in this field, including elaborating and
testing operational procedures.
Apart from some punctual initiatives, in particular for some specialized civil protection units and
fire brigades stationed close to the larger nuclear facilities, no systematic education and
training efforts have been made so far by Belgian authorities. Education and training efforts
are really needed for all first responders and this should be one of the priorities for the
authorities.
A particularity of radiation-induced symptoms is that they may take some time to appear,
depending on the dose rate, may appear at different places if victims passing by come from
vast areas, and have a serious chance of not being diagnosed as radiation-induced disease
for a long time (days or weeks). One of the practical consequences is that a set of clinical tests,
e.g. blood white cell counts, particularly lymphocytes, should be performed in order to rule out
or confirm internal radioactive contamination, particularly when dealing with potential alpha
contamination where G-M based monitoring may yield to no evidence of internal
contamination. This is a lesson learned from the Litvinenko case. Mass casualties needing
reassurance or triage would ask for large quantities of samples and need to be considered in
the emergency plans.
It is important therefore that all physicians, and in particular family doctors and emergency care
specialists, learn how to recognize any possible radiation-induced injury or syndrome.
Education and training should already start at graduate level for doctors and nurses and be
intensified during specialisation or general practitioner training. In view of the expected low
probability of occurrence of RN events, the information should be reminded at regular intervals.
Appropriate communication during a crisis is of paramount importance, particularly after a RN
terrorist attack. An adequate crisis communication process should be addressed in a multidisciplinary fashion.
The Council recommends to allocate resources to design, develop and deploy an appropriate
communication strategy that can be used in a multi-hazard approach, taking into consideration
the newest technological developments and social media tools.
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IV.

CONCLUSIONS AND RECOMMENDATIONS

1. Scope of this report
This document updates the previous reports of the SHC (HGR, 2001; HGR, 2003) on the public
health prevention against “Biological and chemical terrorism”, and expands them with a section
on radio-nuclear threats.
Consequently, this report should be read in combination with the previous ones. The current
text on chemical and biological threats is structured as follows:
− The first one describes and explains the main principles underlying actions dealing with
the public health aspects of terrorism. These elements are to a large extend similar to
the previous report but they remain valid and are currently more timely and applicable
than ever before. The current report does not recall this information, but explicitly refers
to it.
− The two other parts of the 2003 report deal with biological (section 2) and chemical
threats (section 3). Also the information in these sections remains valid. The current
document complements, expands, and updates the information. While the original 2003
report inventoried seven biological threats, the current one deals with 7 bacterial, 4
viral, and 3 toxins, all realistic and likely biological “weapons” today. The number of
chemicals expanded to 8 groups of chemicals covering over 20 substances in the
current text.
The section on “Radio-nuclear threats” is new, but also dovetails in previous reports of the
Council (HGR, 2015; HGR, 2016). This section puts the information in a terrorism, natural and
industrial catastrophes context. Moreover, the information is structured along a similar logic as
the sections on biological and chemical threats.
Each section of this report is built around a core table providing for each of the (groups of)
agents discussed the indicated treatment, and the necessary quantity of the treatment agent
per patient. The focus is on the pharmaceutical stockpiles which should be established and/or
maintained to act in situations of terrorism attacks. In this respect the report reflects the current
state of scientific knowledge, but does not anticipate on worst case scenarios.
Although wider and more expanded in scope than the 2003 report, this document does not aim
completeness in the list of agents which are discussed. Many of the agents discussed show a
direct historical link with chemical and biological warfare. However new contemporary
opportunities as genetic engineering and related microbiological threats are mainly limited by
the creativity of those who aim misusing the currently available recombinant-DNA and gene
editing technology. This applies to a wide range of bacteria, viruses, and prions, ranging from
the way they interact with organisms, over the speed they spread, to their morbidity and
mortality characteristics. Another threat emerges from industrial products (e.g. radioactive
materials) which offer direct risks if used in a terrorist attack. Technical development allows
the synthesis of a virtually unlimited number of new chemicals with – again – unknown
properties. It is beyond any doubt that among these, some will be considered for chemical
terrorism. For biological terrorism, it is impossible to predict what medical treatment and what
drugs will have to be used
The current report is not intended as a textbook. Although the principles of action discussed in
the 2003 report remain valid, fundamental aspects as the biological mechanisms of the agents,
are out of the scope of this report.
A report on initial medical treatment in case of terrorism incidents cannot deal with the medical
aspects as an isolated phenomenon. They should be seen in coherence with the totality of the
interventions. Therefore, this report links the medical aspects with communication, planning
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and international cooperation. These are selected and partial aspects of the total intervention
that might be necessary in these circumstances. On the other hand, the effect of the medical
contribution is highly affected by the context in which treatments and pharmaceuticals are
used.
This report targets Belgium and its specific geographic, demographic characteristics and
emergency services structures. More complete, international reviews have been published in
the open literature (WHO, 2010; USAMRIID, 2011; USAMRIID, 2012; USAMRIIDD, 2014;
OPWC, 2012).

2. International context
An extensive scientific literature has been build up during the past century on the issues dealt
with in this report. In this context the report should be read as a summary on the most frequently
cited incidents in the literature.
Recently, an overview of the consequences of a terroristic attack with chemical and biological
weapons was given (http://www.johnstonsarchive.net/terrorism/chembioattacks.html).
Although it is very difficult to verify these data, it gives at least an indication. The number of
people killed varied between none and 1 429 (possibly sarin nerve gas) in Damascus while the
number of injured varied between 2 (Iraq) and 1 500 (Mosul). Typical and frequently cited
examples are the sarin attack in the Tokyo subway (12 people killed and 5 511 people injured)
and the Russian intervention in the Moscow theatre using fentanyl (124 people killed and 501
people injured).
The estimated number of victims to be treated after a CBRN attack in other countries yields
scattered information. In Switzerland, a stock of antidotes for 200 victims of which 25 are
assumed to be severely injured is foreseen. In Germany, 60 to 100 victims are assumed to be
possible. In the United States of America (USA), 2 000 chempacks are distributed over 1 400
places throughout the country; each pack is sufficient to treat either 450 to 1 000 victims.

3. Limitations and uncertainties
Determining the scope of this report reveals already a number of its limitations, including the
omission of a theoretical foundation, which is inherent for a matter mainly targeted to practical
action, and the difficulties related to pro-acting on future developments which are hard to
predict (e.g. on new pathogens).
As the number of victims of a terrorist action is impossible to predict, the size of the stocks and
the amount of pharmaceuticals can only be defined in an arbitrary way. In this report the unit
doses per treatment are provided
Part of the concern on preparedness for health targeted terrorism should result in more
research on relevant phenomena whose existence is documented, but which are only partially
understood. Cumulative effects provide an example. Both biological and chemical agents
might interact in such
a way their combined effect is more impacting than the sum of the individual effects. Also
victims of a nuclear incident show less response capacity to survive a biological or chemical
incident.
Next to cumulative effects, combined effects of biological, chemical and nuclear agents might
be of concern. This is different from binary weapons which consist of two components that are
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nearly inactive or of very limited activity but, when combined, form very toxic compounds.
Examples include:
− The production of sarin gas from methylphosphonyl difluoride with 2 other substances
(M687).
− Preparing the American invasion in the “Bay of the pigs” near the Cuban city of Giron,
germ-warfare scientists developed a special cocktail of two germs and one biological
toxin designed to work sequentially, so that victims would come down with uncommonly
long periods of sickness and debilitation.
− Agent orange, used as a defoliant in the American-Vietnam war during the 1970s was
basically a combination of two herbicides (2,4D and 2,4,5T).
− During the action in the Dubrovka theatre in Moscow (2002) carfentanil was used in
combination with remifentanil. Both opiates caused death among hostages and
hostage takers.
These examples show that the use of cocktails exists. However examples are scarce and on
the specificities of the treatment hardly data have been reported in the literature.

4. Training, communication and planning
4.1. Training
In previous reports on the subject (HGR, 2001; HGR, 2003) the Council already stressed the
need for education and training of all care takers involved. This need is obvious in view of the
impossibility of full prevention of attacks, and hence, they should be continued and intensified
and its importance should be stressed. The Council considers at least 3 areas in which there
is possibly room for improvement.
(1) A short review of the Belgian situation and to the best of our knowledge, reveals a number
of educational programs from universities or university hospitals with general interest in
disaster management and not only in CBRN (e.g. KULouvain: 2 day course and continuing
education (5 modules), Antwerp (Campus Vesta): postgraduate course, Brussels: European
master in disaster medicine, ULBrussels: course in disaster management) and probably more
initiatives. However, practical training sessions are not or only minimally covered. Recently it
was concluded that further streamlining of the different plans is required
(https://crisiscentrum.be/nl/news/noodplanning/herziening-wetgeving-betreffende-denoodplanning).
(2) The programs should be optimized in agreement with all stakeholders (universities, the
National Council on Emergency Medical Aid, hospitals, etc.). Furthermore, since all care takers
at different levels and responsibilities should be instructed and trained (cf. the 5 disciplines
involved in disaster management and in particular the care takers directly and physically
involved in patient care discipline 2), audience tailored instructions should be given with CBRN
as a major subject.
(3) This has also been encouraged by the EC which has taken the initiative to support
financially the constitution of a “EU network of CBRN training centers” (eNOTICE) .This civilmilitary network has just started his activities and coordinates initiatives to train first responders
including health professionals throughout the EU to harmonize the practices, guidelines and
procedures and map the specific training opportunities. A more specific focus on biothreats is
under
discussion
within
Campus
Vesta
and
the
network.
(http://cordis.europa.eu/project/rcn/210213_en.html)
Education and training within the CBRN context is not the subject of the actual report, but the
Council strongly recommends that these and related issues should be thoroughly reviewed by
all stake holders and where needed adapted to the actual situation in Belgium.
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4.2. Communication
An increasingly important aspect of emergency and contingency plans is communication.
Appropriate communication to the public during a crisis is of paramount importance to ensure
members of the public are properly informed about what exactly happens or has happened,
what the risks are and what can be done to alleviate the impact of the event.
Experiences with previous incidents as the acrylonitrile train accident in Wetteren (May 4th,
2013), or previous man-made disasters in Ghellingen/Enghien or Enschede, showed that in
particular both the internal and the external communication pathways and strategies are
subject to improvement. Advancing knowledge and experience on this basis is rewarding as
experienced by the most functional medical emergency plan on March 22nd following the
terrorist attack at Zaventem airport.
Among others these experiences show that proper communication and communication
channels are not established right away. In the event of a terrorist attack access to information
may be hampered by the investigation itself. In addition, a number of key objectives have to
be accomplished, such as: a) public reassurance, b) contribute to the effective deployment of
countermeasures, c) adequate crisis management at operational, tactical and strategic level,
d) support the public and first responders to improve their situational awareness, e) create
confidence among the public on government actions to minimize the risk, f) build trust by
demonstrating effective leadership and expertise.
The above-mentioned list of objectives is not exhaustive and many of them are assessed and
evaluated during exercises or real events; however, often lessons learned are not implemented
in revised versions of preparedness and response plans, and thus do not contribute to the
improvement the overall approach to crisis management. Moreover, this emphasizes the many
aspects of communication: from the authorities towards the public, among the public, between
first responders at various levels; thus, pointing out how complex and thorough an adequate
crisis communication process is.
Since its onset in 2006 a research project on the triage, monitoring and treatment of the public
exposed to the malevolent use of ionizing radiation was co-funded by the European
Commission (TMT Handbook - Rojas Palma et al., 2009). The project deals among others also
with communication and provides guidelines that could be implemented by EU member states.
These guidelines are subject to fine-tuning by the member states and the regions and should
e.g. fit in national emergency response plans. Although most of them are still valid, technology
and social media have dramatically evolved since the handbook was published and therefore
there is a need to update some and derive new guidelines.
Within the EU, numerous initiatives have been taken both in the 7th Framework Programme
and in Horizon 2020. Some of these projects are stopped (e.g. CATO in 2014), others will be
developed in the next years. An overview of all projects is available (http://encirclecbrn.eu/related-projects-2/;
http://cordis.europa.eu/project/rcn/102095_en.html).
Worth
mentioning is that CoU (Community of Users on Safe, Secure and Resilient Societies) projects
gather 1500 experts from universities, industry, small and medium enterprises, policy-makers,
and first responders to improve CBRN coordination, awareness and crisis management. In
2010, the EU took the initiative to promote the centers of Excellence on CBRN issues,
gathering
experts
from
more
than
50
countries
in
2017.
(https://nonproliferation.eu/web/documents/nonproliferationpapers/the-eu-s-cbrn-centres-ofexcellence-initiative-aft-55.pdf)
During the public reassurance phase of the Fleurus release of radioactive iodine in 2008 a
number of deficiencies in the approach dealing with public communication were identified, e.g.
who will communicate the results of a thyroid scan and how. In the wake of the terrorist attacks
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of Brussels, a number of communication issues will/have come to light during the parliamentary
enquiry. Some of them relate to the lack of protocols and proper use/knowledge of resilient
communication networks available to first responders while others relate to communicating
with relatives of the victims in a foreign language.
The Brussels terrorist attacks on March 22, 2016 have shown, as did the thunderstorm at the
Pukkelpop festival, that our mobile communication systems are vulnerable to the acute
increase in demand when a mass event takes place, thereby seriously hampering any
transmission of information. A versatile system such as BE-ALERT is highly recommended
and desirable for such events.
Based on all of the above, we recommend to appoint a group of experts and allocate resources
to design, develop and deploy an appropriate communication strategy that can be used in a
multi-hazard approach and taking into consideration the newest technological developments
and social media tools.
4.3. Planning
Maintaining the suggested amounts of antidotes is necessary but insufficient. This action
should be integrated in a more comprehensive strategy of response plans as part of the
existing federal-emergency and contingency planning on public health. These plans should be
based on standard risk analysis principles, giving priority to the protection of public health and
the environment.
Regular updating of the choice of antidotes addressing new events and trends, new
technologies (e.g. DNA-based and other biotechnology methods), evolving strategies,
specifically trained medical personnel, and stockpiles of pharmaceutics is advocated.
In view of the upcoming new techniques and methods, in particular in the context of chemical
and biological threats, a permanent follow up of the scientific literature and the monitoring of
the national and international efforts to counterattack terrorism should be installed. A regular
revision of the actual report is mandatory.
The evidence base for this updating should be provided by public health surveillance data
which are collected in a targeted way, analyzing and following up situations of deliberate or
accidental releases and exposures.
The Council also advocates proper education and training initiatives on the correct use of the
proposed antidotes. The increasing incidence of terrorist attacks makes it likely that each first
or second line medical person will directly face this type of events a few times during his/her
professional life. Therefore it is indicated that medical personnel, starting with the emergency
people, are trained on the principles (including the ethical aspects), the content, the
mechanisms, and the practice of these evolving emergency and contingency plans. During
recent years significant progress has been realized in this area, but more “ad hoc” training
initiatives covering wider groups of medical aids remain indicated.

5. International assistance
Uncertainties linked with the rare character of these deliberate release events and the forecast
of the number of affected patients in need of medical treatment, can partially be alleviated by
international cooperation. Informal contacts exist with the departments managing the strategic
pharmaceutical stockpiles in the neighboring countries. It is however indicated formalizing
these contacts at an EU-wide scale, inventorying the amounts, the accessibility, and the
availability of the treatment support.
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6. Key messages
6.1. Chemical threats
Recent developments worldwide indicate that attacks with chemical weapons and by extension
chemical accidents are to be expected. Treatment of the victims for some of the toxins are well
known and all measures should be taken to provide health care organizations with the
necessary antidotes. In order to apply adequately these precautionary measures in chaotic
and difficult circumstances proper to chemical accidents, a number of additional actions have
to be taken such as optimal training and education of health care personal and optimal logistic
support for storage and distribution of the antidotes.

6.2. Biological threats
Bioterrorism – the malicious use of bacteria, viruses or toxins with humans, livestock and crops
as potential targets – is of prime concern of authorities and health care organizations. Although
the current agents are known, it is to be expected that new transgenic pathogens will be
produced, weaponized and be likely to be used in the future.
In case manifestations of a biological attack are obvious, emergency services and first
responders will dispense treatment. The list of antibiotics included in the executive summary
is helpful in taking decisions on purchase and stocks. The stock of antibiotics must be
monitored very carefully.
In case manifestations are delayed or the diagnosis is not clear, the health care staff must
identify the agent used and act accordingly. It is clear that this will require networking of highsecurity labs, and infection-control centers; international collaboration and exchange of
expertise is obvious.
As for chemical and nuclear terrorism, much attention has to be given to education and training
of health care personal, in particular first responders and emergency staff.
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6.3. Radio-nuclear threats
Despite numerous safety and security measures, there are always scenarios in which
radioactive and nuclear material can be obtained. One of the biggest challenges is the timely
recognition of the presence of radioactive or irradiating situations. First responders should be
deployed with detectors that allow for real-time radiation detection, at least for some types of
radiation.
A particularity of radiation-induced “acute” symptoms is that they may take a rather long time
to appear (going to weeks). It is important therefore that all physicians, and in particular family
doctors and emergency care specialists, learn how to recognize any possible radiation-induced
injury or syndrome.
When ingestion and/or inhalation of radionuclides has occurred or is strongly suspected, the
use of certain “antidotes” can accelerate the elimination of the radionuclides from the body or
reduce the impact of the contaminating substance. Some of these antidotes being only
available in very limited quantities, it is recommended to buy and stock up these drugs at
strategic places and make arrangements with pharmaceutical companies and/or neighbouring
countries to have these drugs rapidly available in larger quantities.
RN terrorism events can have a huge impact on the functioning of the entire health care
system, partly due to their psychological perception, insufficiency of education and training and
of health care response plans. International cooperation and adequately prepared
communication will be crucial in such circumstances.

7. In summary
Recent terrorist attacks showed that society likely faces new, up to now only partially
addressed or even disregarded threats by toxic chemicals, biological agents, and radioactive
substances. This calls for increased awareness and preparedness of both the civil and military
competent authorities. Establishing and maintaining a stockpile of antidotes allowing to act fast
and efficient is an important, but insufficient aspect of this strategy. A broader approach for
new physical and medical countermeasures and an integrated system of detection,
decontamination, physical protection, and treatment is mandatory and urgent.
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Annex 1. Biological terrorism – Presentation Prof. R. Peleman, May 2016.
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ROJAS PALMA Carlos
SAUER Tom
SMEESTERS Patrick
VAN BAELEN Jonas
VANLAETHEM Yves

Nuclear emergency
International security
Ionizing radiation
Toxicology
Infectiology

VERSTEGEN Geert
VERSTRAETE Alain

Toxicology
Clinical chemistry

KU Leuven
UGent
UZ Gent
UZ Gent
UZ Gent
FPS Defence
FPS Defence
UGent
UCL & Defense Lab Dpt
(DLD)
VITO
SCK-CEN
UCL
Belgian Poison Centre
UZ Gent, Ghent
Queen Astrid Military
hospital, Brussel
SCK-CEN
UA
FANC
Belgian Poison Centre
CHU
Saint-Pierre,
Brussel
Belgian Poison Centre
UGent

The following administrations and/or ministerial cabinets were heard:
DE GROOF Dirk
VAN BLADEL Lodewijk
WILLEMS Petra

Public Health Emergencies

FPS Health, Food Chain
Safety and Environment
Regulation, international affairs and FANC
development
Regulation, international affairs and FANC
development
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About the Superior Health Council (SHC)
The Superior Health Council is a federal advisory body. Its secretariat is provided by the Federal
Public Service Health, Food Chain Safety and Environment. It was founded in 1849 and provides
scientific advisory reports on public health issues to the Ministers of Public Health and the
Environment, their administration, and a few agencies. These advisory reports are drawn up on
request or on the SHC's own initiative. The SHC aims at giving guidance to political decisionmakers on public health matters. It does this on the basis of the most recent scientific knowledge.
Apart from its 25-member internal secretariat, the Council draws upon a vast network of over 500
experts (university professors, staff members of scientific institutions, stakeholders in the field, etc.),
300 of whom are appointed experts of the Council by Royal Decree. These experts meet in
multidisciplinary working groups in order to write the advisory reports.
As an official body, the Superior Health Council takes the view that it is of key importance to
guarantee that the scientific advisory reports it issues are neutral and impartial. In order to do so,
it has provided itself with a structure, rules and procedures with which these requirements can be
met efficiently at each stage of the coming into being of the advisory reports. The key stages in the
latter process are: 1) the preliminary analysis of the request, 2) the appointing of the experts within
the working groups, 3) the implementation of the procedures for managing potential conflicts of
interest (based on the declaration of interest, the analysis of possible conflicts of interest, and a
Committee on Professional Conduct) as well as the final endorsement of the advisory reports by
the Board (ultimate decision-making body of the SHC, which consists of 30 members from the pool
of appointed experts). This coherent set of procedures aims at allowing the SHC to issue advisory
reports that are based on the highest level of scientific expertise available whilst maintaining all
possible impartiality.
Once they have been endorsed by the Board, the advisory reports are sent to those who requested
them as well as to the Minister of Public Health and are subsequently published on the SHC website
(www.hgr-css.be). Some of them are also communicated to the press and to specific target groups
(healthcare professionals, universities, politicians, consumer organisations, etc.).
In order to receive notification about the activities and publications of the SHC, please contact:
info.hgr-css@health.belgium.be.
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