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Preparedness for the decontamination of affected environments, premises, facilities, and products is one prerequisite for an

immediate response to an animal disease outbreak. Various information sources provide recommendations on how to

proceed in an outbreak situation to eliminate biological contaminants and to stop the spread of the disease. In order to

facilitate the identification of the right decontamination strategy, we present an overview of relevant references for a

collection of pathogenic agents. The choice of pathogens is based on a survey of lists containing highly pathogenic agents

and/or biological agents considered to be potential vehicles for deliberate contamination of food, feed, or farm animals.

European legislation and guidelines from national and international institutions were screened to find decontamination

protocols for each of the agents. Identified recommendations were evaluated with regard to their area of application, which

could be facilities and equipment, wastes, food, and other animal products. The requirements of a disinfectant for large-scale

incidents were gathered, and important characteristics (eg, inactivating spectrum, temperature range, toxicity to environ-

ment) of the main recommended disinfectants were summarized to assist in the choice of a suitable and efficient approach in

a crisis situation induced by a specific high-risk animal or zoonotic pathogen. The literature search revealed numerous

relevant recommendations but also legal gaps for certain diseases, such as Q fever or brucellosis, and legal difficulties for the

use of recommended disinfectants. A lack of information about effective disinfectants was identified for some agents.

Large-scale animal disease outbreaks can cause high
losses of farm animals, challenge public and animal

health, and lead to tremendous economic damage. In ad-
dition to direct losses caused by the culling of animals,
closure of farms, establishment of permanent exclusion
zones, trade restrictions, and the disposal of products, there
are also indirect negative effects including losses in the
tourism industry and reluctant consumer behavior in pur-
chasing animal products. The outbreak of foot-and-mouth
disease in the UK in 2001,1,2 the avian influenza epidemic
in 2003,3 and the Q fever incidents in the Netherlands
from 2007 to 20094 illustrate these effects. Besides the risk

of a natural or accidental dissemination of a disease, highly
pathogenic biological agents (ie, viruses, bacteria, toxins)
capable of causing animal diseases or zoonoses are also
considered as having potential for a deliberate release.

Regardless of the cause of an incident, a rapid contain-
ment of the disease spread is crucial to mitigate the possible
consequences. Along with other measures, decontamina-
tion of affected environments, premises, facilities, and
products is a major issue. Decontamination in this con-
text can be defined as a technical process including all
stages of cleaning and disinfection to reduce biological
contamination to a harmless level.5,6 The appropriate
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decontamination strategies and capacities should be in
place for immediate action in a crisis situation. This aspect
is also taken into consideration in the European Union’s
Action Plan on chemical, biological, radiological, and nu-
clear security (EU CBRN Action Plan): In Horizontal
Action 41, it is stated that member states should assess
available means for decontamination of CBRN materials
and exchange information about current decontamination
procedures.7

The aim of this article is to provide an overview of rec-
ommendations for various application fields of decontam-
ination of high-priority animal and zoonotic pathogens in a
European context. Relevant information sources are pre-
sented for a number of biological agents. Moreover, im-
portant parameters of recommended chemical disinfectants
are summarized to support the decision for the appropriate
disinfection procedure. Along with improved data avail-
ability, a comparison between existing decontamination
strategies for specific pathogens and toxins of concern with
regard to natural, accidental, or criminal incidents could
reveal needs for further investigation or recommendations.

Methods

In order to collect decontamination data on high-risk ani-
mal or zoonotic pathogens, this group of pathogens needs
to be further defined. Therefore, numerous documents
containing lists of pathogens with the potential to cause
large-scale animal or zoonotic diseases and/or being suitable
for a deliberate contamination were evaluated.8-30 Choos-
ing the most frequently named biological agents capable of
causing animal or zoonotic diseases, a list of 23 priority
pathogens was compiled (Table 1). The list includes highly
pathogenic bacteria such as Bacillus anthracis and Yersinia
pestis, viruses like foot-and-mouth disease virus, and toxins
like Clostridium botulinum neurotoxins (BoNT).

Focusing on these agents, a survey on decontamination
procedures was conducted. As a starting point, European
legislation was screened, beginning at more general rules31-36

and moving on to disease-specific directives.24,37-43 The
search was compiled in EUR-Lex44 for the keywords ‘‘de-
contamination,’’ ‘‘disinfection,’’ ‘‘hygiene,’’ ‘‘by-products,’’
and ‘‘animal disease’’ and combinations thereof, the names
of the listed agents, and the names of the induced diseases,
if relevant. Moreover, compilations of veterinary legislation
were screened.45 Besides the focus on decontamination
protocols, legislative gaps for the control of animal diseases
were identified and legal barriers for the use of disinfectants
were revealed.

Because legislative information on a number of diseases
such as Q fever and brucellosis was missing and because of
the quite general character of the given legal references, a
survey regarding more specific protocols was conducted
by an internet query using the keywords mentioned above.
The following guidelines for decontamination from

national or international institutions were identified and
reviewed:

� Guideline on Means and Procedures for the Disinfection
of Notifiable Animal Diseases, German Federal Minis-
try of Food, Agriculture and Consumer Protection
(BMELV), 2007 (in German);46

� Animal Health Australia. Operational Procedures
Manual: Decontamination (Version 3.2). Australian
Veterinary Emergency Plan (AUSVETPLAN), Edi-
tion 3, Primary Industries Ministerial Council, 2008;6

� Manual on Procedures for Disease Eradication by
Stamping Out, Part 3: Decontamination Procedures,
Food and Agriculture Organization of the United
Nations (FAO), 2001;47

� Technical Factsheets, Center for Food Security &
Public Health, Iowa State University;48

� Technical Disease Cards, World Organisation of Ani-
mal Health (OIE), 2012;49 and

� Terrestrial Animal Health Code, World Organisation
of Animal Health (OIE), 2012.50

Each of the identified sources that contains relevant infor-
mation was assigned to the specific agents in Table 1. The
recommendations were assessed with regard to their focus
of application to facilities/equipment, wastes of animal
husbandry, food products, and/or other animal products
(eg, wool, hides, bonemeal) as indicated in Table 1.

Moreover, the demands for an ideal disinfectant were
gathered with regard to the characteristics of large-scale
outbreaks or bioterrorism incidents. In view of these de-
mands, parameters were collected that influence the choice
of a disinfectant according to situational efficiency (eg,
application range or handling conditions) and respective
characteristics of the most prevalent disinfectants were
summarized (Table 2).

Results

The search for recommendations for decontamination
procedures revealed several legislative references as well as
guidelines from national and international institutions but
also information gaps and legal restrictions for the use of
particular disinfectants. In addition to the overview of in-
formation sources, important demands on disinfectants are
presented together with decisive characteristics of the main
recommended chemical substances.

Legislation
The review of legislation on decontamination generated
general and disease-specific references, which are treated
separately in the following sections according to their reg-
ulatory contents.
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Table 1. References Providing Information for the Decontamination of Specific Biological Agents

Biological Agent
BMELV46

(Fa, Wa)
AUSVETPLAN6

(Fa, Wa)
FAO47

(Fa, Wa)

OIE Cards49

(Fa, Wa,
FP, AP)

Iowa State48

(Fa, Wa,
FP, AP)

OIE Code50

(Wa,
FP, AP) EU Legislation

African swine fever virus x x x x x (x)a
CD 2002/60/EC39

CD 2002/99/EC36

Avian influenza virus,
high pathogenic x x x x x x

CD 2005/94/EC41

CD 2002/99/EC36

Bacillus anthracis x x x x

Bluetongue virus x x x x x x CD 2000/75/EC43

CD 1266/2007/EC37

CD 92/119/EC24

Brucella spp. x x x (x)a

Burkholderia mallei x x x x (x)a

Burkholderia pseudomallei x

Classical swine fever virus x x x x x x CD 2001/89/EC38

CD 2002/99/EC36

Clostridium botulinum toxins x

Coxiella burnetii x

Eastern equine
encephalitis virus x x x (x)a

Enterohemorrhagic
E. coli, O157:H7 x

Foot-and-mouth
disease virus x x x x x x

CD 2003/85/EC40

CD 2002/99/EC36

Francisella tularensis x (x)a

Goat pox virus x x x x x (x)a CD 92/119/EC24

Newcastle disease virus x x x x x x CD 92/66/EC42

CD 2002/99/EC36

Peste des petits
ruminants virus x x x x x (x)a

CD 92/119/EC24

CD 2002/99/EC36

Rinderpest virus x x x x x x CD 92/119/EC24

CD 2002/99/EC36

Staphylococcal
enterotoxin B (SEB) x

Venezuelan equine
encephalitis virus x x x x (x)a

Vesicular stomatitis virus x x x x x (x)a CD 92/119/EC24

Western equine
encephalitis virus x x x (x)a

Yersinia pestis x

Note: Focus of application of the given sources: Fa = facilities/equipment; Wa = wastes of animal husbandry; FP = food products; AP = other
animal products.

aAgent is considered in the specific source, but the provisions on decontamination are negligible to nonexistent.
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Table 2. Characteristics of Important Chemical Disinfectants with References

Temperature Range (in �C)
Active
Substance Spectrum

Effective
pH-range 20 to 10 10 to 4 0 to - 5 - 5 to - 30 Inhibitors

Aldehydes

(glutaraldehydes,

formaldehydes)

Bacteria,1,2,5,6

viruses1,2,6

(selective),2

spores (in higher

concentrations)1,2

broad2,5 limited effective1

(higher

concentrations

needed)2

ineffective1,2 ineffective1,2 ineffective1,2

Sodium

hydroxide

bacteria1,2,5,6 (except

mycobacteria

and surfaces),1,2

viruses1,2,5,6

narrow,

pH ‡ 121,2

effective1,2 effective1, 2 limited

effective1

(ineffective)2

limited

effective1

(ineffective)2

acids6

Limemilk bacteria (except

mycobacteria)

viruses1,2,5

effective2 effective2 effective2 effective

(to - 10�C)2

acids6

Alcohols

(eg,ethanol,

isopropanol)

bacteria, viruses

(selective,

only enveloped)1,2

broad2 effective1 slightly

limited

effective1

slightly

limited

effective1

ineffective1

Sodium

hypochlorite

(NaOCl)

bacteria,

viruses, spores2,6
moderate (best:

pH 6-8.5, loss

of activity

>pH 8.5)5

(pH 4-8.5)2

effective1 limited

effective1
ineffective1 ineffective1 thiosulfate5

Iodine (J2),

Iodophors

bacteria,

viruses,

spores2,6

(poor activity

against spores)6

moderate

(pH 2-6)5

(pH 4-8.5)2

effective1 effective1 low effective1 low effective1 hard water,

sodium

thiosulfate5

Organic acids

(eg, formic acid,

citric acid,

propionic acid)

bacteria (except

mycobacteria),2

viruses 2,6

narrow,

(pH 2-3)2,5
slightly limited

effective1 (higher

concentrations

needed)2

limited effective1

(ineffective

except for

mixtures)2

ineffective1,2 ineffective1,2 cationic

surfactants,5

alkalis6

Peracetic acid bacteria, viruses,

spores1,2,5 (also

inactivating

Clostridium

toxins)1

broad2,5

(pH 2-8)2

effective1,2 effective1,2 effective1

(effective

with

antifreeze)2

effective1

(effective

with

antifreeze)2

copper, iron,

manganese

and chloride

ions5

Phenols

and phenol

derivatives (eg,

phenols, cresols)

bacteria1,2,6 (except

mycobacteria),1

viruses (selective,

only enveloped)1,2,6

broad2 effective1 slightly

limited

effective1

ineffective1 ineffective1

Quaternary

ammonium

compounds

(eg,

benzalkonium)

bacteria (except

mycobacteria

and some

Gr- bacteria),

viruses (selective,

only enveloped)1,2,5,6

broad

(pH 3-10.5)2,5
effective4 effective4 ineffective5 ineffective5 hard water,

anionic

detergents,

wetting

agents5

1 = Biological Hazards I, Manual for Civil Protection (BBK, RKI).5
2 = Guideline on means and procedures for the disinfection of notifiable animal diseases (BMELV).46

3 = Special Issue "Disinfection" (DVG).54
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Table 2. (Continued)

Sensitivity Against
Organic
Matter

Health Aspects
(using working
solutions, not
concentrates)

Toxicity to
Environment

Material
Tolerance

Stability
of Working

Solution Reaction Time Costs

low3,5

(protein

error)1

Glutaraldehyde: avoid

eye and skin contact

Formalin solution:

avoid eye and skin

contact; releases toxic

gas, irritant to

respiratory tract and

mucous membranes

Formaldehyde gas: very

toxic to mucous

membranes at

concentrations down to

2 ppm5

moderate5 noncorrosive

(formaldehyde gas

corrosive to some metals)5

> 7 days in sealed

containers5
Formaldehyde:

very slow1

(slow)2

Glutaraldehyde:

slow1 (fast)2

Formaldehyde:

low

Glutaraldehyde:

high5

low5 irritant to eyes, skin, and

mucous membranes5

high5 highly corrosive to

aluminium,

corrosive to

metal alloys5

> 7 days5 slow5 low5

low5 irritant to eyes, skin,

and mucous

membranes5

high5 stains surfaces5 > 7 days5 slow5 low5

low2 low toxicity to humans;

used as hand

disinfectant1

low3 > 7 days very fast1,2 high3

high1,5 irritant to eyes and

skin5
low (toxic to fish but

rapidly neutralized by

organic matter)5

corrosive to

metal alloys5
1 day5 slow1 (fast)2 low5

high3,6 low toxicity to humans;

used as hand

disinfectant6

moderate5 corrosive to metal and

concrete at acidic

pH and at high

temperatures ( > 40�C),3,5

can cause staining of

skin and synthetic

materials6

5 days5 fast2 high5

low5 irritant to eyes, skin,

and respiratory tract5

low5 low corrosive to concrete5 > 7 days5 fast1,2

low1 (except

blood)2 (low

to moderate)3,5

reasonable care

necessary5

low1,5

(biodegradable)1

low corrosive to concrete,

rubber, metal alloys,5

without buffering

substances, higher

corrosive to base metals1

1 day2 (1-3 days)5 very fast1 (fast)2 high5

(moderate)1

low1,6 toxic to humans1 high (poorly

biodegradable)1

relatively noncorrosive,

but absorbed by rubber

and some plastics6

slow1 (fast)2

high1,3

(moderate)5

nonirritant5 low3 (moderate)5 non corrosive,3,5

except iron3

> 7 days5 very slow1

(slow)2

4 = Efficacy of some disinfectant compounds against porcine bacterial pathogens (Thomson et al.).68

5 = Aquatic Veterinary Emergency Plan (Australian Government Department of Agriculture, Fisheries and Forestry).62

6 = Australian Veterinary Emergency Plan (Primary Industries Ministerial Council, Animal Health Australia)6
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Regulations on Food and Animal By-products
Animal by-products and derived products that are excluded
from human consumption are part of the regulatory
content of Regulation (EC) No 1069/2009 (Animal By-
products Regulation).34 Article 7 of this regulation assigns
different materials of animal origin to 1 of 3 categories.
These categories reflect the level of risk posed to public and
animal health. The prescribed handling of the materials
differs depending on the category. According to article 9,
animals and parts of animals that have been culled for
disease control purposes have to be handled and disposed
of as category 2 material—for example, by incineration,
burial, composting, or biogas transformation, partly with
or without prior pressure sterilization (mainly articles 13
and 19).34

While products of animal origin from infected premises
come under Regulation (EC) No 1069/2009 and are to be
treated accordingly, Council Directive 2002/99/EC on
products of animal origin for human consumption contains
further specifications for products from territories under
animal health restrictions.36 This directive allows member
states to process and distribute products of animal origin
from a territory under animal health restrictions as long as
specific conditions are fulfilled (article 4). One of these
conditions is that the products do not descend from a
holding that keeps infected or suspected animals. A second
requirement is that the products undergo a treatment in
accordance with annex III of Council Directive 2002/99/
EC. This annex provides detailed recommendations for the
treatment of milk and meat such as maturation, fermen-
tation, or heat treatment to eliminate specific pathogens
(see Table 1).

With regard to decontamination in the food industry,
Regulation (EC) No 178/200233 and Regulation (EC) No
852/200432 mainly comprise specifications on safe food,
responsibilities of food producers, and technical conditions
in food-producing companies that constitute the prereq-
uisite for a successful disinfection. However, no instruc-
tions are provided for decontamination processes in either
regulation.

The references above describe primarily physical means
for decontamination for different contaminated materials,
but no recommendations on chemical disinfection are
provided.

Directives for Control of Individual Animal Diseases
A number of directives exist for the control of individual
animal diseases,24,37-43 but the level of detail in the direc-
tives varies. At one end of the range, the recommendations
are general, as in the Council Directive 92/119/EEC for the
control of certain animal diseases and swine vesicular dis-
ease, in which the extent of decontamination is mentioned
without describing disinfection measures.24 At the other
end, for example, is the Council Directive 2003/85/EC for
the control of foot-and-mouth disease, which provides
advice on the disinfection of infected holdings and detailed

information on how to destroy the virus in slurry, manure,
bedding, and forage as well as meat, milk, and other
products of animal origin (mainly articles 10, 11 and an-
nexes IV, VII-IX).40

In addition, directives are available for the control of
avian influenza, African and classical swine fever, and
Newcastle and bluetongue disease, giving some advice for
decontamination purposes.37–39,41-43 Newcastle and blue-
tongue disease are also covered by the more general Council
Directive 92/119/EEC together with vesicular stomatitis,
goat pox, peste des petits ruminants, and rinderpest.

Regarding all surveyed legislative references, for 10 of the
23 listed priority agents, disease-specific information can be
found for decontamination purposes (see Table 1 for an
overview on the relevant directives). However, no European
legislation is available for the remaining 13 priority agents
listed in Table 1, which is especially remarkable for bru-
cellosis and Q fever considering the geographical distribu-
tion, the economic impact, and the zoonotic potential of
these diseases. In most of the disease-specific directives,
information on disinfection procedures for different set-
tings or materials can be found, but no specific chemical
disinfectants are named.

Legal Restrictions
In addition to the specific pathogen or situational issues,
legal limitations may also influence the choice of a disin-
fectant. Whatever chemical substance is found suitable for
decontamination, its application could be legally restricted.
In the EU active substances of disinfectants are regulated by
Council Directive 98/8/EC (Biocides Directive).35 Ac-
cording to this directive, only those substances are mar-
ketable that are listed in annex I or annex Ia of Council
Directive 98/8/EC, or in the list of participants and ap-
plicants of Regulation (EC) No 1451/2007 (by product-
types)51 and are not part of the noninclusion list of Council
Directive 98/8/EC. Because of these limitations, ethanol,
citric acid, and sodium hydroxide, for example, are not
marketable for use in animal husbandry.

However, citric acid is a mild, easily applicable, and very
effective disinfectant against pH-sensitive agents, such as
the foot-and-mouth disease virus. Sodium hydroxide shows
a low sensitivity against organic matter and is still efficient
at low temperatures. Thus, sodium hydroxide constitutes
an important means of slurry disinfection.

From September 1, 2013, Regulation (EU) No 528/
2012 (Biocides Regulation)31 will replace Directive 98/8/
EC. For emergency cases, article 55 of Regulation (EU) No
528/2012 presents the possibility for the competent au-
thority to permit a limited and controlled use of a biocidal
product that is not marketable. Nevertheless, considering
the urgency of stopping disease spread in an outbreak sit-
uation, the delay caused by a product authorization would
be unacceptable.

Despite the comprehensive recommendations in some of
the directives mentioned above, almost none of them
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names specific disinfectants and conditions for their ap-
plication. Whereas laws constitute general abstract rules
that are not primarily intended to give specific instructions,
the following guidelines of animal health organizations and
authorities are more practical.

Recommendations
from Organizations
The literature search for official guidelines for decontami-
nation resulted in the following collection of recommen-
dations from national and international organizations and
authorities:

1. Guideline on Means and Procedures for the Disinfection of
Notifiable Animal Diseases (BMELV). The Guideline
by the German Federal Ministry of Food, Agriculture
and Consumer Protection (BMELV)46 provides rec-
ommendations on the general approach to cleaning and
disinfection in animal husbandry. Special attention is
paid to the decontamination of buildings, equipment,
vehicles, manure, and slurry; decreasing efficiency of
chemicals at low temperatures is also addressed. More-
over, it contains individual decontamination protocols
for 44 animal diseases that are notifiable in Germany.
The protocols are structured into the stages of disin-
festation, running, preliminary, and final disinfection
including cleaning, surface disinfection, and manure
and slurry disinfection. The protocols provide data on
efficient chemical substances, applicable concentrations,
and contact times and a reference to commercial dis-
infectants listed by the German Veterinary Society
(DVG).52,53

The DVG lists include commercial disinfectants for
animal husbandry and food production along with
distributers of the disinfectants. All of the products in-
cluded in the lists must comply with the current DVG
guidelines for efficacy testing. These tests meet EU
standards and even go beyond them, which means fur-
ther test temperatures, more test viruses, and the addi-
tional use of wooden germ carriers to simulate the
conditions in animal husbandry more realistically.54

However, the DVG lists as well as the BMELV are
currently available only in German.

2. Operational Procedures Manual: Decontamination
(AUSVETPLAN). The Operational Procedures Manual:
Decontamination (Version 3.2) is part of the 3rd edition
of the Australian Veterinary Emergency Plan (AUS-
VETPLAN), which constitutes the national contin-
gency planning framework for the management of
animal disease emergencies in Australia.6 Besides pro-
visions for disease containment strategies, the AUS-
VETPLAN includes an operational procedures manual
with sections on destruction, disposal, and decontami-
nation. The decontamination part discusses different

classes of disinfectants with safety precautions and spe-
cial advice for the handling of formaldehyde gas (ap-
pendix 3). Instructions are given on planning and
implementation of the decontamination procedure in
different settings such as premises, vehicles, machinery,
personal decontamination, and animal by-products.
Finally, detailed protocols are presented for the so-called
emergency animal diseases in Australia advising applica-
ble disinfectants, concentrations, and contact times. The
recommendations are structured according to different
items to be disinfected such as carcasses, housing, (elec-
trical) equipment, water tanks, feed, effluent/manure,
vehicles, or aircraft.

3. Manual on Procedures for Disease Eradication by
Stamping Out (FAO). The FAO Manual47 provides
advice on the destruction and disposal of animals, going
into detail for different methods and sites (parts 1 and
2). Procedures are described for personal decontami-
nation, building and vehicle/machinery decontamina-
tion, as well as decontamination of animal effluent, feed,
milk, and dairy equipment (chapter 4). Specifications
on the handling of certain disinfectants and epidemio-
logic information on a number of pathogens are in-
cluded, and detailed protocols for these pathogens
are presented with regard to applicable disinfectants,
concentrations, and contact times for different items
(chapter 2). As the FAO Manual is based on the
AUSVETPLAN, these recommendations differ only
slightly in the specifications on concentrations and
contact times, both of which tend to be slightly higher in
the FAO guidelines. This is probably a result of con-
sidering lower application temperatures when adapting
the AUSVETPLAN to use in any country by the
FAO.47

The references mentioned so far in this section consti-
tute detailed recommendations focusing on the practical
implementation of the decontamination process for nu-
merous animal diseases. Thus, they include valuable ad-
vice for practitioners, ranging from manure to aircraft
disinfection, discussing advantages and disadvantages of
chemicals, and even providing support for the purchase of
disinfectants and technical equipment.

4. Technical Disease Cards (OIE). The OIE Technical
Disease Cards49 provide specific information on 33 an-
imal pathogens, 32 of which are OIE-listed diseases.
The cards are structured into sections on etiology, epi-
demiology, diagnosis, and prevention and control. The
etiology section contains a classification of the agent and
specifications on the pathogens’ resistance to physical
and chemical treatment as well as survival capacities in
different settings. Linked to this, inactivating temper-
ature and pH treatments are described along with suit-
able classes of chemical disinfectants and applicable
concentrations. Proceedings in infected countries as well
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as in outbreak situations are presented in the prevention
and control section, accompanied by provisions on
sanitary and medical prophylaxis.

5. Technical Factsheets (Iowa State University). The Center
for Food Security and Public Health at Iowa State
University provides individual Technical Factsheets48

for 153 biological agents with animal pathogenic or
zoonotic potential, covering all of the listed agents in
Table 1. In contrast to the recommendations mentioned
elsewhere, not just typical animal diseases are considered
but also foodborne pathogens like enterohemorrhagic
Escherichia coli (EHEC) O157:H7, rare diseases such as
Yersinia pestis, and even toxins like ricin.

Each of the factsheets holds disease-specific data—for
example, on the etiology, distribution, prevention, and
control of a pathogen accounting for animal and public
health aspects, if relevant. Furthermore, provisions are
made for decontamination accounting for diverse set-
tings (eg, food, water, environment) and, if necessary,
for the different natures of an agent (eg, vegetative cell,
spore, toxin). Therefore, suitable chemical disinfectants
and their concentrations as well as physical, and espe-
cially thermal, treatments are presented.

The OIE Technical disease cards and the Iowa State
University Technical Factsheets give a broad overview of
all issues that need to be considered in case of a disease
occurrence, including decontamination, by summariz-
ing the current scientific literature. But, of course, spe-
cific instructions for the decontamination process are
limited. For example, no information is provided on
characteristics of disinfectants or the practical approach
for disinfection. Time specifications for the chemical
inactivation are not always given.

6. Terrestrial Animal Health Code (OIE). The OIE Ter-
restrial Animal Health Code50 is a standard-setting
framework to improve terrestrial animal health and
welfare. The first part of the document contains infor-
mation on the culling and disposal of animals for disease
control purposes and detailed recommendations for the
decontamination of Bacillus anthracis (including spores)
in manure, bedding, slurry, animal housing, vehicles,
and contaminated rooms (chapter 4.13). The second
part provides information on OIE-listed diseases and
other diseases of importance to international trade (79
pathogens) focusing on trade restrictions caused by their
occurrence. It goes into detail for individual products of
animal origin from countries or zones with different
disease status.

Specifications for the importation of products reveal
commodities that bear the risk of spreading disease and
are thus important to be decontaminated. In addition,
direct instructions are provided for the inactivation of
different pathogens, as these inactivation procedures (eg,
fermentation, thermal or chemical treatment, irradiation)
influence trade restrictions, for example, on meat, milk,
and other products and by-products of animal origin.

Compared to the recommendations given above, the OIE
Terrestrial Animal Health Code considers special products
such as meat and milk products, hides, wool, and bone-
meal. Thus, the additional economic perspective of the
Health Code provides valuable supplementary information
for specific decontamination purposes.

The above results show that a lot of information exists on
the decontamination of high-priority animal or zoonotic
pathogens. An overview of all recommendations in relation
to individual biological agents is presented in Table 1. For a
number of agents, several references provide decontami-
nation instructions covering different fields of application
from facilities to products of animal origin. However, for
some pathogens, a lack of information sources is evident.
The following biological agents are considered in only 1 of
the reviewed references: Burkholderia pseudomallei, Coxiella
burnetii, EHEC O157:H7, Francisella tularensis, Y. pestis,
Clostridium botulinum neurotoxin (BoNT), and Staphylo-
coccal enterotoxin B (SEB). These pathogens and toxins are
mentioned only in the Iowa State University Technical
Factsheets, except for F. tularensis, which is also considered
in the OIE Terrestrial Animal Health Code. However, the
Health Code chapter on tularemia gives no advice on de-
contamination.

In contrast to the pathogens mentioned before, various
recommendations are available for the decontamination of
B. anthracis. Because of the attacks with letters containing
B. anthracis spores in the US in 2001, this agent is of special
concern. Therefore, several technical reports were pub-
lished by the US Environmental Protection Agency (EPA)
assessing different means and procedures for indoor and
outdoor decontamination and accounting for ecological
and economical aspects.55-60 Hydrogen peroxide and per-
acetic acid products as well as hypochlorous substances were
found to be efficient,56,60 as were bleach and chlorine di-
oxide, which showed inactivating results for B. anthracis
spores.55,56,58-60 The EPA reports are valuable for animal
health and for public health issues.

Characteristics of Disinfectants
As can be seen from Table 1, for most pathogens several
references are available that provide information on de-
contamination. Most of the documents mentioned above
suggest a variety of chemical disinfectants for each patho-
gen. Therefore, the appropriate disinfectant and decon-
tamination strategy must be chosen and adapted to the
particular situation. However, a lot of case-related factors
have influence on the choice of disinfectant, such as the
stability of the pathogen, the extent of contamination, the
contaminated material, the presence of inhibitors, the given
temperature, and time constrains. With regard to large-
scale outbreaks or bioterrorist incidents, an ideal disinfec-
tant should have a short minimal exposure time and a wide
range of efficacy to avoid the use of several substances
(cross-reactions and possible impairment). It should be
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effective at low temperatures, harmless to materials, envi-
ronment, and humans, easily and broadly applicable, stable
for long-term storage, and preferably low priced.5,61

Matching situational demands with characteristics of
disinfectants determines the suitable approach. Information
on disinfectant characteristics can be found in various lit-
erature sources, but only a synopsis of data enables an ad-
equate decision. In order to provide a knowledge base and
assistance in decision making, important characteristics for
the main recommended chemicals from the examined ref-
erences are summarized in Table 2.

Each of the chemical disinfectants was assessed with re-
gard to its inactivating spectrum, effective pH range, ap-
plicable temperature range, sensitivity against organic
matter, and possible inhibitors. These aspects determine
whether a disinfectant is generally appropriate for the in-
activation of an agent in the given circumstances. The ca-
tegories health aspects, toxicity to the environment,
material tolerance, stability of working solution, reaction
time, and costs outline additional situational, ecological,
and economic considerations affecting the choice of an
active substance. It must be emphasized that especially the
categories health aspects, inhibitors, and material tolerance
make no claims of being complete.

References are listed in Table 2 for each specification to
allow for a more detailed look, if necessary, and to take
account of supplementary or even contradictory indications
from different literature sources.

In general, it can be stated that all of the listed substances
are suitable to inactivating viruses and bacteria, while some
of them are only selectively effective against enveloped
viruses and not efficient against mycobacteria such as
phenols or quaternary ammonium compounds. However,
only a few of the chemicals are appropriate for spore in-
activation such as aldehydes, sodium hypochlorite, per-
acetic acid, and iodine to some extent.5,6,46,62 Especially for
alkalines and organic acids, the pH range is critical for
inactivating efficacy. For example, sodium hydroxide is
only effective at a pH above 12, which must be observed
when disinfecting slurry. In contrast, organic acids work at
a pH range of 2 to 3. It is self-evident that alkalines and
acids neutralize each other, which should be avoided when
using different substances simultaneously.5,6,46,62

With a view to the effective temperature range of the
substances, it is obvious that the inactivating activity of
disinfectants decreases at low temperatures, so concentra-
tions must be raised for consistent effectiveness. From the
listed substances, only sodium hydroxide, lime milk, per-
acetic acid, and to some extent alcohol and iodine work
under temperature conditions below 0�C. Formaldehyde
especially is strongly influenced by low temperatures and
does not work properly below 10�C,5,46 which can aggra-
vate the challenge of spore inactivation.

In addition to the temperature and the prevailing pH
affecting the efficacy of disinfectants, the extent of organic
contamination also has an effect. Any disinfectant works

best on cleaned surfaces. However, there are striking dif-
ferences in the sensitivity of chemicals against organic
matter. Thus, the use of sodium hypochlorite, iodine, and
quaternary ammonium compounds is confined due to their
decreasing activity in the presence of organic load. When
comparing the categories sensitivity against organic matter
and toxicity to environment, it seems that these aspects are
slightly related. Except for alcohols, peracetic acid, and
organic acids, the toxicity is high (or at least moderate) if
the sensitivity against organic pollution is low, and vice
versa.5,6,46,54,62 Especially alkalines and phenols can cause
severe environmental damages.62

Regarding the safety of operators, reasonable care is neces-
sary for the use of any disinfectant. However, special care must
be taken for some disinfectants to avoid adverse health effects.
In particular, formaldehyde gas should be used only by trained
and authorized personnel because of its toxic and carcinogenic
properties.6,62 The handling and storage of concentrated
substances usually needs more caution compared to the use of
diluted working solutions. A diluted peracetic acid solution
could, for example, be used as a hand disinfectant, while the
concentrated acid is highly irritating and corrosive.5 The more
stable a working solution, the fewer concentrates need to be
handled. Thus, the stability of the working solution has an
influence on the suitability of a disinfectant.

In addition to health consequences for the user of a
disinfectant, effects on materials should not be overlooked.
Therefore, the corrosiveness of chemicals may limit the
application spectrum (eg, sodium hydroxide and sodium
hypochlorite are corrosive to metal alloys).62 With regard to
the reaction time of disinfectants, it is obvious that it in-
fluences the duration of the overall decontamination proc-
ess and associated measures such as closure of facilities.
Moreover, the minimum exposure time also determines
directly the possible applications to some degree (eg, for
hand disinfection or for drive-through basins, only sub-
stances with short inactivation times can be used).

The considerations mentioned above show that many
parameters must be evaluated when choosing a disinfectant;
this can be a particular challenge in large-scale outbreaks or
bioterrorist incidents.

Discussion

Based on a priority list of 23 biological agents, relevant
recommendations for decontamination purposes have been
presented and information gaps have been addressed.
Moreover, it has been shown that many parameters have to
be considered in choosing an appropriate disinfectant.
Thus, any decision is a compromise as a result of weighing
different requirements.

Availability of Recommendations
As stated above, the Iowa State University Technical Fact-
sheets are the only identified official reference with
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recommendations for the decontamination of B. pseudo-
mallei, C. burnetii, EHEC O157:H7, F. tularensis, Y. pestis,
BoNT, and SEB. Even though the Technical Factsheets are
very comprehensive, they are not suited for and not in-
tended to consider all aspects connected with the decon-
tamination of these agents. For an adequate decision of a
decontamination approach, a broader literature base is
needed.

With the exception of EHEC O157:H7, which is mainly
pathogenic to humans, all of the agents lacking decon-
tamination instructions are capable of causing illness in
both animals and humans. Due to a subclinical course of
the disease or a limited host spectrum, the effects on animal
health of B. pseudomallei, EHEC O157:H7, F. tularensis, or
Y. pestis are limited. The same applies for the toxins SEB
and BoNT because they are not contagious. Nevertheless,
the risk caused to human public health by these agents
cannot be neglected. This aspect is also reflected in the list
of bioterrorism agents and diseases from the US Centers for
Disease Control and Prevention (CDC),12 where F. tula-
rensis, Y. pestis, and BoNT are assigned to category A
(highest priority) and B. pseudomallei, E. coli O157:H7,
and SEB are mentioned in category B. Unlike the previ-
ously discussed agents, C. burnetii, the causative agent of Q
fever (CDC category B), poses a risk to both public and
animal health. The lack of decontamination protocols for
C. burnetii was recently addressed by the Central Veterinary
Institute (CVI) in the Netherlands. In a study by de Jong,
the peroxygen-based commercial disinfectant Virkon-S was
successfully tested for efficacy against C. burnetii.63

Except for B. pseudomallei and SEB, the occurrence of
human disease caused by one of the discussed pathogens
and toxins is notifiable to the human public health au-
thorities in Germany. Therefore, the recommendations on
disinfection provided by the German Robert Koch Institute
(RKI)64 can be helpful as well as the list of certificated
disinfectants by the German Association for Applied Hy-
giene (VAH).65 Another reference that at least addresses
decontamination to some extent is the joint guideline of the
German Federal Office of Civil Protection and Disaster
Assistance (BBK) and RKI with provisions on medical
procedures in case of bioterrorism incidents.66 However,
the scope of these recommendations is human public
health, and the recommendations are not directly applica-
ble to the animal health sector.

Challenges in the Choice
of Disinfectant
Every disinfectant has advantages and disadvantages and is
therefore suitable for different situations. The demands on
a suitable disinfectant for large-scale outbreaks or bioterror-
ism incidents are numerous: short minimal exposure time;
wide range of efficacy; broad temperature range; harmless to
materials, environment, and humans; easy and broad ap-

plicability; stable for long-term storage; low priced.5,61 Un-
fortunately, no single substance meets all of these demands.
This underlines the necessity of finding the appropriate (if
not the ideal) disinfectant for the specific situation.

When trying to match requirements with characteristics
listed in Table 2, peracetic acid is a positive example. Per-
acetic acid is effective against a wide range of organisms
including bacterial spores and also in inactivating botuli-
num toxins, and the necessary exposure time is short. It is
still active at low temperatures and has a low sensitivity
against organic contamination with the exception of blood
residues. Furthermore, the working solution of peracitic
acid is nonallergenic, a low irritant, and has a low toxicity to
the environment as it degrades into water and acetic acid.5

These ecological and health compatible properties, along
with the wide temperature range of peracetic acid, are ad-
vantages compared to, for example, formaldehyde, which is
similarly efficient against spores.

Due to these characteristics, peracetic acid is generally
suitable for various applications in animal husbandry as
well as in the food industry such as the disinfection of
surfaces, vehicles, rooms, instruments, clothing and pro-
tective wear, hands and skin, and even wastewater to some
extent.5,62 However, different concentrations and contact
times are required for specific applications, and tolerance of
materials as well as safety aspects have to be considered.

A disadvantage of peracetic acid is the low stability of the
working solution. This requires a preparation of fresh
working solution every 1 to 3 days from concentrated acid,
which requires more cautious handling as it is highly cor-
rosive and can cause damage to health.5,46,62 Alkalized
peracetic acid is effective at slightly longer exposure times
but is less corrosive and has a less penetrating smell.5 An-
other negative factor compared to formaldehyde is the
missing data for the use of peracetic acid as a fumigant.5,62

Despite these drawbacks, the efficacy of this substance
has already been proven under practical conditions during
an outbreak of avian influenza (H5N1) in Germany in
2006, where peracetic acid was broadly applied by opera-
tional forces.5,67

This article attempts to give stakeholders and decision
makers an overview of existing recommendations and their
focus of application for the decontamination of high-risk
animal and zoonotic pathogens. Besides the presentation of
relevant references and legislation, the survey revealed a lack
of information sources for a number of biological agents
such as B. pseudomallei, C. burnetii, EHEC O157:H7, F.
tularensis, Y. pestis, BoNT, and SEB. Especially for C. bur-
netii and Brucella spp., it is remarkable that no legislation is
available at the EU level for the control of these pathogens
since these agents can induce severe diseases and cause high
economic losses. The identification of these weak points can
contribute to optimizing preparedness for a crisis situation
through further efforts to reduce information gaps.

With regard to legal restrictions for the use of disinfectants,
it is important that EU legislation such as the Biocides
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Regulation does not conflict with official recommendations
for efficient chemicals. A harmonization of legally permitted
and officially advised disinfectants would give operators the
necessary confidence to act in a timely way in crisis situations.

The compilation of requirements on disinfectants for
large-scale incidents illustrates the challenge of choosing an
appropriate mean for decontamination. Therefore, the
collection of characteristics of important chemical disin-
fectants can serve as decision support for the choice of a
suitable and efficient approach to mitigating the conse-
quences of crisis situations induced by high-risk animal or
zoonotic pathogens.
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