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1. Introduction

WP1 of the Healthy Livestock Program will quantify the main housing and management risk factors
associated with disease entering and spreading on, among others, broiler farms, and will define
biomarkers (animal-based indicators) that can be used to monitor the results of risk mitigation with
biosecurity and biocontainment measures. The systematic review of risk identification and selection of
biomarkers to monitor risks will lead to templates, providing a scheme from which tailor-made
health&welfare plans (including biosecurity protocols) will be designed in commercial farms. The effect of
the tailor-made plans on the defined indicators and their effectiveness in promoting health&welfare will
be pilot-tested during 12 months on Dutch (20), Cypriotic and Greec (20) and Chinese (15) broiler
farms.

This Dutch working document gives insights, derived from scientific and ‘grey’ literature, in risk factors
for major Dutch broiler diseases (digestive, respiratory, feet disorders), in existing Dutch scoring
systems, and in biomarkers (grosslist), and anticipates on the development of the risk analysis tool on
health plans based on the (FAQO) risk zoning as meant in T1.2 of WP1.

2. Major infectious broiler diseases in the Netherlands

[sources: Bergevoet et al, 2010; Animal Health Service https://www.gddiergezondheid.nl/pluimvee]

Table 1 Farm related diseases in the Netherlands (including aviairy influenza because of its known risk
factors and preventative measures also relevant for farm related diseases)

Respiratory diseases* Digestive tract diseases* Foot diseases*
Infectious Coryza (acute snot) Necrotic enteritis Enterococcus?
[Avibacterium paragallinarium] [Clostridium perfringens] [Enterococcus cecorum]
Infectious bronchitis Colibacillosis ?

[IB-virus] [E. Coli] (secundary infection)

Mycoplasma gallisepticum/ Coccidiosis

(Mycoplasma synoviae) [Eimeria maxima/tenella]

NCD Gumboro disease

[paramyxovirus](mandatory [Gumboro virus]

vaccination)

Infectious Larynchotracheitis Salmonella

[ILT-virus] typhimurium/enteritidis\pullorum

Ornythobacterium rhinotracheale

(kaaskuikens)

[as secondary infection, less

important]

(Aviary influenza)

[H#N#)

* ranked according to importance as indicated by Bergevoet et al, 2010


https://www.gddiergezondheid.nl/pluimvee

3. Literature scan: major diseases, transmission routes and prevention

3.1 Introduction
Search terms used on web of science are according to the major broiler diseases and/or pathogens.

3.2 Overview of diseases, risk factors and potential preventative measures

Table 2 Risk factors and preventative measures for major broiler diseases [only problems that affect
the feet (F), respiratory system (R), digestive tract (D) of broilers are mentioned in the table; P=
parasite, B=bacterium, V=virus]

Name of Type Refe- Risk factors Preventative measures mentioned
the di agent rences
Respiratory diseases
Infectious \ *.(Ignjatovic | Faeces, and feed and drinking water that have been All-in/all-out!
bronchitis and Sapats contaminated by faeces are sources of infection. The | Cleaning and disinfection between batches will limit
[IB-virus] 2000) virus can survive for a considerable time in faeces the level of infection to a minimum; however,
and is suspected to represent a continuing source of exclusion of IBV has not been achieved through such
re-infection in the recovery phase of the disease. measuresl
Contaminated litter, Vaccines!
footwear, clothing, utensils, equipment and Extreme strict SPF hygiene measures!.
personnel are all potential sources of virus for
indirect transmission and have been implicated in
IBV spread over large distances. The role of vertical
transmission in the epidemiology of IBV has not
been clearly established. Airborne (aerosols) or
mechanical (via personnel, material and equipment)
transmission between birds, houses and farms can
take place. Movement of live birds, either as one-
day-old chicks or as adult birds should be considered
as a potential source for the introduction of IBV.
Vectors do not appear to be a factor in the spread of
1BV,
Mycoplasma B *.(Kleven Contact with contaminated dust or water particles in Prevent contact with (wild) birds?.
infection 22008); the air that travel via the nose or eye into the lungs. Replacements from mycoplasma-free sources in a
[gallisepti- (Levisohn | ~ontaminated clothes, hair, feathers, egg material single-age, all-in all-out 3
and Kleven ! . . .
cum/ syno- 2000) (on trays) or other contaminated material. Also Good biosecurity?
viae) 3,(Umar, vertical transmission 13, Effective monitoring system 13
Different Munir et al. Transmission occurs vertically (in ovo), from an Segregation and traffic control®
types 2017) infected breeder flock to the progeny, or Vaccination?!
horizontally, by direct or indirect contact of Shield the stable
susceptible birds with infected carriers or
contaminated debris?.
Infectious \ *.(Ou and Natural transmission of ILTV is through the upper Avoid contact between vaccinated or recovered field
Laryncho- Giambrone respiratory and ocular routes and transmission virus infected birds with non-vaccinated chickens!.
tracheitis f?cl)i) between flocks occurs via contaminated equipment, Vaccination?.
[ILT-virus] éiambrone humans, and litter. Sources of ILTV are clinically Remove contaminated fomites!.
et al. 2011) affected chickens, latent infected carriers, Biosecurity to prevent pathogens from infecting and
contaminated dust, litter, beetles, drinking water transmitting disease by humans, insects, wild birds,
and fomites. Other possible sources of transmission or other animals?.
included dog, crows, and cats 2.
New castle \% !.(Alexander | Contaminated water and feed, manure or secretes. Vaccination [mandatory in NL]*
disease 2000) Also infection via air water drops or dust. Spread Prevent introduction of virus!
(NCD) from bird to bird appears to occur as the result of Good hygiene (clothing change, equipment
[Avian either inhalation of excreted droplet particles or the disinfection, etc.)!
Paramyxo- ingestion of infective material such as faeces. Wild Biosecurity (separate flocks, isolate hatcheries, fresh
virus (PMV)] birds, movements of personnel or equipment can water)!
also play a role in transmission Prevent contact of material and broilers with (wild)
birds?
Minimize movement on and off farm?
Disinfect all equipment (including vehicles) before
entering the site!
Movements of animals and materials should take
place to and from a specific collection and delivery
point away from the flocks?!
Avian \% !.(Ssematim | Contact types are bird movements during thinning Depopulation of farms?
Influenza ba, and restocking, most human movements accessing Transport ban?
[H#N#] ngfnz‘—"glr;) poultry houses and proximity to other poultry farms. | Hygienic measures?3
2.(Thomas, | Transmission of the virus through movements of Reducing scavengers through covering the manure
Bouma et al. | humans (visitors, servicemen and farm personnel), storages!
2005) vectors (wild birds, rodents, insects), air- (and dust) Ensuring that manure does not stay long on the
3.(Bokma, related routes and other fomites (e.g., delivery premises as well as ensuring that dead birds are
Bergevoet et | trycks, visitors’ clothes and farm equipment) have disposed of safely!
al. 2016) all been hypothesized!. Transport of live poultry,
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Name of

Type

Refe-

Risk factors

Preventative measures mentioned

the di

agent

rences

persons and mechanical transfer of faeces of
infected birds are considered to be the most
important transmission routes. Consequently, these
routes mainly consist of movements of people (e.g.
farm owners and their staff), materials (e.g. egg
trays) and vehicles (e.g. lorries that transport egg
trays and eggs). Other routes of transmission are
transmission from infected farms over short
distances. Finally, interspecies transmission via pigs
is also considered to be a source of infection to
poultry?

Airborne contamination risks could be reduced
through installation of dust extraction systems like
air scrubbers!

Prevent contact with (pet) animals and insects?
Minimize visitors on farm?3

Movements of animals and materials should take
place to and from a specific collection and delivery
point away from the flocks?

Disinfect materials and vehicles that enter the farm3

Digestive tract diseases leading indirectly to foot problems

Coccidiosis P L. (Allen and | Transmission through faecal-oral route by ingestion Anticoccidials!
[Eimeria Fetterer of tissue cysts as well as oocysts that contaminate Vaccination?!
maxima/ 220082|)k the environment3. Thorough cleanout between flocks!?
tenella] a'nsj Taorﬁley Oocysts can also be transmitted via dust or Caretakers change clothes between house?
2014) arthropod vectors* Strict biosecurity?!
3, (Belli, Controlling house climate?
Smith et al. Restricting bird access to faeces?
2006)
4. (Reyna,
McDougald
et al. 1983)
Necrotic B *.(Cooper C. perfringens is a common intestinal inhabitant.? Vaccination?
enteritis and Songer Contamination of poultry feed and even vertical Coccidial vaccines and coccidiostatic drugs are able
[Clostridium Zz?i)ra)mersee transmission has been suggested! to prevent C. perfringens-associated necrotic
perfringens] |" Buck et al. | The bacterium can be found in the environment, enteritis?
2004) such as soil and water. It is also shown that The exact mechanism of infection is still unknown so
3.(Timbermo | intestinal droppings of wild birds contain high the control strategy remains uncertain®
nt, Lanckriet | numbers of C. perfringens?
et S]'- 2010) | pevelopment of necrotic enteritis depends on the
2'618)0“9 presence of predisposing factors, two of the most
important being mucosal damage caused by
coccidial pathogens and feed containing high protein
levels3
Colibacillosis | B !.(Giovanard | Escherichia coli is present in the normal intestinal Control of environmental contamination?
[E.coli] l ) flora of birds. Only some strains with specific Environmental parameters such as humidity and
secundary gtagpg%gzr)l virulence attributes, designated as avian pathogenic | ventilation?
infection z_(DHO_ E. coli (APEC), are able to cause disease’. Reduction of the transmission of E. coli by
Moulin and Vertical transmission takes place 2 fumigating the eggs within 2 h after they have been
Fairbrother Horizontal contamination with E. coli usually occurs laid and by discarding eggs that are cracked or those
1999) through contact with other birds, or through faeces, with obvious fecal contamination?
contaminated water and feed. Birds are frequently
contaminated by inhalation of particles present in
dust?
Salmonel- B L. (Van Contaminated dust, manure, feed, human shoes and Introducing salmonella-free animals into your flock?
losis Immerseel, clothing, pest animals, pet animals. Vertical Water and feed decontamination!
[Salmonella aDle zzg(t)tger et | transmission occurs. Introduction can take place via | Insect, rodent and vector control!
typhimurium Totton, vehicles, people, clothing, footwear, equipment, Controlled access to the farm. Only essential
/ enteritidis/ Farrar et al. water, feed, litter, insects, rodents, wild birds, pets, visitors!
pullorum] 2012) utensils and many more?. Protective clothing and disinfected boots!
Simple measures such as foot baths, hand hygiene!
Minimizing movement between different animal
houses!
Hygienic barriers, including anterooms!
Cleaning and disinfection after each?®
Preventing contact with other animals are important!
Gumboro
disease?
[Gumboro
virus]

3.3 General literature on biosecurity of broiler farms

Belgian: Biocheck.UGent
Gelaude et al (2014) indicate that, based on scientific literature, a large number of risk factor studies
related to poultry diseases is available, but always in the function of one specific disease. These authors
conducted a comprehensive literature review on disease transmission in poultry in order to construct a
risk-based weighting scoring system for the biosecurity level in (Belgian) broiler farms (Biocheck.Ugent).
Gealude et al (2014) separated their scoring system in two main categories, external biosecurity (the
introduction of off-farm pathogens) and internal biosecurity (preventing within-farm spread of
pathogens), with the following (science based) content:




External biosecurity

e Location of the farm (poultry density farm vicinity)
e  Purchase of 1-day-old chickens
e Removal of manure and dead animals

e Entrance of visitors and personnel
e  Supply of materials (instruments, equipment)
e Supply of feed and water (and bedding materials)

e Thinning and depopulation (off-farm movement of live broilers)

e Infrastructure and biological vectors (rodents, wild birds, insects, other poultry species, other

farm animal species, pets)

Internal biosecurity

e Disease management (vaccination, euthanasia policy, removing dead birds from stables,

stocking density)

e Cleaning and disinfections (between flocks; before entering broiler houses)

e Materials and measures between compartments (equipments, clothing, hand washing facilities..)

In the construction of a (Dutch) risk tool concerning major respiratory, digestive tract and feet diseases

in broilers, we use the Gelaude comprehensive literature review as a starting point, extend the literature
review to specific major broiler diseases and identify relevant transmission routes and biosecurity
measures within the separated risk zones and transition line between zones on broiler farms.

3.4 Matrix of diseases and relevant subcategories of biosecurity

In the following matrix, we have tried to relate literature insights on prevention of introduction and

spread of the main Dutch broiler diseases to the subcategories of biosecurity as defined by Gelaude et al.

(2014).

Disease

Infectious bronchitis
Mycoplasma

Infectious Larynchotracheitis
NCD

Aviary influenza

Coccidiosis
Clostridium
Colibacillosis
Salmonella

IFarm location related to transmission by air or proximity with wild birds
2Restricted entrance of visitors and personnel

External biosecurity

Farm location!

X X X X X

X

Purchase “clean” chicks

X X X X

Restricted entrance?

X X X X X

X

Specific delivery site?

X X X X

Supply of clean materials*

Prevent contact with wild

birds

Prevent contact with
pet/pest animals

Respiratory diseases

Digestive tract diseases

X
x X
X X
X X
x X
x X
X
x
x X

3Supply of materials from a specific delivery site on the farm

4Supply of clean feed, water and bedding materials
SHygienic barriers, including anterooms

X
X

X

Minimize movement on and
off farm

X

Internal biosecurity

Use of hygienic barriers®

X X X X X

X

X

Shield the stable

Use clean materials and

protective clothes

X X X X X

X

X

Removal of manure and

X X X X X
dead animals

X X X X

All in all out system

X X X X

X X x X Vaccination

X

Thinning and depopulation

Extreme SPF hygiene

measures

X

The overall conclusion is that many biosecurity measures are considered important at the same time for

a variety of broiler diseases, both respiratory and digestive tract disorders. These various measures all

help in decreasing the risk for introduction of a pathogen. To decide which measures can be applied on a

Control climate in the

stable



specific farm, knowledge on risk factors, disease history on farm and practical possibilities must be taken
into account.

4. Existing scoring systems for biosecurity

4.1 Dutch scoring systems

IKB KIP

The IKB Kip certification scheme is a global chain quality system for the entire poultry meat sector. This
allows all links involved in the production of IKB Kip poultry meat (from breeding to processing) to
ensure production methods guarantees, for instance regarding the quality and safeguarding of the
quality. IKB Kip is a dynamic system that is constantly developing. IKB Kip’s scheme management lies
with the PLUIMNED foundation (https://pluimned.avined.nl/thema/ikb-kip-in-english).

Topics in the IKB Kip certification schema for broiler farmers: Requirements on building and layout; Food
safety (Salmonella check etc); Feed systems and drinking water; Animal performance and health;
Veterinary medicinal products (e.g. antibiotics use and storage); Hygiene (hygiene lock, visitors protocol,
cleaning and disinfection, pest control (incl. wild birds) et cetera. And special additional requirements for
hygiene on broiler farms: see Appendix 1. Almost all Dutch broiler farmers participate in IKB KIP.

Dutch Hygiene Scan for poultry
(to reduce risk of introduction of avian influenza a.o., implemented in 2015; the hygiene scan is part of
IKB Kip, mandatory for participating poultry farms; only Dutch version available)

Topics: Pest control and banning of wild bird; Accessibility farm yard (fences etc); Hygiene of farm site
(farm yard); Farm hygiene; Barn hygiene; Hygiene regarding transport vehicles, materials and personel;
Additional questions for specific farm types (e.g. hygiene requirements for farms with outdoor areas for
chickens). The Hygiene scan must be scored every 12 months and be disucssed with veterinarian.
Scoring system: based on expert view. Very important preventative measurements: 10 points; medium
and less important measuremenst: resp. 5 and 3 points. At this moment, farmers must meet at least
60% of the total hygiene scan points to be attained.

Campylobacter scoring system

In a multi-annual study concerning reduction of Campylobacter-positive broiler flocks in the Netherlands,
we developed a Campylobacter risk-analysis tool, called CAMPAS. The CAMPAS questionnaire will be
further developed and validated to provide Dutch farmers with a tool to indicate the strengths and
weaknesses in their biosecurity status and the associated risk for introduction of Campylobacter in their
flocks.The questionnaire is only available in Dutch. Campylobacter remains the most common reported
zoonotic pathogen in humans in the European Union since 2008 (EFSA, 2018)(EFSA, 2018)(EFSA, 2018).
Poultry is a major source of human infection with Campylobacter, although the epidemiology of
Campylobacter at broiler farms is still poorly understood. The purpose of the study is to investigate
factors associated with the presence of Campylobacter on a selected humber of broiler farms in the
Netherlands.

The CAMPAS checklist follows the structure of the Dutch Hygiene scan for poultry, with additional
questions related to specific risk of introduction and spreading of Campylobacter. At this moment, no


https://pluimned.avined.nl/thema/ikb-kip-in-english

weighting factors between topics, or between questions within topics, are included. Results are presented
to farmers in a ‘cobweb’. The outliers are the focal point topics for strenghtening of farm biosecurity.

Scoring system footpad lesions
Footpad lesions (Michel et al. 2012); scoring system based on severity and extent of these three types of
lesions:
e Type I mild lesions: scale enlargement and erythema, histologically by hyperplasia and
hyperkeratosis of epidermis, superficial dermal congestion and oedema
e Type II moderate lesion: hypertrophic and hyperkeratotic scales covered with yellowish to
brownish exudate, and histollogically by prominent pustular and crust-forming dermatitis
e Type III severe lesions: thick dark adherent crust, and histologically by extensive ulceration

4.2 Belgian scoring system

In our neighbour-country Belgium, the Biocheck.UGent is is an elaborate check for the biosecurity status
on farm, e.g. poultry farms https://www.biocheck.ugent.be/index.php (Gelaude, Schlepers et al. 2014;
see also ). The university of Gent separated the Biocheck scoring system in two main categories,
external biosecurity (the introduction of off-farm pathogens) and internal biosecurity (preventing within-
farm spread of pathogens), of which each subcategory consist of 2 to 17 different biosecurity measures.
Prioritization and weighting of the various biosecurity measures has been done by an expert panel
(epidemiologists, veterinary practitioners, microbiologists, hygiene specialists) in order to indicate their
relative importance. As not all transmission routes are equally efficient in disease transmission,
biosecurity measures are not equally important.

The figure below illustrates the relative importance of the different pathways of pathogen transmission between farms [Laanen et al, 2010).

l Air I | Persons |

IPetsand rodents I |Hateria|| [ Animals I

Figure 1: General arrangement of the transmission routes
between farms according to their relative importance
(adjusted from Boklund, 2008)

Gelaude et al (2014) emphasize that direct contact between animals (e.g. purchase of 1-day-old chicks,
several age groups on the farm, free range of poultry et cetera) poses higher risks, whereas indirect
contacts (e.g. rodents or equipment et cetera as vectors) are less efficient in pathogen transmission.


https://www.biocheck.ugent.be/index.php

5. Risk zoning of broiler farms

The risk analysis tool we develop in T1.1 will be completed during the initial visit on participating broiler
farms. In T1.2 we will develope health plans to reduce risks in animal friendly broiler systems. T1.2
formulates it as follows: ‘Based on the results of the risk assessment and on new insights in the
design of risk zoning for broiler farms (as an elaboration of the FAO 3zone-biosecurity model),
tailor-made health plans will be designed (proposed and discussed with each farmer-participant)’. In the
development of the risk analysis tool, it is efficient to anticipate on the risk zoning in the health plans as
meant in T1.2. The following picture gives an impression of the risk zoning, as worked out for a Dutch
broiler farm.

‘Coat rak’: defining on-farm risk zones

[elaboration of FAO 3zone biosecurity model, 2015]

By Google-Earth ...

® Green zone with broiler houses and
entree rooms: clean, strictly isolated
restricted access

® Orange zone with paved surfaces
and functional farm areas: with
biosecurity measurements to reduce
contamination with ‘foreign” manure to
medium/low risk

® Red zone with external areas (un-
paved roads, ditches, pastures, .. ):
high risks, farmers little acting opportunities

H.WAGENWGEN W

The risk analysis tool will be constructed based on the outcome of the literature scan (this document).
For each zone and transition line between two zones, risk factors will be listed, objectives will be
indicated and a scoring system like the Belgian Biocheck scoring system will be developed. Based on the
results of the risk analysis tool, tailor-made on-farm health plans will be made to strenghten biosecurity.
The following steps will be taken into account by constructing a health plan:

Biosecurity
e (Re)defining on-farm green-orange-red zones
e Determining hygienic measures per zone
e Determining hygienic measures when passing transition lines between zones
e Implementation of biosecurity protocols
Biomarkers
e Defining the biomarkers to monitor, and tailor-made objectives / atrgets for the chosen markers

6. Biomarkers

A biomarker, per definition, is a marker or indicator of a biological process or pathological states and it
can provide information on a current status of future risk of disease of an individual (Pletcher et al.,
2011; Moore et al., 2007). A biomarker should possess key characteristics and qualities, which will
depend upon its intended use (Aronson, 2005; LaBaer, 2005). A biomarker must be accurate, sensitive
and specific. The biomarker should be altered in the relevant disease and be able to discriminate
between diseased and control populations. It should also be possible to quantify the biomarker reliably



and reproducibly. For diagnostic purposes biomarkers should ideally be obtained from readily accessible
body fluids in animals such as blood plasma, urine, sweat and saliva or other accessible materials such
as hair and feces (Moore et al., 2007)

A literature scan was performed using Web of Science and Scopus to review biomarkers that can be used

in broilers to predict or indicate a disease. The following words have been used to search for literature:
biomarker & chicken. This revealed a large amount of literature (respectively 217 and 343 hits,
respectively). For biomarkers for oxidative stress in chicken also Google Scolar was used, because only
13 hits were found in Web of Science which were more related to stress and animal welfare.
Respiratory/lung disease chicken and biomarker were used in Web of Scinece, Scopus and Google
Scholar to scan literature on biomarkers for respiratory problems in chicken. The most relevant
papers/reviews were selected, resulting in the following biomakers (see gross list par. 7.1). The practical
feasibility is scored by two microbiologists working at Wageningen University&Research (dr. A. Rebel and

dr. N. Stockhofe).

6.1 Gross list of potential biomarkers
The gross list of potential biomarkers is divided in non-specific biomarkers (6.1.1), and specific
biomarkers for respectively digestive disorders (6.1.2.), respiratory disorders (6.1.3) and feet disorders

(6.1.4).

6.1.1 Non-specific biomarkers

BIOMARKER INDICATIVE OF: MATRIX | PRACTI-
CAL
FEASI-
BILITY
(+-)
Glucocorticoiden and Released by non-inflammatory and Blood
cathecholamines psychological stress response, by activating
HPA axis and sympathic-adrenal axis.
Glucocorticoiden and catecholaminses stimulate
production of pro-inflammatory cytokines (IL-1,
IL-6, TNFa)
Corticotropin-releasing hormone Increased by activated HPA axis Bioassay
(CRH)
Cortisol/hydrocortisone Increased by activated HPA axis Feathers +
[corticoid)
(Nor-)adrenaline/(nor-)epinephrine | Increased by activated sympathic-adrenal axis Bioassay -
[catecholamines] (fight and flight)
Pro-inflammatory cytokines: Regulating active immune responses
(messengers to hepatocytes producing APP)
II-1B Blood Pcr-based
IL-6 Blood +
TNFa ? relevant in chickens? Blood +
Ratio Th-1/Th-2 cytokines Balance in pro-inflammatory/anti-inflammatory | Blood +
cytokines
Acute-phase proteins (APP): Early detection of disturbances in homeostasis, Plasma
of changes in herd health status prior to clinical | and
disease, trauma, stress response (can be useful | serum
as infection and inflammation markers and
stress indicators)
C-reactive protein (CRP) (first line) Elisa +
Serum amyloid A protein (SAA) (first line) Elisa +
Haptoglobin (Hp) (second line) Elisa +
Immunoglobulins Immune system functioning [gives little
information]
19G Protects against bacterial and viral infections All body -
fluids
IgM First antibody to fight an infection Blood -
Lymphocytes (white blood cell) Blood
Natural killer cells (NK) Protection against virally infected cells (and Blood (no prac-
tumors), activated by cytokines (interferon) tical tools
chickens)
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T-cells Cell-mediated immunity Blood +
B-cells Humoral immunity Blood +
Macrophages Phagocytosis; non-specific defence (innate Blood +/-
immunity); initiate specific defence (adapative
immunity; antigen presenters tot T-cells etc.);
inflammatory and anti-inflammatory (release of
cytokines)
Heterophil frequencies (white blood | The increase in heterophil frequencies Blood +
cell counts) measured with the hematology analyzer proved
to be a very sensitive method for the
measurement of changes in plasma
corticosterone concentrations (in relation to
stress in broiler chickens)
Oxidative stress A.o indicative of activation of immune system in
response to invading microorganisms
(inflammation); [also following presence of
xenobiotics or radiation]
Nitric oxide (NO) Role in activating hepatocytic cells to produce ... assay +
APPs. Close relationship with immune function
(Chen et al. 2014)
Malondialdehyde (MAD) Indicative of lipid peroxidation level (sehirli et Blood, +/-
al. 2008; Youssef et al. 2009) tissue
Catalase (CAT) Antioxidant enzyme that is produced naturally +/-
within the body. Activity is indicative of
oxidative status (Ismail et al. 2013)
Glutathione-S-transferase (GST) Antioxidant enzyme that is produced naturally Plasma +/-
within the body. Activity is indicative of
oxidative status (Vossen et al. 2010)
Super Oxide Dismutase (SOD) Antioxidant enzyme that is produced naturally Plasma +/-
within the body. Activity is indicative of
oxidative status (Vossen et al. 2010)
Telomere length Length is reducing faster during oxidative DNA +
stress: telomere length might be useful as blood
biomarker of disease progression (Houben et al. | cells
2018)
6.1.2 Specific biomarkers: Digestive disorders
BIOMARKER INDICATIVE OF: MATRIX | PRACTICAL
FEASIBILITY
Bacterial counts in liver Increased intestinal permeability in Liver +
broilers
LPS in serum Lipopolysachariden, found in outer Serum +
membrane of gram-negative bacteria, in
serum indicative of increased intestinal
paracellular permeability (IP)
Fecal microbiota: loss of species Poor intestinal health Feces -
richness, and/or diversity and
evenness
Enterobacteriaceae Dysbiosis Blood +
Peptides Blood
Lactoferrin, cathelicidins, defensins Antimicrobial peptides. Indicative of +
damage to the intestinal epithelial barrier
when secreted in increased amounts
Specific pathogens
Clostridium perfringens Necrotic enteritis Feces +
E. Coli Secondary infection Feces +
Eimeria maxima/tenella Coccidiosis Feces +
Salmonella typh./enteritidis Salmonellosis Feces +
Gumboro virus Gumboro disease Blood +
Campylobacter spp Campylobacter Feces +
Specific antibodies
pm
Clinical symptoms
Diarrhea +
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Weight changes

Feed-water intake/appetite

Mobility

Feathers

Flock activity

Vocalisation

Productivity markers

Feed/water intake

Feed conversion

Growth

Mortality

o e S o e B e e O R s

For potential biomarkers for assessing intestinal permeability (IP) see also Table 5 in Gilani et al., 2016:

Table 5.

Summary of the different biomarkers used for assessing intestinal permeability (TF)

Test Basic measurements

Advantage(s)

Disadvantage (s)

Lactulose (L), L-rhamnose (R)
and mannitol (M) sugars

permeability (L)

Fluorescem isothiocyanate

dextran (FITCHd) permeability as above (L)
method
Ussing chamber Trans-epithelial electrical

resistance and nutrient

movement

Tight-junction (TT) protein

Measures transcellular (R and
M) and paracellular

Measures paracellular

Measures the transcriptional

1. Measures [P throughout the intestine.
2. Canbe usedin same animals repeatedly.
3. Less invasive technique.

1. Has been used in chickens recently.

2. Measures IP throughout the intestine.

3. Canbe used in same animals repeatedly.

4. Less invasive technique.

1. Many measurements can be taken from
small sections of the intestines.

2. Can specifically measure IP of
duodenum, jejumim and ileum
separately.

Has been conducted in poultry and pigs.

1. Has not been conducted in chickens, but
has been conducted in dogs, rabbits,
rats, mice, birds and humans only.

2. Oral gavape needs to be given with
sugars to birds and requires blood
collection.

Oral gavage needs to be given with sugars
to birds and require blood collection.

1. In vitrotechnique as does not include the
responses from live animal.
2. Measures IP of a specific section of the
intestine at one point.
3. Need special apparatus.
4. Need to kill birds to get tissues
1. Cannot be performed i same animals
repeatedly.
. Not a direct measure of TP,
. Messenger RNA transcription may not
always lead to full protein ranslation.

tad

EXpression process of TJ protein
expressions
Intestinal fatty acid binding Measures IP dueto the damage . Less invasive technique.
protein (IFABP) and n mucosa . Can be measured in blood.

antitrypsin inhibitor (AAT)
D-lactate

Diamine oxidase (DAO)

Bacterial translocation

LPS i blood

Measures [P as lactate passes
from intesting to blood

Measures [P as DAO passes
from intestinal mucosa to
blood

Measures IP as pathogens pass
from intestinal mucosa to
blood

Measures [P when endotoxins
of pathogens raverse from
the mtestinal mucosa to
blood

1

2

3.Canbe usedin same animals repeatedly.
1. Less invasive technigue.

2. Can be measured i blood.

3.Canbe usedin same animals repeatedly.

1. Less invasive technique.

2. Can be measured i blood.

3. Canbe used in same animals repeatedly.

4. Has been used in intestinally
compromised chickens.

Has been used in chickens.

Less invasive technique as it can be
measured in blood.

Has not been conducted in chickens so no
data to compare results.

1. Only a few smdies have been conducted
in chickens.

2, Has not been used in disease- or stress-
challenged chickens.

Few studies have been conducted in
chickens.

Need to kill birds to collect tissues.

1. Has been used in only one study.

2. The model used in the smdy suggests
that it requires further experiments to
use this model m a vanety of conditions.

6.1.3 Specific biomarkers: Respiratory diseases

BIOMARKER

INDICATIVE OF:

MATRIX

PRACTICAL
FEASIBILITY

Proteins

ChPLA2_V (chicken secretory class V
phospholipase A2 enzym)

Lung inflammation (novel broad
biomarker of infectious bronchitis)
[Karray et al, 2012] was found to
display potent Gram-positive and
Gram-negative bactericidal activity
and antifungal activity in vitro

Lung, spleen
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Specific pathogens

Salmonella enterititis

pm

Specific antibodies

Elisa

Pm

Clinical symptoms

Tracheal rales, coughing, sneezing

Productivity markers

Feed/water intake

Feed conversion

Growth

Mortality

+ [+ |+ |+

6.1.4 Specific biomarkers: Feet disorders

BIOMARKER

INDICATIVE OF:

MATRIX

PRACTICAL
FEASIBILITY

Visual scoring of footpad lesions

Footpad lesions (Michel et al. 2012)

Type I mild lesions: scale
enlargement and erythema,
histologically by hyperplasia and
hyperkeratosis of epidermis,
superficial dermal congestion and
oedema

[scoring system based on severity
and extent of these three types of
lesions]

Visual

Type II moderate lesion:
hypertrophic and hyperkeratotic
scales covered with yellowish to
brownish exudate, and histollogically
by prominent pustular and crust-
forming dermatitis

Visual

Type III severe lesions: thick dark
adherent crust, and histologically by
extensive ulceration

Visual

Litter humidity

Predictive of footpad dermatitis

pm

Specific pathogens

Pm

Specific antibodies

Elisa

pm

Productivity markers

Feed/water intake

Feed conversion

+

Movement/mobility

7. Follow-up

The result of the literature scan on risk factors, scoring systems and biomarkers forms the basis for the
construction of a risk tool and for selecting biomarkers to be used during the field trial with broiler farms.
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Appendix 1 Hygiene regulations in Ducth broiler qualisystem (IKB KIP)

FEED (SYSTEMS) AND DRINKING WATER (SYSTEMS)

Broilers have acces to feed and water without limitation.

ANIMAL PERFORMANCE AND HEALTH

The poultry farmer must ensure that the vet{erinary
practice) visits the business at least once in each cycle.

For a clinical inspection and operational guidance, including
an evaluation of the antibiotics use, if any. Demonstrate using
the vet's report.

All chickens present in one stable are supplied at the
same time.

Exception is the placement of by-products (originating from
greatgrandparent animal companies).

HYGIENE

All visitors who enter the clean area of the company
property must use the hygiene lock before entering.

A transitional period is in force: 1-3-2020.

Only persons who ride the transport vehicles and who enter
the clean area of company building may drive over the
company premises without using the hygiene lock first.

The hygiene lock is located outside the stable {animal
area), preferably next to the entrance to the company
premises. An entree lock is equipped with a separate
entrance and exit and a physical barrier between the
clean and unclean parts of the hygiene lock.

A transitional period is in force: 1-3-2020.
The physical barrier is preferably a door, but can also be a
bench, for example. A plank is not permitted

The hygiene lock is equipped with a shower, an area
where people can change into clean clothing/footwear
and a hand-wash facility with a sink with drainage, water,
soap and a |[disposable) towel.

A transitional period is in force: 1-3-2020.

MNext to clean clothing and footware, there are additional
requirements if there is no working shower available. Vistitors
are required to wear a hairnet and mouth mask.

IKE PSE companies may use their own clothing and footwear
as long as these are clean. The hand-wash facility is preferably
located in the clean area of the hygiene lock and as close as
possible to the phiysical barrier. Hands must preferably be
washed before one changes into clean company
clathing/footwear.

After the operator has cleaned and disinfected the barn
and before a new flock is introduced, he/she must have a
hygienogram carried out once per calendar year.

Sampling and analysis is performed in accordance with the
HOS050-regulation AVINED.

If the result of the hygienogram in VG04 is = 1.5, the
stable must be sufficiently cleaned and disinfected
before installation of no later than the second new pair,
50 that the result of the hygienogram is < 1.5. Only if the
result of the hygienogram is < 1.5 in one of the two
vacancies, then may the stable pair be placed in the
stable.

Given the often tight planning, the broiler farmer is given two
chances to obtain a hygienogram with a result of < 1.5. If this
has not been obtained, then the installation of the second
new pair must be postponed until the result is < 1.5.
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