
What works 
Why it often does not 
What we can do about it
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43 H5 & H7 epidemics; 7 different 
viruses in 22 countries in Africa,  
Americas, Asia, Australia, Europe,  
Middle East

Over 80 H5 epidemics; over 10 
strains in over 75 countries
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Country Species Significant Factors Reference

USA Turkey
Chicken

Odds are 7.3 times higher when disposing dead birds by rendering
McQuiston et al. , 
2005

Japan Layer

Odds are 37 times higher when introducing end-of-lay chickens

Nishiguchi et al., 2007
Odds are 29.4 times higher when sharing farm equipment between farms
Odds are 7 times higher when visitors have incomplete hygiene measures (shoes, clothes 
hands) 

Korea Layer
Odds are 500 times lower when farms have disinfection stations (hand & boot 
washing/disinfection) Yoo et al. 2002

Odds are 6 times lower when changing boots between barns

France Duck

Odds are 9 times higher when inadequate management of vehicles and people 
movements

Guinat et al., 2020
Odds are 6.5 times higher if inadequate delimitation of farm and units (leading to 
inadequate use of anteroom)

Netherlands All Odds are 2 times higher in layer compared to other types of birds Thomas et al., 2005

Italy All 
Farms located within 1500 m from case farms are 12 times more likely to be infected.

Mannelli et al., 2006Turkeys are 4 times more likely to be infected compared to other species.

Risk factors associated with Avian Influenza

https://doi.org/10.2460/javma.2005.226.767
https://doi.org/10.2460/javma.2005.226.767
https://doi.org/10.1111/j.1863-2378.2007.01074.x
https://doi.org/10.1016/j.prevetmed.2021.105556
https://doi.org/10.1111/tbed.13672
https://doi.org/10.1016/j.prevetmed.2004.12.001
https://doi.org/10.1637/11540-112516-Case.1.


Graham et al, 2008

Risk identification – we know the risks
• Birds
• Multi-species sites
• Water
• Visitors & employees
• Equipment
• Dead bird disposal
• Manure management
– Storage
– Spread 

• Rodents & other 
wildlife

• Insects
• Regional farm density
• The wind?



“And he that is to be cleansed shall wash his clothes, 
…wash himself in water, …and after that he shall 
come into the camp, but shall stay outside of his tent 
seven days.”

Leviticus/14/8

“You shall have a place outside the camp, and you 
shall go out to it. And you shall have a trowel 
with your tools, and when you sit down outside, 
you shall dig a hole with it and turn back and 
cover up your excrement.” 

Soldiers returning from war were required to flame all their 
equipment and to plunge garments in boiling water.
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seven days.”
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you shall dig a hole with it and turn back and 
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equipment and to plunge garments in boiling water.

ü “I forbid you to ever enter a …an assembly of people. 
ü I forbid you to leave your house unless dressed in your recognizable garb
ü I forbid you to drink at any stream or fountain, unless using your own barrel 
ü I forbid you to touch anything…until it becomes your own. 
ü I forbid you to share house with any woman but your wife. 
ü If accosted by anyone…set yourself downwind of them 
ü I forbid you to enter any narrow passage, lest a passerby bump into you. 
ü I forbid you…to touch anything without donning your gloves. 
ü I forbid you to drink or eat from any vessel but your own.”

Separatio Leprosorum
(Mass of separation)





Ø Inadequate contact time (detergent and disinfectant)

ØFailure to use soap/detergent when cleaning

ØFailure to get everything dry before disinfecting
ØDisinfecting immediately after cleaning rather than just prior to use (equipment being stored 

outside after C&D and getting contaminated with bird droppings)
ØMonitoring C&D (changes in personnel, interpretation differences on “clean”, etc.)

ØFailure to observe the process 

ØFailure to make sure C&D and biosecurity supplies are being ordered and available
Gonder, 2023



Impact of drying and disinfection on viruses

Drying



Wash
only

Wash + 
Formaldehyde

Wash + 
Glutaraldehyde: quaternary
ammonium chloride

Wash + 
Overnight drying



: ENVT

Before After  
Gene 
M+

Gene 
M -

Pre-washing Low Pressure 60 oC
Detergent at 60 oC for 20 sec
Disinfection by immersion 
Wheel bath
High pressure washing at 60 oC
Disinfection foam

Low pressure
Detergent + rinsing
Disinfection spray (1 to 2)

High pressure washing
Disinfection spray 

Low pressure washing
Soaking at 80 oC for 5 sec
Disinfection spray 

High pressure washing
Disinfection spray 

Failure
Initial amount of contamination

Poor execution
Cross-contamination after 

cleaning



Visual assessment

FAIL PASS

FAIL

Bacteriological assessment

Low

PASS

High

PASS

Review current 
protocol

Compliance
(application of protocol 

as prescribed)

Improve 
compliance

Modify 
protocol

Determine frequency of 
audits based on type of 
production and current 

sanitation results

FAIL

Verify disinfection 
protocol (quantity, 
type, application, 
etc.) modify as 
needed

Monitoring of sanitation
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Monitoring of sanitation

Frequently 
neglected
• Tractors
• Drinkers
• Tillers
• Fly traps
• Loadout debris

Mark the spots needing attention, especially 
if person responsible is not present



Colorimetric representation of important attributes 
for a successful microbial monitoring system

Positive

Neutral

Negative

Unknown Julia S. Mcelreath, 2019https://www.hygiena.com/



Outside Inside



Study on the usage of footbaths under field conditions
Farms

“Foot baths are most effective when properly 
filled and frequently replenish with 
appropriate products, and when users wear 
rubber footwear which can be soaked for 
several minutes. If these conditions are not 
fulfilled, foot baths serve more as biosecurity 
reminders than as effective disease control 
mechanisms (25)”

KAHRS, 1995
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Hand 
washing

BENCHContaminated zone Clean zone

ü Remove coat
ü Sign logbook
ü Wash hands

ü Put on dedicated
barn boots or
disposable plastic
boots

Apply any other
biosecurity measures:

- Coveralls
- Head net
- Gloves

Plan to have:
- Lockers or hooks
- Pen; paper
- Soap; alcohol gel
- Towels
- Garbage container
& bags
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Red zone 8'-8" Yellow zone 4‘             Green zone 4‘            

Log
book

Sink &
water

OUTSIDE DOOR

BENCH BENCH



Mobility
Getting to the 
surface

Adhesion
Adhesion to 
the surface

Growth   
Matrix      

formation

Maturation
Bacterial growth & 

development of the matrix 
Start of a new cycle  

Dispersion

58 gr
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the surface

Growth   
Matrix      

formation

Maturation
Bacterial growth & 

development of the matrix 
Start of a new cycle  

Dispersion

Linden, 2014

58 gr

2557 lbs for 20000 birds



Bordetella
Campylobacter coli
Campylobacter jejuni
Clostridium perfringens
Enterococcus feacalis
Erysipelothrix rhusiopathiae
Escherichia coli
Listeria monocytogenes
Mycoplasmas
Pasteurella multocida
Pseudomonas aeruginosa
Riemerella anatipestifer
Samonella
Staphylococcus
Streptococcus



Daniel Venne, 2015



The extent to which a person’s behavior 
coincides with medical or health advice

PREMISE
% on-farm compliance

…or is not as good as you think



Biosecurity compliance
Poultry Farms

8 farms
883 visits 
102 individuals

Human nature



Keep it simple

Communicate
Provide feedback

Incentive (reward)

Make it easy: design

Training - Simulations

Buy-in: get all involved

Innovate: technology

Reach the right people

Lead by example

Human Perception & Beliefs

Different situations require
different measures

But there are
universal
elements
to include in a 
biosecurity
strategy

Arriving late

Arriving drunk

Lipstick on collar



Practicality of protocols

Gel alone



https://www.istockphoto.com/

OE AHLQUIST/REUTERS

Ø Extremely large farms with multiple buildings

Ø Ponds/water bodies on farms
Ø Anything that requires regular and repeated 

entry to a building
Ø Open-sided buildings

Ø Uncontrolled fan outlets 

Ø Inlets/fan with no biofilters  
Ø Moving clean and dirty stuff in and 

out the same building entrance
(cross-contamination)

Gonder, 2023



Mycoplasma: ”Farm localization is the most important factor associated with 
reinfection….the second factor is the size of the neighboring farm”

RFW Goodwin, 1985



Diseases Risk factor Risk level Reference

Salmonella
Newcastle

E. Coli
Avian influenza

PRRS

High farm 
density

OR 2.2
OR 4.2
OR 6.3
OR 34.7
OR 7.3

Snow et al., 2012; Great Britain
East et al., 2006; Australia
Vandekerchove et al., 2004; Belgium
Boender et al., 2003, The Netherlands
Lambert et al., 2012, Canada

Less than 1 km (0.6 mile) between farms
• 2 x more chances ® Salmonella
• 4 x more chances ® Newcastle
• 6 x more chances ® E. Coli
• 35 x more chances ®A. influenza
• 7 x more chances ® P.R.R.S.
Þ equipment, people, vehicles, wildlife, insects



Denicourt, 2009

Business

Nature (epidemiology)
(including viruses, bacteria, protozoa)

Farm 1 Farm 2 Farm 3

One Big Fat Juicy Site!



Hierarchy of explicative variables
Density of outgoing duck movements

Density of fattening duck sites

Density of waterways

Density of incoming duck movements

Density of duck sites

Density of duck sites with outdoor access

Density of chicken sites

Density of human population

Density of outgoing duck movements (/ha)

Density of duck sites (/ha)

Density of waterways (/ha) Paul, Guinat, Guérin, 2018

Risk factors associated with
highly pathogenic avian influenza
in France – 2015-2017
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Rethinking
Adaptation Improvement
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Innovation

What should we do?

RISK

Regionality Biosecurity measures 
easier, faster, cheaper

Increase 
compliance
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Need fixing/improvement:
- Movement of vehicles & personnel
- Zoning of production sites
- Rules for new constructions
- Dead bird management
- Anteroom (compliance)
- Cleaning & Disinfection
- Rodent control
- Communication




