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The reduction of the prevalence of zoonoses and zoonotic agents like
campylobacteriosis and salmonellosis requires eradication, control and
monitoring measures to protect both animal and public health. Therefore, it is
important to identify the main sources of infections within the poultry
production chain. As the latest EFSA results show, these zoonotic agents were
mostly found on fresh poultry meat as well as in live poultry. Consequently, the
main entrance paths have to be identified directly at farm level. Based on a
literature review, the 112 risk factors for an introduction of Campylobacter spp.
and Salmonella spp. infections were summarised and attributed to 14 risk categories
such as farm management, biosecurity, staff hygiene and carcass handling.
Afterwards, the main risk factors were identified by elicitation of expert opinion
using the Delphi methodology. In the explorative study, an international expert
panel defined and weighted the relative importance of the risk categories and
risk factors within a three-stage procedure. According to the working hypothesis,
risk factors related to hygiene in the poultry house as well as external service crews
are the main determinants for infection. Based on the results an evaluation and
assessment scheme for poultry farms will be developed. Furthermore, the results
can help to assess the status of poultry farms, to raise awareness in farmers and
their staff for relevant farm management techniques within education and training
manuals.
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Introduction

According to PAHO (2001) zoonoses are classified as diseases or infections that are
naturally transmissible from vertebrates to humans and vice-versa. They are caused by all
types of agents including bacteria, parasites, fungi und viruses. Food-borne diseases are
especially widespread and pose a growing public health problem worldwide (WHO,
2010, USDA, 2010). As the latest EFSA report (2011a) showed, Salmonella spp. and
Campylobacter spp. are two of the most important food-borne infections in humans.
campylobacteriosis has been the most commonly reported zoonosis in the EU during the
last years with 198,252 cases in 2009. Although a certain reduction in salmonellosis has
already been achieved, it was the second most often reported zoonotic disease with
108,614 confirmed human cases in 2009 (EFSA, 2011a). Hence, the control of
specified food-borne zoonotic agents in Gallus gallus is an important aim of the
European Union (EU, 2003).
Even though both pathogens cause food-borne diseases, are found in the primary food

production chain and pose serious threats for the human health, the epidemiology of these
diseases differs greatly. A comparative analytical approach can be used to distinguish
zoonoses by their risk factors and specific characteristics.
Although there are various publications and reports on risk factors for salmonellosis

and campylobacter infections, these mainly investigate only a limited number of risk
factors or place a special focus on specific variables (Glünder et al., 2004, Hess, 2006,
Cox et al., 2010, Thornton, 2010). An analysis of the interdependence between the
complete set of risk factors is not currently available, and a comprehensive and
explorative approach is needed to filter the existing information and identify the most
important points. The following review covers this topic, applying the Delphi method to
differentiate and distinguish the features of these two major diseases.

Study design and process

The Delphi method was developed in the field of science and technology forecasting
(Sackman, 1974). It is an explorative technique to obtain consensus among expert
opinions through a series of structured questionnaires, usually in two to four rounds.
The methodological design is based on the features: 1) Anonymous response – the
opinions are derived by a formal questionnaire. 2) Iteration and controlled feedback –
interaction is effected by a systematic exercise conducted in several iterations, with
carefully controlled feedback of the preceding round. 3) Statistical group response –
the group opinion is defined as an appropriate aggregate of individual opinions on the
final round. These features are designed to minimise the biasing effects of dominant
individuals, of irrelevant communications, and of group pressure (Dalkey, 1969). After
each round, an anonymous summary of the experts’ answers from the previous round is
given, which encourages participants to revise their earlier answers in light of the replies
of other members of the panel. During this process the range of answers/estimates may
decrease and converge towards consensus. The mean or median scores of the final round
determine the results.
The Delphi design in this study consisted of three rounds in which the experts received

a questionnaire by email. The questionnaire was based on literature and reports on
Salmonella spp. and Campylobacter spp. All risk factors (112 for each species)
gathered from this first step were attributed to 14 risk categories which were related
to the likelihood of introduction onto a poultry farm. According to the Delphi procedure,
the opinion on the importance of several risk factors related to introduction of salmonella
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and campylobacter infection at poultry farm level was determined. In round one, an
expert panel selected the main risk categories and risk factors which could be used to
distinguish between high, medium and low risk poultry farms for Salmonella spp. and
Campylobacter spp. introduction. Furthermore, for each category the experts indicated
their familiarity with the subject on a scale from one (‘highly competent’) to five (‘not
familiar with subject’). Moreover, the experts had the opportunity to give suggestions for
additional risk factors which were added to the questionnaire in the second round. In
rounds two and three, the risk categories and factors were weighted according to their
relative importance by dividing 100 points over each table of risk categories/factors. The
questionnaires of rounds two and three included the results of rounds one and two,
respectively.

Composition of the expert panel

Experts were selected based on their experience in research on Salmonella spp. and
Campylobacter spp. as well as in zoonoses prevention and control. In addition, emphasis
was put on the involvement of experts from different countries worldwide and from
different stakeholder groups (academia, national food safety authorities, industry, etc.). In
total, 78 experts were approached; they were either invited directly or were referred to by
other experts. The expert panel members were working either for national authorities (e.g.
food safety) or at national institutes, universities or companies based in the following
countries: Austria, Belgium, France, Germany, Italy, the Netherlands, the United
Kingdom, the USA and South Korea. Table 1 shows the return rates of the
questionnaires, as well as the composition of the expert panel, by stakeholder group,
in rounds one to three. Only questionnaires with an average self rated expertise higher
then 3.5 (categorised as ‘familiar’ or better) were used.

Table 1 Return rate of the questionnaires in rounds one to three by composition of the expert panel by
stakeholder groups.

Round 1 Round 2 Round 3
Salmonella Campyl Salmonella Campyl Salmonella Campyl
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Questionnaire sent 35 35 26 22 22 22
Questionnaire returned 26 (74.3) 25 (71.4) 22 (81.5) 22 (81.5) 21 (91.3) 21 (91.3)
Questionnaire used for
final analysis 20 (57.1) 18 (51.4) 18 (66.7) 18 (66.7) 17 (73.9) 17 (73.9)

Differentiated by
stakeholder groups
Academic research 7 (35.0) 6 (33.3) 6 (33.3) 6 (33.3) 6 (35.3) 6 (35.3)
National research /
Food safety authority 7 (35.0) 6 (33.3) 7 (38.9) 6 (33.3) 6 (35.3) 6 (35.3)
Private Lab / Consultancy 1 (5.0) 2 (11.1) 1 (5.6) 2 (11.1) 1 (5.9) 1 (5.9)
Product board /
Poultry industry 5 (25.0) 4 (22.2) 4 (22.2) 4 (22.2) 4 (23.5) 4 (23.5)
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World's Poultry Science Journal, Vol. 67, December 2011 617



Introduction

According to PAHO (2001) zoonoses are classified as diseases or infections that are
naturally transmissible from vertebrates to humans and vice-versa. They are caused by all
types of agents including bacteria, parasites, fungi und viruses. Food-borne diseases are
especially widespread and pose a growing public health problem worldwide (WHO,
2010, USDA, 2010). As the latest EFSA report (2011a) showed, Salmonella spp. and
Campylobacter spp. are two of the most important food-borne infections in humans.
campylobacteriosis has been the most commonly reported zoonosis in the EU during the
last years with 198,252 cases in 2009. Although a certain reduction in salmonellosis has
already been achieved, it was the second most often reported zoonotic disease with
108,614 confirmed human cases in 2009 (EFSA, 2011a). Hence, the control of
specified food-borne zoonotic agents in Gallus gallus is an important aim of the
European Union (EU, 2003).
Even though both pathogens cause food-borne diseases, are found in the primary food

production chain and pose serious threats for the human health, the epidemiology of these
diseases differs greatly. A comparative analytical approach can be used to distinguish
zoonoses by their risk factors and specific characteristics.
Although there are various publications and reports on risk factors for salmonellosis

and campylobacter infections, these mainly investigate only a limited number of risk
factors or place a special focus on specific variables (Glünder et al., 2004, Hess, 2006,
Cox et al., 2010, Thornton, 2010). An analysis of the interdependence between the
complete set of risk factors is not currently available, and a comprehensive and
explorative approach is needed to filter the existing information and identify the most
important points. The following review covers this topic, applying the Delphi method to
differentiate and distinguish the features of these two major diseases.

Study design and process

The Delphi method was developed in the field of science and technology forecasting
(Sackman, 1974). It is an explorative technique to obtain consensus among expert
opinions through a series of structured questionnaires, usually in two to four rounds.
The methodological design is based on the features: 1) Anonymous response – the
opinions are derived by a formal questionnaire. 2) Iteration and controlled feedback –
interaction is effected by a systematic exercise conducted in several iterations, with
carefully controlled feedback of the preceding round. 3) Statistical group response –
the group opinion is defined as an appropriate aggregate of individual opinions on the
final round. These features are designed to minimise the biasing effects of dominant
individuals, of irrelevant communications, and of group pressure (Dalkey, 1969). After
each round, an anonymous summary of the experts’ answers from the previous round is
given, which encourages participants to revise their earlier answers in light of the replies
of other members of the panel. During this process the range of answers/estimates may
decrease and converge towards consensus. The mean or median scores of the final round
determine the results.
The Delphi design in this study consisted of three rounds in which the experts received

a questionnaire by email. The questionnaire was based on literature and reports on
Salmonella spp. and Campylobacter spp. All risk factors (112 for each species)
gathered from this first step were attributed to 14 risk categories which were related
to the likelihood of introduction onto a poultry farm. According to the Delphi procedure,
the opinion on the importance of several risk factors related to introduction of salmonella

616 World's Poultry Science Journal, Vol. 67, December 2011

Risk of salmonella and campylobacter introduction: A. Wilke et al.

and campylobacter infection at poultry farm level was determined. In round one, an
expert panel selected the main risk categories and risk factors which could be used to
distinguish between high, medium and low risk poultry farms for Salmonella spp. and
Campylobacter spp. introduction. Furthermore, for each category the experts indicated
their familiarity with the subject on a scale from one (‘highly competent’) to five (‘not
familiar with subject’). Moreover, the experts had the opportunity to give suggestions for
additional risk factors which were added to the questionnaire in the second round. In
rounds two and three, the risk categories and factors were weighted according to their
relative importance by dividing 100 points over each table of risk categories/factors. The
questionnaires of rounds two and three included the results of rounds one and two,
respectively.

Composition of the expert panel

Experts were selected based on their experience in research on Salmonella spp. and
Campylobacter spp. as well as in zoonoses prevention and control. In addition, emphasis
was put on the involvement of experts from different countries worldwide and from
different stakeholder groups (academia, national food safety authorities, industry, etc.). In
total, 78 experts were approached; they were either invited directly or were referred to by
other experts. The expert panel members were working either for national authorities (e.g.
food safety) or at national institutes, universities or companies based in the following
countries: Austria, Belgium, France, Germany, Italy, the Netherlands, the United
Kingdom, the USA and South Korea. Table 1 shows the return rates of the
questionnaires, as well as the composition of the expert panel, by stakeholder group,
in rounds one to three. Only questionnaires with an average self rated expertise higher
then 3.5 (categorised as ‘familiar’ or better) were used.

Table 1 Return rate of the questionnaires in rounds one to three by composition of the expert panel by
stakeholder groups.

Round 1 Round 2 Round 3
Salmonella Campyl Salmonella Campyl Salmonella Campyl
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Questionnaire sent 35 35 26 22 22 22
Questionnaire returned 26 (74.3) 25 (71.4) 22 (81.5) 22 (81.5) 21 (91.3) 21 (91.3)
Questionnaire used for
final analysis 20 (57.1) 18 (51.4) 18 (66.7) 18 (66.7) 17 (73.9) 17 (73.9)

Differentiated by
stakeholder groups
Academic research 7 (35.0) 6 (33.3) 6 (33.3) 6 (33.3) 6 (35.3) 6 (35.3)
National research /
Food safety authority 7 (35.0) 6 (33.3) 7 (38.9) 6 (33.3) 6 (35.3) 6 (35.3)
Private Lab / Consultancy 1 (5.0) 2 (11.1) 1 (5.6) 2 (11.1) 1 (5.9) 1 (5.9)
Product board /
Poultry industry 5 (25.0) 4 (22.2) 4 (22.2) 4 (22.2) 4 (23.5) 4 (23.5)

Risk of salmonella and campylobacter introduction: A. Wilke et al.

World's Poultry Science Journal, Vol. 67, December 2011 617



Results

MAIN RISK CATEGORIES FOR SALMONELLA SPP. INTRODUCTION
To get some basic insights into the relative importance of the different risk categories,

the average weightings of round three were summarised (Figure 1) and visually
compared to the uniform distribution. The highest average ratings for Salmonella spp.
introduction included category (G) ‘cleaning and disinfection between cycles’ (13.1%) ;
(J) ‘delivery and collection of live birds’, (12.1%) ; (E) ‘hygiene in the stocked poultry
house’ (10.3%) ; (I) ‘pest control’ (9.3%) and (K) ‘feed management’ (9.1%). In total,
more than half of the points (55.1%) fell within these top five categories. The categories
(M) ‘litter & manure management’, (N) ‘carcass handling’ and (L) ‘water management’
together received less than ten points (Figure 1).
The standard deviation (SD) describes the dispersion of a set of data from its mean and

can be used to interpret the opinion of the experts on certain risk categories or risk factors
additionally. A low standard deviation indicates that the experts tend to use a similar
weight whereas a high value shows that the weights are spread apart. One could assume
that low SD values indicate reliable, sound results and high SD values unreliable results
with a high potential for more research.
Category (J); ‘the delivery and collection of live birds’ showed the highest SD value

(Figure 1) indicating that opinions varied a lot in this category and the interpretation of
this category as the second most important category for Salmonella spp. introduction
should be done only with special care. The category (L) ‘water management’ received the
lowest SD value followed by (N) ‘carcass handling’ as well as (M) ‘litter and manure
management’. Hence, a lower importance for introduction was deduced. The categories
C, F and I could be interpreted as important factors for Salmonella spp. introduction as
they are located below the average SD value and received higher mean weightings.

MAIN RISK CATEGORIES FOR CAMPYLOBACTER SPP. INTRODUCTION
Average weights for the introduction of Campylobacter spp. given in round three were

highest for (J) ‘delivery and collection of live birds’ (13.7%), (E) ‘hygiene in the stocked
poultry house’ (12.1%), (G) ‘cleaning & disinfection between cycles’ (10.2%), (I) ‘pest
control’ (9.4%) as well as (F) ‘staff hygiene and education’ (8.5%). These top five
categories achieved more than 55% of points (Figure 2). In total, less than 10% of
the points fell upon the three categories (N) ‘carcass handling’, (M) ‘litter & manure
management’ and (K) ‘feed management’.
According to Salmonella spp., the weighting for category J showed highest variation.

Again the interpretation of this finding needs to be done carefully. The categories with
the lowest SD values included (K) ‘feed management’, (M) ‘litter & manure’, (B) ‘farm
management’ and (D) ‘poultry house – state of repair’. Once again the three categories
(C) ‘poultry house management’, (I) ‘pest control’ and (F) ‘staff hygiene and education’
show a relatively low SD and higher mean weights.
A direct comparison can be seen in Figure 3. For both zoonoses, the risk categories J,

G, E and I had the highest ratings. The most obvious difference was seen for the
categories ‘feed management’ (K) and ‘water management’ (L). Whereas ‘feed
management’ (K) is rated as a top five category (9.1%) for Salmonella spp.
introduction, the meaning for Campylobacter spp. introduction was much less
important, as it ranked 14 (2.9%). In case of the water management, this relationship
was reversed.

Risk of salmonella and campylobacter introduction: A. Wilke et al.
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IMPORTANT RISK FACTORS
In Table 2, the most important risk factors (top three) of the highest rated risk

categories are summarised. The top five risk categories were selected by the highest
mean weightings.
A comparison of the highest rated risk factors (top three) in the top five risk categories

showed that two thirds of the risk factors for Salmonella spp. and Campylobacter spp.
match in each case, but show a difference within the rankings For category (J) ‘delivery
and collection of live birds’ the risk factors are completely the same but differ in ranking.
In this category, an outstanding high average weighting (42.0% of the total points) for
Campylobacter spp. was given for the risk factor ‘no cleaning, washing and disinfection
of loading places after housing/loading of birds’, whereas the risk factors on rank two and
three only received 16.5% and 16.2% of the weighting. A comparison of the results for
Salmonella spp. showed that the three most important risk factors received almost the
same weighting (20.4-22.2% of the total points respectively). For Salmonella spp., the
introduction category (I) ‘pest control’ showed the highest ratings for the factors of
‘rodent control’ (34.1%) and ‘beetle control’ (18.8%) as well as for the presence of
hiding /nesting sites for rodents and insects (23.1%). In contrast to salmonellosis, the risk
factors ‘fly control programs’, ‘rodent control’ and ‘hiding/ nesting areas’ received the
highest ratings for Campylobacter spp. introduction. While the risk factors of ‘feed
management’ (K) were important for Salmonella spp. they were not for
Campylobacter spp. For the latter the factors for ‘poultry house management’ (C)
were rated as the most important, especially flock thinning/ preharvesting, no all-in/
all-out’ which received the highest ratings (46.7%).
Category (G) ‘cleansing & disinfection between cycles’ contained important factors for

both zoonoses. The two main factors ‘not using the right disinfectant, concentration,
temperature, application of disinfectant’ and ‘all surfaces in the poultry house not cleaned
and disinfected properly' received almost similar weightings. Only the third risk factor
differed between both zoonoses. While the cleaning of feed systems (8.8%) is rated as an
important factor for Salmonella spp. introduction, the cleaning of the drinker system
(10.5%) was found to be more important for Campylobacter spp. introduction.

Table 2 Overview on risk factors of highest rated risk categories ranked by lowest standard deviation
(SD).

Risk of introduction
Salmonella spp. Campylobacter spp.

G - C&D between cycles 13.1% J - Delivery and collection of live birds 13.7%
All surfaces in the poultry house are not 12.2% No cleaning, washing and disinfection of 42.0%
cleaned and disinfected properly loading places after housing and loading

of livestock
Not using the right disinfectant, 10.6% Bad sanitary status of breeders 16.5%
concentration, temperature, application of
disinfectant (incl. not considering the health
status of last flock)
Feed system is not cleaned regularly and 8.8% No Campylobacter spp. control / 16.2%
disinfected guarantee at receipt of DOC
J - Delivery and collection of live birds 12.1% E - Poultry house hygiene - stocked 12.1%
No cleaning, washing and disinfection of 20.4% Separate boots per house and hygiene 17.6%
loading places after housing and loading of barrier
livestock
No Salmonella spp. control / guarantee at 22.2% No effective disinfectant in the foot dips 11.1%
receipt of DOC
Bad sanitary status of breeders 21.2% No effective disinfectant in the foot dips 10.3%
E - Poultry house hygiene - stocked 10.3% G - C&D between cycles 10.2%
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IMPORTANT RISK FACTORS
In Table 2, the most important risk factors (top three) of the highest rated risk

categories are summarised. The top five risk categories were selected by the highest
mean weightings.
A comparison of the highest rated risk factors (top three) in the top five risk categories

showed that two thirds of the risk factors for Salmonella spp. and Campylobacter spp.
match in each case, but show a difference within the rankings For category (J) ‘delivery
and collection of live birds’ the risk factors are completely the same but differ in ranking.
In this category, an outstanding high average weighting (42.0% of the total points) for
Campylobacter spp. was given for the risk factor ‘no cleaning, washing and disinfection
of loading places after housing/loading of birds’, whereas the risk factors on rank two and
three only received 16.5% and 16.2% of the weighting. A comparison of the results for
Salmonella spp. showed that the three most important risk factors received almost the
same weighting (20.4-22.2% of the total points respectively). For Salmonella spp., the
introduction category (I) ‘pest control’ showed the highest ratings for the factors of
‘rodent control’ (34.1%) and ‘beetle control’ (18.8%) as well as for the presence of
hiding /nesting sites for rodents and insects (23.1%). In contrast to salmonellosis, the risk
factors ‘fly control programs’, ‘rodent control’ and ‘hiding/ nesting areas’ received the
highest ratings for Campylobacter spp. introduction. While the risk factors of ‘feed
management’ (K) were important for Salmonella spp. they were not for
Campylobacter spp. For the latter the factors for ‘poultry house management’ (C)
were rated as the most important, especially flock thinning/ preharvesting, no all-in/
all-out’ which received the highest ratings (46.7%).
Category (G) ‘cleansing & disinfection between cycles’ contained important factors for

both zoonoses. The two main factors ‘not using the right disinfectant, concentration,
temperature, application of disinfectant’ and ‘all surfaces in the poultry house not cleaned
and disinfected properly' received almost similar weightings. Only the third risk factor
differed between both zoonoses. While the cleaning of feed systems (8.8%) is rated as an
important factor for Salmonella spp. introduction, the cleaning of the drinker system
(10.5%) was found to be more important for Campylobacter spp. introduction.

Table 2 Overview on risk factors of highest rated risk categories ranked by lowest standard deviation
(SD).

Risk of introduction
Salmonella spp. Campylobacter spp.

G - C&D between cycles 13.1% J - Delivery and collection of live birds 13.7%
All surfaces in the poultry house are not 12.2% No cleaning, washing and disinfection of 42.0%
cleaned and disinfected properly loading places after housing and loading

of livestock
Not using the right disinfectant, 10.6% Bad sanitary status of breeders 16.5%
concentration, temperature, application of
disinfectant (incl. not considering the health
status of last flock)
Feed system is not cleaned regularly and 8.8% No Campylobacter spp. control / 16.2%
disinfected guarantee at receipt of DOC
J - Delivery and collection of live birds 12.1% E - Poultry house hygiene - stocked 12.1%
No cleaning, washing and disinfection of 20.4% Separate boots per house and hygiene 17.6%
loading places after housing and loading of barrier
livestock
No Salmonella spp. control / guarantee at 22.2% No effective disinfectant in the foot dips 11.1%
receipt of DOC
Bad sanitary status of breeders 21.2% No effective disinfectant in the foot dips 10.3%
E - Poultry house hygiene - stocked 10.3% G - C&D between cycles 10.2%
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Risk of introduction
Salmonella spp. Campylobacter spp.

No disinfection of housing equipment 11.0% All surfaces in the poultry house are not 11.8%
cleaned and disinfected properly

No disinfectant foot dips at the entrances 11.0% Not using the right disinfectant, 11.3%
concentration, temperature, application
of disinfectant (incl. not considering
the health status of last flock)

No effective disinfectant in the foot dips 10.3% Drinker system is not cleaned and 10.5%
disinfected

I - Pest control 9.3% I - Pest control 9.4%
No or irregular rodent monitoring/ 34.1% No or irregular fly monitoring / 27.3%
eradication program (no (live) traps/ baits eradication program from April - October
with rodenticides)
Premises offers hiding / nesting areas for 23.1% No or irregular rodent monitoring / 23.6%
rodents or insects eradication program (no (live) traps/ baits

with rodenticides)
No or irregular beetle monitoring / 18.8% Premises offers hiding / nesting areas for 22.1%
eradication program (directly after catching rodents or insects
before mucking out the stable)
K - Feed management 9.1% C - Poultry house - management 8.5%
Feed storage with access for wild birds/ 22.8% Flock thinning/ preharvesting, 46.7%
cats/ rodents no all-in/all-out
Poultry is fed outside the poultry house 16.8% Free range (birds have free access to their 27.9%

environment)
Feeder access is not covered with a lit 11.5% Bird density >= 25 chicks /m² at day1 10.4%

RESULTS BY STAKEHOLDER GROUPS
To further differentiate the results, the mean weights of round three were examined by

the four stakeholder groups described before. The number of participants in each of the
stakeholder groups varies between two and eight experts per group.
The mean weights for Salmonella spp. risk categories by the different stakeholder

groups are summarized in Figure 4. Three groups of experts gave their highest
weightings to categories (G) ‘cleaning and disinfection between cycles’ and (E)
‘poultry house hygiene in the stocked house’. The experts of group ‘private lab/
consultancy’ gave the highest weighting to the category (J) ‘delivery & collection of
live birds’ and gave 37.5% of the total points to this category followed by (F) ‘staff
hygiene and education’. Besides, the stakeholder group ‘academic research’ also
considered high ratings above the average mean for (I) ‘pest control’ and (K) ‘feed
management’ and (J) ‘delivery and collection of live birds’ as quite important.
Figure 5 displays the average weightings of the stakeholder groups for the

Campylobacter spp. risk categories. Again, the category (J) ‘delivery & collection of
live birds’ as well as (I) ‘pest control’ got by far the highest weighting (39% and 15% of
the total weighting respectively) from the expert group ‘private lab/consultancy’. For this
zoonosis, the stakeholder group ‘academic research’ follows this opinion by forgiving a
share of 14.6% of the total points. In contrary, the stakeholder groups ‘National research /
Food safety authority’ as well as ‘Product board/Poultry industry’ consider (E) ‘hygiene
in the stocked poultry house’ as the most important risk categories. The category (G)
‘cleaning & disinfection measures between cycles’ got also high rates above the average
from the groups ‘Product board/Poultry industry’ and ‘Academic research’. Furthermore,
the academic group rated the category (H) ‘livestock and pets’ clearly higher than the
others (11.3% against lower 4.8%).

Table 2 Continued
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Discussion of the results

In the following paragraph, the results for the risk categories and factors are compared
with the findings of different publications as well as with the latest EFSA and USDA
publications which summarise current European and American opinions. Moreover, the
study design and the usage of this method will be discussed in the light of the results
from the self rated expertise of the experts.

RISK CATEGORIES AND FACTORS
Table 3 and 4 present the top five risk categories and selected factors in contrast to

other publications. For both zoonoses it can be seen that all papers identified missing or
deficiencies in biosecurity measures (e.g. disinfection practices or hygiene barriers) as an
important risk factor which was also rated as important (with low standard deviation) by
the Delphi experts. For salmonella introduction risk, feed management is often mentioned
as an important risk category. A low standard deviation (Figure 1) and various
descriptions in literature show that Delphi experts as well as other authors are of the
same opinion. Other categories mentioned in literature which received lower weightings
by the expert panel were bird density, housing systems, litter- and water management as
well as the presence of other animals like birds and other mammals. Snow et al. (2010)
analysed a set of factors and rated for example pest control, bird density as most
important and for example the type of housing system and presence of other
mammals as moderate important. Poppe (2000) described the scientific opinion on
different currently discussed factors. In addition to the listed factors of Table 3, he
also identified housing systems, litter- and water management as more important than
presence of other animals. The guideline of the USDA (2010) also suggested the
categories water- and litter management for Salmonella introduction risk.

Table 3 Comparison of the identified top five risk categories and factors of Salmonella introduction risk
with the findings in other publications.

Author Poppe (2000) Snow et al. Rose et al. USDA (2010)
(2010) (1999)

Risk category
Risk factor

C&D between cycles # ++ ++ +
Right disinfection # ++ ++ +

Delivery and collection of live birds # # ++ ++
Poultry house hygiene – stocked + ++ + ++

Disinfection foot dips # ++ # +
Disinfection housing equipment # ++ # ++

Pest control ++ ++ + +
Rodent ++ ++ + +
Beetle # # + +

Feed management ++ # ++ ++

Symbol: ++ important, + moderate, - negligible, # not mentioned

As can be seen from Table 4, cleansing and disinfection practices were rated as
important measures to prevent the introduction of campylobacter. Poultry house
management especially housing systems with free range and thinning practices were
described as factors of high introduction risk scientifically. Other factors mentioned
were litter and water management (Adkin et al., 2006, USDA 2010, Pasquali et al.,
2011).
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Risk of introduction
Salmonella spp. Campylobacter spp.

No disinfection of housing equipment 11.0% All surfaces in the poultry house are not 11.8%
cleaned and disinfected properly

No disinfectant foot dips at the entrances 11.0% Not using the right disinfectant, 11.3%
concentration, temperature, application
of disinfectant (incl. not considering
the health status of last flock)

No effective disinfectant in the foot dips 10.3% Drinker system is not cleaned and 10.5%
disinfected

I - Pest control 9.3% I - Pest control 9.4%
No or irregular rodent monitoring/ 34.1% No or irregular fly monitoring / 27.3%
eradication program (no (live) traps/ baits eradication program from April - October
with rodenticides)
Premises offers hiding / nesting areas for 23.1% No or irregular rodent monitoring / 23.6%
rodents or insects eradication program (no (live) traps/ baits

with rodenticides)
No or irregular beetle monitoring / 18.8% Premises offers hiding / nesting areas for 22.1%
eradication program (directly after catching rodents or insects
before mucking out the stable)
K - Feed management 9.1% C - Poultry house - management 8.5%
Feed storage with access for wild birds/ 22.8% Flock thinning/ preharvesting, 46.7%
cats/ rodents no all-in/all-out
Poultry is fed outside the poultry house 16.8% Free range (birds have free access to their 27.9%

environment)
Feeder access is not covered with a lit 11.5% Bird density >= 25 chicks /m² at day1 10.4%

RESULTS BY STAKEHOLDER GROUPS
To further differentiate the results, the mean weights of round three were examined by

the four stakeholder groups described before. The number of participants in each of the
stakeholder groups varies between two and eight experts per group.
The mean weights for Salmonella spp. risk categories by the different stakeholder

groups are summarized in Figure 4. Three groups of experts gave their highest
weightings to categories (G) ‘cleaning and disinfection between cycles’ and (E)
‘poultry house hygiene in the stocked house’. The experts of group ‘private lab/
consultancy’ gave the highest weighting to the category (J) ‘delivery & collection of
live birds’ and gave 37.5% of the total points to this category followed by (F) ‘staff
hygiene and education’. Besides, the stakeholder group ‘academic research’ also
considered high ratings above the average mean for (I) ‘pest control’ and (K) ‘feed
management’ and (J) ‘delivery and collection of live birds’ as quite important.
Figure 5 displays the average weightings of the stakeholder groups for the

Campylobacter spp. risk categories. Again, the category (J) ‘delivery & collection of
live birds’ as well as (I) ‘pest control’ got by far the highest weighting (39% and 15% of
the total weighting respectively) from the expert group ‘private lab/consultancy’. For this
zoonosis, the stakeholder group ‘academic research’ follows this opinion by forgiving a
share of 14.6% of the total points. In contrary, the stakeholder groups ‘National research /
Food safety authority’ as well as ‘Product board/Poultry industry’ consider (E) ‘hygiene
in the stocked poultry house’ as the most important risk categories. The category (G)
‘cleaning & disinfection measures between cycles’ got also high rates above the average
from the groups ‘Product board/Poultry industry’ and ‘Academic research’. Furthermore,
the academic group rated the category (H) ‘livestock and pets’ clearly higher than the
others (11.3% against lower 4.8%).
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Discussion of the results

In the following paragraph, the results for the risk categories and factors are compared
with the findings of different publications as well as with the latest EFSA and USDA
publications which summarise current European and American opinions. Moreover, the
study design and the usage of this method will be discussed in the light of the results
from the self rated expertise of the experts.

RISK CATEGORIES AND FACTORS
Table 3 and 4 present the top five risk categories and selected factors in contrast to

other publications. For both zoonoses it can be seen that all papers identified missing or
deficiencies in biosecurity measures (e.g. disinfection practices or hygiene barriers) as an
important risk factor which was also rated as important (with low standard deviation) by
the Delphi experts. For salmonella introduction risk, feed management is often mentioned
as an important risk category. A low standard deviation (Figure 1) and various
descriptions in literature show that Delphi experts as well as other authors are of the
same opinion. Other categories mentioned in literature which received lower weightings
by the expert panel were bird density, housing systems, litter- and water management as
well as the presence of other animals like birds and other mammals. Snow et al. (2010)
analysed a set of factors and rated for example pest control, bird density as most
important and for example the type of housing system and presence of other
mammals as moderate important. Poppe (2000) described the scientific opinion on
different currently discussed factors. In addition to the listed factors of Table 3, he
also identified housing systems, litter- and water management as more important than
presence of other animals. The guideline of the USDA (2010) also suggested the
categories water- and litter management for Salmonella introduction risk.

Table 3 Comparison of the identified top five risk categories and factors of Salmonella introduction risk
with the findings in other publications.

Author Poppe (2000) Snow et al. Rose et al. USDA (2010)
(2010) (1999)

Risk category
Risk factor

C&D between cycles # ++ ++ +
Right disinfection # ++ ++ +

Delivery and collection of live birds # # ++ ++
Poultry house hygiene – stocked + ++ + ++

Disinfection foot dips # ++ # +
Disinfection housing equipment # ++ # ++

Pest control ++ ++ + +
Rodent ++ ++ + +
Beetle # # + +

Feed management ++ # ++ ++

Symbol: ++ important, + moderate, - negligible, # not mentioned

As can be seen from Table 4, cleansing and disinfection practices were rated as
important measures to prevent the introduction of campylobacter. Poultry house
management especially housing systems with free range and thinning practices were
described as factors of high introduction risk scientifically. Other factors mentioned
were litter and water management (Adkin et al., 2006, USDA 2010, Pasquali et al.,
2011).
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Notably, the fact that ‘delivery and collection of live birds’ was rated as important by
the expert panel but was accompanied with a high standard deviation (Figure 1),
indicating high uncertainty among the experts. In addition, this category was not
specified in the analysed literature. The reason could be the fact that there is currently
no Campylobacter spp. control/ monitoring for day old chicks as it is the case for
salmonella control. Moreover, the research on campylobacter epidemiology has only
become important in the last few years and there may be limited experience or
investigations on this topic so far. Feed management was rated as the lowest risk
factor for campylobacter introduction by the expert panel. Pasquali et al. (2011) and
Adkin et al. (2006) identified a low risk, too. This is a clear difference compared to
introduction risk of salmonellosis (Table 3).

Table 4 Comparison of the identified top five risk categories and factors of campylobacter introduction
risk with the findings in other publications.

Author Pasquali et al. EFSA Adkin et al. USDA
(2011) (2011b) (2006) (2010)

Risk category
Risk factor

Poultry house - management ++ ++ ++ #
Bird density # + - #
Free range ++ ++ ++ #
Flock thinning ++ ++ # #

Pest control ++ + + +
Flies ++ + + +
Rodent # + + +

Poultry house hygiene – stocked ++ ++ ++ ++
Disinfection foot dips ++ ++ ++ ++
Disinfection Housing equipment ++ ++ ++ ++

C&D between cycles ++ ++ ++ ++
Drinker system ++ ++ ++ +
Right disinfection ++ ++ ++ ++

Delivery and collection of live birds # # # #

Symbol: ++ important, + moderate, - negligible, # not mentioned

As recognised from the literature review as well as from the results obtained, it can be
concluded that knowledge about Salmonella spp. is much more comprehensive than on
Campylobacter spp. and that there is still a large demand for further research in this area.

PRO'S AND CON'S OF THE ANALYSIS
The analysis of the dataset and the comments of the experts identified some weak parts

of the questionnaire. The main weaknesses were the missing differentiation between egg
and meat production as well as some less imprecisely specified risk categories and
factors. A detailed and more extended pre-test should be implemented in further
studies. The differentiation by serotypes was not content of this baseline study but it
could be subject for further analysis.
In addition, the weighting procedure was rated as very time consuming by the experts.

Due to the fact that all risk categories and factors were considered to be important, none
of the factors were deleted after round one (threshold value of 75% was not reached).
Therefore, the amount of risk factors remained high and made it quite difficult to
distribute 100 points. For further studies, a lower threshold or a more focused
collection on risk factors could improve the answer conditions for the experts. The
alternative procedure only to focus on the factors with the highest obtained level of
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agreement in round one was suggested. It could not be used within this study because this
design does not completely comply with the Delphi format. For future studies, the
implementation of this idea could be an interesting approach.
In total, 60.7-75.0% of the experts rated their own expertise in round one as 1 (highly

competent), 2 (competent) or 3 (familiar) for the single categories. This indicates that
there was sufficient competence in the expert panel on all subjects in the questionnaire.
However, when comparing the self-rated expertise, slight differences were found. This
can be explained by the fact that both zoonoses differ considerably in their
epidemiological character (Wedderkopp et al., 2001, Thornton, 2010, USDA, 2010).
The typical Delphi characteristic of convergence towards consensus by participants

revising their earlier answers in light of the replies of other panel members seems to have
been partly present. For some risk categories and factors, a relatively high dispersion of
values was observed among the experts (e.g. delivery and collection of live birds) and it
is not likely that for some of these factors consensus among the members of the expert
panel will be reached. This is not surprising as there is still a lot of debate about some
issues among stakeholders - especially on Campylobacter spp. (e.g. transmission paths)
(Adkin et al., 2006). A complete analysis of the range of opinions for each risk category
can be requested from the corresponding author.

Conclusions

Worldwide there is still a large number of campylobacteriosis and salmonellosis in
humans. Control programs in food production and vaccination of animals induced a
significant reduction of salmonellosis. But scientific research and control measures
show that there is a clear epidemiological difference between both zoonoses and that
salmonella control measures only partly work with the same success for campylobacter
control.
The main objective of the presented study was to identify zoonosis-specific risk factors

to further distinguish both zoonoses and to enable a target-oriented prevention on farm
level. Both the results of this study and the review of latest publications highlighted a
large gap in the research on campylobacter. Alter et al. (2011) criticised this lack of
knowledge on infection biology as it relates to the behaviour of zoonoses, especially
campylobacter, to initialise efficient prevention and control measures.
A more focused and targeted knowledge of introduction paths and spreading patterns of

both zoonoses on farm level, as well as on the other elements of the food chain (e.g. feed
mill, hatchery) are important topics to deal with in future research (Fraser et al., 2009);
especially with respect to increasing antibiotic resistances (Kent et al., 2008).
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Notably, the fact that ‘delivery and collection of live birds’ was rated as important by
the expert panel but was accompanied with a high standard deviation (Figure 1),
indicating high uncertainty among the experts. In addition, this category was not
specified in the analysed literature. The reason could be the fact that there is currently
no Campylobacter spp. control/ monitoring for day old chicks as it is the case for
salmonella control. Moreover, the research on campylobacter epidemiology has only
become important in the last few years and there may be limited experience or
investigations on this topic so far. Feed management was rated as the lowest risk
factor for campylobacter introduction by the expert panel. Pasquali et al. (2011) and
Adkin et al. (2006) identified a low risk, too. This is a clear difference compared to
introduction risk of salmonellosis (Table 3).

Table 4 Comparison of the identified top five risk categories and factors of campylobacter introduction
risk with the findings in other publications.

Author Pasquali et al. EFSA Adkin et al. USDA
(2011) (2011b) (2006) (2010)

Risk category
Risk factor

Poultry house - management ++ ++ ++ #
Bird density # + - #
Free range ++ ++ ++ #
Flock thinning ++ ++ # #

Pest control ++ + + +
Flies ++ + + +
Rodent # + + +

Poultry house hygiene – stocked ++ ++ ++ ++
Disinfection foot dips ++ ++ ++ ++
Disinfection Housing equipment ++ ++ ++ ++

C&D between cycles ++ ++ ++ ++
Drinker system ++ ++ ++ +
Right disinfection ++ ++ ++ ++

Delivery and collection of live birds # # # #

Symbol: ++ important, + moderate, - negligible, # not mentioned

As recognised from the literature review as well as from the results obtained, it can be
concluded that knowledge about Salmonella spp. is much more comprehensive than on
Campylobacter spp. and that there is still a large demand for further research in this area.

PRO'S AND CON'S OF THE ANALYSIS
The analysis of the dataset and the comments of the experts identified some weak parts

of the questionnaire. The main weaknesses were the missing differentiation between egg
and meat production as well as some less imprecisely specified risk categories and
factors. A detailed and more extended pre-test should be implemented in further
studies. The differentiation by serotypes was not content of this baseline study but it
could be subject for further analysis.
In addition, the weighting procedure was rated as very time consuming by the experts.

Due to the fact that all risk categories and factors were considered to be important, none
of the factors were deleted after round one (threshold value of 75% was not reached).
Therefore, the amount of risk factors remained high and made it quite difficult to
distribute 100 points. For further studies, a lower threshold or a more focused
collection on risk factors could improve the answer conditions for the experts. The
alternative procedure only to focus on the factors with the highest obtained level of
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agreement in round one was suggested. It could not be used within this study because this
design does not completely comply with the Delphi format. For future studies, the
implementation of this idea could be an interesting approach.
In total, 60.7-75.0% of the experts rated their own expertise in round one as 1 (highly

competent), 2 (competent) or 3 (familiar) for the single categories. This indicates that
there was sufficient competence in the expert panel on all subjects in the questionnaire.
However, when comparing the self-rated expertise, slight differences were found. This
can be explained by the fact that both zoonoses differ considerably in their
epidemiological character (Wedderkopp et al., 2001, Thornton, 2010, USDA, 2010).
The typical Delphi characteristic of convergence towards consensus by participants

revising their earlier answers in light of the replies of other panel members seems to have
been partly present. For some risk categories and factors, a relatively high dispersion of
values was observed among the experts (e.g. delivery and collection of live birds) and it
is not likely that for some of these factors consensus among the members of the expert
panel will be reached. This is not surprising as there is still a lot of debate about some
issues among stakeholders - especially on Campylobacter spp. (e.g. transmission paths)
(Adkin et al., 2006). A complete analysis of the range of opinions for each risk category
can be requested from the corresponding author.

Conclusions

Worldwide there is still a large number of campylobacteriosis and salmonellosis in
humans. Control programs in food production and vaccination of animals induced a
significant reduction of salmonellosis. But scientific research and control measures
show that there is a clear epidemiological difference between both zoonoses and that
salmonella control measures only partly work with the same success for campylobacter
control.
The main objective of the presented study was to identify zoonosis-specific risk factors

to further distinguish both zoonoses and to enable a target-oriented prevention on farm
level. Both the results of this study and the review of latest publications highlighted a
large gap in the research on campylobacter. Alter et al. (2011) criticised this lack of
knowledge on infection biology as it relates to the behaviour of zoonoses, especially
campylobacter, to initialise efficient prevention and control measures.
A more focused and targeted knowledge of introduction paths and spreading patterns of

both zoonoses on farm level, as well as on the other elements of the food chain (e.g. feed
mill, hatchery) are important topics to deal with in future research (Fraser et al., 2009);
especially with respect to increasing antibiotic resistances (Kent et al., 2008).
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Prospects for the use of genetically
modified crops with improved nutritional
properties as feed materials in poultry
nutrition
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Genetically modified (GM) plants constitute an increasingly significant part of the
crops available on the feed market. To date, the most common GM plants have been
those with enhanced agronomic traits. Known as ‘first-generation transgenic
plants’, they are substantially equivalent to materials from conventional, parental
plant lines. Recently, intensive experimental work using genetic engineering
methods, have resulted in the production of transgenic plants with substantial
changes in chemical composition, these are referred to as second-generation GM
plants. The main objective of such transgenesis is to improve the nutritional
properties of crops by increasing the level of desirable substances or decreasing
the quantity of harmful compounds in the seeds. This review discusses the use of
GM crops with enhanced nutritional properties as feed materials for poultry. On the
basis of the information presented, it can be concluded that GM crops with
improved nutritional value, enhanced available phosphorus content, an increased
concentration of limiting amino acids, or containing genes expressing transgenic
enzymes or antimicrobial substances could offer poultry producers considerable
benefits.

Keywords: genetically modified plants; nutritive value; phosphorus; amino acids; broiler
chickens; laying hens

Introduction

Genetically modified (GM) plants; where genetic engineering techniques have been used
to change genetic material, constitute an increasingly significant portion of the crops
available on the feed market. Agricultural biotechnology has produced a great many new
varieties of GM plants in the past 20 years. Following the first commercial release of GM
plants in 1996, the proportion of GM crops has expanded rapidly and, in 2010, 134
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